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Pouring gun-metal (bronze LG2) into moulds for Pelton turbine wheels, using the
Roman technique of lost-wax casting
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"The founder is dways like a chimney sweep, covered with charcod and distasteful
sooty smoke, hisclothing dusty and haf burned by thefire, hishands and face plastered
with soft muddy earth. To this is added the fact that for his work a violent and
continuous straining of dl aman's strength isrequired, which brings much harmto his
body and holds many definite dangersto hislife. In addition, thisart holdsthe mind of
the artificer in suspense and fear regarding its outcome and keeps the spirit disturbed
and dmost continuoudy anxious. For this reason they are cdled fanatics and are
despisad as fools. But, with dl this, it is aprofitable and skilful art and in large part
deightful '

From Biringuccios Dela Pyrotechnia, Venice, 1559
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Traditional Newar method of lost-wax casting using a clay-dung slurry investment
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Preface

Dr E.F. Schumacher was one of the first economists to understand and consider the
wisdom and skillswhich were cast aside or destroyed in the rush to devel op higher and

higher technology, and to havethewisdomto revitalize and record these skills. In Small

is Beautiful, Dr Schumacher used the symbols of capital value to illustrate levels of

technology: 'If effective help is to be brought to those who need it most, atechnology

is required that would range in some intermediate position between the £1 technol ogy

and the £1000 technology. Letus call it- symbolically speaking - a£100 technology'.

He continued: 'Such a technology would be immensely more productive than the
indigenous technology (which is often in a condition of decay), but it would aso be
immensely cheaper than the sophisticated highly capital-intensive technology of modem
industry'.

If you look at the small investment casting foundries of India, South-East Asia and
West Africa you find models of the type of technology that Dr Schumacher describes.
Using the minimum capital, abundant skilled or semi-skilled 1abour, s mple machinery
and materialsfound locally, these traditional co-operatives and small family businesses
manufacture objects of great precision. The objects that they make, usually religious
or tourist sculpture, have sometimes blinded engineers and business advisers to the
possibility of making other objects, such as irrigation, agricultural, micro-hydro-
electric or medical items, which are within their wide range of skills.

The technique we now call sand casting, or green sand moulding, was developed
much later than investment (or lost-wax) casting. The former isnow common to cities
and small towns dl over the developing world. It was introduced in the nineteenth or
early twentieth century, invariably for the repair or replacement of railway or river-boat
engines, or the replacement of weapon or vehicle parts.

Investment casting, by contrast, is indigenous. Though it developed in dl the early
civilizations, it is now only found in its original form in a few places. Its grandchild,
the ceramic shell technique, is to be found wherever there is an aerospace or weapons
manufacturing industry.

If I concentrate on Nepal, South-East Asia, North and West Africa, it is because |
observed and researched foundries in these areas. Another observer might have cited
Sii Lanka, China or Indonesia. Although in the pre-Colombian civilizations South
America possessed sophisticated and highly developed metal casting industries, these
were destroyed, together with agricultural and irrigation systems. Today only small
fragments of these technologies remain.
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1. Introduction

The handbook is written for the artisan, metal caster or entrepreneur with more
ingenuity than capital. It is amed at small industries with limited resources. An
engineer in auniversity, or ametallurgist in alarge steel works, could pick out many
processesthat are not described in detail. Thereisnot the space to cover the most recent
developments, or processes demanding high capital outiay, important though these
developments are. Where appropriate these processes are mentioned in outline.

Simple guidelines in the first section are followed by examples. Using the examples
and Contents list, you should have no difficulty finding the process suited to the object
you wish to manufacture. For quick reference there is a Glossary covering the different
processes and materials in alphabetical order.

Finally, only afool insists that there is one way, and one way only, to approach a
practical problem. Thare are many useful methods; the difficulty lies in selecting the
method most appropriate to the job, bearing in mind the financial and supply problems
of the workshop.

Making a choice of production method

The alternatives to casting

Where resources are limited, casting is unlikely to be the first choice when manufac-
turing metal objects. For this reason it is sensible to look at the aternatives before
describing those open to the caster.
These alternatives are:

o Forging

0 Pressing

o Fabricating

0 Maetd joining.

Forging

Thisisthe method most used for toolswhich demand high tensile strength; for example,
agricultural tools - forks, spades, hoes, and al edged tools - knives, machetes, axes,
and for most replacement parts for vehicles where tensile strength is important.

Pressing
Dished objects can be pressed or spun, using inexpensive fly presses or simple | athes.



Fabricating
Combined with amethod of joining metal thisisarelatively cheap method of producing
a prototype or small numbers of the same object

Metal joining

Thisterm covers arange of techniques, including:
0 Riveting

Pop-riveting

Turned and pressed sheet metal seams

Lead soldering

Silver soldering

Brazing

Forge welding

Oxy-acetylene welding

O O O O O o o o

Manual arc welding

0 Inert gas shielded arc welding (MIG or TIG welding).

The experienced blacksmith will make use of a combination of these processes. He
or she might, for example, press or spin a dished form then weld or braze it onto a
forged lever or arm. In both East and West Africahoes and machetes are forged out of
good quality steel (vehicle leaf springs, for example) and then welded to a length of
mild stedl pipe.

Blacksmiths in Nepal once produced water-wheels, used for grinding rice and grain,
by beating out the buckets from sheet steel and attaching them to a forged boss with
rivets. Later, as oxy-acetylene welding became more widely used, the rivets were
replaced by welds.

The advantages of casting

If none of the methods mentioned above offers any particular advantage then the answer
to your problem probably liesin casting. The advantage of casting is that it enablesthe
production of many identical objects cheaply. A secondary advantage isthat it enables
the forming of precision objects that cannot be produced by any other method.

The choice of casting method is governed by:

0 The size of the pattern (the original object to be cast)
Surface finish required

Detail, undercuts or internal forms

Number of castings in a production run

o O o o

Acceptable cost.



For the vast mgority of cagting jobs the choice is Smple: low cost + large quantity
of cagtings = sand.

A smdl number of small, precision castings are morelikely to be produced using lost
wax. Cogt isusudly the factor that rules out more specidized forms of casting.

Smdl, mass-produced articlesare most likely to be madein sand. Large, or very large,
castings can only be formed by the sand process, usudly by the floor-moulding (dso
known as pit-moul ding) technique.

Common processes in outline

Sand casting

Thisisametd casting processin which anaturad sand, containing aproportion of clay
to bind the grains of sand together, or a pure slica sand with an artificid binder added

toit, iscontained in aflask (the name givento apair of matching moulding boxes) and
compressad by hand, or mechanica ramming, around a pattern.

A parting powder prevents the sand in the two haves of the flask from sticking
together. When these are parted and the pattern and the dowds forming the sprue
gydem are removed, a negative mould shape is Ieft in the sand. The molten metd is
poured into this cavity. See Chapter 9 for details of melting and pouring.

There are anumber of different sand casting techniques which can be used.

1. Green sand moulding

This process uses sand which contains a smal percentage of clay when in its natura
date. When ameasured quantity of water is added and the sand is thoroughly mixed
and conditioned with rollers, the clay and weater act as abinder enclosing and holding
together the sand grains. When it is compressed (rammed) round the pattern, the sand
becomes solid. This sateis cdled its 'green strength'.

2. Dry sand

Thisisasand mixturerichin clay, more commonly used iniron casting. An advantage
of this processisthat the sand can be rammed moretightly, but it must be well vented
using aventing rod. Before molten metd is poured into the mould, the sand is dried
ather in akiln or usng surface flame.

3. Carbon dioxide-silicasand
In many foundries this process has superseded the green sand process. Sand is bound
together usng sodium silicate which is hardened by gassing with carbon dioxide (CO2).

4. Synthetically bonded sands
These are dlica sands using one of many synthetic resins as abinder. The resns may
be ar s, thermoset, or set off with acatayst

5. Floor moulding
Thisisusudly used for large, one-off castings. See Chapter 5 for adetailed description
of sand processes.



6. Loam moulding

A different process used for large one-off castings, as above (see Appendix E).
Notethat, where oil ismentioned in aprocess, asin 'oil-bonded sand', thisinvariably

means avegetable oil which is usad for its oxidizing (drying) qudities.

Lost-wax casting

A wax pattern isformed by hand, or by painting or injecting wax into amould or die.

Thewax patternisinvested (coated and contained) in aliquid refractory (heet resisting)
mixtureknown asa'surry'. Coatsof durry are built up into ablock, or poured around

the wax which isin aflask. Alternatively, the wax is dipped in arefractory durry and

then dusted with even grains of dry refractory (known as 'stucco’).

Once the refractory, in block or thin shdl form, has set and hardened, the wax is
removed by heating. Methods of de-waxing vary, but the principle remains the same.
Unlikethe sand processes where the parts of the mould are opened to dlow the remova
of the pattern, in the logt-wax process the investment (sometimes cdled the 'mantl€)
remains united and the wax pattern isremoved by mdting it through the Sorue system
and filling funnd (known asthe 'cup’). Findly, the empty mould is removed from the
kiln while 4ill hot, inverted and reinforced (unless it is dready contained in aflask)
and the metd is poured into the mould cavity through the cup.

Die casting
A dieisareusable mould, usualy mede of sted, for the mass production of smdl parts
in low melting point aloys - usudly zinc or duminium aloys.

For mass production of smal parts which have no undercuts, the durability and
excdlent surface qudity of the die, added to the saving in labour costs, make the
expense of producing the die worthwhile. (See Chapter 8 on die making.)

Advantages and disadvantages of each
process
For more detailed descriptions, see the revant chapters on each process.

Sand casting
Green sand moulding

Advantages

°  Versatile

% Low cost
0 Materids available worldwide
° Suitable for long production runs

° Sand isreusable



Disadvantages
0 Smple patterns only - limited range of undercuts possble
0 Not aperfect surface, needs machining
0 Craft based, demands highly skilled moulders.

Dry sand moulding

Possesses mogt of the advantages and disadvantages mentioned above, with the
following exceptions:

Advantages

o For larger, heavier cagtings (usudly, though not exclusively, in iron) acloser,
fine-grained sand with a higher clay content which holds together in its dry
(baked) gtate where a green sand mixture would become wesk and frigble

0 Bengdry, thereisless gassing and porosity and greater dimensiond accuracy

Disadvantages
0 Sand requires careful blending and preparation
0 Denser sand demands plentiful and thorough venting
0 Moulds have to be baked, which needs a kiln and fud.

CO02-silica sand
Advantages
o0 Vesdile
0 Good surface
0 Lessdigtortion
o Suitable for use by semi-skilled labour
° Long production runs

Disadvantages
0 Expensive
0 Materidsharder to obtan
0 Neads thorough mixing, usudly mechanicaly
° A common fault is poor surface due to over-gassng
0 Sand cannat be reused unless processed through a sand reclamation plant.



Floor moulding

Advantages
o Suitable for large (and very large) castings
0 Materidsreadily avalable

Disadvantages
0 Limited gpplication
0 Demands very experienced, skilled moulders.

Loam (or loom) moulding
Advantages
0 An excdlent technique for a single casting or a smal number of large castings

o It is usudly, though not exclusvedy, used for casting cylindrical, conicd or
domed forms, for example, bells, flywheds and large motor casings

0 The moulder uses a drickle ingtead of alarge, expensive pattern

Disadvantages

¢ Loam moulding is a highly specidized, craft-basad technique that has dmost
died out, except in bell foundries

0 Itisnot suitable for large production runs.

Die casting

Advantages
0 Precise, excdlent surface
o0 Suitable for mass production
0 Assuming along production run, unit costs are low
0 Unskilled or semi-skilled labour
Disadvantages
% High initia cost of making die
o0 Limitedingze
o Limited to low mdting point metd of casting (zinc based, or duminium aloys)
0 No undercuts.



Lost-wax casting

Advantages

° Vestile
Materids available worldwide
Materid reusable (inthe traditiona processes)
Very precise. Good surface and precise details
Undercuts present no problems

Process can cast thin, complex forms where details, or internd passages, cannot
be machined

O O O O O

Disadvantages
0 Highcost
0 Requires a skilled labour force
0 Limited production run

0 Requires amore complicated foundry layout compared with sand cagting (sophisti-
cated processes demand acontrolled environment for the investment ares).

Other investment processes

Lost mercury (or 'mercast') process
Too ecidized and expendve to be gppropriate for this handbook.

Lost expanded polystyrene (backyard technique)

Advantages
o Low cost
0 Materids found worldwide
0 Simple to use with semi-skilled labour
o0 UsHul for rgpid production of a prototype or one-off piece to be machined or
modified
Disadvantages
° Initsbascformit hasavery limited application
o Suitablefor one, or very smal number of castings
0 Imprecise, very poor surface
0 Unpredictable, liable to digtortion

0 Only suitable for duminium (this limitation applies only to the basic process. the
high-tech verson casts any metd).



High-tech polystyrene method

This is an automated production line process and is too specidized to be appropriate
for this handbook.

Examples

1. Pelton wheels (for hydro-electricity production)

The earliest examples (over one hundred years old) were made by blacksmiths. The
buckets were forged to shgpe and fixed onto a central boss.

More recently these large wheds (dso cdled runners) were cast in iron. The cups
were welded, riveted or bolted onto the centre. Examples of these can be seen dl over
the world.

Recent examples

°  Medium-szed Pelton: 350mm PCD (pitch centre diameter). Both boss and cups
were sand cast in bronze. Larger Szes were in cast iron. The cups were held in
ajig and welded or bolted onto the boss.

0 Smdl Pdtons 175mm and 150mm PCD. These were formed in wax and then
cast entire by the lost-wax process.

Choice of metal

For very large Pdtons, cast iron or sted is superior. Gun-metd (bronze) dloy types
LG2 or LG3 or admirdty brass are excdlent for the medium or amdl Peltons.
Aluminiumisagood substitute but will not |ast aslong asbronze. However, duminium
istill vastly superior to chegp imported plastic Pelton whedls. In the Himalayas these
last lessthan ayesar.

2. Pulley whedls

Theseareusad in dl rurd areasfor agriculturd machinery of dl kinds. They wear out
and need to be replaced.

Size of casting -medium, 150-300mm (6-12in)

Metd - duminium

Surface finish - to be turned

Detail: undercuts or interna forms - none

Number of castings - one or smdl number

Cod - low

Answer - simplesand casting, without core.

3. Agricultural sprinkler head

These are small, semi-precise parts and there is a continuous demand for them.
Sze of cading - small, no more than 100mm (4in)

8



Metd - duminium or zinc dloy

Surface finish - good

Detall: ingde surfaces must be smooth and accurate -thi s can be achieved by casting
the sprinkler in two halves and fitting them together

Number of castings - many

Cod - low

Answer - diecasting.

4. Impeller for water pump

Smdl volume of production but very precise finish
Sze of cagting - medium, 100-200mm (4-8in)
Metd - gun-metd LG2 or phosphor bronze
Surface finish - good
Detal - fine internd surface is essentid
Number of cagtings - few
Cod - high for a precison machine
Answer - |ost-wax casting.



2. Setting up the workshop

Only the metal caster or workshop manager can make the final decision on the layout
of the workshop. The choices made depend on climate, location and cost, and rules
sensible for one region do not apply in another. Therefore it is possible only to give
general guidelines, or to suggest pointsthat should be considered, rather than to provide
answers. This chapter does not include building kilns and furnaces - see Chapter 11.

The most useful advice (based on painful experience) is to start smply, within your
means, and expand the business organically. In other words, re-equip with more
expensive, sophisticated machinery only as your business grows.

A conventional and established foundry is divided into four areas:

1. Pattern making

2. Moulding and core making

3. Méelting and casting

4. Fettling.

A large foundry will have a fifth area, for testing and inspection, but this is rarely
found in small businesses.

Fume hood Tables and stands (movable)

DDD / ’\ /‘ I l l L Workbenchj Acid
Plaster ,' tank
and grog ' ‘__-Fumace (gas) , |.]—r
store | 1 and furnace pit Gantry
bed =TT EET e Work- cTane
3 bench Water
All pits covered —_—— tank
with strong L_J{ Mould
planks when Sand pit pit
not in use
Wide doorway \Mde;
i door *
[r———————— -
Ll L _epdlh O:_—E T=”
; Small smiths'  Storage bins Large Gas heaters Gelatine
ke’ gas  forge for plaster, sand bin for wax drying rack
9_;\ kiln grog and ludo Double
Large Roman boiler for
kiln (coke fired) gelatine

Figure 1. Plan of the Italian
built by Albert Angeloni

foundry at the Royal College of Art, London, designed and
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The small workshop or sand foundry

A rurd foundry, or one tarting from smal beginnings, may well have to follow a
different pattern. Many foundry businessesin Africa, Adaand South Americarun very
successtully with aminimum of equipment but an abundance of skilled labour.

The equipment required to start afoundry is not expensive or sophisticated. Certain
things, however, are essential. Water and hot metd do not mix, or not without violent
consequences, and for this reason you need aroof, no matter how basic. The amplest
foundriesin Africaand South-East ASaare roofed with sheets of corrugated iron. Walls
arenot, in most cases, necessay.

In a city, on the other hand, some kind of secure fence or sorage areais equdly
essentid. Non-ferrous metds are va uable and must be protected againg thieves.

The furnace can range in type from the most expensive dectric induction furnace to
ahalein the ground. (See Chapter 11.) A furnecepit or a40 gdlon oil drum lined with
bricks and refractory clay both serve well.

Furnece fans or blowers are expendve, but they can be made by a competent
blacksmith. They range from the smplest hand-powered bellows or cycle-powered
blower to bellows driven by an eectric motor. Fuels range from charcod and coketo
wagte engine ail, kerasene or bottled gas, though gasis usudly expensive.

Mog craftsman hold to the sound belief that apprentices should be trained in the
skilled use of hand-tools before they use power tools, and much fine work has been
done with hand-tools, over many centuries. Power tools save time, labour and effort.
They do not of themsalves make better work. Indeed sometimes the reverseistrue: a
grinder in the hands of an inexperienced fettler can ruin the best casting in a second.

Thefdlowing isalist of basic requirements for setting up afoundry.

0 Roof
0 Security wall or fence (or asecure store)

o Smple vice or damp fixed to the floor, or aworkbench with vice atached (there
isno hard and fagt rule; different people prefer to work in different positions)

Furnace pit (or drum)

Smple, low-temperature oven for baking cores

Air blower

Fue gtore

Moulding boxes (or flasks) which can be made from ether wood or sted

Furnace irons and crucible lifting tongs (if you have aweder you can make these
yourself out of sted scrap)

0 Sand-moulding tools (these too can be made out of hardwood and scrap sted;
old kitchen knives and spoons are useful, so are tins or old containers for
measuring volume)

0 Metd finishing tools.

O O ©O O O o
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There are many advantagesin sharing power toolswith ablacksmith. An oxy-acety-
leneor eectric arc welder isan expengve item of capital equipment, but paysfor itsdf,
intime, many times over. The same can gpply to apower drill and apower grinder.

Hand-tools such asfettling chisals can be made out of good qudity tool stedl. In many
countries good qudity files and hacksaw blades are either difficult to obtain or
extremey expensve. For many jobs a sharp chisd will do instead, but in some cases
agood sharpfileis essentidl.

The workshop for a lost-wax foundry

Therootsand traditions of logt-wax (investment casting) foundries are quite different,
and usualy much older, than sand foundries. In many cultures lost-wax casting was
indigenous, whereas sand foundries were atached to railway, mining or irrigation
workshops introduced in colonid times. For this reason, as wel as practical reasons,
the lost-wax foundry is quite different in appearance from the sand foundry.

Mot traditional and modern logt-wax foundries separate the workshops into three
aress (even if thereis no phydcd divison between them, asin West Africa).

1. Wax working shop

2. Furnace and kiln area

3. Metd finishing and welding area.

A fourth area is the metd tore or srong room. Power tools, the eectric blower,
finished castings and other vauables are kept in the strong room. In some foundries
the strong room and the wax working shop are combined.

1. Wax working shop
For this area you will require the following:
o Either low tables or benches (according to which working position you prefer)

0 Smdl charcod stove, gas burner or ectric heating unit to melt wax and dso to
heat the wax working irons

Old buckets, metd pots or largetinsto contain liquid wax
Brushes of various Szes

Vegetableail

Pagter of Paris

If using flexible moulds, a dean area should be set asde for making the plaster
cases and accurately measuring and mixing the rubber moulding compound.

O O O O o

2. Furnace and kiln area

Thisis described in detall in Chapter 11. A cardind ruleisto dlow plenty of space
around the furnace. Cramped conditions make lifting and pouring the crucible awk-
ward, and accidentsmore likely. Having said that, sometimes you have no choice and
must do the best you can with what space you have.
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Thefirst foundry that the author rebuilt and took charge of wasin an old cellar. It was
very cramped, with low headroom and poor ventilation. There was nowhere to run in
the event of an accident. Fortunately we did not have an accident After | left, for a
better job in alarger foundry, thistunnel foundry was condemned by a safety inspector.

Meta melting arrangements are the same for either a sand foundry or a lost-wax or
die casting foundry (though sand casters usually melt larger quantities). But remember
that when setting up a lost-wax foundry you will need a de-waxing kiln or burn-out
furnace as well as a crucible or reverberatory furnace.

3. Metal finishing and welding area

This is aways separated from the wax working shop, and usually separated from the
furnece area. There are exceptions, however. If space is limited, or the furnace is used
infrequently, foundry and meta finishing areas can be combined. Whereas in a sand
foundry, moulding, metal melting and fettling continue in paralel (making separate
shops necessary), lost-wax casting is usualy cyclical and so the same space can be
usd for different parts of the process.

Examples of foundry designs

In atypica Italian lost-wax foundry, where space is limited, the furnace is set below
ground. This has many advantages, not least that it can be covered over with heavy
timbers when not in use. The foundry sand pit is covered in the same way. Theltalians
usualy place the kiln in a nearby, but separate, building. In the author's foundry
(modelled on the Italian layout) the kiln is outside, covered with alean-to shed, but the
main doors open into the foundry so that the hot moulds can be lifted directly into the
sand pit ready for filling with molten metal.

Tin-roofed shed Street wall Strong door

rororsiey Stars fo roof | =

LTI U BN TR

Office and

[ Secure
l customer store for
Woc Open yard reception finished
burnin (covered by a and store castings
kiln tarpaulin and metal
during the
Secure rainy season) Metalworkers
high
wall on
all four o)
sides : Coke {9@@@@@ Flat roof with
umace| Moulds ready for filling i s yathragny B8

investment

Drying moulds
Fuel store Some wax work
wood and Wax workers shed and (sprue and cup

.J ooke secure store fitting)

Figure 2. The Newar foundry (belonging to the Shakya family), Patan, Nepal
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Thisistheusua practiceinacity, or anywhere wherefloor spaceisexpensive. Where
the foundry is located in a village, or in farming country where space is less of a
problem, the different phases of the process can be separated.

Although the layout and casting processes varied in Nepal and western Cameroon
(though less than one might expect), the foundries that the author has visited in each
country have many similarities. Each workshop for each process was separate, and in
each the different parts of the process were carried out by different groups.

In Patan, Nepal, the Newar foundry is protected by a high wall which contains one
main building and severa outbuildings which house the various workshops.

In Foumban, western Cameroon, the store house, or strong room, is the only solid
structure, and the kiln and furnace room are built onto it as alean-to. Thatched roofs
radiate out from this central point to protect the artisans from sun and rain. A night-
watchman and apack of dogs protect this foundry, Le village des artisans, at night.

The Newar (Nepal) foundry has electricity, though supply is intermittent, and they
own apetrol driven generator as a back-up.

. - =t
Twin furnaces pits House,

O shop and
courtyard

Bellows 3 ' ',
and tuyeres |

Store for
castings
and metal

Shop and store room

Figure 3. Co-operdtive foundry, Levillage des artisans, Foumban, Cameroon

The Bamoum (Cameroon) foundry has no electricity and therefore no motor blower
or power tools. The Bamoum artisanswere al male, and they were surprised by photos
of my daughters working in our foundry.

However, in the Newar family foundry, women play an important role. The younger
women run the wax room and do most (though not al) of the wax modelling. The aunt
had command of the kiln firing and played an important part in the metal melting and
pouring. For ametal caster she combined the two virtues of courage and calm. Her
serenity, even under the most dangerous conditions, calmed everyone around her.
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3. Pattern making

Cadting bears some ressemblanceto | etter press printing. Each isareproductive process
which requires a particular mentd agility in the artisan: the skill and experienceto move
from pogitive to negative and back to pogtive again.

A print requires a block (or letter) which is made in negative; a casting requires a
negative form which is cdled the mould. Moulds are made of many materids, but all
need a positive form from which they are constructed.

This origind pogtive form is caled the pattern. It is the modd from which the find
cading ismade. It isthe image of the casting in every respect, except one, and that is
gze. Thereason why the pattern hasto be made over-size, and the method the pattern
meker usesto arive at that Size, are explained later.

Though patterns vary widdy in size, complexity and materia, these few basic
principlesremanthe same. Thereis, however, onemgor difference between apattern
mede for sand casting and a pattern made for logt-wax investment casting: the former
is desgned to withdraw from the mould and so has no undercuts or heavily textured
surfaces that might drag, or distort the sand, while the latter is not withdrawn, but is
mdted or 'l ost' in the mould. Though acomplex, or undercut, surfaceisnot impossible
in sand casting, it presents a mgor problem for the sand moulder, and can only be
undertaken by a moulder of great skill and long experience. On the other hand,
undercuts present no problem in lost-wax casting, and thisis one of its mgor advan-
tages.

Materials

Anindudrid pattern for sand casting may be made from duminium, brass, epoxy resin
or hard plaster, but the most usud pattern seen in racks in a pattern maker's shop is
mede from a close-grained hardwood.

A mould for lost-wax casting may be made from any of the above materids. There
IS one very important exception to this rule. In the Asan, West African and South
American tradition of logt-wax cagting, the artist or artisan forms the pattern directly
in wax, omitting the intermediate process (making a mould) which is a part of the
Roman-Itdian tradition.

This fegture of craft tradition may gopear to rule out the former methods for use by
enginears. In practice thisis not a problem. The engineers must make the mould and
produce thewax pattern(s) to their own specification and then hand over the wax pattern
to the loca foundry for casting. (See Appendices A and B.)

There is no doubt that meta patterns, followed closdly by epoxy resin, last longer
than those made of any other material. But both metal and resn are expensive. A hard
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plaster or cement makes an efficient pattern, if you need only a smal number of
castings. Many foundries didike plaster patterns and resist using them, but in practice
ahard plagter, though it will not last aslong aswood, will not break up when the sand
isrammed and will make severd excellent castings.

Wooden patterns

Thefirgt thing to be consdered iswhich type of wood to use. It isdifficult to lay down
hard-and-fast rules about woods because often you have to use whatever is available.
Thewood must be well-seasoned so that it does not warp or shrink, and it must have
an even grain and be free from knots. Traditiondly in the UK, pattern makers used
ydlow pine imported from Scandinavia. Today the Mday wood jellatong is the most
common. Other woods in generd use include obeche and various types of African
mahogany. Ba saisrather soft for pattern making but can be used if necessary, provided
you harden the find surface with shellac or varnish. Some books on pattern making
recommend teak because of its water ressting qudities. In India, Burma (Myanmar)
and Thailand, tesk has the advantage of being readily available, but persondly I find
it rather too gritty. Edged tools are blunted and have to be sharpened frequently when
working teak. As agenerd rule, patterns for only afew castings should be made out
of softwood, and those that will be used many times from a hardwood such as
mahogany. Thisisthe ided, but often you have to use whatever you can find.

Laminated or processed woods
These are more stable than naturd woods, and many pattern makers prefer them. They
are, however, difficult to obtain in many countries.

If plywood is used, then it must be good qudity ply of severd thicknesses, and the
bestishirch ply. Laminating the wood using astrong synthetic glue makesthe pattern
strong and resstant to warping. The other advantage is thrift Using up smdl piecesis
alot more economica than carving the entire pattern out of one large chunk. When
you glue the wooden piecesto make up the laminate, make sure that they are clamped
inseverd places, or use heavy weightsto pressthe partstogether.

Compressed wood laminates

Thin sheets of wood have been glued and pressed together so that the grains of dternate
laminated sheetsrun across each other. They are stronger and denser than naturd woods
and can be bought in any thickness from 12 to 50mm (0.5 to 2in).

Laminated wood impregnates
The wood laminate may be impregnated with resins to fill the cell cavities, or both
impregnated and compressed to increase the dendty of the materid - for example,
WPC (wood plastic combination).

Another stable but expensve wood subgtituteisaresin and wood flour composition
which isused by pattern makersin the car and truck industry.
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Old castings

These are frequently used in the devel oping world as a subgtitute for awooden pattern.
To dlow for contraction, machining alowance and draught alowance or taper (see
pl8), the casting must be lagged with wooden strips, leather, or resin filler paste to
obtain the correct pattern Sze. Provided thisis done accurately thereis no reason why
you should not get good castings by this method. Unfortunately thefoundry | saw using
old cadtings in East Africa did not make dlowance for contraction. No doubt the
puzzled customer wondered why the replacement part, which looked the same asthe
origind part for hisold Landrover, would not fit

Resin patterns

Since wooden patterns have alimited life, and must be cut and worked from solid blocks
by hand-tools or machine, it can be ussful to make rubber moulds from which to make
resin patterns. Plastic, cagtable pattern materids (including hard plasters) can then be
cadt in the rubber moulds. The strongest and most commonly used resin is epoxy.

Epoxy resin
Thiscomesin two liquids the congstency of honey. Mixed together the resin becomes
0lid in a predictable time. Hardeners of different setting Soeeds can be bought from
the manufacturer. Epoxy has good machining qualities and can be repaired with an
epoxy filler such asthat used for car body repairs.

If the resin pattern is cagt in a plaster mould this will need athin coat of a release
agent. Silicone rubber moulds, however, do not need this (see Chapter 4 on mould
meking for log-wax casting).

Polyester resins

Thexe are about hdf the price of epoxy. They are normdly used with glass fibre
reinforcement. Polyester patterns can be hollow, or filled. In ether case the process
dartswith asurface coat resn known asthe gd coat. Once the mould has been prepared
with aseparator, or release agent, two or threelayersof gd coat arelaid on and dlowed
to set, but not cure completely. Laminating resin is used over the top of the gdl coats
to hald and impregnate the layers of glass fibre reinforcement.

Casting resin

Fillers are usudly added to this form of resin to increase its strength and reduce cost.
Tdc, date powder, fine sand, and even wood flour are dl used asfillers. Casting resin
can be usad with or without the glass fibre and laminating layer.

Mo polyester resins take about 24 hours to cure, or set, completely. Polyester and
glassfibre, in dl forms, are common materidsin any area of the world where modem
boats are built or repaired. (Expanded polystyrene, another useful foundry materid, is
aso common in these areas)) You should saek the maker's advice on which setting
goead is most auitable for thejob you have in mind. In some cases you can speed up
the cure by adding an accelerator. Heat dso accelerates the curing process. However,
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be careful: too fast a setting time can be quite pectacular. A bowl of resin smoking
and catching fire, while the pattern maker dancesround it or throwsit out of the door,
provides great amusement for idle bystanders but much lessfor the pattern maker. Be
very careful if you usealuminiumpowder asafiller. Aluminiumisitsdf an accelerator
when mixed with some resins.

Skills

Pattern makers dmost dways come from awoodcarving background. All the devel-
oping countries | have visted have an abundance of woodcarverswhose skill inspires
awe and admiration. These artisans work by eye and touch and have no need for any
theoretica knowledge.

However, pattern making isatradein itsown right, and one demanding ahigh degree
of both technica knowledge and experience. It deserves a book to itsdf. Having sad
that, the small-sca e founder hasto manage aswell as possible with the best resources
available. Some skill with wood-toolsis essentia, but measurement, accuracy and the
ability to read drawings are more important than forma woodworking training (though
| would be the last person to deny the usefulness of a skilled cabinet maker, if you are
lucky enough to know oneliving near your foundry).

Finding acraftsman (I have not seen any women carvers) who can reed drawingsis
amgor problem for the owner of a smdl foundry. You may have to train a pattern
maker from a group of bright gpprentices. Another solution might be to pair an
experienced woodcarver with someone less experienced and less skilled, but who has
the advantage of sometechnicd training, induding the reading of engineering drawings

Training agood pattern maker deserves your atention, because the accuracy of the
castings depends on it If the surface where the metd meetsthe sand is crucid, then it
is the surface of the origina pattern which forms the sand surface. One of the basic
causes of bad cagtingsis badly made, or inaccurate, patterns, dthough modern glues
and fillers (polyvinylacetate - PVA - based glues seam to be obtainable dl over the
world) do make it easer to congruct, or modify, a pattern that will do the job.

The pattern maker hasto think several moves ahead. Ashas dready been mentioned,
much of meta casting resembles printing in that it involves thinking in reverse. The
facility to move mentally from positive to negative comes with practice. Teaching
sudentsflexible mould making, | found that Some grasped it at once, otherstook much
longer.

Designing the pattern

Taper or draught allowance

The firg thing to remember in making a pattern is that it must come out of the sand
cleanly. There must be no undercuts or avkward corners which will bind on the sand
and hold it. No matter how findy mede the pattern, or how cleverly designed, if the
sand does not release from it, leaving a clean crisp impression, then the pattern is
useless.
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Every pattern must have a draught allowance, or taper. Without this taper the sides
of the pattern will bind in the sand and will not come out cleanly. Taper varies from
about 1-3 degrees. The greater the taper, the easier it isto draw the pattern out of the
sand.

X' Incorrect

Figure 4. Taper or draught allowance

Figure 4. Taper or draught allowance

The important surface is the sand; that is what forms the metal. The patternisonly a
tool to thisend.

To give an example, acylinder pattern is easy: you make the split line along the axis.
You must, however, be sure to incline the ends; they too must taper. A sausage shape,
or cylinder with hemispherical (evenly rounded) ends, is easier still. A cube is not
difficult; you split the mould on the diagonal. But once again, you must incline the two
ends. If, for some reason, you have to cast the cube sguare on, you must incline the
sdes. An example of thiswould be a box with a flange around one edge. | will return
to the design of the pattern later.

Contraction allowance

Another important consideration is the problem of shrinkage. The find casting is made
of metal, but al metals expand on being heated (melting) and contract on freezing
(solidifying). Therefore the negative, or mould, must be sufficiently oversize to alow
for this shrinkage. To carry this till further, the mould is formed by ramming sand
around the positive. The positive isthe pattern. The pattern must be larger than the final
casting. The obvious question is how much larger?

Since different metals have different rates of contraction this might seem like an
immense difficulty. However, itisnot Plans and drawings aways state the dimensions
of the final casting and the metal in which it will be cast. To avoid much complicated
mathematics (and many wasted castings) a smple tool was invented, called a pattern
maker'srule.

Theruleis calibrated along one edge in normal measure in inches or millimetres. On
one edge of the reverse side is a calibration alowing for the contraction in brass, and
on the other edge for aluminium.

There are three stages of volume change between pouring the molten metal and
retrieving the casting from the mould:

1. Liquid changes which take place during the fal in temperature from pouring to

freezing or solidification.
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2. Shrinkage during freezing (solidification).
3. Solid shrinkage, or contraction, in the olidified casting asit cools to amospheric
temperature.
It isthe third factor which concerns the pattern maker.
Table 1 showsthe average contraction for anumber of different metas. It isimportant
to remember that contraction can vary consderably. Resistance offered by cores and

moulds, and dso the pouring temperature of the meta, dl influence the amount of
contraction. The ability to judge this accurately depends on experience.

Table 1. Pattern maker's contraction allowance

Cast iron 0.9-1.3%
Brass 1.3%
Gun-metal 1.0-1.6%
Phosphor bronze 1.0-1.6%
Aluminium alloys (e.g. LM6) 1.3%
Zinc and zinc alloys 2.6%

Machining allowance

Thisdlowanceisadded to the pattern over and above the contraction alowance so that
when the surface of the casting has been removed by alathe or other machine tool to
givethe desred finish, the product will bethe correct Sze. It varies according to the type
and Sze of pattern and the metd being used to produce the casting. Although typica
alowances vary between 2 and 6mm, in exceptiona casesit can be as high as 25mm.

Colour code for patterns

Pattern makers use a colour code s0 that it is clear to the metal caster which surfaces
arewhich. Thisisasfollows:

°'As cast' surfaces which are to be left unmachined - red or orange

0 Surfaces which are to be machined - ydlow

Core prints (see below) for unmachined openings and end prints - black
0 Core prints for machined openings - ydlow gtripes on black
0 Sedtsfor loose pieces and loose core prints - green.

(British Standards I ndtitute, publication no. 467).

o

Core prints and core boxes

The core print is the extra piece on the pattern which leaves a cavity (or print) into
which the end of the core fits, in order to hold the core in place. The core box isthe
negative shape, usudly made of wood in which the coreis formed.
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Figure 7. Simple wooden split pattern

Chucking spigot

Thisis an extra piece on the pattern which looks very smilar to acore print It is used
to grip the cagting in the chuck during turning on alathe.

Design for casting

Like pattern making, design for cagting is a specidized trade. But, once again, the
founder has to be both desgner and pattern maker o it is essentia to grasp some of
the essentids of design. (See dso Chapter 9 on meting metd, and Chapter 10 on the
flow and solidification of metals.)

Themog efficent form for a piece of machinery may not be the best from the casting
viewpoint. The design engineer and the pattern maker may have to reach acompromise.
Certain factors make for bad castings, particularly sudden changes from thick to thin
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In both negative and positive forms a sharp
angle causes a weak point

Bad Good
Figure8. Good and bed pattern design

sections, sharp angles, or long thin stretches where the metal hasto flow horizontally.
If athin section is flanked by two thick sections, the thin section will tend to freeze
first, and it will then be drawn, or crack, as the thick pieces freeze and contract.

This can be best illustrated by the contrast between a simple and a complex form,
both fromthecaster's point of view. If ahollow hemispherewith an evenwall thickness
is one of the smplest forms to cast, a model horse is one of me most difficult. Thisis
aproblem for the art caster; an engineer will be able to think of many shapes that suffer
from the same difficulties.

Artists have made drawings and models of horses, symbols of boh weal th and power,
from me earliest times. Neither stone nor clay possess me tensile strength of metal, so
me legs were formalized or, in other words, thickened. The first metal casters did not
know how to make a core, so they had to cast their horses solid. On encountering the
problem of shrinkage in me thick section they formalized me design till further,
making the body of me horse flatter and thinner.

As me skill of die foundries increased, reaching a pesk in France and Italy in me
nineteenth century, so me demand for redlistic art castings increased. The resulting
bronze says far more for the caster's virtuosity than the sculptor's taste. The case of
the spindly-legged racehorse provides a useful lesson in how not to design a good
casting.

22



The body islarge, the legs long and thin. Even if he detaches the base and pins the
fet in place later (which isthe usud practice) the caster encounters severe problems
with contraction dong the thin, complex fam of the legs. Also, the great mgority of
these modd horses are above miniature sze and wel below life size. This means that
these modd s have an endosad core, demanded by the thickness of the bodly, yet there
isno naturd vent to take the gases to the surface of the mould.

The Chinese avoided this problem by intelligent design. The mode horse was adorned
with a saddle blanket This was not mere adornment, the blanket hid the belly of the
horse which was left open forming a naturd vent for the gases. Thus the Chinese
founder sdestepped the enclosed core problem. The Newar cagters of Nepd found
another solution. A modd of agod, demon or dancing girl aso has an enclosed core.
The Newar added a decordive bdt, even on a nude figure, or sometimes bracelets
aound the ams and legs. They cut the figure in two, using the belt to hide thejoin.

The mord of this gory is that the intdligent designer works with the nature of the
materid, not againgt it, and avoids the problem of thick sections adjacent to thin sections
and the problem of the enclosed coreif he can do so.

Figure 9. The location of the core using core prints

Another problem which can be solved by compromise and intelligent design is the
right-angled bend. Faced with asharp corner, molten metd behavesbadly. Itsflow is
governed by those same lawsthat goply to any other liquid. A sharp changein direction
causss turbulence. In asand mould the flowing metd can bregk off the sharp corners
of themould leading to extrameta on the casting and sand inclusioa Last but not least
sharp corners cause cracks or wesk points in the finished casting (see Chapter 10 on
metdlurgy).

The ided design ought to have sections that are uniform, but this is an ided rather
then apractical posshility; any change should take place gradudly.

Storing patterns

Med patterns present few storage problems. Wood, on the other hand, is aproblem,
epecidly in acountry with atropica climate. Nearly dl wooden patterns are made up
of amdl pieces of timber, or plywood, and this is often glued cross-grained to add to
the strength. If pieces are glued cross-ply the pattern is less likely to crack or distort.
Unfortunately, the glues in common use, most of which are based on polyvinyl
acetate, are not completdly water-resstant, though they are much better than the
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old-fashioned 'hide and hooves type of carpenter's glue. Extreme heat may causethe
timbers to move about and to warp. For this reason storage is aproblem in countries
like Maaysa, Cameroon or Nigeriawhich experience both great heat and high rainfal.
The answer isto Sore the patternswhich you believe you will use again avay from the
sun and the damp and somewhere where air can circulate around them. However, when
workshop space is limited thisismore easily said than done.

The Intermediate Technology team in Nepd found that epoxy patterns, which we
thought were stable, became flabby and unreliable in the heat Epoxy, thought to be
the new super material, wasin fact lessrdiable than wood. It isworth casting apattern
whichis going to be used over and over again, such as aPdton bucket, in duminium.
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4. Flexible moulds for the mass-
production of wax patterns

There are severd different methods of making moulds for forming waxes:
1. Pressmould for ample shdlow forms

2. Rigid piece mould, mede of plaster of Paris, plastic (e.g. glassfibreresin), metd,
or evenwood

3. Gddine

4. Hot-met rubber

5. Polysulphide rubber RTV (room temperature vulcanizing)
6. Silicone rubber RTV.

The method you choose depends on the type of form you are making. A smple shalow
fom can be presssmoulded. A degper farm can be moulded using a piece mould. A

more complicated, undercut, or heavily textured form demands aflexible mould made
fram one of the materids 3 to 6 listed above.

Flexible rubber mould

Pattern

Rubber keys

Figure 10. Cut-away view of flexible mould with pattern

The advantage of a flexible mould is that it can be peded avay from the undercut
fom without damaging the wax or itsdf. However, once the origind pattern, or the
wax, is removed the rubber cannot, by its very nature, accuratdy hold its shape. To
prevent thisloss of shgpe it must have arigid backing. Thisbacking iscdled a'case’,
and the case has to be made firg.

The surface of the flexible mould materid is a negative impresson of the origind
pettern in every detall. This flexible skin must be backed up with arigid case, which
mus come off tie flexible layer without icking. To put it ancther way, the outside of
theflexible layer must have no undercuts, or impediments, to prevent the easy remova
of the case.
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To make a case that follows the surface of the pattern closely, yet has no undercuts,
you need an intermediate stage. Thiswill create a case that can be easily removed from
the flexible inner layer, which in turn can be peeled away from the pattern. The flexible
material is always replaced inits case, and so keepsits shape. Infact it should be stored
not only in its case but also, if possible, with the pattern inside it

The most convenient and most easily obtained material to form the intermediate layer
isclay.

The stages that follow are common to making a case for dl flexible materias. The
difference lies in the thickness of the flexible mould. A gelatine or hot-melt rubber
mouldisalwaysthicker than an RTV mould. Thethicknessof the RTV variesaccording
to the tear strength of the rubber. All RTV rubbers are expensive, so there is no point
in using more than you have to.

Making the case for a flexible mould

1. Decide on the split line on the pattern, just as you would decide on the parting
line for a sand cast.

2. Embed the pattern up to the split line in clay (or build clay up around it) to
resemble Figure 11.

Pattern

Plaster % Clay N\ Wood

Figure 11. Making the clay base (following the solit line)

3. Protect the exposed half of the pattern with thin paper (or thin plastic; cling film
isideal if it is available).
4. Place an even layer of clay over the exposed half of the pattern. There are two

ways of making an even layer. Either flatten the clay out, like making pastry, or
roll out coils, like making acoil pot. The thickness of the clay layer depends on

///////I[/// ////////// Pattern Clay

U Y \

/) L "W

Figure12. Bulding the day intermediiste layer
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the material which will eventually form the flexible mould. For hot-melt rubber
or gelatine it should be approximately 12.5mm (0.5in), but thicker for a pattern
larger than 230mm (9in) long or 75mm (3in) from the split line. For polysulphide
rubber use a thickness of about 65mm (2.5in). Silicone rubber needs a thinner
layer of about 32mm (1.25in).

When the rubber is introduced it must be retained in place in the mould. There

are two ways of ensuring this: use a flange, or use keys (wedges) - see Figure
13.

Retaining lip or flange

Rubber key

Figure 13. Two methods of holding the rubber in place aginst the plaster case

Cover the clay in plaster. There are several ways of doing this. The easiest way
isto make aclay, or thin metal, retaining wall around the clay form, then simply
pour plaster into it to make asolid block; however, this can be wasteful of plaster.
The method less wasteful of plaster, and less heavy, isto flick the plaster on with
your hands to the thickness of a finger, and finish off the surface with a metal
spatula. The edge isthe weakest point, so make it stronger and thicker. For larger
moulds, reinforce the plaster with scrim. For very large moulds, use batten or
steel rod or pipe, or whatever you have at hand, held with scrim and plaster, to
reinforce the mould. (For notes on the mixing of plaster, see page 35.) When the
plaster has set, turn the whole thing over and start on the other side.

. /é/////////////

Pattern Wity // //

Plaster case

////

2

////<

Figure 14. Forming the plaster case (first half) on the clay layer

Thetop half of the plaster case must fit precisely onto the bottom half. To do this
use 'natches’ (cone shaped holes) or keyways cut into the edge of the case (see
Figure 15). Remove alayer of clay to leave avoid, and fill thiswith liquid rubber.
When the rubber sets, repeat the process on the other side.
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Plaster case
Natch

Figure 15. Use 'natches' in the plaster case to ensure that the two halves fit
together accurately

8. Cut apour hole in the highest point of the case. For hot-mdt rubbers this needs
to be wide (about the sze of your thumb). You must aso make two, three, or
more risers, according to the Sze of the mould. For slicone, make severa pour
holes of samdler size.

9. Tomeakethe sscond hdf of the case turn the pattern, firmly holding it inits case.

Cut the natches into the rim of the plaster. Repeet the process you followed for
thefirg haf. When the plaster is set, the case is completed.

Pour hole

o Pattern ' ‘
/III/II/IIIIIIIII/////

W Clay

Riser Pour hole

Plaster case

Figure 16. Both clay layers in place and both halves of the case formed in plaster

Making a rubber mould

1. Younow haveto empty the space between case and pattern, and fill it with rubber.
You do thisin two stages. The rubber hasto be made and removed in two pieces
(with the exception of certain smdl and very smple moulds which can be dit
adong one side). The easiest way to make the two havesisto cast the rubber in
two stages, using a separding agent to prevent rubber sticking to rubber.

2. Remove the day from the top hdf of the case. Remove the cling film or paper.
Take grest care to clean the pattern so that no trace of clay or paper sticksto it.
Findly, use afine spatula of wood, bone or plagtic to levd the clay dong the
gplit line. This will take care and patience. You mugt avoid holes or gaps, and
adso avoid any protrusions, lumps or smears of clay on the pattern. The more
accurately you smooth this plit line theless of aseam line you will find on your
wax casting, and the less time you will need to gpend cleaning up the wax.
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Figure 17. Lift the first side of the case and remove the clay layer

3. Clean up the inside of the top half of the case. Some rubbers stick so you must
smear a parting agent onto both pattern and case. With other rubbersthis is not
necessary. Polysulphide tends to stick to any material, including itsalf, so you
must use a refined grease such as petroleum jelly (e.g. Vaseline). Silicone sticks
to very few things, except for certain plastics, and it will not stick to itself. But
be very careful; because of its penetrating qualities (so valuable in a moulding
material) it will cling to porous material. If in doubt make asmall test To avoid
this problem, seal the surface of the case with shellac or varnish and smear it
lightly with petroleum jelly.

4. When you have checked that the inside of the mould is spotless, and the seam
line as accurate as you can make it, close up the mould.

Plaster case

Split line

R,
."”l’ll””l”,/,,,/’ 27 7
V=]

Clay

Figure 18. When the clay layer has been removed, replace the plaster case

5. Next, sed thejoint. To avoid wasting expensive materia, make the pour holes
as and| as possible. You will have to judge their diameter according to the
duggish movement of the rubber. Whatever the type of flexible materid even
the largest of the holes will be too smdl to pour into accurately. To incresse the
gze of the cup, use wax paper cones or, better ill, smdl tins. Be careful to sedl
round the mould joint with day (or on alarger mould it is worth backing up this
clay layer with scrim and plaster).

The odd thing about silicone is its duggish movement. Depite its penetrating
qualitiesit takes time to flow into the mould, and during thistime it is beginning

to thicken (though it will not actudly cure for severd hours). To save alot of
swveat and worry on a large mould it is worth assembling a team to help you.
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\ Liquid rubber

Plaster
case

Figure 19. Removing the clay leaves a void: rubber is poured into this void

Instead of mixing one large batch of rubber with its catalyst, three people mix
up the rubber in small quantities. Y ou then pour simultaneously into three holes.

Silicone collects more air than other rubbers, so you need many small riser holes
(sometimes called whistlers) in the case (make these with asmall drill). Have an
extra person standing by with small pellets of clay, ready to stop these holes as
the air escapes and the rubber rises in the case. These extra air vents are not
necessary for hot-melt rubber or gelatine.

To mix RTV rubbers, follow the maker's instructions. Unlike gelatine, mixing
RTVsis amatter of common sense. The only necessary word of warning is that
accuracy isvital. You need to obtain a set of accurate scales, particularly for the
catalyst. The catalyst is only a smal percentage of the total (usually about
5-10%) so a small error in measuring the catalyst can have a large effect This
is particularly marked in the case of silicone rubbers. Black polysulphide isless
critical but needs great care because the catalyst is lead-based and, therefore,
highly poisonous. This callsfor particular care in afamily business where young
children may wander into the foundry.

Leave the rubber to cure (or, in the case of hot-melt or gelatine, to cool). Most
rubbers take about six hoursto cure. This varies according to the type of catalyst
you use and the air temperature. The simplest procedure isto leave it overnight.

It is good working practice to stay close to the mould for thefirst hour. Find some
other useful job to do, and keep an eye on the mould, keeping some clay near at
hand to stop leaks. If there is aleak, and you fail to notice it, the silicone will
find itsway onto the foundry floor and you will wastetime and expensive rubber.

Repeat the rubber filling process on the other side. Do not forget to grease the
exposed surface of the rubber (first half) if you are using polysulphide rubber,
though this is not necessary for silicone.

A small or medium sized mould is usually easy enough to open. A larger, deeper
or more complex mould can present problems and you can easily ruin the case
if you are clumsy or rush at opening it without thinking about the best approach.
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Liquid rubber

(2nd half) Liquid rubber

Plaster
case

=™ solidified rubber (1st half)

Figure 20. Repeat the process, filling the second half with rubber

If the mould sticks, do not rush at it, take your time. Then have another good ook
at the case. First make sure that it is strong enough to take a moderate amount of
force. If you judgethat it is not, reinforce the rim with scrim and plaster and leave
it to set hard. Do not fiddle with it, go away and work on something else. Mould
making demands a patient and methodical frame of mind. The experienced
moulder has several jobs going. When he hasto |eave one, he picks up where he
left off the previous task.

When the repaired case is set hard, take a set of small wooden wedges and
separate the two halves of the case with care. Do this methodically, easing the
split open gently but firmly al round. Take a smooth-ended dowel or hammer
handle and push down on the rubber through the pour holes. This will displace
the rubber inside the case, and help to push up the plaster. Keep easing the wedges
and pushing down on the dowel until the case comes free of the rubber. Remove
the top half of the case.

Finally, ped the rubber from the pattern and replace the two rubber halves, each
in its plaster half case.

At this point, and al subsequent replacements, it is essential to make sure that
the rubber is fitted accurately in its case. If, for example, one of the rubber keys,
or the round cylinder that fitsinto the pour hole is not properly located the rubber
will distort. Thiswill create a protuberance in the mould which, in turn, will cause
an inaccuracy (adepression, or ‘flat') in the wax casting.

If you are storing the mould for longer than a few days, keep the pattern inside
it. By doing this you will make sure that the rubber part of the mould will keep
its shape.

Stored in this way silicone moulds will keep for a very long time without
changing their shape or nature in any way. Polysulphide keeps dightly less well.
Over aperiod of years it begins to sweat and grow sticky. Dusting the surface of
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the rubber with powdered chak, knowninthe UK as'talc’ or french chalk, hdps
to prevent this. Hot-melt should be seen asatemporary mould only, though once
again, it will keep well if sored properly. Hot-melt tends to shrink asthe ail in
this oily materid soaks into the plaster case. However, you can avoid this by
shellacking the case, exactly asyou would in the treestment of a gelatine mould.

Gdatine cannot be stored for more than two or three weeks, and only then under
ided conditions. The best plan with a gelatiine mould is to teke dl the wax
impressions you need immediady. It is alot easer to Sore the waxes than the
gedlatine. (For notes on gelatine moulding, see below.)

First half
Plaster case

®
Solidified rubber

Second half

Plaster case

Solidified rubber
Figure 21. Remove the pattern and open the case to receive the wax

10. Oncethe mould is complete you can paint or dush cast thewax intoit. Thisvaries
according to the Sze and shape of the mould. The different types of rubber make
no difference to the temperature of the wax. Gelatine, however, hasto betrested
with much more care.

Méting, painting and pouring wax into moulds is covered in Chapter 6.

Gelatine moulding

Unlikethe rubbers, gelatine moulding isacraft with severa stages, and it isnot an easy
craft to magter. In the hands of a skilful moulder, a gdatine mould gives detail asfine
and accurate as any of the glicones. Itsgreat advantageisitslow codt. Its disadvantage
is the smdl number of impressons you can take from the mould, and its rapid
deterioration. Unlike slicone, gdatine is subject to shrinkage.

To prepare, mdt and store gelatine you need a space in the wax-working area of the
foundry, and extra equipment, as follows.

1. A doubleboiler to mdt the gdatine

2. A amdl stove, gas cooker or charcod burner

3. Large, flat, metd trays (these can be Smilar to the type bakers use to bake smal
cakes or biscuitsin; they are not hard to make, but they must be free from legks)

4.  Wire drying racks (chicken wire on awooden frame does the job well).
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Preparing the gelatine

No doubt you could make up your own gelatine using waste products from your local
abattoir, if you have a strong stomach, or you may prefer to buy it in the form of flakes
which generally come in 12kg sacks.

Soak the flakes or hard gelatine overnight. In the morning throw away the water that
has not been absorbed.

Hest the soaked gelatine in the double boiler, stirring until al the lumps are absorbed
and the mixture is the consistency of thick soup, or cream. New gelatine has quite a
pleasant smell, whereas gelatine which has gone off does not.

Q\ Double boiler
A@/ Do not put the gelatine pot on the flame.

= Use a larger pot with water between the two.

Pour liquid gelatine into flat trays or tins.
Gelatine tends to stick.

Grease tins, buckets etc. with tallow before
filling with gelatine.

Leave it to set in flat sheets.

or small When the gelatine is set cut it into small
charcoal fire pieces.

Greased trays allow
gelatine to set. Cut
into pieces before it
becomes too hard
(rubbery).

Figure 22. Preparing the gelatine

If your foundry is making moulds al the time it is worth having alarge double boiler.
You can then heat up the boiler by day and leave it a night. The material will remain
in aflexible state and you can melt it again in the morning.

When you have to leave it, for example at the time of a holiday, pour the liquid into
the shallow trays, well greased with tallow to prevent the gelatine sticking. Then, once
it has changed to a rubbery consistency, cut the gelatine into small cubes and spread it
on drying racks. In the case of aused mould, smply cut it up and spread it out to dry.
Once it is dry, gelatine keeps indefinitely. In its liquid or flexible state the mixture
breaks down because of bacteria. A few drops of strong disinfectant in the liquid will
dow down this attack (for example, a 5% solution of Topane). If you are unlucky, or
careless, and the gelatine does go mouldy, clean off al the mould with kerosene before
remelting. Take care that none of the mould gets into the melting pot.

During hot weather gelatine takes about four hours to melt and about four hours to
cool. In cold weather it cools in about an hour.



Making the plaster case

The procedureis exactly the same as described earlier for rubber. For smal or medium
moulds the thickness of the clay intermediate layer should be about the thickness of
your finger, thicker for alarge mould. This can be adjusted by trid and error.

Thereisadifferencein procedure once the caseismade. A casefor gdatine moulding
has to be seded and greased. The Itdian method is to use shellec for this purpose
because it dries quickly. If your origind pattern is porous (plaster or wood) you will
need to sed this too in the same way. Some pattern makers use polyurethane boat
varnish because it is S0 much harder than shellac.

Sealing and greasing

Assuming that your pattern isembedded up to the split linein one hdf of the case, with
itscday intermediate lining in place; fird make sure that your split line (parting line) is
accurate and that the day is pressed neetly againg the sde of the pattern. Next shellac
the clay, trying not to splash extrashellac onto the pattern. Oil the pattern and the clay
gplit line lightly with vegetable oil. Grease the top Sde of the case. Be very particular
about this as gdatine sticks. Also grease the pouring cup (an old tin with the bottom
cut out) and do not forget to grease the bucket you will useto transfer the gelatine from
the double boiler to the mould. (For grease recipe see page 35.)

Making the gelatine mould

Close up the case, sed round the edges and round the tin cup. Remember that gelatine
penetrates, despiteits duggish movement, and will find any holes. For thisreason, have
an gpprentice standing by with severd smdl bals of clay ready to stop any leaks.

The correct pouring temperature isblood heat. The smplest way to test the tempera-
tureiswith your finger, when you fed neither hot nor cold, the gelatineis ready. Pour
it steadily into the mould cup without any bresks in the flow. Check it periodicaly
during the next fifteen minutes, and top up the leve of the cups astheliquid settles.

Later that day, if possble, or the following morning, ease off the case and dust the
outside of the gdatineto prevent sticking, then replace the case and Sart to prepare the
other sde. (This is another difference from the procedure used for making a rubber
mould.)

To make the second Sde of the mould, follow these steps:
1. Ease dff the case ad dud the firgt gdlatine sde with powdered chak. Replace
the case. Do not remove me gelatine from the pattern.

2. Exposetheday sde. Dus the exposed gdlatine around the pattern with powdered
chak to remove grease.

3. Paint the exposad gelatine with dum solution. Do not use too much water because
this weakens the gelatine.

4. Lightly ail both the gdatine and the pattern.

5. Replace the second side of the case and fill it with liquid gdatine. Use exactly
the same procedure as for the first Sde.



Making the wax form in a gelatine mould a so needs care and skill, and is described
in Chapter 6. The key phrase in preparing the surface of the mould is 'light touch*.
Powdered chalk degreases the surface of the gelatine. Alum hardens the surface. Qil
hel ps to remove the wax from the gel atine without damaging either. But remember this.
A build-up of these materials on the surface of the mould creates apositivein the mould
which means a negative on the wax. In other words, you lose small sharp details on the
wax. Lack of attention to detail throughout the entire process leads to a blurring or
inaccuracies inthe final casting. In taking the process through from the original pattern
to the finished casting, some deteriorationisinevitable; but the conscientious craftsman
or craftswvoman tries to keep this change to a minimum.

Oiled and stored with care, the gelatine mould should last for two or three weeks.
That gives ample time to make anumber of waxes.

In very hot weather, or if the gelatine deteriorates and more waxes have to be made,
paint the surface with formalin. Only use this as alast resort; the formalin spoils the
gelaine so that it cannot be melted down and used again.

Gelatinegradually losesitselasticity. To makeit supple, add glycerine. Good gelatine
should last several years provided you care for it in the way outlined. However,
eventually it will lose its elasticity atogether and have to be thrown away.

Making the grease for gelatine mould cases
Equad quantities of:

Tallow (sheep fat)

Olive ail (or any vegetable oil which is available localy)

Powdered chalk.

If the mixture is too thin and runny, add more powdered chalk. If it is too thick, add
more oil.

Mixing plaster

Plaster is a form of fine white cement made from gypsum. Gypsum is a common and
widespread mineral and is the crystallized form of hydrated sulphate of lime. Its
chemica formulais CaS04 2H20.

Gypsum is a solid crystalline material which is calcined; that is to say, heated in a
kiln to dehydrate and de-crystallizeit, and then crushed and ground fine to make plaster.
Powdered plaster, mixed with the right quantity of water, re-crystallizes and returns to
itsorigina hard, gypsum state.

Different plasters have different strengths and hardnesses, and different setting times.

When plaster is fired in akiln it is re-calcined. This offers a great advantage to the
log-wax caster as it means the plaster can be used again. The recycled refractory is
cdled 'ludo’ by Italian casters (see Chapter 6).

There are two ways of mixing plaster, the correct way and the slapdash way. Most
casters find the latter good enough, but there is no doubt that potters make more
beautiful moulds.
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1. Thecorrect way, favoured by potters. Weigh out the plaster and water, and mix
them very carefully in arubber mixing bowl.

2. Theway favoured by everyone el se. Edtimate the total volume of liquid plaster
you need. Haf this volume will give you the quantity of water to use. For
example, let us supposethat you need abucket full of plaster. HAf fill the bucket
with water. Next sprinkle on top of the water handfuls of plaster until it reaches
the surface, forming littleidands. Leaveit to settle for afew minutes. By leaving
it dlone and not mixing it a once you alow the water to permesate the plaster,
and theair to escape. Thisway islesslikdy to form lumps.

Tipsfor successful plager mixing

Do not use hot water. Heet accel erates the chemicd action, thus speeding up the setting
time. (Quite obvioudy you should not carry this to aridiculous extreme. If the water
is near freezing temperature bring it up to abearable leve.)

Do not add more plaster after you have mixed the original amount of plaster and water
asthistoo will acceerate the setting time and aso fom lumps.

If mixing alot of plaster, wear amask. Like any other fine powder, it is harmful to
your lungs. Y ou may find that you need to protect your hands. plaster isnot toxic but,
intime, it hasadrying effect and can cause dermdtitis. Rape-seed ol isavery effective
barrier on the skin.

Summary

1. Solid moulds

For most of the component parts for engineering products metal moulds are the most
practical. Plaster moulds are an excellent subgtitute though, obvioudy enough, they do
not last and you have to renew them. In both Nepa and Peru we used moulds made of
ordinary builders plaster.

2. Flexible moulds

(i) Gelatine. An economicd and versatile material. Problemswith storage make this
more suitable for afoundry with alarge volume of production and alarger labour
force. Gelatine is epecidly gppropriate in a country where RTV rubbers are
expengve or hard to obtain, and where labour is plentiful.

(i) Silicone RTV. Without doubt the best in every way. Silicone makes amould
which is accurate, stable, and will last for many years. In fact it has dl the
advantages except one - and that isitsprice. It is extremdy expensve.

(iii) Polysulphide RTV. A good substitute for silicone. Cogts about haf the price and
isefficient for most jobs. The mgor disadvantageisthat it ispoisonous, messy,
amely and unpleasant to use.



(iv) Hot-mdt rubber. Less accurate than any of the above; no good on porous
materids such aswood, nor will it work well on many plastics. Obvioudy you
cannot take an impression of anything that will melt below 200°C. It is said to
be car cinogenic, though the manufacturers dam to have modified the rubber to
make it safe. Conddering dl these disadvantages it may come as a surprise to
learnthat | useit asasubdtitute for gelatine. Hot-melt rubber comesinto itsown
inasmal research foundry where you do not have ahigh volume of production,
nor apool of semi-skilled [abour to carefor the gelatine. Hot-melt is ussful where
you are taking a one-off cast, or are going to modify the pattern. It takes agood
impression off any metal and isexcdlent off damp clay or plaster. Y ou can save
money by melting the rubber, modifying the pattern and taking another impres-
son. There are no storage headaches, and you can use the rubber over and over
again. However, despitethe makers assurances, | take carein my foundry that
| amtheonly personto useit, and | do not breathein thefumes.
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5. Sand casting

Sand casting, at itsmost basic, isboth chegp and easy to understand. For thisreasonit
is often used in schools as an introduction to metalworking technology.

A vidt to a foundry exhibition, or trade far, anywhere in the world shows how
sophidticated, specidized and complex the industry hasbecome. Attractive though such
displaysare, few of the products have any relevance to the smdl jobbing foundry. They
areamed at the specidized, high-tech, high-capital foundry which has superseded the
gmdl family business in Europe and America In the developing world, by contragt,
the small to medium szed foundry is il dive and healthy.

European and North American textbooks give priority to the latest discoveries in
technique and materids. However, in afoundry (or a society) where there is abundant
skilled labour, but where foreign imports are expengve, the latest novelty is not
necessarily the most gppropriate.

For this reason | have reversed the order favoured by most foundry books and have
concentrated firgt on those methods used worldwide. The more complex and expensive
processes are decribed later.

The oldest and mogt basic form of sand casting is green sand moulding. Good quadity
moulding sand may be any colour from ydlow to red, and after afew days useit turns

~==i| Mould box (flask)

-Split line

Figure 23. The basic moulding process



black or grey, not green. So green sand does not refer to colour. Green, in this sense,
means its natura binding qualities, using no artificial binders, additives or catalysts.
There is only one additive needed, and that is water. The correct water content, or
dampness, of sand is one of the most important factors in sand casting. You will find
more information about green sand on page 56.

Cadting solid forms by the green sand method is not complicated, nor doesit involve
complex equipment. The tools to make ssimple aluminium casts, such as pulley wheels
or cooking pots can be put together by anyone with average manual skill.

Essential moulding equipment

0 A pattern for each product (either solid or split pattern).

0 Moulding boxes, known as flasks. The best of these are made of cast iron, or
welded out of steel, but satisfactory boxes have been made out of wood for many
hundreds of years.

o0 Parting powder. This prevents die sand in the two sides of the mould from sticking
together. Brick dust powdered and seved fine is excellent for this purpose. Fine
chalk or talc is used to prevent die sand from sticking to the wooden pattern.

0 Sand moulding tools. You can improvise these out of old knives, spoons or strips
of steel. You will need to make awooden rammer and some wooden dowels or
short pieces of pipeto form runners and risers. A skewer, or strong piece of wire,
is used to vent die mould. Discarded fish tins, or any flat round tins, will serve
very well as cups, lined with sand into which you pour the metal, or to put an
extra head of metal on the riser.

Pattern
(old iron pot)

Sand floor

Figure 24. Aluminium cauldron: simple tapered pattern with no undercut (Douala,
Cameroon)
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0 To recondition the sand you will need a sieve or riddle. These can be bought in
almost any market. A coarse riddle can be made by banging nail holes through
sheet tin. Use metal insect netting for the fine sieve. A roller is also an important
item for conditioning the sand. A cylinder of solid iron or stedl isbest, but alarge-
diameter pipe filled with concrete will do very well.

Making a simple, solid casting

To make asimple, solid casting there are various techniques, as follows.

Floor moulding

Thisisthe conventiona way of producing large or very large castings. It isalso a useful
and direct method of producing castings that do not reguire a surface finish on the upper
face. Foundries in many parts of Africa and India make castings by this method.
Examples of products are: drain covers, weights, mould boxes, manhole covers, floor
plates and gratings and cooking pots.

The technique is ssimple. The mould cavity is prepared in the floor and the molten
metal poured directly into it. There is no runner or sprue system to carry the molten
metal into the mould.

A simple casting where the top surface is important can also be moulded in the floor
using a technique called ‘one-box moulding'. Examples are: covers of dightly greater
complexity, symmetrical pieces, or the iron balls for crushers. One side of a flask (see
'two-box moulding' below) is placed on top of the floor mould. This acts as a cope
(see below) and carries the sprue and risers.

Large moulds demand extra vents to alow gases to escape from the floor. Make a
bed of coke ash and line the sides with fire bricks. Vent pipes can be embedded in the
floor beneath the coke. The gaseswill escape through the porous material.

Drag @
. (split vertically)

Figure 25. Aluminium 'marmite’ cooking pot: complicated French pattern using a
split pattern and three mould boxes (Douala, Cameroon)
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Two-box moulding

Next to floor moulding, this is the technique most commonly used for one-off jobs,
such as forming a replacement part for avehicle or agricultural machine. Therefore it.
isthemethod encounteredin rural areasor small jobbing foundrieson the edge of cities.
There are two techniques of two-box moulding, the simpler of the two known as
flat-back moulding'. Thisis similar to floor moulding in principle, but araised box of
sand provides a smooth surface rather than the sand floor (see Figure 26).

A pair of matching moulding boxes is used, known as a 'flask’. The upper part is
known as the 'cope’, the lower the 'drag’. The two halves of the flask are located and
clamped together accurately.

Clamps, or weights, are necessary to prevent the molten metal lifting the cope as it
flows in, and locating pins are essential to prevent the cope and drag getting out of
aignment. The cope has protruding pins. The drag has socketsto receive the pins (they
could be called male and female boxes). See page 48 for more details about the cope
and drag.

The firgt box to be filled is the drag because this has no protruding pins and so it can
be placed face down on the turnover board (also called the moulding board). A smooth,
even face can be achieved by ramming the face edge against the board.

Sequence of operations

1 Thedragisinverted and placed face down on the turnover board. After the board
is dusted with parting powder it is covered in facing sand which is pressed in
place and then covered with backing sand (floor sand). Thisisrammed into place,
then more sand is added, rammed and strickled (levelled).

2 The drag is turned right way up. The flat side of the pattern is placed on the
smooth surface, and parting sand dusted on. The runner tube and header tube (if
necessary) are held in place. Facing sand is placed over the pattern and around
the dowels. Then backing sand is rammed in place as described above.

3 Themould is parted (cope lifted off the drag) and the pattern removed. The gate
or sprue system, which conducts the molten metal from the runner tube into the
mould cavity, is cut in the sand. Both sides of the mould are vented with wire
venting rods, the edges of the mould are made good, any falen sand removed,
and the mould put together. Finally the cope is weighted, or clamped to the drag,
and the mould is filled with molten metal.

A more complicated variant of the two-box method is 'odd-side moulding'. Thisiis
the only way that a pattern can be moulded if it does not have a flat back (in other
words, a cylinder or irregular shape). See page 44 for details of this technique.

Three-box moulding

Thisis used to make a casting with aflange or similar complication. An exampleis a
smple pulley wheel, or whed for adrive-belt. These are difficult to form in two boxes,
but can be done easily withthree. The middie box is called the 'cheek’ (see Figure 27).
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Finished casting
pulley wheel

Figure 27. An example of three-box moulding: a pulley wheel, using a split pattern
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“* False cheek

Figure 28. An alternative method of casting a pulley wheel, using a'false cheek'

Moulding with afalse cheek

An dternative technique uses two boxes, with inserts similar to core pieces (see
Figure 28).

Plate moulding

For steady repeat-order castings (for example, simple parts for vehicles or gas cooking
soves) the split pattern and flat plate technique is a rapid and efficient method. The
pattern is divided in half and the two halves (usually made of metal or plastic) are fixed
accurately on either side of aboard (known as the plate).

The first side is moulded in the drag. Then, the whole is turned over and the second
Sde is moulded in the cope. The two boxes are separated and board and pattern
removed. When the boxes are reassembled the two sides match up and the flask can
be clamped and filled with molten metal.

In alarge production line foundry the plate moulding method is done by machines,
with sand ramming, pattern lifting and rolling al done mechanically.



Stack moulding

A large number of smdl castings, each having oneflat surface, can be sdacked usinga
series of boxes with one common runner. By this means severd pieces can be cast in
one pouring operétion.

Odd-side moulding

This is not difficult once you have grasped the basic principle of the 'odd side’, ad
the two halves of the flask, the cope and the drag.

é 1 Fill with backing sand, ram.

Drag i} '
Turnover [
- (L 4 )
board g i ey | |

2 Turn over

‘U 3 Dig out hollow and place

1&\\\\\\\\\\\\\\\\\\\\\ D outnalw and plce.

Dust with parting powder.

4 Press facing sand round
pattern. Fill up with floor
sand. Ram hard.

5 Turn over

Drag ﬁ
6 Remove odd-side sand.
Trim and make good cope

Cope sand. Dust with parting
powder.

7 Repeat as 6 but use dowels
or tubes to form runners and
risers.

Drag

L

4 8 Open mould and remove
pattern. Cut gating system.

37~ >
Cope ;////////////% Vent. Close mould, clamp or

weight, and fill with molten
Figure 29. Odd-side moulding

metal.
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1. Fill the drag with sand. This can be sand straight off the foundry floor, but it
should be sieved to remove stones, nails or pieces of metal. Using aruler, or a
straight edged piece of steel, strickle (level) the surface of the sand, using the
edges of the drag as guides.

2. Assuming that you have decided and drawn the split line (sometimes called the
parting line) on the pattern, scoop out enough sand from the odd side to allow
the pattern to rest in it, up to the parting line. With asmall trowel or knife make
good the edge around the pattern, up to the line. Strickle, or smooth the sand.
The odd side is now completed.

3. A mudin bag filled with sieved brick dust will produce an even layer of parting
powder. Use this to dust the surface of the odd side. Dust the pattern itself with
talc. Blow off any surplus powder or any loose grains of sand. Position the cope
on the drag, using locating pins.

4. Scatter a layer of facing sand on the surface of the pattern and make sure that
you press it into every detail firmly but gently. The most usual mixture for facing
sand is 50% new sand and 50% floor sand. There are some excellent made up
facing sands on the market but these are expensive. However, if you can obtain
one of these sands and want a very fine, clean surface, the extra cost is
worthwhile. Next, scatter into the flask the backing sand, which is usually floor
sand. Ram this sand in and then scatter in more floor sand. Ram and then strickle

Half of
moulding flask

Figure 30. Scatter in the sand Figure 31. Ram the sand

Figure 32. Smooth the surface with Figure 33. Turn the flask (cope and
the strickle and remove surplus sand drag) when it has been filled with
sand and rammed tight
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off the surface, fill in any hollowswith sand and strickle again until the sand layer
is even and level with the edges of the flask. (You will find more information
about floor and facing sand on page 56.)

The cope is now full and completed. Bolt, wire or clamp the cope and drag
together to make sure that they do not dlip, and then turn the whole flask over.
Thisisthe moment of truth. If you have rammed the sand correctly and the sand
has the right quantity of water, it will stay in place. If not the sand will fall out
and you will have to start again.

Assuming that it is correct, and al iswell, the odd side is now on top. Unclamp
thetwo halvesof theflask and, carefully removethe odd side (whichis, of course,
the drag). Put the odd-side sand to one side; you can use it as backing sand. You
now have the other side of the pattern exposed and set in the cope. Clean the
surface very carefully and make good any irregularities along the edge of the
pattern, at the parting line. Dust on the parting powder and dust the surface of
the pattern, as you did before, and blow off any surplus. Clean and replace the
drag. Next place the dowel which will form the runner and the thinner dowels
which form the risers. Finaly place the facing sand, followed by the backing
sand, and ram the sand up, exactly as you did for the first side, or cope.

Tap the dowels very gently and withdraw them. They should leave clean
channels. Unclamp and lift the drag off the cope. It should lift free of the pattern
without disturbing the facing sand. Lay the two halves of the flask side by side,
pattern, or mould side up. Make good the edges with a fine trowel or knife al
round the pattern. Using a soft paintbrush paint the edges next to the pattern with
a little water. This will strengthen the sand edge and help it to stay in place as
you remove the pattern. Gently tap the pattern and ease it out of the sand. Finally,
cut the feeder and the riser channels from the cavity left by the pattern to the
round holes left by the dowels.

Theinner surface of the mould is how complete. Y ou can pour the metal into the
mould in this condition, or you can coat the surface to ad the flow of the metal
and improve the surface. There are many types of mould coats on the market. A
simple old-fashioned recipe is powdered graphite in methylated spirits. (Asmuch
graphite as will stay in suspensioninthe alcohol.) Spray thisinto the mould using
a smple mouth spraying device (the mouth tube ending at right angles to the
down tube which is immersed in the liquid: blowing raises the liquid and
transforms it into afine spray).

Placethetwo halvesof theflask together and bind or clamp them. VVent the mould
by making fine holes through the sand, using either a skewer or aventing wire,
being careful not to pierce the sand too close to the pattern.

The last thing you have to do isto make the pouring cup, and the header, if this
is necessary. Either weld up some stedl cylinders, or cut the bottoms out of some
round shallow tins (fish tins do well). Pick up a handful of sand and push it into
the tins, then press and hollow a cone shape to fit onto the runner tube. Either
spray thiswith mould coat, or dust it with talc. The thickness of the cone and the
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runner isdictated by the Sze of the casting. Thisis obviousenough. What isless
obvious is the relative thickness dictated by the type of metal. Aluminium
demands amuch larger runner than elther brass or bronze,

The completed flasks are lad out in lines on the sand floor of the foundry.
Aluminium is unlikely to lift the top flask provided it is clamped, but bronze,
and particularly cagt iron, exert consderable pressure on the upper part of the
mould. The 9ght of the mould opening and red-hat molten meta pouring out is
not uncommon, so be certain that the flask is wel wired or weighted down.

il ) — Pouring cup
/. Sprue down-gate

Sprue base

Casting

Figure 34. Gating system

Different designs of
pouring cups

/ l' \ Metal flow , Pouring basin
ek o {

At KR X
N E N N

Figure 35. Pouring cups Pouring basin making
use of a ceramic filter

Making a simple casting using a split pattern

The procedure described above is satidactory for a one-off, or afew castings. For a
production run, or periodically-repeated castings, either apermanent odd side (usudly
medke in plaster or glassfibre) or dse a split pattern will save the sand moulder much
time (and therefore money). A split pattern is, of course, more complicated to make,
butitiseaser touse.

Themould box or flask is usudly made of two haves, lessusudly, the mould can be
mede up of severd flasks, asin stack moulding.

The convention isto name the two partsthe 'drag’ and the 'cope’, as described bel ow.
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Drag

1. The pattern is congructed in two halves. These are located together accurately
with smdl dowels or brass studs.

Core print

A/
<— Splitline

;

Figure 36. A split pattern with core prints no undercuts, all vertical surfacestapered

2. Takethesdewithout the dowd pinsand placeit onitsflat back on the moulding
board or base board, a flat, clean board usudly made of haf-inch (10mm)
plywood.

3. Postion the drag 9de of the flask over the moulding board. Using amudin bag,
dust afinelayer of parting powder over the pattern and the board.

4. Riddle the facing sand over the paitern to a depth of about 6mm (0.25in). By
hand, tuck the sand around the pattern.

Position of split pattern

Position of
runner
tube

Figure 37. Marking the moulding board to Figure38. Half of the split pattern located
position the first half of the split pattern on the moulding board

5. Shove backing sand into the drag to adepth of about 100mm, ram the sand firmly
and then shovel in more sand. Repeet this until the flask isfull.

6. Strickle the sand leve with the flask edges, fill and leve any irregularities and

then gtrickle agaiaFindly vent the sand, exactly asyou would if you were using
an odd-sde moulding.

Cope

1. Turnthe drag Sde over and remove the bottom board, clean up any smdl faults

on the mould surface and position the second half of the pattern, using the locating
pins.



Cope ¢

T,
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Core print Half split pattern Moulding board

Figure39. The cope or fird hef of the it pettemn

2. Thecopeislocated on the drag, using the flask locating pins.

3. The runner and risers are located exactly as described in the previous method.
Parting powder is scattered over the pattern and mould joint as before.

4. The copeisrammed up with sand and the top strickled as before.
5. Thedowes forming the runner and risers are gently pulled out of the sand.

6. Thetwo havesof theflask are separated, eech sde of the split patternisremoved
using aspike or aramming bar (once again it iswise to damp the edges around
the pattern before removing it). Any damage to the edge of the mould isrepaired
and any sand which has fdlen into the mould is dusted or blown out A very
amdl pair of belowsisauseful tool for thisand is not difficult to make.

7. Thecopeisreplaced onthedrag, thetwo haves of the flask are dlamped together,
the cup placed in position and the mould made reedy to fill with molten metal.

Hollow casting

The flasks, described above, fom the outside of the casting. For asolid casting thisis
al you need, but if your casting needs to be hollow then the interior of the casting is
formed by using acore.

The coreisformed in acore mould, more usudly caled acore box. The coreisformed
of sand, but sand which is mixed or trested differently from green sand.

Coresrange in complexity from aform assmple astheinterior of acylinder to large
and complicated enclosed cores which need chaplets, or core pins, to hold them in
place.

The technology used in forming the cylinder block of a petrol engine, for example,
with its water-cooling passages, is extremey sophigticated. Different types of core
sands, binders, and methods of forming these complex cores are contributory factors
in both alarge and comptitive industry. Cores can be made by hand or by machine.
Core-making mechinery isexpensve. Thereisone exception to thisrule and that isthe
carbon dioxide (C02)-silica sand process. Thisway of casting has become common
practice dl over the world, particularly for making cores.

The C02-silica sand process is described in Appendix E. In core making much of
the procedureissimilar to that using oil-bonded sands - except that the former process
ismuch easer.
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Box for mould-

ing the core: Drag

usually wood, )
butmaybe P 0000 P B em - mm s e g
made of metal A

or epoxy resin )

Figure 42. Assembled mould with core in Figure 43. Mould ready for metal pour show-
place ing core, runner, risers and gating system

a head of metal g

277727

A

Figure 44. If the pattern is complicated with an area of casting having unequal thickness
of walls, a third box provides an extra 'head' or volume of metal to feed the thicker parts

Core box and pattern

Core making tarts at the pattern stage because practicdly dl moulds require a core
print to hold the corein themould. A colour code painted on the pattern indicateswhich
part forms the core print and which the mould (see page 20). The core box is usudly
made of wood using exactly the same methods of congtruction as the pattern.
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Figure45. Typesof core

Core sands

Binders

A sand core has to be tough enough to stay in place while the metal flows round it, and
yet permeable enough for the gases to escape through it. While moulding sands are
smple to mix and use, core sands are more complicated and difficult. In European
foundries C0O2-silica sand or resin-bonded sands are most often used. If these materials
are not available or too expensive you can make your own core sand in one of two
ways. You can increase the green strength by adding binders (see below). The second
way isto add avegetable oil and bake the core.

Binders in common use include: dextrine, starch, molasses, and sulphite lye.

DEXTRINE: an intermediate product in the degradation of starch. Dextrine isamore
effective binder than starch. Add from 1 to 2% to green sand.

STARCH: acommon product of corn, maize, potatoes or cassava. The proportion of
starch to sand is from 15 to 2% by volume. Unlike the other binders starch needs more
water inthe mixture. Theothersrequire 1 % or lesswhilestarch needsa2 to 4% addition
of water.

MOLASSES: aviscous solution of sugar. Add from 2 to 4%.

SULPHITE LYE: awaste product of the paper making industry, it can be bought as
either a powder or aliquid. Add from 2 to 4%.
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Core sand which uses vegetable oil isusudly cdled dry bond, or dry strength. The
core hasamodest green strength, but it only reachesitsfull strength asit dries. For this
reason it is supported on a core drier and baked in a moderate oven. An ordinary
domestic cooker will dowell.

Dry slicasand will not hold together, so an oxidizing oil isadded. Themost usud is
linseed oil, but most vegetable oilswill do. During mixing each grain of sand becomes
coated with oil which oxidizes when hested, holding the sand rigid while allowing air
and other gases to pass between the grains. Thisisknown as 'permeability’. Perme-
ability is asssted by the use of core vents. These are passages made with either wire
pins, or wax or plastic rodswhich melt out in the baking oven asthe sand hardens (see
Coreventing).

Oil-bonded sand

The most usua mix for oil-bonded sand is pure slica sand and linseed oil. However,
linseed ail is not dways obtainable. As aguide, any vegetable ail that hardens as it
oxidizes can be used to make acore sand. Aswith most foundry difficulties, improvi-
zation and trid and error based on common sense usudly solve the problem.

| have used avocado oil, and | have no doubt that olive oil or groundnut oil would
work equaly well. Here one comes up againg aproblem to which | have no answer.
In some countries there are regulations to prevent the use of any food product in
industrial processes.

Onefina warning about oils: it isthe oxidization of the oil that bindsthe sand. Most
vegetable oils oxidize, whereas minerd oils such asmotor oil are lubricants and have
the opposite effect.

Silicasand, aswas pointed out earlier, has no green strength, nor doesthe oil add to
this. The binder holds the sand together in its green state, and the oil bonds it very
efficiently whenitisbaked in alow oven, or coredrier. The oil encloses each grain of
sand and, asit oxidizes, it gluesthe grains into a solid mass. For this reason the core
has to be wdl vented, because the oil-sand mass is much less porous than the green
sand mass.

Exampl es of oil-bonded sands
The following are arough guide, not exact formulae:
1 Silicasand 50kg

Starch 1kg

Vegetableal 2kg

Water 0.5 litre (or less)
2. Slicasand (dry) 60kg

Water 1litre

Dextrin 1kg

Linseed ail 05 litre

The consstency of the sand should be similar to brown sugar, squeezed in the hand, it
should retain its shape without feding sticky. It should not crumble or fal apart.
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Make the core by ramming the oil-bonded sand into the core box after dusting the
surfece of the box with parting powder or powdered chak. Place the batch of coreson
acorerest on ametd tray and place them in a core-baking oven. You can ether use
specidly congtructed metd coreredts, or, if you only need afew cores, make the rests
out of floor sand. Remember that die cores are not strong until they are baked. Heat
the core oven up to gpproximately 200°C.

Core venting

Any hole in amould or a core which alows gases to escape fredy is cdled a vent.
Venting wire is suitable for making vent holes in smple draight cores. The most
common form of core vent is waxed string. Venting wax can be bent into shape and
insated into complicated cores. Nylon or polystyrene vents do the same thing.
Perforated tube vents are used in large cores with intricate sand sections which have
to be both vented and supported.

The other main property required of acoreis described as'collapsibility'. It isobvious
thet the core must be removed from the insgde of the casting. The core must be strong
enough to hold together without distortion while the molten meta flows round it (no
meen feat in itsdf) and yet not be so strong that it cannot be removed. During
'knock-out' (the remova of the sand once the metd has cooled) the core sand must
collgpse and flow out easily from intricate hollows.

Randupson process

This method was popular in Europe and the USA forty years ago because it avoidsthe
use of a core-baking oven. In many foundries it has been superseded by the CO2
process

The process usesamixture of slicasand with between 9% and 12% Portland cement
and water.

The mixture is rammed into the core box and removed when hard. This takes about
an hour. The sand isthen Ieft in core rests to cure for 24 hours, before being placed in
the mould flask.

Ashland process

The bulk of the mixture used in this processis dry silica sand using resin as abinder.
In precison foundries usng duminium aloys, duminium bronze or magnesum dloys
(for example, those which cast parts for the arcraft industry) this process has super-
sded the processes described above. Dry slicasand ismixed with resn automeaticaly
in ahopper and acatdyst is added (either in liquid or gas form) as the mixture drops
into the mould (or is blown into the core box). This produces a very hard, accurate
mould which is easlly moved and handled. After the mould isfilled, the metd cooled,
ad the sand broken off, the sand can be reclamed by usng a specidly designed
recycling furnace to bum off the resn and restore the slicasand to its origina state.
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The nature of moulding sand

Sand is amuch more complicated material than one might suppose. On the one hand,
casting sand isless complicated in practice than many textbookswould have usbelieve.
The caster needs to have sufficient knowledge to select a sand which suits his purpose.
That istheideal: in practice, however, he hasto make the best job he can with whatever
material is at hand. In many countries transport is more of a problem than finding the
material; sand is not a light material and transporting it is expensive.

First we must differentiate between natural sands and synthetic sands. In a sense al
sands are natural, but in casting terms natural sand means a sand which is suitable for
mould making in the state in which it is dug out of the earth. (Obvioudly it has to be
sieved to remove impurities and checked for the right moisture content.)

On the other hand, a synthetic sand is one which cannot be used in the form that it
comes out of the ground, but makes a usable casting sand when it is mixed with other
materials. Silica sand is the basis for synthetic sand and it is found all over the world.
It often costs nothing except for the hire of acart or truck to carry the sand to the foundry.

Very often the craftsman has to search for the sand and dig it himself. To do this he
needs to know what sand will provide him with the properties he needs.

Mineral composite of sand

Silicais one of the earth's commonest raw materials. Silicais quartz.

Quartz grains originally derive from disintegrated igneous or metamorphic rocks.
These are deposited to form either sand or sandstone and later may be carried away to
form anew deposit when the firgt is eroded. Other minerals which occur as sand grains
are less durable, for example feldspar which changes more rapidly than quartz. Most
sands contain a proportion of other minerals, including tourmaline, garnet, apatite,
zircon, rutile, magnetite, or ilmenite. All these have a density above that of quartz and
feldspar. The grains of quartz and feldspar tend to be uniform in size; the grains of the
heavier mineralsare usually smaller. Silicawithstands high temperatures. Feldspar and
mica are tolerable in small quantities, but they fuse at very high temperatures. Thisis
not a major problem when pouring non-ferrous metals, but it may become a problem
with iron casting. Too much feldspar, or other impurities, may cause scabbing or
cracking on the surface of the mould. Another material found with quartz and feldspar
is zircon. This is particularly useful in the foundry industry because of its refractory
qualities and its fine grain size.

Choosing the right type of sand

The term 'sand’ means a natural deposit consisting of grains of average size. Sand
grains are classified by sieve sizes and, generally speaking, grains of the same average
mass tend to be concentrated in the same deposit. Thisis auseful thing to bear in mind
if looking for a particular sand type.

Sand deposits are found in various places, according to how they were made. Many
were formed in river valleys and estuaries, lakes and shallow seas. Sand dunes are
formed in desert areas and are the result of the decay of exposed rocks. Glacia sands
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were carried by the melt waters and deposited in roughly graded masses. Glacial sands
have sharp, angular grains, while wind-blown sands are rounder and smoother.

Sand is used according to its specific properties. For example, sand used for glass
consists amost entirely of quartz with a little feldspar and the smallest possible iron
content. The presence of iron adds colour to the glass.

'Sharp' sand, used in the building trade, binds together well and so makes a good
strong mortar when mixed with cement. The shape of the grains makes it less porous
and so not so good for casting.

Porous sand, suitable for casting, has round grains of a uniform size and has a
sufficient quantity of fine material (clay) to bind the mass together.
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finer iron castings. Suitable for heavy moulds. Denser: needs more venting.

For very large moulds.
Figure 47. Examples of different foundry sands

Finding sand - examples from the field

In East Africawe could not find any natural sand, but were lucky enough to find natural
seams of pure white silica sand. A woman potter showed us the source of a fine clay
of the kaolin type. We dried the clay, ground and sieved it and then added it to the sand
by measure, starting with 5% (by volume) dry powdered clay added to the dry sand.
Then we added water until the mixture was damp, but not too wet.

According to the textbooks, clay content ranges from 5% to 12%. We went on adding
and testing, and could not get the sand to bind well until we reached 20%. This is
theoretically incorrect, but it worked and made a satisfactory casting sand.
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In both Nepal and Peru we found silica sand on the bends of rivers, or in beds that
had once been oxbow lakes. In each case the quality was adequate once the sand was
washed, dried and sieved. We found the simplest way of obtaining clay wasto buy it
from potters. Some other additives cause problems. These problems are not technical
or logistical, but man-made.

If the foundry lies within transporting distance of the coast, another useful source of
silica sand is the dunes. Dunes are composed of the finer grains of beach sand blown
by thewind, mixed with small particlesof shell. Dune sand should bewashed to remove
traces of salt.

Ant heap sand isfound all over Africa. The termite mounds are formed by white ants
which excrete a form of silica which mixes with the sand.

Textbooks tell usthat amixture of sand, clay, and termite excretamakes an excellent
sand. | have no doubt that this istrue. It is aso true that termite sand varies. The type
that we tried in Malawi was adequate, but coarse. For aluminium casting the synthetic
sand that we mixed ourselves gave better results, once we had discovered the best
proportion of clay to use.

Natural sands

As has been said before, the term 'green sand moulding' has nothing to do with colour.
It means amould which holdstogether inits' green' or natural state. Unlike silicasand,
which is white or grey, natural sands are red or buff in colour.

Floor sand issimply casting and facing sand which has been used over and over again.
This becomes dark grey, or black, if coal dust is added to the facing sand.

Facing sand is made up of new sand and floor sand, carefully sieved to get rid of
impurities and rubbish from the foundry floor.

Green sand contains somewhere between 4% and 12% clay. Water is added, to about
4-6%. A simple test for water content is to squeeze a handful of sand. The sample
should hold together and give a clear impression of the lines of your hand. It should
not feel wet or sticky, nor should it be so dry that it crumbles or disintegrates as you
open your hand.

A good quality moulding sand should have several properties:

° It should hold together and keep a faithful surface impression when the pattern
is removed.

° It should be sufficiently porous to alow gases to escape. Too high a proportion
of clay will cut down porosity.

° When rammed up with care the sand should resist the pressure of the metal. It
should not distort, either when the liquid metal flows into the mould, or as the
metal is cooling and solidifying.

° The sand should have good refractory qualities.

Mixing and conditioning green sand
Repeated use makes sand less plastic and more impure. The first step is to sieve the
sand to remove nails, lumps and small pieces of scrap metal. Apart from reducing the
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casting qualities of the sand, these can injure the moulders' hands. Natural sands are
processed by heavy roller mills, turning in a circular drum. The rollers break up the
lumps of clay and increase the natural bond between sand grains. Lighter rolling mills
are more suitable for silica sand. The blacksmith in Malawi could not afford a
mechanical mill sohisassistant rolled alarge stedl cylinder, found as scrap near a sugar
mill, backwards and forwards across the foundry floor. This method, though slow, was
as good as any other.

To increase the plasticity and refractory qualities of natural sand, the most common
additives are:

0 Fireclays. Coarse, refractory clays found near coa seams.

0 Bentonite. Smooth and very plastic. It feds like soap. Bentonite is quarried in
areas of volcanic activity: most bentonite comes from the USA, but it is aso
found in parts of India and Africa

P S Z

Figure49. Sand mill, Peru

Other additives

Cod dust is added to the facing sand for iron castings. As the molten metal enters the
mould, the coal dust produces afine film of gas. This gas forms a cushion preventing
the molten iron burning and penetrating the mould face. This undermining is one of
the causes of scabbing on the surface of the casting.

57



A second cause of scabbing is the sand cracking or buckling. To prevent this by
allowing thermal expansion of the sand, small quantities of peat, wood flour, cereal
flour or iron oxide are added to the facing sand.

Other sand processes

Loam moulding and rigid sand processes are both useful in certain circumstances and
are covered in more detail in Appendix E.

Loam moulding

This is often known as loom moulding.

Clay binds the sand, but at the same time it makes the sand less porous. It can also
affect the refractory qualities of the mixture so that the mould cracks as the molten
metal pours into it through the sprue system. Loam, being rich in clay, needs plenty of
fibrous material to increase its porosity.

The best known example of loam casting is found in a bell foundry.

To make abell the moulders do not use a pattern, but shape both the exterior mould
and the core with large scrapers, known as strickles. Green sand would not stay in place
and keep the form, so the moulders use loam, a soft plastic material made from ablend,
of natural sands and fibrous material, such as peat, chopped straw or animal hair, hops,
and not forgetting that most useful of chopped fibres, horse dung.

Bell casting is a highly speciaized business. Not only does the casting have to be
strong and look right, but, most important of all, it has to sound right. Obviously, a
crack during the cooling of the metal, or porosity or sand inclusions, make the casting
useless.

The rigid sand processes

The basis of all these artificial, or chemically bound, sands is silica sand. Generally
speaking, they are efficient and labour saving, and aso expensive. In Europe and the
USA these sands have largely superseded green sand moulding. In acountry where the
cost of foundry chemicals is high and the cost of labour cheap, the advantage is much
less.

Rigid sand is based on silica sand used with a binder which coats the grains of sand
and is hardened by chemical action. The type most commonly used is the C02-silica
sand process. Indeed you will find this used in any small foundry in Europe. Silicasand
ismixed with 2% or 3% liquid sodium silicate. This mixture reacts and hardens when
exposed to carbon dioxide forming ahard mass, very like sandstone. Up to that point,
the procedure is similar to green sand moulding. The sand isrammed into the moulding
flasks, then carbon dioxide is injected through gassing holes. Gassing time is about 50
to 60 seconds. The mould can be filled with molten metal immediately. Unlike the
resin-bonded sands there is no unpleasant smell or chemical fumes.

Some types of resin depend on heat to harden and bond them, other types set when a
catalyst is added.
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The advantage of these processes in mass production is obvious. Their use does not
demand the skill or training required by green sand moulding. Casting can be done by
unskilled labourers (see Appendix E).

Sand testing

This is essentid in a large, production line foundry. A large foundry has both a
metdlurgy laboratory, for testing the qudity of the metal, and a sand laboratory for
testing moisture content, permesbility and compresson strength. For this reason al
textbooks have large sections on testing. Neither the foundries | visited in developing
countries nor the foundries in which | worked in the UK could afford sophiticated
equipment. For this reason | have placed notes on testing equipment in the appendix

(sse Appendix D).
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6. Lost-wax casting

Theearliest illustrated descriptions of lost-wax casting were French, or Itaian. One of
the best known and mog beautiful is the description of the cadting of the giant

equestrian statue of Louis X1V, written by the Royd Architect, Bosrand, and il lustrated
by the engraver, Bernard.
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Figure 50. Casting of Louis XIV, showing the runners and risers

In the Sxteenth century the process was commonly caled ‘cire perdu’ or 'cira
perdida. All these terms meen the same thing.

Since 1940 there has been great change in the nature of the industry, and the process
has been renamed investment casting. Up until the World War 11, the processwas used
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to make sculpture, and to some extent for ornamental or architectural purposes. During
the Renaissance, for example, cannon and bells were cast in sand, but the ornament
and lettering on them by lost wax.

Sincethe World War 11 thelost-wax process has become varied, complex and precise.
To understand how it works we have to go back to simple beginnings.

In its simplest form, the craftsman - or, more frequently, craftswoman - takes natural
waxes blended to make the right mixture, and models or press-moulds a shape. To this
shape she attaches wax rods. The larger of these come together at a cup, or cone shape,
aso made of wax. These rods are called 'runners'’; thinner wax rods known as 'risers'
are placed to the side of the cup.

The cup, runners and risers are together known asthe 'sprue system'. In order to form
the mould, and lose the wax, the wax model is coated with aliquid refractory mixture
which sets, or drys. Thisis caled by avariety of names: investment, coating, mantel,
shell, or durry. Investment is the most usual. Materials vary (and are described later).
Refractory smply means a material which does not change its nature when heated to
red heat.

The refractory materia is mixed in water so that it can be painted or splashed onto
the wax, or the wax dipped into it. Liquids other than water are used in some
sophisticated variants of the process (alcohol, for example). Wateris the most common.
Therefractory is held together by abinder, once again the binder used variesin different
parts of the world. The investment is alowed to dry and then heated. The finished
moulds are placed in an oven, or kiln, and the wax melted out. Traditionally, for many
hundreds of years, the wax was burnt out. Thisis till the method most commonly used,
but the more sophisticated foundries (those in the aircraft industry, for example) remove
the wax using an autoclave. In the final stage the mould still hasto be baked in akiln,
but the autoclave avoids the smoke and fumes of the burning wax, and has the added
advantage of saving most of the wax.

When the refractory mould is cleaned of every trace of wax and wax gas, in other
words when the mould is in its negative state, it is removed from the heat, inverted,
and filled with molten metal. The metal ispoured into the cup and flowsquickly through
the runners which are designed to carry molten metal to every extremity. Air escapes
through the risers until these too fill with metal. Risers are sometimes called vents,
because they allow the air to vent out of the mould.

The sight of bright molten metal venting out of the risers delights the caster because
this shows that every part of the mould has now filled with metal. Blocked risers, or
gas bubbles spitting out of the cup, provoke a sombre mood. Though these signs do
not invariably indicate a spoilt casting, the results are likely to be less good, and may
be no good at al.

Whether the moulds are cooled rapidly, or left to cool naturally, depends on the alloy
used, and the thickness and complexity of the casting. Hot or cold, the investment is
broken away and the casting is cleaned, either by hand or by chemical means. Finally
the sprue system, runners, risers and cup, are removed with care and the casting fettled
and finished.

This is a very crude outline of a complex process; there are many variations and
complexities, some of which will be described in detail later. Today the wax is rarely
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modelled by hand. Most casting is reproductive; the craftswoman takes a pattern,
usually made by a specialist pattern maker, takes an intermediate mould from this
pattern, and makes the wax from this mould.

There is adanger of some confusion here. Many people confuse the refractory mould
(the mould from which the wax is burnt out and into which the metal is poured) with
the preliminary mould in which the wax is formed. In the precision investment industry
thisisusually ameta die into which the wax is injected while pressure is maintained
until the wax has set, to minimize contraction. By using a specific wax, with aknown
rate of contraction, theinvestment foundry workers know exactly how much to enlarge
the original pattern to allow for shrinkage, both in the wax and in the metal.

For prototypes, or other one-off jobs (or short runs, asin art casting) flexible moulds
are more usual, though plaster piece moulds are also a common way of forming the
wax pattern.

Broadly speaking, the investment casting industry in Europe and the United States
divides between thick and thin, between ceramic shell and the block investment method
known as the 'Shaw process'. Both were developed during the 1940s to form precise
parts for aircraft engines, too complex to be cast and machined in the usua way.

The Shaw process was based on the ancient Roman method, and developed in the
USA. The ceramic shell method was invented and pioneered by Rolls Royce in the
UK. It is the descendant and distant cousin of the dung and clay shell method used in
India, Africa, and South America since the earliest times.

The eccentric millionaire can play with any technique that he chooses and buy any
material or technology that excites his interest. Most of the rest of us are not in that
happy position. A craftsman setting up a business has to compromise: technical
efficiency and good workmanship are vital qualities, but not the only factors in the
survival of his business. If he makes the best castings in the world but cannot find a
market for them, he will soon have no business. The market, the cost of materials,
overheads, and selling price, are all-important factors. Lost-wax casting isthe only way
certain parts can be manufactured (micro-hydro-electric turbines, for example). It
enables the engineer, artist or skilled artisan to produce precise, efficient and often
beautiful objects. Perfection is never cheap.

Waxes

Waxes are a sub-group of true fats, comprising the esters of higher alcohols with fatty
acids. They are distinguished from the fats by being non-greasy to the touch, and are
generaly solid.

A mixture of the most unlikely looking waxes will make a good casting, provided
you know what qualities are essential and how to achieve them.

The necessary qualities are:
0 Toughness - not brittleness.

o High melting paoint - there is a danger that waxes will sag or distort, especially
in hot climates.
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o Stahility - the least shrinkage possible. Waxes vary a great ded intheir rldive
dhrinkage.

0 Hexibility - waxes should bend rather than snap.

Waxesin Europe and the USA are refined and purified. Working on a casting project
in Nepa we discovered that we could refine avery impure and dirty beeswax by melting
and then Seving it through afine wire mesh, sold for agricultura use. Wethen refined
it ill further by Seving it again through mudin. Though shrinkage was unpredictable,
one batch relative to another, the results were good enough to use, for example, to cast
the Pelton turbines for micro-hydro-dectricity generation.

Qualities of different waxes

Microcrystalline waxes

These are now generdly the most common of the more refined waxes in countries
which have apetroleum refining industry. Microcrysalines are aby-product of petrol,
and as such they are a so known as synthetic waxes. They range from very soft to waxes
30 hard that they can be turned on alathe. By experiment, mixing hard with soft, one
can find asuitable blend of wax. Y ou must dlow sometime for experiment as you need
to try out the mixture in amould to find out how it performs.

Earth wax (known in Germany as montan wax)
Thisisnow hardto find. At onetimeit was, literdly, dug out of the earth. The materid
30ld as earth wax today is more often than not a crude microcrystaline type.

Paraffin wax

Probably the most useful and easiest to find of dl the waxes, especidly asit iswiddy
usd for candles, it is dso the chegpest. Pareffin wax makes a good base for casting
wax, dthough on itsown it istoo brittle and 'short’ to be useful. It is, rather, abody of
wax to which other types must be added to give it the right qudity.

Tree resin (also known as rosin)

Resin is usad in the papermaking indudtry. It is wel known to musicians for waxing
violin bows. In Nepd it is cdled 'sal-dup’ or juice of the pine tree. Resn raises the
melting temperature of the wax mix. It adds toughness and hardness. It is an essentia
ingredient and luckily not difficult to obtain. Caution must be used in mixing, astoo
great a proportion will make the casting wax brittle.

Beeswax

Thiswax isso good and so pleasant to use that the Italian casters of old treated it dmost
with veneration. It softens the mix, making it more flexible, and generdly refinesthe

qudlity.
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Vegetable waxes

There are several excellent vegetable waxes, such as Carnauba and Ouricouri, both
palm waxes, and Candellila, made from a Mexican weed. All these waxes are used to
make high quality furniture polishes. Generaly speaking these are far too expensive
to use for lost-wax casting. But there might be a situation in atropical country where
one of these waxesisalocal product and therefore cheaper, and more appropriate, than
microcrystalline wax.

Useful styrenes and plastics in common use

Styrene wax has a remarkable effect on the toughness and flexibility of the wax.
Polyethylene adds flexibility. This is found in thick, flexible, clear plastic bags (not
polystyrene, from which thin cheap crackly bags are made). Polypropylene adds
hardness. This is often used for making ropes.

Making wax mixtures - various recipes
In practice, you use whatever there is to hand, but it may be useful to have a few
examples, as guides rather than rules.

Roman wax. This was used throughout Europe, in the Near East, and in Central
Americaafter the Spanish conquest, up until the microcrystalines cameinto common use.

2 parts paraffin wax

2 parts genuine earth wax

1 part tree resin.

To control the malleability of the wax, more resin was added in summer and less in
winter, thus raising or lowering the melting temperature to suit the ambient temperature.

Newar mixture. This mixture is common to many parts of Asiaand Africa

2 parts unrefined beeswax.

1 part 'sal-dup' tree resin.

The mixture is melted and blended together, then cleaned through a fine metal sieve.
The pieces of twig, leaf and dead bees are picked out. It is next remelted and refined
again through mudlin. Finally it is hand modelled into flat plates, the size of chapattis,
and stored. One thing that is noticeable about this mixture isthat the more one handles
it the more malleable and plastic it becomes.

Wax mixture Cuzco, Peru. Because of the dtitude (11,000 feet) we encountered a
special problem with wax. The extreme change from daytime to night-time temperature
caused the expansion and contraction of the wax, thereby cracking the shell. This was
one of severa factors which made us decide to use the Roman method of casting in
Cuzco, rather than the ceramic shell method (see Chapter 7 and Appendix F).

We managed to blend a satisfactory wax without beeswax, using paraffin wax mixed
with resin, softening it by adding Vasdline (commercial petroleum jelly). Having
blended various mixturesin the technical college in Cuzco, inthe end we used this one:

3 parts paraffin wax

2 partstree resin

0.5-1 part Vaseline



'Bogota university recipe’. We tried this mixture later in the course; it was an
improvement on the earlier mix.

12 parts paraffin wax

3 partsresin

1 part polyethylene

Moulding the wax

Having blended a suitable wax, it must be formed into the shape you want to cast into
metal. There are many ways of doing this. It is necessary to work out which of them is
the simplest and least expensive for your purpose.

The simplest way isthe Newar method; thisis, hand rolling and modelling wax sheets
or making simple press moulds. This is a very beautiful way of working and well-
adapted to certain markets, but it is extremely laborious and not accurate, nor is it
intended to be. One of the Newar selling pointsisthat no two castings are the same. In
order to produce many parts which are interchangeable, that is to say each part being
the same as the last one, amould is essential.

Metal moulds

The best is ametal mould with some type of device to inject wax into it under pressure.
This is not only rapid and accurate but the pressure, maintained as the wax cools,
prevents major shrinkage.

Thisisideal if you are producing a large number of parts in continuous production.
But if production isvaried and irregular the toolmaking necessary to produce the mould
istoo expensive.

Plaster moulds

Plaster has to be damped to prevent the wax sticking, and this shortens the useable life
of the mould. Plaster and metal present problems, but on the whole a plaster mould is
one of the easiest, and certainly the cheapest, ways of solving the mould problem.

Flexible moulds

Of the range of flexible moulds, rubber moulds present fewest problems as far as
temperature is concerned. You are unlikely to damage the surface of the mould even
if the wax istoo hot. Nor will you get cold flow lines when the wax istoo cold. The
only major problem you come across with rubber is atendency for the first coat of wax
(painted in) to be melted off the high points. Y ou can overcome this by making amastic
of a resin-rich (high melting point) wax and building up these high points while the
mastic isin aputty-like state. These high points will hold when you pour in the back-up
coat of wax and resin. Y ou should aso reinforce the point in the mould where the flow
of hot wax first strikes the inside of the mould, using a mastic in the same way.

A wax injector is not hard to build, you can make one out of an old pressure cooker,
or any robust metal container, using a car foot pump to maintain the pressure. The
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dterndive is either pouring the liquid wax into the mould (called 'slush casting’) or
panting it in, reinforcing the wax shell and then backing it up by pouring in and draining
out alayer of secondary wax, poured at atemperaturetoo low to melt the primary layer.

Slush casting
Quite smply, you pour the wax into the mould and leave it, assuming a solid wax is
required. If you intend your wax to be 'cored’, because you need ahollow casting, then
yau pour the wax into the mould and then out again. (Both the reason for coring and
the procedure by which you produce a hollow casting, will be explained later.)
Experience, trial and error, and knowledge of the temperature of the wax will help
you determine the thickness of the wax shell. The cooler you pour the wax, the less it
will contract (though it is obvious that the wax will not flow at dl if it is too cold).
Rubbar moulds allow a greater range of temperature.which is one of their advantages.
With either metal or plaster moulds you will encounter a problem with ripples on the
aurface of the wax, if poured too cold. These are called 'cold flow lines'. Wax behaves
vay like metal when changing from its liquid to its solid state. The hotter the wax, the
moreit expands, soit followsthat it hasto contract moreto regainits solid state. Pouring
wex too hot increases contraction. A temperature chart docs not help very much. The
examples | have already given show how wax mixtures vary in different parts of the
warld. In my experience the basic ingredients supplied by even the most reputable wax
refineries vary.

Painting in the wax

This has been briefly mentioned aready. It is rarely, if ever, used in the engineering
industry. This book is not really concerned with art or jewellery casting where this
techniqueis used most. On the other hand, there are occasions where only thistechnique
is appropriate. Open the mould into its two halves. Take a small quantity of wax in a
grdl saucepan and heat it gently. When the wax is liquid, but not too hot, wash it into
the mould quickly using asmall paintbrush, flopping the wax into the mould so that it
flows, rather than is brushed in. Try to avoid brushing over the areas that you have
covered. By the time the two sides of the mould are covered the wax will have cooled
(in practice | use two smal saucepans, one containing wax a a dightly higher
temperature then the other). With the cooler wax, brush over the first coat, roughening
the wax as you go. This 'scumbling’, as painters cal it, puts atexture onto the wax for
the back-up coat to stick to. Next, reinforce the high points, as described earlier, and
dose up the mould. Take asmall quantity of hot wax and pour it into the mould to sed
up the seams. By this time the resin-rich back-up wax should have cooled enough to
pour into the mould.

There is an old Itdian trick to estimate the thickness of this final layer. You need
enough backup wax in the bucket to more than fill the mould. Leave it to cool until
there is afilm or skin on the surface. Check the chilled layer at the side of the bucket.
When this is the thickness you need in the mould, pour the wax. Invert the mould and
drain the excess wax back into the bucket immediately, swilling the mould round in a
cylindrical motion as you do so, to distribute the wax film evenly on the surface.
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Pouring wax into a gelatine mould

Gelatine, because of its comparatively low melting point, demands much greater skill
and control over the temperature of the wax than when using the rubber moulds.
Pouring wax at too high a temperature will distort or melt the mould surface.

To check the temperature of the wax, paint athin layer of wax onto a greased surface
(the edge of the opened mould case will do well). Pick up the film of wax with a spatula
or knife point and float it on the molten wax. It should melt on the count of ten
(approximately ten seconds). If it takes longer then the wax istoo cold; if it melts more
rapidly then it is too hot and will damage the gelatine.

Flow the first coat into the mould with a well-loaded brush and do not go over the
same surface twice. The procedureisthe same asfor arubber mould (described above).
The difference lies in the care needed to check the wax temperature.

To repeat: gelatine moulds can only be stored for a very limited period. The wise
course isto take al the wax impressions you need at once and store them in water (or
a refrigerator). Cut up the gelatine and dry it out on the drying rack, before storing it
in adry place. Last, but not least, number and store the pattern and case carefully. If
you need more waxes make another gelatine as before. (This was the procedure in
Italian art foundries up until the invention of RTV moulding rubbers.)

Storing wax patterns

This presents no problem in a cold climate: waxes can be stored on any surface that
does not stick to or mark the wax surface. Thin plastic on a bed of newspaper is ideal.
In ahot climate the waxes should be kept in arefrigerator. Failing that, do asthe Romans
did and float the waxesin atray full of cold water. If you leave them too long you may
find afilm of mould on thewax, but thisis not serious and can be removed with alcohol.

Shelf life

Wax is one of those magic materials that does not change its state (with the obvious
exception of applied heat). Anatomica models made from wax can be seen in the
Victoriaand Albert Museum in London. They may or may not be by the great sculptor
Michelangelo, but were certainly made in the fifteenth century.

The block investment process

Within the block investment processthere are two methods, the older Italian investment
and the Shaw process. | will take the older method firdt.

The Italian method

As far as we know, the Romans were the first craftsmen to reproduce castings by a
form of mass production. They certainly used plaster piece moulds, and probably
invented the technique of gelatine moulding (described in Chapter 4). Wax and
waxworking is a so described above. Degreasing is common to al methods.
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The remains of moulds on Roman foundry sites prove that the Romans used a brick
dust and plaster investment There are other forms of ground fired clay (known as
‘grog") but brick dust was, and is, the most common form, and the cheapest. It was
used in Britain from Roman times until the mid-1950s, when its use was banned
because of the danger of silicosis (a lung disease).

Today most foundries use grog, as supplied to the pottery industry. | have experi-
mented with various refractories, and in the end settled for silica sand. Silica sand with
aplaster binder on its own is not ideal. The sand grains have little thixotropic quality.
This makes the technique used in the Shaw process (which is used in making Pelton
wheels) particularly difficult. The grains of silica sand are heavy and need some form
of colloid to hold them in suspeasion: some fine, light materia to enclose the larger
sand grains and keep them from settling. Grog mixed with the sand sets off the plaster
binder prematurely.

In Nepal the answer proved to be brick dust. The ideal combination is silica sand,
brick dust and plaster in equal measure. But in the UK one cannot buy brick dust, so |
| use a substitute, slate powder. No doubt there are other refractories that would do the
job as well, or better, zircon, for example. The problem is aways the same, balancing
efficiency against the cost of materials. Sate dust does thejob well enough, it helps to
suspend the sand, and has no ill effects either during the firing process or on the mould
surface. Very precise castings can result from using this mixture, free from either
bubbles (called 'potati’ - potatoes - by the Italians) or flashing (known as ‘feathers).

Proportions and mixing

The Italian method uses brick dust and plaster, in the proportions two of brick dust to
one of plaster, for thefirst coat only. The second coat is amixture called 'one, one and
one', explained below, and the third coat is made of ludo or 'luto'.

The first and second coat must be creamy in consistency, not too thick or the plaster
will set too fast. The first coat is brushed on, backing this up by flicking or pouring the
mixture on to the area where you are working. It is a good idea in theory to cover the
whole wax with the first coat, but not always practical on alarge or complex job with
rich surface texture which may trap bubbles of air.

Before we come to ludo, one word of warning about the cup and sprue system. The
cup is the first receptacle for the molten metal. The purpose of that elaborate system
of cup and runnersis to allow the metal to flow evenly to every part of the wax model,
inturn to let the metal solidify in alogical and progressive order. Once the investment
is on and the wax burned out, this sprue system will become a series of conduits for
the rapid transmission of the metal. Thus it should be obvious that the surfaces of cup
and runners are as important as the wax model. | do not use the first coat on the cup
but usually paint and flick the second coat of 'one, one and one' onto the cup, because
of its superior refractory qualities.

Ludo derives from lodo, which means 'mud' in both Italian and Spanish. Ludo isthe
refractory mixture (plaster with brick dust, or silica sand, or whatever refractory is
being used) ground down after it has been fired and the molten metal poured into it. In
other words the moulds are recycled. Once the castings are cooled, the apprentices
break open the moulds, taking care not to damage the surface detail of the cast. The
casts are put on one side while the mould materia is broken up.
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Cup to
receive metal.
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as a reservoir
(feeder)
Figure 51. Wax model with sprue system Figure52. The core is held in place by
(runners and risers) attached iron core nails or, in very small models,

copper pins

Figure 53. The first coat of the invest- Figure 54. The second coat of the
ment is painted onto the wax: take investment is laid on over the first
care to remove all air bubbles (painted) coat

The moulds should be a pinkish or buff colour, free from smdl. If a mould is
underfired and some of thewax gas remansin the refractory it will be usdessasludo
becauseit accd eratesthe plaster setting time. Thisisonly one of the problemswith an
under-fired mould. Wax gasisthe most common cause of faultsin casting by the Italian
method. Correct and meticulous firing is essential. Under-fired ludo has some distinc-
tive characteristics. Not only is it grey in colour, but it gives off an unplessant
sulphurous smdl, which is mildly nausesting. Separate out this underfired materia
from the usable ludo and throw it away. Good ludo is marvelous Suff: recyding means
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Figure55. The main body of the invest-
ment is put on in blocks (avoiding the
weakness of 'onion skin' layers)
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Figure 56. The completed mould is
inverted, cup and riser vents are scraped
clean, and the base is smoothed

Wax melts

'During the
kiln firing wax

At akiln
femperature of
600°C the last
traces of wax gas
| are burnt off

Slow rise in kiln
temperature and
thorough baking
of moulds are
essential

Figure 57. X-ray view of the mould at
the moment of kiln firing (de-waxing)

Figure 58. X-ray view of the mould as
molten metal is poured into it

thet you get it for nothing (apart from the labour of grinding and Seving it); the steedy
beking in the kiln recdcinates the plagter - in other words, restores it to its origina
condition. The brick dust and sand are, of course, not afected by the heat. Ludo
becomes, if anything, tougher than its origind components.

Ludo is far more durable than the first coat. Trid and error proved that the mixture
does not bond perfectly with thefirst coat unlessthereisan intermediate layer, during
the firing process one coa opens away from the other, causing flashing on the casting.
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Thisproblemisovercome by alayer of ‘'one, one and one' (one part of plaster, one part
of slicasand, or whatever refractory you are using, and one part of ludo). The preferred
mixture for the outer coats is one part plaster to two parts ludo, but you can increase
the proportion of ludo to plaster if you are short of the latter. In Nepd we used avery
rough form of builders plaster, which looked terrible, but in practice proved to have
very good refractory qualities. In Europe and the USA there are various plasterson the
market known as refractory plasters. These work well for casting duminium or zinc
aloys. The melting point of bronze or brassis too high for these plasters, but there is
at least one type made for slveramiths which will dso cast bronze and brasses. These
plasters are dl excdlent for their intended purpose; their mgor disadvantage is cost

Building up the mould

When building up themould, avoid 'onion skin' [ayers. Oncethefirg layer isbrushed,
poured or flicked on to the wax, then put on your second codt, flicking or pouring it
over the firg coat. Before this coat sets, roughen the surface with your finger tips to
ad the bond. When you come to the next coat, put the ludo on in blocks rather than
layers (see Figure 55). Where one block joinsanother keep thejoint rough or irregular.
This gpplies to the firgt two layers too. A rough surface dways makes a better bond.
Do not smooth the surface until thefina coat, which does need to be smooth and regular.

Leave the mouldsfor around twenty-four hoursfor the ludo to harden. Unlike pottery,
the moulds should not be dried before they go into the kiln. If you have to leave them
oncetheinitid setting timeis past and before loading the kiln, wrap them in plastic. If
the moulds do dry out, damp them down before the kiln firing. Thisis necessary because
water in the mould turns to seam during the firing and helps to expel the wax gases
which lodge in the refractory. The water present in the ludo adds to the weight of the
moulds before firing. They are fragile, so you must take care handling them, and even
more care when you take them out of thekiln, when they will be much lighter, but also
more fragile. Thisis covered in detail later in this chapter under kiln firing.

Moulds that have been fired in akiln for fifteen hours or more & red heat are bound
to be fragile. At this temperature the plaster bond has partidly broken down. Thisis
not enough to impair the qudity of the casting, but enough to make the mould brittle
and eadly brokea Medium and large-szed moulds need to be reinforced with woven
jutescrim and plaster jacketsimmediatdy beforefilling with metd. Timing isameatter
of experience, the later you can leave the scrimming the better. If you scrim up too
early thereisadanger of damp creeping through the hot, dry investment On the other
hand, if you leave it too late then you risk overhegting, or 'stewing' the metd waiting
to be poured. Very large or tall, thin moulds may need strengthening with meta or
wood. Pieces of scrap sted pipe or angleiron arethe best The safest practiceisto scrim
up in the kiln to avoid unnecessary disturbance, but this depends on the design of the
kiln. It is not dways possble when using afixed kiln, by which I mean akiln which
cannot be dismantled. Some foundriesrely on the plaster and scrim jacket done, others
bury the moulds, at least partidly, in the sand pit
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The Shaw process

Thisisan off-shoot of the Italian method which suited the earlier casters because of its
flexibility, and it is used today in art bronze foundries for the same reason. The main
difference between the two processes is the use of aflask. The Shaw process uses a
flask, the Itdian method does not. In foundry terms, a flask smply means a metd
contaner for the refactory, whether this is small scale jewdllery casting using a
centrifuge, or avery large green sand casting.

When the work coming into the foundry varies and is mostly one-off pieces, thereis
no point in having a collection of tailor-made flasks for specid jobs, when you will
probably use the flask only once. On the other hand, when oneisfaced with aproduction
line, or semi-production line, the Stuation dters. Take as an example the production

T

Wax welded
onto wax boss

Wax runner
assembled in a
simple wooden jig

Figure 60. For the investment process a
metal flask is attached to a metal base-plate

Figure 61. The assembled wax pattern
is attached to the base-plate
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Flask

Figure 62. The sprue system: wax runners Figure 63. The filled 'Shaw' block

and risers are wax-welded to the wax pattern; investment mould ready for de-waxing
the cup and heavy runner act as a reservoir,

assisting progressive solidification

of small Pelton wheels for micro-hydro-electric generators. Leaving aside the larger
Pelton wheels, which can be cast in many pieces by traditional sand casting methods,
the range narrows down to two types of flask, or at the most three. The waxes are made
inajig, so castings will not vary in size. Once past the prototype stage (when one-off
treatment is appropriate) you need to make your waxes and coat them with refractory
with the minimum of effort and complication. Like ceramic shell, and unlike the Italian
method, the Shaw process can be carried out by semi-skilled labour.

In theory the process is very simple. The flask is merely a large can of sheet stedl.
The diameter of the flask is the size of the outside of the mould (see Figures 60 to 63).
The wax sits in the middle of the flask (or is suspended in the middle). The refractory
is poured around the wax and left to set with the wax cup and risers either fixed to the
base plate, or protruding from the top. The flask is placed in the kiln cup downward,
and fired out in exactly the same way as the Italian method.

Refractory mixture
;o Sand and bentonite
e

Flask

Clamp

-

Centrifuge shaft

Figure 64. Pelton wheel mould clamped to the centrifuge after the wax has been
baked out and before filling with molten aluminium
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The main problem with the Shaw process lies in making sure that dl the air bubbles
are released from the wax, particularly the under surfaces. One sophisticated version
uses avacuum pump to suck out the air, whilethe durry isliquid. Thisisvery effective
but demands specia equipment. The second way is to fix the wax to a plate at the
bottom of the flask, fill the flask with durry and then agitate the flask to make the air
rise to the surface. A third way isto keep the wax separate from the flask, for the initial
coat. Paint and flick afirst coat onto the wax. As soon as this has set, fix the wax to the
flask, and then fill up the rest of the flask with aludo durry. This works well, though
it is a little more laborious. One firm the author worked with used this technique
combined with a ceramic shell first coat. The reason, they said, was to maintain the
heat in the mould while making sure of a good surface. They achieved excellent
castings, but | think the results are just as good using a tough plaster with silica sand

Case study

A small investment casting foundry near Sheffield, producing small, precise parts
for arcraft turbines, using awide variety of low and intermediate-level methods.

Process 1
Ceramic shell. This is the normal ceramic shell process. The only oddity, and of
especial interest to me, was the equipment. All of it was home made.

® gurry. The slurry mixer was a40 galon oil drum, plastic lined. A 1/4 hp motor
turned a paddle, made of stainless steel. This mechanism was kept running all
the time and was only removed for dipping the waxes. Its mgjor advantage
was simplicity and relative cheapness.

° Succoeing. The liquifying air bed was also made from a40 galon drum. There
was an air chamber at the bottom of the drum with a filter made of calico and
heavy metal mesh. Air at only a few p.s.i. rose from the air chamber through
the filter to the main body of the fluidizer separating the grains of stucco and
pushing them upwards. The stucco behaved like aliquid, and the wax coated
with wet slurry, was dipped into this floating mass of graias. The stuccoed wax
was then hung up on a stainless steedl hook and allowed to dry. One of the
partners of the firm told me, with great frankness, that they used a normal
colloidal silicafor the binder mixed with fine grade molochite to form adurry
inthe normal way, but they had tried variousfinerefractoriesfor thefirst stucco
coat. These included silica, alumina, chromic oxide, magnesia, zircon, cal-
cined chinaclay, sillimanite, mullite, and fireclay grog.

° Later coats. The first coat was repeated, using fine stucco (60-80 grade). Then
followed four more coats using a coarse stucco (16-30 grade).

° De-waxing. This was another surprise. Against convention they used neither
an autoclave, nor a flash de-waxing furnace, but a home-made water tank of
thick stainless steel plate. Water was heated by simple gas burners under the
tank. The shells were dipped into the tank just long enough for the bulk of the
wax to melt out. The wax was skimmed off the surface of the water and
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for the first coat, backed up with aludo slurry. (See the normal refractory mixture and
avariety of refractories in the following case study.)

In Colombia a variant of this method was used which included a centrifuge to force
the molten metal into the extremities of the mould. The Colombian engineers used an
investment quite different from the Italian. This included no plaster, but silica sand
using Bentonite as a binder.

A major advantage of the Shaw process over the Italian is the ease with which the
flasks can be carried straight from the kiln to the foundry floor. There is no need either
to wrap the moulds in a protective layer of scrim and plaster or to bury them up to the
neck in sand as a precaution against bursting. The stedl flask protects against this type
of accident.

recycled. This treatment had no ill effect on the shells. | expected cracks in the
shells caused by the comparatively slow rate of heating, but | saw none.

o Kiln firing. The shells passed through a home-made tunnel kiln to bake the
ceramic and remove the last traces of wax gas. The kiln was gas-fired and rose
to avery high temperature estimated to be about 900°C.

o0 Casting. The shells were placed in buckets of hot sand while still pink hot, and
filled with metal immediately.

o Shell removal. Most of the investment dropped off as the metal cooled. The
core, | wastold, took longer and had to be removed in boiling caustic soda

Processes 2 and 3
These were both variants of the Shaw process. The unusual feature in each one was
using ceramic shell for the first coat.

2. The wax was dipped and stuccoed in the usual way. The wax cup was then
fixed to the base plate of the flask, the barrel of the flask fitted round it. The
backing, or secondary investment, was then poured round the shell, and the
flask agitated to consolidate the investment The flask was placed in a low
temperature oven (150°C) and the wax melted out through a hole in the base
plate where it was trapped and recovered under the oven. Next the flask was
removed and the entire mould baked in ahigh temperature kiln. The ceramics
technician told me that the temperature was 1000° and that the back-up
investment was made up of grog and plaster. This | found hard to believe,
because plaster breaks down well below that temperature.

3. Thiswas an even odder variant. The wax was invested with several coats of
ceramic shell in the conventional way. The wax was removed in the water
boiler. The dewaxed shell was then secured, cup downwards, in the flask and
a mixture of fine silica sand and liquid sodium silicate poured round it and
rammed gently in place. This was gassed with carbon dioxide. Once the silica
sand was set, the flak was removed and the mould baked in the kiln. Once
again it was filled when it was very hot.
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Figure 65. Vertical centrifugal casting machine of the type used to cast small Pelton
turbine runners at the University of Colombia at Bogota

The flask
The flask is used repeatedly. Making it out of stainless sted is expensive, but will pay

for itself several times over in the long run. The heat of the kiln oxidizes a mild steel
flask very rapidly.

Refractories

The most common refractory durry is brick dust and plaster. Today brick dust has been
replaced to a large extent by grog (fired clay). The proportion is one of plaster to two
of grog. The simplest method of investing is to degrease the wax, then fill up the flask
with refractory. While this is still liquid, dip the wax into it, blow any bubbles off the
surface, dip it again and findly immerse the wax in the refractory slurry.

Grog is now available which sets off the plaster very quickly. If this fast setting
prevents the dipping and immersion method there is another way of doing it. Make a
simplejig or frame so that you can rotate the wax while pouring on the first coat, or
get someone to hold and rotate it on ametal shaft. Blow off any bubbles, or use apaint
brush to remove them. Fix the wax cup to the base plate and, findly, fill up the flask
with a back-up coat of ludo.

Kiln firing (de-waxing)

Firing procedure for block investment is the direct opposite to the ceramic shell flash
de-waxing (Chapter 7; see also Chapter 11). For block moulds, firing is the same as
for ceramic pots - heat is built up slowly to 200°C. At this point the liquid wax has
melted out, but the wax gas takes far longer. From 200° you can increase the heat more
rapidly to between 700° and 800°C, which isto say cherry red heat. If you are lucky
enough to own apyrometer keep it at 740°C. | use segar cones to check the temperature
and also judge by colour, and this works well. If the temperature rises above 800° the
plaster will bresk down and the moulds weaken and collapse. Recently | saw adisplay
of lost-wax casting in a Paris museum where the firing temperature was given as 650°C.

The kiln must be built in such away that you can see the bottom edge of the moulds,
preferably the cups. The traditional wood-fired Roman kiln had a channel under the
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mould cups, this was partly to catch some of the liquid wax, and partly to view the
cups. Whatever type of kiln you use the rule remains the same. Y ou can only judge the
final hours of the firing by watching the cups. Experience with a particular kiln over a
long period will give you arough idea of the time the firing will take, but this can never
be exact. Other factors, particularly the ambient temperature, but also wind direction,
size of moulds, or how recent (meaning how wet) they are, al affect the time of firing.

Y ou must watch the final stage of the firing. This will tell you when the last vestiges
of wax gas have gone. Early on in the firing the wax melts and bums, giving off alot
of smoke and steam. There is a strong smell of wax, which if you use a certain amount
of beeswax, is not unpleasant. The kiln at this stage is 'black hot'. Looking through
one of the observation holes, you can see the first signs of reddening on the kiln bricks
and the moulds themselves. As the temperature increases and the inside of the kiln
becomes incandescent, so the smoke and steam dies away until there is no discernible
waste product coming out of the chimney. At red heat, turn off some of your burners
(or level out the solid fudl) and keep the kiln stable at that temperature. Y ou now have
several hours when you can relax, so long as you check the kiln from time to time to
see that the temperature had not changed. Towards the end of the burnout you will sec
small lazy flames curling out of the cups. These are the last vestiges of wax gas escaping.

| cannot over-stress the importance of these flames. They are an infalible guide to
something that isinvisible to your eye; that is, the condition of the refractory inside the
mould. The flames are unmistakable: they seem to dance slowly, telling you that the
mould is baked through to the core. Or, to be exact, the core is baked when those little
flames cease. At this point you can ease down on the heat. Turn off aburner, or decrease
the fuel, but do not turn off the heat source completely, sometimes the flames tease
you, they appear to have finished only to return when you do not expect them. If there
isno sign of a flame after 30 minutes, then you can shut off the gas, or oil burners, and
close the damper and air vents. In the case of a solid fud or wood burning kiln, keep
it stoked up for an hour, then stop up al holes with bricks and mud.

Arough guide to firing times

ROMAN KILN (coke fired)

6 medium sized moulds, approximately 30in high x 12in wide (765 x 300mm) =
24 hours

4 large moulds, approximately 50in x 20in (1275 x 510mm) = 36 hours

GAS KILN (conventional front-loading)
6 moulds for Pelton wheels, approximately 12in high x 24in wide (300 x 600mm) =
15 hours

OIL -FIRED KILN (two kerosene burners; brickwork based on Roman pattern; very little insulation)
15 hours was not enough for 6 moulds for Pelton wheels
It may seem that | make too much of something which is a simple operation. It is
simple - if you do it right. | cannot stress too forcibly the importance of correct and
patient kiln firing. The Roman method is forgiving in many ways, but the moulds have
to be correctly and thoroughly fired or several weeks' work will be wasted. In business
terms this means a considerable financial 0ss.

77



To conclude, there are many minor factors that contribute to the quality of a casting
made by the lost-wax method. There are three vital factors that make or spoil the final
product. The first isthe kiln firing; the second the temperature of the mould when it is
filled with metal; and the third is the temperature and qudity of the meta asit enters
the mould.

The clay slurry investment method

The clay durry investment method is used in many parts of the world, without any
apparent connection between them. | have seen it used by castersin Bamoum, western
Cameroon, and by Newar craftspeople in Nepal.

Below is an outiine description of the basic technique and some of the differencesin
detail between the ways in which | have witnessed it being used.

Figure 66. Clay slurry technique: the
core is formed from a mixture of clay,
straw and horse dung

Figure 67. Wax strips or plates are
warmed in the sunlight and placed
over the core

When wax is
Preformed completed,
details in Clay,dsll((:ja
wax sand an
horse dung /%
Eyes, pressed onto
mouth wax surface .
modelled \

Wax .
threads

Figure 68. The detail, in the form of
wax threads or wax press-moulded
decoration, is laid over the wax plates

% Porous

Liquid wax 2 investment
runsoutearly .3 makes risers
in the kiln firing /¥ unnecessary

Figure 69. Completed clay slurry mould
with wax runners and cup attached
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that remains .
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for metal pouring

Figure 70. The hot mould is inverted ) while still hot
and molten metal is poured into the Figure 71. Clay slurry process: a
cup and down the runners more complex figure

Theessential difference between the Italian block and the Indian and African clay Surry
methods is that the latter, in the words of the Bamoum casters who use the method in
western Cameroon, 'se respire’: in other words, it breathes, allowing air and gases to
escape. This rather startling statement means that the clay shell or investment isthin,
lightweight and porous, the latter being one of its major advantages as it eliminates the
need for risers. Thethinner, lighter mould also requires|essfiring time for an equivalent
wax object - as little as one third with a corresponding saving in fuel.

The third advantage is the cheapness of the investment material, consisting of
materials found locally - clay and dung -prompting an obvious question: if the method
is so marvellous, why did the Romans, and later Italian casters, not adopt the same
method? The answer lies in its one mgjor disadvantage, the dow drying time of each
coat. Roman technicians must have heard of the method in common use in the Middle
East and India, but the Roman foundries were situated in a colder part of the world.

Where the investing time for an Italian block mould is half aday, and it can be loaded
into the kiln the following day while still damp, clay slurry will take seven to ten days
to dry, depending on the weather. Since the shell depends upon the circul ation of warm
air to set and dry, the drying time depends on whether the atmosphere iswarm and dry,
or rainy and humid. So you will understand why, like my Newar hosts, | watched with
such attention as huge clouds swelled and built up over the Himalayas as the process
of investing our Pelton wheels using the clay slurry method got under way.

The differences between the Newar and Bamoum technicianslie in detail, rather than
principle. Variations lie in kiln and furnace technology, in the use or not of a core, and
the thickness and constituents of the clay-dung slurry.

Asfor the core, the Bamoum pre-form it, while the Newar, like thelater Benin casters,
avoid using acore by making any wax object to be cast into an open form - usually a
cylinder- and welding, or more usually jointing the open forms together.
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As for the investment differences, the Newar casters apply aliquid durry as a first
and second coat whereas the Bamoum press a sticky mud mixture into the details. Thus
one depends on painting and dipping, the other on finger pressure to expel air bubbles.
Both methods work efficiently.

The Newar method of casting has survived in Nepa with remarkably little foreign
influence. Unlike the casters of Benin and Ife, Asante and Dahome, the craft tradition
was never broken by war or conquest.

Today, lost-wax casting flourishes in Nigeria and, on a smaller scale, in Ghana and
Cameroon. The technique seems similar to that used by their ancestors, but we cannot
be certain.

In Nepal and West Africathere is no division between the sculptor and the caster,
unlike the tradition in Europe where the division is amost complete (even extending
to socia status). In Nepal and West Africadie artist who makes the wax scul pture also
melts and pours the metal, so that he understands the process from beginning to end
and inside out. If the work is ateam effort (any large sculpture is bound by its nature
to be carried out by a team) the process is under the control of a master (‘maestro’ in
Italian, or 'odumfwo’ in the Akan language).

The Newar technique is described here in detail because this method has been
successfully used to cast accurate Pelton turbine wheels for micro-hydro-electricity
generation.

To recap: there are no risers, only runners (or 'in-gates’). Thus aimost haf the sprue
system (and half die wax worker's labour) is avoided.

In designing die sprue system, Mr Shakya who, widi his family, runs die foundry,
provided a good head of metal and a generous size of 'dhwaya, or reservoir, above it.
From die dhwaya die bulk of die meta flowed straight down diree main in-gates (see
Figure 72). Four subsidiary runners took off from diese diagonally and fed agallery or
circular horizontal gate, which in turn fed the in-gate fitted to die top of each bucket.

‘Nowcha' - Hole in
the cup through
which wax escapes
during the wax
burn-out. Molten

‘Dhwaya’ - Three pronged

wax form. Also serves as a
reservoir and aid to

progressive solidification

= Three main runners
or in-gates

Good head of metal &
aids progressive
solidification

Volume of sprue
system approx-
imately that of
casting

Extra in-gates
aid metal flow to
vulnerable top/\
surface of |
buckets

Figure 72. The Newar method of spruing and gating a small Pelton mould
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A weakness we found during our first experiments with Pelton wheels, cast using the
Roman method (a weakness incidentally which had nothing to do with the method),
was a failure of molten metal aways to fill the top edges of the buckets.

The Newar casters used no degreasing fluid (alcohol or soda) and yet the first slurry
coat (consisting of equal parts of clay and cow dung) had no problem wetting the
surface. This is because the first coat of durry was alowed to stand and ferment for
severa weeks. It therefore etched the wax surface, and thus needed no degreaser.

To prepare the durry coat the dung was sieved, and all undigested matter removed,
then mixed with clay and alittle water. This mixture was then sieved again through a
finer mesh into a bowl. These casters use two different kinds of clay, apparent from
the different colours visible in the clay store.

The clay used inthe first coat is critical. It must dry with reasonable speed and yet
not so fast as to develop cracks in the surface. For this reason the coated waxes are
dried in the shade, not in direct sunlight. The clay used in the first coat is a special,
rather rare clay called 'mashincha’. Its specia quality lay in acombination of fineness,
plasticity and hardness when dried. A potter in Baktapur later told me that mashincha
is a grey clay with ayellow tinge found near natural deposits of potters' black clay
caled 'kalimati'. Both these clays were found near the brick fields of Lalitpur (now
renamed Patan).

Each wax was dipped in the dlurry, the bubbles blown off or tickled out with a chicken
feather, then the durry alowed partially to dry in the shade where a warm breeze
circulated. A second coat was applied that evening. Fortunately the weather was warm
and the set of Pelton wheel waxes with their investment dried quickly, despite the rain
clouds which seemed to grow more massive and threatening each day.

The third, fourth and fifth coats resemble porridge, or dha (or in Africathe maize
porridge known as posho, nsema or ugali) in consistency. The first durry coat is put
on one side and a fresh durry of clay and dung mixed to cream consistency. Rice husk

Third, fourth
and fifth layers - X'
clay, dung and ~g@

rice husk

x*% - Slurry of clay, dung
and fine charcoal

In-gates

Figure 73. Newar mould, cut away to show fine inner coats and coarse outer coats
of slurry
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is added to this until the right paste-like quality is achieved. The addition of rice husk
not only allows the investment to breathe, but, when fired, adds amorphous silica to
increase the refractory qualities.

These subsequent coats took longer to dry than the first and second. Even with a
warm, drying wind the process took a week. A second batch of Pelton moulds took
much longer to dry because of the wet weather and rising humidity, aperiod of between
fourteen and twenty days. This, as | have dready said, is the method's one major
drawback, but you can provide an artificially dried atmosphere - a cheap electric fan
circulates warm air admirably.

Once dry, the moulds were warmed over a charcoa brazier until warm enough to
melt thewax, then the'nowcha’ (holeinside of the cup) was pierced and thewax poured
out. About 50% of the wax is recovered by using this method. Some of the wax remains
inthe investment in any process, and this must be removed. To do thisthe moulds were
placed in a simple wood-fired kiln for about five hours.

While kiln and moulds were still very hot the crucibles of metal were lifted from the
furnace. The molten metal was poured while the moulds were as hot as could be
handled, using (in this case) sacks which smouldered and sometimes caught fire.

A steady supply of meta is a problem for the Newar casters. Copper is mined in
Nepal, as are silver and gold; tin appeared to be in short supply. The statues that they
cast are made of either copper or brass. | did not see any bronze castings, undoubtedly
because of supply problems. However, gun-metal wasto be found in this instance in a
Patan scrapyard in the form of scrap parts from oil tankers imported from Singapore.

When the moulds were broken open some hours later the castings proved to be
accurate, with aminimum of faults such as feathers, potatoes, or blow holes.

Like any foundry, east or west, the Shakya family observed that they never had casting
faults (everyone does have faults, of course, though nobody talks about them). |
discovered later that the Shakyas repaired only very smal faults. If a mgor fault
occurred they simply melted the casting immediately and recast the faulty piece.

There was no sign that flow welding was used as it isby the Bamoum casters, but al
the Newar foundries | visited made occasiona use of oxy-acetylene welding.

West African casters, from Ghana through Nigeriato Cameroon, use a melting and
filling method to cope with copper oxidization which | have not seen anywhere else,
and as far as | know is unique.

A hemispherical crucible is made to suit the size of a particular wax pattern, then the
correct amount of scrap bronze is assessed by eye and placed in the crucible. After the
wax is melted out, the crucible is fitted onto the cup end of the mould and then sealed.
This prevents both air and impurities reaching the molten copper. (The Akan casters
use this method for brass castings, but it is particularly well-suited to copper.)

The combined mould and crucible is placed in the furnace with the crucible at the
bottom. The metal is melted and, at the same time, al traces of wax gas are burnt out
of the mould. The white, sweet smelling fumes of zinc are unmistakable. Once these
appear over the furnace the mould and crucible combination is removed from the
furnace and inverted. The molten metal flows into the mould without being exposed
to oxidization or hydrogen pickup.
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This method is not practical for large castings. It is only used to cast objects below
the size of a human head, so it is used particularly by jewellers and silversmiths.
[llustrations in some European text books show the casters of Benin forming life-size
heads by this method. The Bamoum casters laugh at this suggestion and point out that
the problem of turning both mould and crucible when they are hot and fragile would
make large castingsimpossible, which iswhy the Bamoum useit only for small objects.
The Newar do not use it at all.

Many of the Newar moulds used in Nepal were large. Figures or couples well over
life-size were common. The Shakya family solved the problem of size in a practical
and ingenious way. The wax workers dismembered the hollow wax model, and then
cast it in several pieces, not forgetting the Roman joints on each section which would
eventually locate one part into another. Finally the statue, or couple, was fettled, metal
finished and polished and assembled.

This method has many advantages. The most obvious is the ease of handling severa
medium-size moulds instead of one huge one. The second is the open ended nature of
each wax pattern, avoiding the notorious problem of the enclosed core. And the third
is more commercia than technical. Packing a giant sized sculpture piece is a major
headache. It is far easier to transport acouple of large and amorous deities in sections
and fit them together on arrival, so long as you know which bits fit where.

The clay durry method combines immense sophistication and faithful reproduction
of detail with simplicity and, no less important, with cheapness of materials and
equipment. No one but a fool would import expensive materia for his business if the
material is lying near to, or within easy reach of, the foundry.

Inca silver

Thefina example describes amethod which is not alost-wax, thoughis closely related
to it. Itis neither die casting nor sand casting, and therefore difficult to position in alist
of techniques.

Clay pressing, found in the Andes, is possibly the only pre-Columbian metalworking
technique to survive the ruthless destruction of the Conquistadors. It is still used as a
common technique by many self-employed silversmiths, or small jewellery companies
in Peru, Colombiaand Ecuador. A hand-made model, or master, completewithitssprue
system, is pressed between two dlabs of clay which resemble large biscuits.

Theclay isamixture of afine paleclay of the kaolin type, with very fine, sieved silica
sand. The biscuits are pale grey, almost white.

The master is lightly oiled between each pressing, and a series of four or five pairs
of slabs made in this way. Each dlab, or pair of biscuits, has an in-gate (or runner) and
two air vents (or risers). The in-gates are connected to a single large cup, made of the
same clay mixture. The risers vent outside the cup. Finally the edges are sealed with
soft clay and the assembly of small moulds baked in a crude oven. At the same time
the silver is melted in a small furnace, fired by charcoal, with a hand-powered blower
to raise the temperature.

The silversmith removes the mould assembly from the oven while it is still very hot,
using tongs. He holdsit horizontally while the molten silver is poured into the cup. The

83



South American

method of casting Assembly tilted
silver ornaments from @ ! to throw metal
pressed clay moulds. ~C -\k,

Metal is heated in the

cup. Sharp tilt drops

metal into several
small moulds

Five press
moulds fixed
to the cup

Figure 74. Clay pressing: a hand-made model complete with sprue system is pressed
between two slabs of clay to make a mould

assembly isthen turned to avertical position with avigorous movement which projects
the molten silver into the group of moulds.

Once filled with metal the clay assembly is plunged into water. The clay cracks away
leaving the silver jewellery clean, still attached to its sprue system.

Y oung boys and girls (apprentices) then cut each silver ornament from its sprue and
clean up any positive faults, or 'stub ends', remaining from the in-gate or risers. If there
are any negative faults (air bubbles or cold shuts for example) the silver is remelted.

During my visit | saw very few faults. Though the technique is simple, the results
were remarkable for their accuracy and complexity.



7. The ceramic shell process

The ceramic shell process developed out of the Indian and West African clay and dung
slurry method of casting described in the previous chapter. It is much closer to this
thin-walled, porous method than it is to either the Italian block or the Shaw process.
Rolls Royce in the UK pioneered the ceramic shell method during World War 1l to
make precision aircraft parts, particularly the blades for gas turbine engines whose
interior surfaces were so complicated that they could not be machined. Most casters
and engineers believed at that time that the system would only work in large and
lavishly equipped foundries with precision machinery and measuring instruments.

The system was not generally available to small foundries until the late 1960s and
early 1970s. On experimentation with the new method | quickly discovered two major
advantages. First, ease of investment. Unlike the Italian method which demanded
manual ability and craft apprenticeship training, provided that there is a supervisor
somewhere nearby to make sure that the quaity and condition of the materials are
maintained exactly, the ceramic shell method is well-suited to the small foundry. The
second mgjor advantage is the de-waxing process. Ceramic shell avoids the lengthy,
patient and tiring period of kiln firing which is crucia to the Italian method. Ceramic
shell has one or two major disadvantages also; we will cometo these later. At first sight
it seems like the answer to dl the caster's problems. There were many legends, myths
and theories about this new and, by repute, magica process. Closer acquaintance and
familiarity prove that it is by no means perfect, especially where climatic conditions
are less than consistent.

Handbooks on the ceramic shell process are highly technical and specific. They
specify the viscosity of the durry and its exact pH. Temperature, humidity, slurry
mixers and fluidizing beds are al tightly controlled. The list goes on and on. The
textbooks are, of course, concerned with high technology. The machinery and test
equipment that they specify is expensive. Medium or appropriate technology is outside
their fiedld. Where these books fail, in what is otherwise excdllent information, is in
their insistence that ceramic shell works only if you follow their method to the letter.
Their method invariably involves large capital expenditure on precision machinery.
Practice and experiment by various iconoclasts in America, Australia and Europe (in
the back yard, rather than the laboratory) proved that thisis very far from the truth (see
Sheffield case study, page 74).

In fact, ceramic shell needs less equipment than the block method, because you can
manage without a kiln. A kiln is useful but not essential. What you must have, and
here the handbooks are correct for aternative as well as high-tech casting, is good
quality material. To make the durry you need colloidal silica, which is a manufactured
product, and you need three sizes of refractory.



Different refractories are used in different parts of the world. These include silicas
(electrofused silica and unfused silica), alumino-silicates (molochite, remasil, cha-
motte, mullite), fused alumina and zircon. All of these refractories have to be milled
precisely. You need one other manufactured product to build your own furnace and
de-waxing chamber, and that is ceramic fibre blanket Provided that you can get hold
of these three: colloidal silica, molochite and ceramic fibre blanket, and you have the
use of a small welding machine, you should have no problem building a small-scale
foundry. The problem lies in obtaining these materials. In some areas they may either
be too expensive or unobtainable.

Aficionados of the ceramic shell method tend to be dogmatic about their own
particular method, asserting that it is the only modem way of investment casting. All
the others, they insist, are obsolete. There isno doubt that ceramic shell is an excellent
method; for certain industries it is superior- aerospace we have already mentioned. It
is also used to manufacture gun parts and some precision optical and camerapieces as
well as certain pieces of medical equipment. But ceramic shell is not the only way, and
for certain purposes it is inferior to the Italian block method. Every method has
advantages and disadvantages.

Ceramic shell is not practical in parts of the world where the temperature fluctuates
wildly - in the Andes, for example, or in Nepal. This presents no problem if you have
a room with a controlled temperature. If you do not then you are faced with a major
problem: the slurry will not set to its green strength below 20° C, and the colloidal silica
is ruined if it drops below freezing point

No less important, variations in temperature cause the wax to expand and contract
The shell is not flexible, nor is it strong in its green state. The movement of the wax
cracks the shell, which will open up and lesk when it isfilled with molten metal. This
causes feathering at the cracks and inaccuracy in the thickness of the casting. For these
reasons ceramic shell would be a difficult processto control for asmall foundry which
could not afford a room with temperature control and central heating, for example,
someone setting up in business in Cuzco or Kathmandu.

Equipment

First check that there is someone in your area who can supply you with material and
at areasonable price. If this is the case, then the equipment you need is simple, easily
made and cheap. You will not find this point made in any of the standard textbooks,
but it is the biggest single advantage of the process for a caster setting up on a small
budget. If you plan to make small-scale, precise castings, the equipment is not heavy,
which is another advantage.

I have a complete portable foundry which I built for ceramic shell demonstration and
teaching purposes. Using bottled gas as a fud this packs into a small van and trailer.

To build this you will need two 200 litre (40 gallon) drums, some scrap mild steel,
angle or flat stock, and a few lengths of round steel bar. The insulating material is
ceramic fibre blanket You will need a standard sized roll of 20mm (I in) thick fibre.
You will also need silica sand, or green sand and about 20 refractory fire bricks.
Ordinary house bricks are also useful. A grating supported by four lengths of steel
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water pipe, or angle, about 1.75m (5ft) long, makes up the de-waxing stand, with atray
or large pan at the bottom to catch the wax (this can be reused for the back-up coat).
Obvioudly you need acrucible to melt the metal in, and you need aheat source, gas,
oil or paraffin. One burner will do, twoisaluxury. If you aready possess aconventional
furnace, you are fortunate. All you need is a burner of some kind, gas, oil, or paraffin
fired, to de-wax and to keep the moulds hot after de-waxing.
For details of construction of this equipment, see Chapter 11.

The ceramic shell process in outline

Ceramic shell bears little or no resemblance to the Italian block investment method. In
principle it is the same asthe clay and dung slurry method used in Indiaand Africafor
centuries (and probably in South Americain pre-Colombian times).

The shdl isbuilt up in layers starting with avery fine-grained dip-coat which isthen
dusted with afine powder (molochite or zircon). Oncethefirst coat is set hard, the wax
is dipped a second time. Again, this is of fine material and it picks up any bubbles or
fine points missed by the first coat. The third, and successive, coats are dusted with a
coarser-grained stucco. This coarser aggregate builds up the strength of the shell.

Handling the wax during this dipping and stuccoing process is aproblem, but practice
and experience overcome most of the handling difficulties. Here again the makers
specify special durry mixers rotating constantly; fluidizing beds, or 'rain’ machines
for the stucco; drying cabinets and autoclaves for de-waxing.

Certainly, anyone watching the automated investment process at the Rolls-Royce
aero-engines factory in the UK must be filled with admiration for the ingenuity and
precision of the equipment But the process works well without machinery, where the
dipping and stuccoing is done by hand.

The two key factors in successful casting in ceramic shell are:

0 Flash de-waxing (melting out the wax very fast)
0 Pouring the metal into hot moulds.

The pouring temperature of both metal and mould depends on the thickness of the
casting. Generally speaking the shells should bered hot, or certainly pink hot (700-800°C).

The process in detail

Designing machine parts for the ceramic shell process

Castings are improved by following a few simple rules:

1. If possible avoid maor changes in thickness. Make contours as smooth as
possible, use fillet radii to soften sharp internal edges.

2. Flat surfaces and right angles are difficult to cast. Blended contours make better
castings.

3. Place runners (in-gates) on surfaces that are not critical and can be easily
machined.
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4. The same rule aso appliesto core nails, if these are used.

5. Hatnessisdifficult to achieve with any form of lost-wax casting, adding ribs will
minimize distortion or twisting. They will aso help the flow of the metal.

Wax

Most of the comments on wax in the earlier chapter ill apply, but with this difference.
The qualities required for wax using the ceramic shell method are of more critical
importance than with the block method, and the caster must be more particular about
the mixture that he uses. In the latter the durry is painted, flicked or poured on. The
wax pattern is not handled during the investment part of the block method. In ceramic
shell, on the other hand, the wax has to be handled and turned during the investment.
Alternatively, as in the aircraft industry, the wax can be suspended by a stainless steel
frame attached to the sprue.

It isimportant to remember that the ceramic durry has no green strength. 1t becomes
strong only when it is fired, when a chemical change takes place, like the chemical
change in any other fired ceramic object. Until this happens, the strength of the unit,
both the casting and the sprue, lies in the wax. In the block method, the strength, or
brittleness of the sprue is not important, because no pressure is put on the sprue.

In the ceramic shell process the cup and sprue have two functions. Their prime
purposeisto flow metal in and let air and gases out, just like any other casting process.
Secondly, and uniquely, the cup and sprue are handled asthe wax is stuccoed. For this
reason the wax, from which the sprue is made, has to be both tough and flexible.
Flexibility, or its opposite, brittleness, varies according to the ambient temperature.
Therefore you have to adapt your wax mixture according to awinter temperature or a
summer temperature in the foundry. (See Qualities of different waxes in Chapter 6.)

There is nothing more discouraging, or infuriating, than to see bits of wax break off
as the weight of the slurry increases.

Asasimpletest, cast some runners (about 20mm in diameter). Let them cool to room
temperature, then bend one of them. If it bends very dightly, yet with good resistance,
it isready to use. If it snaps, it istoo brittle and you must add something to soften it,
and possibly something to add more toughness. If it issloppy and bends easily, or will
not keep its shape, men you must make it harder.

| use the same basic mixture of paraffin wax and resin (see previous chapter). To this
| add a soft microcrystalline, or beeswax, to soften it, and to add toughness | put in a
small quantity of styrene wax, bought from a specialist wax supplier. In Peru we had
no styrene wax so we used shredded polyethylene plastic bags. If you do this you must
be careful to use the right kind of plastic.

You can blend an excellent wax using different grades of microcrystalline wax, or
you can pay an expert to do it for you. This is what happens in the aircraft industry
where the specifications of the wax must be exact and it must show minimum
contraction. It is not a cheap service. It may be worth considering, however, because
one of many problems we encountered making the waxes for Pelton wheels was the
varied contraction of the waxes we used. The contraction of thewax fluctuated between



one batch and another. The paraffin wax was reliable, so, to my surprise, was the
beeswax, but no two batches of the microcrystalline were the same.

Moulding the wax pattern
This is exactly the same as for the block process (see Chapter 6).

The sprue system

This differsfrom the block process. It has one advantage in that you do not need risers.
Because the shell is so thin (compared to the bulk of a block investment), the air and
gas will escape through the gaps between the grains of molochite. However, in certain
castings you may need ventsin some places, not so much to let the air escape when the
metal is poured in, but to allow the wax to flow rapidly out of the shell.

The less trouble the wax has escaping during flash de-waxing the better. Some
foundries also nick the shell in strategic placesto hel p the wax out, covering these small
saw nickswith durry during the reinforcement and final coat. Another minor difference
is the size of the cup and main runner, or head of the sprue.

Italian sculptor-casters from Cellini to Giambologna made a comprehensive and
delicate runner system with an elegant cup. You can see this attention to detail in
designs that have survived from the foundries of the Renaissance, and in foundry scrap
which has survived by accident; the tradition continues in some Italian foundries and
in Germany to this day

Perhaps because the ceramic shell method started in the aircraft industry, and during
awar, the sprue system tends to look more functional, or even brutal, to one trained in
theltalian tradidoa Thereisno logica reason, however, to suppose that a system which
looks better will perform more efficiently compared with one which looks crude and
oversized. Certainly most shell casters believe that the volume of cup and runners
should be equal to that of the wax pattern. There is no doubt that this system is an ad
to correct progressive solidification.

Degreasing

This aso is of more critical importance than in the block process. If the wax is not
degreased completely, the first dip coat tends to dide off, or the wax rejects the slurry.

There are several ways of degreasing: soda, soap, detergent, or a mixture. Liquid
detergent works better than solid asthe latter tends to settle out and sink. The purer the
detergent the better the result. Any additives, like colour or scent, tend to have negative
side effects. In practice the cheaper detergents are usually better. The most effective
degreaser we found was acohol with avery small proportion of detergent suspended
init. Isopropanal is excellent, but any methylated spirit or commercial alcohol works
well.

First test and check your wax and sprue for any weak points. Pull very gently on the
runners to make sure that they are securely welded on. Pour the alcohal into a bowl,
adding 0.05% liquid detergent (or about one squirt from the detergent bottle to one litre
of alcohol). Dip die wax into the acohol, or pour the acohol over it, making sure that
the degreaser reaches every part including internal corners.
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Leave it to dry, either standing the wax on its cup, or suspending it with a stainless
steel hook. The alcohol evaporates, leaving a microscopic layer of detergent. Remem-
ber that the alcohol will chill the wax as it evaporates making the pattern contract. You
must allow sufficient time for the wax to return to the normal ambient temperature. If
you do not and you coat the wax in dlurry too early, it may cause hairline cracks asthe
wax warms and expands. At thispoint it is as well to check that the wax stands up, or
is suspended securely, so that it cannot fal over and be damaged. Remember that the
shell adds weight to the wax which may make it unstable as the layers build up. Avoid
major differences in temperature between the room where the wax is dried and the
investing room.

The first dip coat

Successive coats of durry and stucco are held together by colloidal silica. Thisis a
factory-made chemical liquid, much stronger than sodium silicate (waterglass). Col-
loidal silica comes in various forms. It can be acohol-based or water-based. Some
types use an acid catalyst to set the mixture. In others the shell is placed in a fume
cupboard, containing ammonia to make it gel. So long as you follow the suppliers
instructions, the procedure is similar. | have concentrated on water-based colloidal
silica because although the water-based type takes longer to dry, it is much simpler to
use and, as far as fumes are concerned, far less unpleasant. Both the al cohol-based
liquid, and the ammonia catalyst, can be very unpleasant to use in a small confined
workshop. On the other hand, many casters favour these systems because they are so
much faster.

The final casting is as good (or bad) as the first coat. In our first experiments when
trying to find alow-cost way of using the ceramic shell method, we encountered several
major problems. Thefirst was the durry sloughing off the wax. There were two reasons
for this. The first, already mentioned, was inefficient degreasing. The second, we
discovered, was mixing the durry too thin. When we added more powder to the
colloiddl silicathe first coat stayed in place.

Experience proved that a very small quantity of liquid detergent added to the durry
helped it to 'wet' the surface of the wax and stay there. Later, when the whole process
was completed, we discovered another problem, the primary coat was so hard that parts
of it stuck to the surface of the metal. (See Appendix F for ways of removing clinging
fragments of investment). With much trial and error we found that we could weaken
the first coat without affecting the quality of the casting. The colloidal silica could be
thinned down by as much as 50% with distilled water (filtered rainwater will do). Note:
This only applies to the first and second coat. For dl the subsequent coats you must
use the colloidal silicaat full strength.

When adding the fine molochite, or zircon flour, the opposite is true. The first coat
must be thick and creamy, otherwise the wax will not be covered sufficiently. At first
attempt the tendency is to make the durry too thin.

To repeat, the first coat is crucia to the whole operation. Time spent experimenting
to get the right consistency is not wasted. Make the durry as thick as you can, though
obviously not so thick that you cannot pour it over the wax or dip the wax into the
slurry.
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As soon as you have dipped the wax, coat it with the fine stucco layer. You must do
this immediately before the durry starts to dry. Instructions in early manuals advised
the caster to let the first layer dry without stucco. Experience proved that stuccoeing
with fine powder makes a tougher bond with the next layer. For obvious reasons, a
smooth surface is more likely to crack away from the second layer. There is one other
problem, durry tendsto build up in crevices and hollows; the ideal to aim for isan even
coating. If there is too much durry and powder in a hollow it may not dry properly.
Here too, the first coat is the tricky one. You must make sure that every part is dry
before the next coat goes on.

Leave the first coat to dry for several hours (depending on the ambient temperature
the shells will take anything from three to six hours). If you can leaveit to dry overnight
so much the better (see also suggested timetable, page 186). The shell needs amoving
current of warm air (but not hot air). This air current must reach, or be directed into,
the inner hollows and cavities. The temperature must not drop below 15°C (60°F) or
the silica solution will not gel. A perfect situation would be a gentle temperate wind
blowing through the foundry door and across the shells, but such breezes do not come
easily, except by divine order. So it behoves ordinary mortals to invest in a cheap
electric fan. Make sure that the breeze blows into any hollow parts of the casting.

Y ou may find that some of the hollows are too deep for the air to reach. The air must
circulate to draw off the humidity, so it will pay you to take tubes or air ducts from a
second fan, or an old hairdryer if one is available, taking an air tube to each hollow.
(An old glove with tubes taped to the open finger ends works well.) Try to keep the
temperature as stable as possible and the humidity low. If the temperature drops at night
you may have to build a drying cupboard (see Chapter 11). Do not put the shellsin hot
air. If you use a hairdryer, keep it set on cool.

A final note on temperature. A technician and | made our first experiments in the
ceramic shell method in the heated atmosphere of an art school. Though we later
modified severa aspects of the process, the first results were good. The issue of
temperature did not occur to me, nor did the handbook used refer to it. The next major
experiment, which | carried out for aclient, took place in a faam shed in mid-winter.
The shells possessed no green strength, nor did they gain strength when heated: every
single one collapsed and disintegrated during the de-waxing operation. This was not
only embarrassing, but caused meto lose agood client. The handbook, written in sunny
Cdlifornia, USA, did not consider frozen cowsheds. The mora of this experience is:
temperature and humidity are vitally important factors in the setting of ceramic shells.

The second coat

The second coat uses the same durry and stucco asthe first but in different proportions.
The liquid is the same (50% colloidal silica, 50% distilled water), but this time you
must mix in less molochite flour. The first coat had to be thick to coat the wax. The
second coat needs to be thinner in consistency, to wet the first stucco. If the second
coat is too thick it will tend to 'ball up' or roll off the stucco. A correct mixture will
flow well and cover any air holes or tiny blemishes in the first coat. While you are
handling the wax, some parts of the sprue system will lose their surface coating. This
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cannot be avoided. When the shell is coated and you have placed it in its drying place,
then take a small quantity of the slurry and touch up the blemishes.

The third coat

The major change comes with the third coat. This time use the colloidal silica neat,
straight from the plastic drum. Mix it with the finest grade of molochite, as before. The
second change isthe stucco, which for this coat and al subsequent coats, isthe coarsest
grade. Because the stucco is coarser, the coat takes less time to dry. In mild weather
(30 to 40°C) the third and subsequent coats should each take about 1-2 hours to dry.

The fourth coat
This is arepeat of the third.

The fifth coat

There are two alternatives for this coat:
1. You can form the fifth coat exactly as the fourth, by dipping and stuccoeing.

2. Youcan de-wax the shell and then put on the fifth coat. Thisis called the back-up
coat. If it is a large or very irregular casting you will need a sixth coat. In this
case, de-wax dfter the fifth.

The back-up coat (fifth coat)

The choice for this coat depends on the size and shape of the casting. Some castings
that have sharp edges or protruding pieces must be reinforced. Large sections or large
shells also need reinforcing. The best reinforcement isfine glass fibre dipped in slurry.
It must be borne in mind that glass fibre is weakened by extreme heat if it is applied to
the shell before de-waxing. In the case of a very large casting, or where you consider
that the shell needs strengthening, use stainless steel wire bound to the shell by glass
fibre dipped in slurry.

Note: Do not use iron wire or galvanized wire because both rust and zinc oxide will
affect the strength of the dlurry. Inthe USA, casters use stainless steel chicken wire to
strengthen large moulds. | have never seen this useful material anywhere else in the
world.

Because the wax is removed before the back-up coat, there is no danger of expanding
and cracking the shell. For this reason the back-up coat can be dried rapidly, using a
gas flame.

Final note: After de-waxing, be very careful not to drop any investment or glass fibre
into the cup of the shell. The shell is not strong before firing, and the wax inside it is
vulnerable to expansion and contraction caused by changes of temperature. Once the
shell isde-waxed and fired, achemical change takes place and the shell becomes stable
and strong. The fired shell can be stored for years, though quite obviously you must
take precautions against dust or small objects faling into it. Like any other ceramic
material, it will break if dropped.
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Mixing and re-mixing the slurry

If the durry is not mixed frequently, or kept moving by some means, the powder
(molochite or zircon) will settle and separate out from the colloidal silica, forming a
mass at the bottom, rather like cement. It has been stated in at |east one handbook that
it cannot be re-mixed. That is nonsense - it can be re-mixed, but if the container isvery
large, the mass of hardened durry may take so long to chop and stir back into usable
condition that the foundry manager may decide that it is cheaper to throw it away, and
mix up a second batch. Dough mixers, colloids and hand mixing are al satisfactory
ways of returning the slurry to a usable condition.

Mixer bar
(stainless steel)

Stainless steel
or glass fibre | =
and resin lined

slurry tank

Car wheel
and tyre
make tank

revolve slowly ¥ < Electric motor

Figure 75. Improvised slurry mixer

The most common cause of this annoying and wasteful state of affairs is a power
failure, such as a power-cut, or fuse blowing in the middle of the night. The author has
experienced this personally. The power went off briefly, when nobody was supervising
the slurry mixer. By the time the electricity came on again the urry had settled. Unable
to turn properly in the thickening mixture, the paddie burned the motor ouit.

There are in fact, various eectronic safeguards to avoid this happening. A mixer is
not hard to make: using acar wheel; apair of pulley wheels; an electric motor; a paddie
made up of flat stainless steel, and last, but not least, adrum or circular container. Placed
on the car wheel, the drum rotates, while the paddle or scraper remains stationary (see
Figure 75). The drum can be of the type used for food processing purposes. A dairy or
similar establishment may well have one which will suit your purposes, being no longer
suitable for the mixing of food. Failing that, use a40 gallon drum. If thisis an ordinary
oil drum you must firg line it if there is no plastic lining (some chemical drums are
lined) or the steel will contaminate the colloidal silica. You can line it yourself using
polyester resin and glass fibre.
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The handbooks often say that you must have a durry mixer, and there is no doubt
that thisis true if you are making a lot of shells, virtually a production line operation.
If, likeme, you useit occasionally, for certain specialized jobs, or for teaching purposes,
then there is no point in wasting capital and space by owning adurry mixer. There is
asmall-scale alternative. Various colloids on the market (some of them developed for
thixotropic paints) will help to suspend powdersin liquids. The best knownis'Seaspen'
made in the USA, but any chemical company manufacturing colloids should be able
to supply one.

If you only use the process very occasionally, the other aternativeisto mix the slurry
each morning during the process. This is hard work but the results are no less
satisfactory than the most expensive mixer that money can buy.

Store the dlurry in aplastic container with an airproof lid. So long asthe liquid iskept
above freezing (which aters the state of colloidal slicairretrievably) you can store the
slurry aslong as you like. To re-mix the stored material, carefully pour the liquid into
another plastic container. Next dig out the solid, taking care not to puncture the plastic
container, and put the lumps of molochite on a stainless sted tray or agalvanized sheet.
Use a spade to chop up the hardened molochite. When the lumps are as small as you
can make them, replace them in the plastic bucket and pour in alittle of the liquid,
stirring with a stainless steel rod or hardwood pole. With a lot of stirring the mixture
will return to itsoriginal consistency. If you leave it overnight, use the same procedure.
It will not be so laborious as the first mixing.

The fluidizing bed and the rain machine

There are two ways of covering the wax with stucco while it is still wet. The most
luxuriousisafluidizing bed. Thisisadrum with an air pump undernesth it which blasts
air upwards through a fine sieve. The current of air makes the solid grains of stucco
behave like aliquid. You can dip the durry-covered wax into the machine, covering it
with stucco in exactly the same way as if you had dipped it into the liquid.

@ Upward air : —l
<y current forces =l ,@g—ﬁ : I
- 2 stucco to Mechanical._|l Vi A ?'.ddlgt ’
separate, riddle (e.g. : ucco is
behaving like old san(digg | F f""“g,' blown to
a liquid machine) i%s uced! | the top by
'* or ‘rairy ) | air pressure
.. Fine wire  Stucco is sieved .
mesh through the
| Air vents riddle and then
( falls as ‘rain’
onto the object
to be stuccoed.
Finally the
stucco is
Air recycled by
inlet upward air
Alr duct pressure
Figure 76. Home-made fluidizing bed Figure 77. Mechanized stucco rain cabinet
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@/ |- Second bucket

Figure 79. Cross-section of simple stucco rain cabinet

Thereisno doubt that one of these machinesisapleasureto use. A fluidizing bed is
not hard to make, and the home-made ones | have seen work aswell asany other type.
If, however, you are contemplating making large castings, then you will either need a
very large fluidizing bed, or to find some other way of doing it. The second way isto
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build a cabinet with a chute at the bottom to funndl the stucco into abucket Above the
cabinet, a mechanically shaken sieve 'rains' stucco down on the wax that you are
turning underneath it

The particular example | describe has one electric motor which drives the shaker at
the top and also works a pump with some kind of suction pipe to transfer the stucco
from the bottom chute to the top. One ingenious caster | have visted made a similar
machine using the mechanism of an old sanding machine to agitate the riddle at the
top. Instead of a vacuum pump, he simply rotated the buckets. However, if you are
short of space, you may not have room for either a large drum or a bulky cabinet In
that case, stucco by hand.

One small foundry that | have worked in, in the UK, was housed in asmall building
that had been acoach-house. There was no space for machinery, apart from the furnace.
The kiln was outside, through a hole in the wall. Everything inside the workshop was
portable, to keep the foundry as flexible as possible.

Investing was a matter of teamwork. One man rotated the waxes on stedl rods, one
wax at atime, while his mate poured the durry over an inclined chute of stainless steel.
Then the next pair took the wax, one rotating it while the other poured stucco from a
large bowl. Thestuccofel into asimilar bowl underneath. When thetop onewasempty,
he changed over the bowls. A fifth person took the stuccoed waxes and placed them
on a shelf covered in clear plastic to make a simple fume cupboard. Under this cover
sat several saucers of ammonia. For speed setting this particular foundry used the
ammonia setting variant of the process.

A peculiarity of this foundry was backing the completed shells with [udo, reinforced
with chicken wire. A purist would be shocked by such an odd hybrid of processes, but
this particular foundry achieved some very fine castings. In my own foundry we use
al three methods: the Shaw process, the Italian block method, and ceramic shell,
without any mechanical aids. We dip and stucco by hand. Whichever method is used,
thewearing of an efficient dust maskisstrongly advised. Any formof silicaisdangerous
as all cause silicosis.

De-waxing

There are severa types of de-waxing furnace (seeillustrations in Chapter 11): topload-
ing, top-hat, counterbalanced or, smplest of all, alift-off type. | have called it afurnace
to emphasize that it is not a conventional kiln.

For example, the de-waxing kiln, for the block method, builds up heat slowly, while
with the de-waxing furnace you need the opposite effect. The ceramic shell has quite
amazing resistance to thermal shock. On the other hand in its green state, it can easily
be cracked by any expansion of the wax. To prevent this damage, the shell is plunged
suddenly into an intense heat. The outer skin of wax melts instantly. This 'skimming'
relieves pressure on the shell as the thicker, inner mass of wax expands. Finally, this
melts and drops through the cup to atray placed below to retrieve and recycle the wax.

Some foundries do not bother to use a separate de-waxing furnace, but plunge the
shellsinto their metal-melting furnace. In using the metal-melting furnace in this way,
they argue, they save on equipment and save space. | am all for saving space and
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equipment but this seems to me a wasteful and messy practice. It isthen impossible
to recycle the wax which is very expensive, and, secondly, the wax bums, making
smoke and fumes in the foundry.

Assuming that you do not use the metal-melting furnace, you will need a simple
de-waxing furnace. This should be placed on aframe well above the ground: if the wax
is flaming as it comes out of the cup (as it often is) it will cool and the flames go out
before the wax hits the collection tray. An old tin bath, or large baking tray are ideal
to catch the wax.

Do not make the mistake that | made when | first tried it, and put water in the tray.
As wax behaves very like oil, water only increases the fire. The simplest de-waxing
burner that causes |east bother and is simplest to operate, is alarge torch using bottled
gas. This again is simple to make. The next best is akerosene burner working on the
primus principle. An oversized plumber's lamp is ideal. Keep the shell in the flame
and inside the de-waxing furnace for a few minutes, until the flames and smoke have
ceased. Most of the shell should be white or a pinkish colour. Traces of black or grey
indicate carbon, meaning that some wax gas is ill inside the mould. Do not worry at
this stage, the holding kiln will remove thiswax at a later stage.

A de-waxing furnace, as | have said, is very smple to make. Being light in weight,
you can haul it up into the foundry roof or hang it on the wall when you are not using
it.

If the shell needs reinforcing, it is advisable to do this after de-waxing, when you put
on thefifth coat (or sixth coat, if the mould islarge or angular). Once the wax has gone,
and the shell isfired, it isagood ideato spend some time checking dl the shells, and
reinforcing the larger ones and those small ones that show signs of cracking or having
weak points. The cup will probably need some attention: resting the shell on the cup
inevitably causes some abrasion and weakness at the lip. Dip the glass fibre in some
spare slurry and model it onto the surface of the shell. Be very careful at this point that
nothing falls into the cup. One way to prevent this is to wrap some cotton wool with
thin plastic and place it in the cup.

Flash de-waxing

Pre-heat the flash de-waxing container until the ceramic fibre glows pink. Remove the
container and place the shell on the grid. Replace the container immediately. This
process needs two people, one to lift the container and one to place the shell. At first
itisagood ideato turn down the burner during this operation, but alittle practice should
make this unnecessary. You can see when the shell has stopped flaming by looking
under the grid. As soon as the shell is ready, lift the container, remove the first shell,
using ceramic fibre pads, and place the next. Leavethe shellsto cool in asafedry place.

Kiln firing

It has already been stated that you do not need akiln for the ceramic shell method: that
is, you do not need a kiln in the conventional sense. If you have one, then it is an
advantage. What is necessary, however, is a heat-retaining container. A kiln does the
job. If you do not have one then you can build a heat-holding kiln without difficulty
from a ceramic fibre blanket and the other half of the 40-gallon drum that you used for
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Operator is wearing face
mask and fireproof gloves

Pan or bucket to
catch molten wax

Figure 80. Flash de-waxing
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plate before it hits the
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if necessary)

Four steel
tubes act
as legs

Figure 81. Improvised burn-out equipment

the furnace. Normally the moulds are reheated up to pink hest in this holding kiln. This
removes the last traces of carbon and wax gas and preheats the moulds to receive the
metal. Using ceramic fibre pads to protect your heat-resistant gloves, remove the
moulds at the last moment and place them ready to fill with metal. The advantage of
using a holding kiln is that you can take out just the number of moulds that you need
to fill, leaving the remainder hot and protected.

One of the problems encountered with ceramic shell is the speed with which the shell
cools. | noticed a very interesting trick at the Rolls Royce factory. The shells are
de-waxed in the autoclave, then fired in akiln. Removed from the kiln, they are placed

Pan for molten wax
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Figure 82. De-waxing procedure
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Half of a
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in this case
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Firobricke
Heat source—ﬁ
Figure 83. Hddng kiln

inatrough of firebricksand held in place; bedded down, in fact, in hot mullite. Thisis
ablack refractory, whose grains are o large that they look like granite chippings. Gas
Jets heat the whole of this trough, hegting up the firebricks, the chips of mullite, and
last but not least, the shells. Using this clever device makes surethat the metd is poured
into red hot moulds,

One investment foundry | have vidited in Sheffidd, UK, had so refined this process
that they could vary the flamejetsto cool the bottom of the shell after it wasfilled while
keeping the cup hot This has great advantages from the point of view of progressve
solidification. A more conventiona way of doing thisisthe exothermic cup. Theblock
moulds cool much more dowly inthe Italian process and | have never had problems
with metd failing to flow because the mould has cooled (except in the case of Slver,
which has problemsdl of its own).

Steel drum

Removing the shell investment after casting

Next to the cost of the ceramic materid, this, in my experience, is the biggest
disadvantage of ceramic shell, compared to block investment In the latter, the ludo is
oft after the mould has been filled and easlly removed, crushed and recycled. The
most notable characteritic of the ceramic shel is its extreme hardness. It will blunt
your metaworking tools unlessyou removedl of it. Nor will your customer thank you
for hard white pieces adhering to crevices or details in the casting. Do not despair,
however, al traces of the shdll can be removed, but you need to think carefully in
advance and plan your workshop to cope with this problem.

Inthearcraft industry, the shell isfirst shaken off on amechanica vibrating machine.
| watched one a Rolls Royce and was surprised how much came off a once, mainly
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because the casting was mede up of smooth surfaces. Something with asurface texture
or deep grooves is more difficult. The next step was an air-tool caled aneedle gun,
and the third is sand-blasting the surface.

Engineersin industry select the right grit with great care, or else use beads, to avoid
damaging the surface. Thefina stageistoimmersethe castingsin boiling caustic soda
(see Appendix F). If you turn pae a the thought of avat of boiling caustic sodain your
workshop, you are not done. So it may surprise you to learn that in a large arcraft
factory it is congdered safer than the dterndtive. The dternative is hydrofluoric acid:
aso0 an exceptiondly dangerous liquid, but easier to use in asmadl workshop. Used
with the proper precautions this method is both safe and effective. But please be
warned: you must follow the safety directionsto theletter.

Hydrofluoric acid attacks dlica, S0 it removes the dlica in the ceramic shell most
efficiently. It dso attacks the cdcum in your body. When | haveto useit | wear agas
mask, thick rubber gloves and boots, and a chemicd protection suit which covers the
whole body. Before | take off this protective clothing | wash off any sgns off spillage
with plenty of water. Fortunately, lime makes the acid completely harmless, provided
that you are adleto take precautions, the danger isnegligible. //, however, you cannot
protect your self and other sin the wor kshop property, on no account should you use
hydrofluoricacid.

Final safety note: dl acids must be kept in alocked cupboard or strong room, with
labelsto identify them.
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8. Die casting

This is the most expensive method of producing a short run of castings. On the other
hand thereisno doubt that it isone of the cheapest and simplest ways of mass-producing
a continuous run of smple articles.

The complexity and expense of the top end of the industry should not blind us to the
possibilities of this method on a much simpler, low budget scale. Blacksmithsin Zaire,
Zimbabwe, Zambia, Sri Lanka, Malawi and Nepal, and in many other countries, have
made simple but effective and long-lasting dies out of mild steel using local blacksmith-
ing techniques, sometimes with the aid of an arc welder, and possibly some simple
grinding tools.

Examples of the technique

Below are three examples of the technique observed by the author.

Example ‘A", Nepal

The Nepdi die was made up of three sted blocks with the negative surfaces cut or
ground into them. These blocks did into a ged box, rather like a breech block on a
cannon.

Die clamped

Clamps or ‘dogs’ ——», Pouring cup
together,
ready to be

@
| o
\\/ /qb i meta

Turned steel
forms to make
the internal
shape

Locating studs

Steel

internal

forms Bottom half

(removable) of steel die
showing

mould cavity

Figure 84. Simple steel die for sprinkler head
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Holes drilled through

Figure 85. Finished casting of sprinkler head in zinc-based alloy, Nepal

A foundry labourer held this preheated assembly over a patch of sand while the caster
poured auminium from a ladle into the opening at the top. They had severa of these
simple dies. As the first one of the battery of dies cooled, another labourer opened it,
removed the casting and replaced the die pieces in the steel box ready to be refilled.
The owner of the foundry showed me one of the castings, a piece for an agricultural
irrigation water sprinkler head. The casting was bright and clean. Apart from cutting
off the button of extrameta at the top, and two thin stripsthat had filled the vents either
side, little had to be done to finish it.

Example 'B', West Africa

An even simpler die was made by a blacksmith in Nigeria. Thiswas one of arange of
dies of dl sizesfor the mass-production of spoons. The die was made up of two halves
that locked together, hammered out of steel sheet with the negative of the handle cut
or ground out of the solid metal. Put together, the two sides left a spoon shaped cavity
in the centre and asmall cup, or button, at the top.

The heated die was filled with molten aluminium which cooled quite rapidly. The
labourer had no difficulty in separating the two halves and removing the spoon.

Though larger domestic ware that | saw in Cameroon was cast by the green sand
method, small calabashes or spoons were cast in simple dies. These, the market trader
told me, were not quite as smooth and modern as the Nigerian imports, but they were
much cheaper and did the job of putting food in the mouth just as well.

Though the initial expense is high, the caster might well find it rewarding to work
out the cost of making these dies with a loca blacksmith, possibly with the am of
working on a profit-sharing basis.

The problem in East Africa was not atechnical one but rather caused by the vagaries
of market forces. Though the caster had the skill to make the dies (he was a blacksmith
and mechanic first and a meta caster as an afterthought), Lilongwe market was full of
pressed stainless steel spoons, made in China and selling at prices well below their true
value. The blacksmith discovered, however, that frying pans, imported from Tanzania,
were over-priced. When | last saw him he was using an old European pan as a pattern
and casting excellent copies. These sold well at a fraction of the price of the Tanzanian
articles. They were, of course, too big to die cast, so he adapted his technique to make
them using the green sand methaod.

Example 'C, Peru

A two-piece aluminium die was used to cast smal aluminium propellers for fishing
boats.
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Figure 86. Die for casting aluminium propellers for peque-peque fishing boats,

Figure 87. Finished casting of propeller

Finding and correcting faults in the castings

Example: theuse of metal diesfor casting bucketsfor Pelton turbinewheels
| was given two small brass Pelton wheel buckets which had been made in Sri Lanka.
These Pelton buckets were accompanied by photographs of the die-casting process.

The two-piece bronze dies were held together manually. There were no clamps or
iron dogs, the craftsman smply held a steel gas pipe in each hand, the end of which
fitted over a pin on the back of the mould. He held the two firmly together while a
second craftsman poured in the molten metal.

The advantages of this process are:

0 Speed of manufacture

0 Thelow cost, relative to other methods
The disadvantages are:

0 Loss of accuracy

0 Problem of joining small parts together.

Other significant observations were that the crucibles were very small, obviously
locally made. A crucible of metal had to be melted for every one or two dies. A larger
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Figure 88. Die for Pelton buckets, Sri Lanka

Metal filled to this point

Figure 89. Two-piece metal Pelton die, showing insufficient head of molten metal
and consequent shrinkage

crucible is aways more economical on fud and has a less debilitating effect on the
alloy. Small crucibles, obvioudy enough, are cheaper in the short run but more
expensive over along period.

Last but not least, when using a small crucible there is atendency to skimp on the
amount of metal poured into the die, instead of filling the cup of the die with agenerous
head of metal, thus ensuring a reservoir of metal which aids progressive solidification.

Furthermore, | wondered how the heel of the bucket was joined to the boss. It is
unusual to assemble so small a Pelton. Pelton runners up to 175mm PCD are usually
cast in one piece by the lost-wax process.
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Faults
The faults obvious on the two castings were:

1
2.

3.

'Sinks' (contractions) on the heels of the buckets.

Poor surfaces inside the buckets and pitting along the sharp edge of the splitter
ridge (the central sharp edge on the Pelton whedl bucket). Needless to say these
are the areas which most need to be accurate and well-defined.

The buckets are crudely finished.

Possible remedies

The problem appears to be in two parts:

1

A sink (or shrinkage, also called ' drawing'). This occurs when the head of metal
istoo small to alow for logical progressive solidification.

To avoid this, increase the head - in other words, increase the size of the sprue
and cup. The volume of the metal backing up the casting should be equa
(approximately) to the volume of metal in the finished casting.

To achieve this you will need to re-design and re-cast thedie. A second solution
would be to allow the casting to solidify first, retaining heat in the cup and sprue
aslong as possible. Wrap insulating materia round the cup (ceramic fibre wool,
if obtainable). Asalast resort, use an exothermic cup (I think it unlikely that this
will be necessary).

Pitting. Given the type of casting, and the use of adie, there is little that can be
done about the pitted surface, though painting the die with a fine refractory wash
and baking it might help. (The UK foundry-chemical firm FOSECO have a
branch in Bombay where they manufacture a refractory called FTRIT, which |
suspect is mainly kaolin or some other fine china clay.)

Along the splitter ridge, design in alittle extrametal (known as sacrificial metal).
To achieve a complete and accurate ridge the extra can be ground away later
using adie grinder or flexidrive grinder. These are, however, expensive tools. A
small amount of extra metal could be removed using a file.
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9. Melting and pouring metal

In simple terms the object of melting the metal isto heat it to the temperature at which
it flows most easily into al parts of the mould, and not to heat it beyond that point, or
keep the metal in amolten state longer than necessary (known as 'stewing' the metal).

Molten metal will pick up gases from the air (see Chapter 10): these must be either
excluded by using a cover flux, or removed using de-gassing chemicals. De-gassing
means what it says, expelling or neutralizing harmful gases. For example, phosphorus
is used to remove oxygen in copper aloys. Aluminium alloys have amarked tendency
to pick up hydrogen. Thisis removed using a de-gasser. Very often a sodium modifier
is used to modify and refine the grain structure.

For bronzes and brasses the simplest chemical treatment used in cannon and scul pture
foundries for hundreds of years was charcoal, which was thrown on top of the molten
metal. The charcoa consumes the oxygen as it bums, and so prevents it reaching the
metal. The second chemical treatment used was borax, to flux the metal just before it
was poured.

A primitive form of cover flux was broken bottle glass thrown onto the melt. In its
molten state glass excludes both oxygen and hydrogen and also coagulates the dross
and impurities on the surface of the metal. This is a good precaution in theory, and an
Egyptian foundry | visited in the 1960s still used the method because they used
home-made crucibles with a very short life. In practice it damages the crucible, which
is not a good idea if you are using an expensive slicon carbide crucible with a
comparatively long life.

Chemical treatment of aluminium is complicated (see Chapter 10 on aloying).

Summary

1. Warm up the crucible lowly: this prolongs its life.

2. When the crucible is red hot, place a pre-heated ingot or large piece of scrap in
it, using tongs. Crucibles are not physically strong, so never drop lumps of metal
into one. Use a cover flux (see page 118) if you have one; charcoa can be used
as a satisfactory aternative.

3. Feed in more pre-heated metd as the previous feed melts.

Furnaces vary in efficiency, so melting time varies. Experience and the notes in
your foundry log should give you agood idea of how long the metal will take to
melt. Thus you can plan the movement of your foundry crew. (It goes without
saying that the second and subsequent meltswill be quicker than the first because
of the furnace warm-up time.)
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Figure 90. An Italian foundry in the 1960s: the boss takes charge of pouring; his
assistant wears goggles - the exception rather than the rule as bronze casters
disliked protective clothing, saying that it made the foundry workers clumsy, but
protective clothing is now compulsory throughout the EU.

Once the metal has melted, check the temperature frequently. Use a pyrometer
if you are fortunate enough to have one; if not, there are various well-tried
methods of testing temperature. Aluminium can be checked visually by its colour.
It should be silver with the slightest tint of pink around the edge of the melt, never
red hot. The traditional way of testing the temperature of bronzes and brasses
was, and is, a clean pre-heated steel rod. If the metal clingsto it then the melt is
too cold. If it leaves the rod clean then it has reached the correct temperature.

Once the metal has reached its molten state, your foundry crew should be ready
and waiting. Pre-heat al the foundry irons to prevent therma shock to the
crucible. Allow no distractions at this stage. This is an extremely important
principle. Any delay or interruption of the process may cause either overheating
or 'stewing' of the metal (see above). The result will be poor-quality alloy.

Using the lift tongs, raise the crucible out of the furnace and placeit in the pouring
shank.

C= S
Dross scraper One person
oo can pour up to
/o2 30kg (60Ib)

@ Dross ladle s crucible
@ 258) D

Bell plunger (with -

sodium modifier) ;
@ \___I% .’ '

Fork plunger {with deoxidizer)

Figure 91. Melting and pouring irons
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Figure 92. Crucible lifting irons

10.

11.

Remove the dross by skimming the surface of the metal with a rake. Plunge in
the deoxidizing tube (or use borax) for copper aloys. Carry out the de-gassing
and modifying procedure if using aluminium. (This varies according to the type
of foundry chemicals you use. FOSECO, for example, will supply you with
directions for use of their chemicals.)

Check the temperature again using apyrometer, if you have one; if not, be guided
by colour for aluminium. For bronze and brasses, test with a clean skimmer or
rake. If the metal slides off the skimmer, the metal isready. If it rejects the rake
fast (dlides off rapidly) then it is too hot. Pouring bronze too hot will cause too
much contraction. In alost-wax mould it will aso cause 'black scale'. If poured
too cool, the metal will not flow into al the extremities of the mould.

A very smal crucible can be lifted and poured by one person. A very large one
must be lifted with a hoist. The most usual procedure is a 'lift and pour'
movement by two casters, while the third rakes the dross off the surface off the
melt and then uses the rake to hold back any remaining fragments of dross.
Finally, the third caster holds back the crucible with the rake should it show any
signs of dipping forward.

After the moulds are filled, the third caster scrapes off any dross Ieft in the
crucible, and then the two pourers replace it in the furnace.

Relight the furnace. Start to charge the crucible immediately. Repeat the melting
procedure.
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Safety precautions

Generally the behaviour of molten metal is predictable, but you should not assume that
thiswill always bethe case. Fire, like any other element, isfull of surprises: you should
expect the unexpected.

The author has experienced alarge modern furnace in alarge modem foundry, which
appeared controllable, suddenly spit out about a half-kilo of molten metal. It missed a
visitor by inches. We could find no logical reason why it happened.

One could quote other, far more serious accidents where several workerswere injured
or killed. Accidents should not happen, but they do, even in the most efficient foundries.

Clear, flameproof
visor

Leather cap

Fireproof
jacket

Fireproof
insulated
mitts  \*
Flame
resistant
aoron

Fireproof

trousers
‘ Foundry boots
=" with steel
toecaps and fire
resistant soles

Figure 93. Foundry protective clothing

To prevent accidents:

1. Always pre-hesat the ingots of scrap metal and be particularly careful to examine
scrap for combustible materials. For example: gun-metal often contains valves
and joints from oil tankers. These are not aways clean despite the scrap
merchant's assurances that he is indeed selling you 'clean scrap'.

2. Pre-heat foundry irons.

3. Wear full protective clothing if you have it, but AT LEAST wear a minimum
which protects eyes, hands and feet. If you place any value on your genitals
protect them too.
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10. Metallurgy and the low
budget foundry

Many foundry handbooks leave out any reference to metallurgy, or to metallography.
Metallurgy, in its widest sense, covers al the sciences and arts cdncerned with
extracting metal from its ore, mixing metals to form alloys, working metals and the
study of their physical and chemical properties. Today it is usualy a shorthand term
referring to the last-mentioned. The metallurgy laboratory in alarge, modern foundry
is a speciadized, extremely complicated and expensively equipped area, staffed by
highly-trained scientists. Metallography is concerned with the examination of the
microscopic structure of metals and alloys.

The metal caster, setting up his own foundry, needs only a superficial knowledge of
metallurgy, but there is no doubt that a basic knowledge of how metals behave when
melted, and their structure as they solidify, will help him or her both to design better
pattern and sprue systems and identify problems when faced with a poor quality or
defective casting.

The solidification of molten metal in the mould isfar from asimple change, especially
in aloys. For example the grain structure of the casting varies according to the rate of
cooling, and this is affected partly by relative thicknesses; metals pick up gases when
in liquid form; certain chemicals reduce the negative effects of gases, or help the metal
to flow; some alloys lose some of their constituent metals when heated, this in turn
affects the qualities of that alloy. In an area where there is probably no ready supply
of proprietary foundry chemicals, and ashortage of basic raw materials, the caster needs
some background information.

Sometimes valuable help can be found in old books. Between the late nineteenth
century, and the middle of the twentieth, a vast number of technical help and
self-improvement books were printed in Europe and America. These often give basic
formulae, using materials commonly found in agricultural areas. Thisis something you
never find in books written within the last few years.

The structure of metals

The microscope is the most useful tool the metallurgist hasin his laboratory. Through
it the skilled observer can detect the structure, history, and any weaknesses of a piece
of metal or aloy.

Metals are opaque, so the microscope is designed to examine the surface using
reflected light. One face on the metal test piece isfiled flat, ground and finaly polished
to mirror surface. Any faults, cracks, gas holes or inclusions can now be seen under
the microscope. Next it is etched in a suitable chemical solution and re-examined.

Microscopic examination shows that the metal is made up of numbers of tiny grains.
The etching fluid attacks the grain boundaries more easily than the grain centres, and
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so a network of minute channels can be picked out Looking at these boundaries the
metallurgist can study the grain structure.

Used in reference to metal the word 'grain’ does not mean quite the same as the word
in common use. A grain of sand or sugar is not the same as a grain of metal. These
other grains are brittle and easily crushed, whereas most metal grains are ductile.
Secondly, grains of sand or sugar do not hold together unless used with a binder (see
Chapter 5), whereas in ablock of metal great force is needed to separate the grains.
On one or two metals the grain structure can be seen by eye; zinc in galvanized steel
shest, for example, or worn and polished brass, but the mgority can only be examined
under a microscope.

The grain size of the metal depends on the casting temperature, the impurities in the
metal, and the mechanical working and heat treatment it has undergone.

Heat treatment

New grain structures can be created in aloys by heating. This is known as recrystalli-
zation. To achieve this the casting has to be heated to the right temperature for the
correct length of time, and the cooling period aso has to be over the right period of
time (see below).

Dendrites

Under laboratory conditions it is possible to produce a metal which has no crystalline
structure. On the practical level, however, al metals used in engineering are crystal-
line. Pure metalshave several valuable qualities, particularly conductivity, both thermal
and electrical. Pure metals pass from the liquid to the solid state rapidly, setting

Figure 94. Formation of dendrites as alloy ‘freezes’
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predictably in layers. Alloys react differently, they have a state when they are neither
liquid nor solid, described as a 'mushy’ state. The slower rate of solidifying relative to
pure metals makes them easier to pour, and to flow more readily in the mould. Bronze,
for example, is amuch easier metal for the caster to use than pure copper.

When a molten aloy begins to freeze, minute crystals begin to form at various points
in the liquid, these grow branches in various directions.

These branches are called 'dendrites’ and have been compared to pinetrees in shape,
or to the formation of frost patterns on a window pane in winter. These patterns, often
very beautiful, can only be seen under the microscope after the metal has been polished
and etched. Each branch of a dendrite is restricted when it meets another; the spaces
between continue to fill until the entire mass of metal is solid.

A factor of particular importance to the design of castings is 'grain impingement'.
Grain boundaries form by the impingement of other growing grains. The effects of the
grain boundaries depend on the change of orientation at the boundary, and on the special
properties of the boundaries themselves. Under certain circumstances these can form
paths for crack propagation. In castings the bad effect of grain impingement is
noticeable at sharp comers, in rectangular sections and at perpendicular surface
junctions. Most of these defects can be remedied by intelligent design of the casting
(which of course means the design of the pattern).

Development of grain structure

The crystalline structure of ameta breaks down at its melting point. There are no grain
boundaries and the metal has no useful mechanical strength. The solid crystal structure
re-forms on cooling. On solidifying, energy is given out in the form of the latent heat
of fusion, so the rate at which solidification proceeds depends on how quickly heat can
be removed. When the cooling of the liquid metal is slow, a few of the large clusters
of atomsin the liquid develop interfaces and become the nuclei for the solid grains that
areto form. During solidification at a low cooling rate, the first nuclel increasein size
as more and more atoms transfer from the liquid state to the growing solid. Eventually
al the liquid has transformed and large grains have developed. The grain boundaries
represent the meeting points of growth outwards from the various nuclei initially
formed. When cooling is rapid, many more clusters develop and each grows rapidly
until it meets its neighbour. More grains are formed and the grain size in the solid
metal is finer.

Thefinal grain size depends, to alarge extent, on therate of cooling. When the cooling
rate cannot be controlled, the desirable fine grain size can be promoted by introducing
foreign nucle into the metal to cause crystal growth to begin in more numerous places.
This is called 'inoculation’ or ‘grain refinement’. Grain size has adirect effect on the
mechanical properties.

If no foreign nuclei are introduced, most cast metals are dendritic in structure. If the
aloy is polished and etched, the course of the formation of these dendrites can be seen
under the microscope. As described, the composition of the first part of the aloy to
freeze differs from the middle and final freeze areas. The result is a 'core structure'
(see Figures 95 and 96).
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These differences can be altered to some extent by heat treatment, which gives amore
uniform structure.
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Eutectics

Alloys melt at a lower temperature than their parent metals. A common example is
solder made of lead and tin. Lead melts at 327°C, tin at 232°C. A solder composed of
80% tin and 20% lead starts to solidify at 203°C, changes to a porridge like state and
then like paste and finally becomes solid at 183°C.

The alloy of a particular range which has the lowest freezing point is called a
‘eutectic'. Thisisof particular importancein soldersand brazing rods, wherethejoining
metal must have alower melting point than the metals to bejoined (quite different from
welding, where the metal fusing metal of the same type is added using afiller rod).

Selection of scrap metals for casting

Appearance and qualities of common scrap metals

The foundry industry conventionally divides metals into ferrous and non-ferrous, but
this note on the selection of scrap refers to iron and stedl briefly as well as to the
aluminium and copper-based aloys.

Scrap merchants deal in any metal they can obtain. Small foundries depend largely
or totally on scrap, so the caster needs to know one metal from another in order to pay
only for the metal required. For example, stainless steel can bear a superficial resem-
blance to some aluminium alloys used in aircraft construction. A smple test of relative
weights, or atest for hardness using afile, will reveal the difference.

Separating aloys of the same base metal is more difficult. The best guide is a
knowledge of the type of product cast in aparticular aloy. Stedl is easy to spot because
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it rusts, as does cast iron. The hardness and machinability of cast iron can be tested by
its colour when fractured with ahammer. Grey cast iron ismore ductile and machinable,
while the harder, more brittle cast irons have a paler appearance and are called white
irons.

Scrap cast iron varies in quality and hardness. The oldest and simplest method of
selection is to match like with like. For example, to cast an iron base or support, ook
for asimilar structure in the scrap heap. To cast a flywhedl, look for scrap wheels.

Next to iron, the most common casting metal is aluminium. It is aso the most
commonly confused. The two aloys which are confused with - and put into the melt
with - auminium are magnesium-aluminium aloy and the zinc-based die-casting
metals. Thelatter have adull, yellow-grey appearance, whereas aluminium turns white
asit oxidizes. Another clue isthe sharp detail and clarity of lettering which is the mark
of a die casting.

Magnesium is more difficult to pick out because its appearance and weight are close
to those of aluminium. Only knowledge of the parts that are cast in magnesium will
help you. Compared to aluminium, magnesium is expensive and used only for luxury
items such as racing cars and aircraft, and certain lightweight tools such as chainsaw
cases. Magnesium aloys appear most commonly in scrap in the form of Volkswagen
engine blocks and gearboxes. Magnesium can be separated from the aluminium content
of the aloy, but this technique is beyond the scope of a small foundry.

The next common mistake in scrap identification lies within the range of bronze
alloys. Bronzes and brasses are copper-based aloys. Phosphor bronze is often thrown
into the same bin as gun-metal, the bin labelled 'bronze'. Phosphor bronze is used for
non-magnetic electrical parts and for bearings. It isharder than gun-metal with ahigher
melting point. The gun-metals (including leaded gun-metals) are softer, with excellent
resistance to corrosion. They are used for marine taps and levers, particularly on ail
tankers. This aloy is aso used for propellers, but only on small boats and other water
craft. A file test detects the different hardness, while shiny pinkish-orange marks
distinguish gun-metal from the cold yellow of the brasses.

Summary guide to common scrap metals

Cast steel's hardness depends on the percentage of carbon. It is used for high-grade
cuttingtools, die stedls, railway wheels, and good quality agricultural and mining tools.

Cast iron has good fluidity and mould filling during the casting process with low
shrinkage on cooling. Hardness and brittleness are influenced by silicon and manga
nese. 'White' iron is hard and brittle, and is used for cutting and mining tools. 'Grey"
iron is used for supports or bases for heavy machines, pressure pipes, vehicle engine
blocks, gear and flywheels, and al kinds of agricultural machinery.

Aluminium is used in its pure form only in the laboratory. It is a light metal with
excellent conductivity both for electricity and heat. It can be alloyed to produce avariety
of useful qualities including strength, hardness, and resistance to corrosion. All
aluminium alloys are easily melted and cast, although the speed with which it oxidizes
makes it difficult to weld.



Copper is a soft metal of beautiful appearance which is resistant to corrosion and a
good conductor of heat and electricity. It is most commonly used for electrical wiring
and hot water pipes. The bronzes and brasses include:

LG2 (a common bronze gun-metal used for marine taps) which consists of 85%
copper, 5% tin, 5% zinc, and 5% lead.

The cold-drawn brass used for cartridge cases contains at |east 64% copper and less
than 36% zinc.

Brasses are cold yelow in colour, ductile, machineable, easily cast, drawn or
cold-worked. There are many different alloys with a variety of uses. The type of brass
depends on the ratio of copper to zinc.

Phosphor bronze is a warm, pinkish-orange colour. Tough, resilient, hard, non-
magnetic, it is used for springs and electrical contacts and for dl kinds of bushes and
bearings.

Gun-metals, originally used for cannons and statues, are now used for marine or
decorative purposes, pump bodies, high-pressure steam plants, hydro-electric turbines,
and sculpture.

Aluminium bronze is notorious for difficult casting and welding because it picks up
hydrogen from the atmosphere, but it is strong, corrosion-resistant, and comparatively
lightweight, and is used for marine and aircraft parts.

The use of tin bronze and arsenical copper is as old as metal casting. Neither ismuch
used now, except in the laboratory.

Tin is a soft, expensive metal which is used in great quantities to produce tinplate
(tin-coated sheet steel) and also used for electronic and electrical equipment. Not least
is itsimportance as an additive to form alloys such as bearing metals, pewter, bronze.

Zinc is also used to form aloys, particularly brass and zinc-aluminium die-casting
metals. Zinc is much used as an anti-corrosion coating for steel (galvanizing and
sherardizing). Zinc die-casting aloys form carburettors, vehicle pumps, builders
hardware, and electrical housings.

Lead is soft and heavy with corrosion resistance and alow melting point. In the past
it was often used as a roof covering or for guttering; now it is used for battery plates,
water pipes, sound-proofing, anti-radiation protection, and the sheaths on power cables.
It is also used in paints and a wide variety of chemicals.

Nickel is an expensive, attractive metal used for corrosion resistance, plating, and in
high quality alloys with copper or steel. It isused in stainless stedl alloys.

Magnesium can be aloyed with auminium and zinc to form components and
structures of great strength and light weight. It can be turned, drilled or cut easily, and
isused for aircraft, racing cars, tool casings and sports equipment. Most common scrap
is Volkswagen engine blocks and gearboxes. Because it reacts violently with oxygen,
magnesium is difficult and dangerous to cast. Casting is usually done by specialist
foundries.

Titanium is a heavy, expensive metal with an extraordinary resistance to corrosion,
which iswhy it is used as both a container and aconductor of corrosive chemicals and
for surgical implants. Titanium alloys combine lightness with great strength.
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Battlefield scrap

Many of the poorest countries became so through invasion or civil war. War zones can

be alucrative source of metal, particularly copper and brass. Most of the replica Benin

bronze statues exported by Nigeria after the Biaf ran War were cast from cartridge cases.
Thistype of salvage demands caution and specialist knowledge; many French farmers

lost their lives trying to remove the copper driving bands and fuses from unexploded

shells.

Alloying

Alloying was practised in ordinary foundries for thousands of years. There is no
mystery; it is smply that it has been largely forgotten in the West.

In devel oping countries the situation varies from country to country. Even in acountry
like Peru, which has abundant supplies of copper, zinc and tin, we encountered a major
problem of supply. Peru is such avast country that supplies to the Amazon areawere
uncertain at the best of times. My visit to Pucal pawasfar from the best of times. Pucalpa
istheindustrial centrefor theregion. Iquitos, though larger, and an international trading
centre, has little industry.

Thefoundriesthat cast propellersfor theriver boats, small or large, aredl in or around
Pucapa. The only available metal came off these same boats, and o it was used and
reused over and over again. With the cargo boats, some of which have very large bronze
propellers, the usua procedure was to remove the damaged propeller, take a mould
from it, repairing the damaged form, or even replacing it in the mould. This was done
either by modelling the sand mould in negative, or else replacing the damaged piece
with a carved wooden insert. The bronze propeller was then melted down, with
whatever scrap brass that could be begged, borrowed or stolen added to it, and poured
into the mould. With increased guerilla activity, and a security clampdown by the
army, even the most meagre sources of supply dried up.

Herein lay the problem: reusing scrap bronze. The problem was simple enough, and
even the theory not too complicated, but solving the problem under these circumstances
was avery different matter, far removed from the text book.

The heart of the problem is degradation. The metal becomes degraded because each
melt loses zinc (which volatilizes) and loses a smaller quantity of tin. The best solution
isto mix in 50% new metal, or more. Thissolution is not always available to the caster,
as my brief description of Pucalpa illustrates. Failing a ready supply of the constituent
metals, there are various measures that one can take to minimize further losses.

Bronze and brass
1. Heat the metal as quickly as possible but do not overheat it.
2. Minimize the loss of zinc by using a cover flux.

If possible, replace losses by adding zinc and tin. Add some new metal to the scrap.
In either case, use the correct alloying procedure (see note on page 118).
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Aluminium

Aluminium degrades and picks up harmful gases (particularly hydrogen) at high
temperatures. Do not overheat the aloy, or leave it in the furnace. Pour as soon as it
reaches the right temperature. If you do not have a pyrometer, judgeit by colour: silver
where the light fals on the surface, pink in the shade.

For alloys containing silica (such as LM6) use a sodium modifier and a de-gasser.
Both of these are hard to obtain away from large, industrial areas. Meta casters in
Papua New Guinea reported good results when they used the ash from burnt torch
batteries as a substitute for a sodium modifier.

Modifying aluminium LM6

Dr Aladar Pacz discovered in 1920 that certain auminium aloys were improved by
adding asmall quantity of sodium-potassium fluoride. Today sodium modifier is sold
under the brand name 'Navac' by FOSECO. The sodium is contained in a small
aluminium can. When plunged into the melt it modifies the grain structure. This makes
the molten metal flow better and, equally important, improves the machining qualities
and the surface of the aluminium.

Alloying bronze

Méelt the least fusible metal first. This means the one with the highest melting point
(whichis, of course, copper). There is very little doubt that proprietary foundry fluxes
and coveralls are the most convenient, but in many countries these are either expensive
or unobtainable, so one has to fdl back on ancient recipes.

Home-made fluxes
0 Tree resin (used in Nepal)
0 Salamoniac (ammonium chloride)
0 Borax and powdered bottle glass (used in Peru).

Keep 'poling' or stirring the aloy. Do not use an iron rod because iron will
contaminate the bronze; use a wooden pole (picking up another as the first one burns
away) or a copper rod.

Late nineteenth or early twentieth century technical books yield much useful infor-
mation. The hints on alloying listed below come from the old craftsman Guettier, as
reported by J.F. Buchanan in 1911 and are particularly appropriate where chemicals
are hard to obtain.

Method
Thoroughly clean the melting crucible.
Fire the furnace and bring the crucible to red heat.

Start the melt with a small quantity of good quality scrap bronze.

Melt the metals in order, starting with the metal with the highest melting point,
in this case, copper. Introduce the copper, pre-heated.

A wDdp
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5. Place alayer of charcoa on top of the molten metal to reduce the absorption of
gases.

6. When the copper is molten, remove the crucible from the furnace and let it stand
until the copper is about to congeal . Take a piece of borax the size of your thumb
and drop it into the melt. Then immerse the pre-heated zinc into the copper.

7. 'Pole' the dloy. Cover the melt with a mixture of powdered charcoal and bottle
glass.

8. Adding thetin is easier because it does not evaporate as easily as zinc.
9. The melt must be 'poled' continuously to mix the metals.
10. Pour the bronze into ingot moulds.
Note:
0 Zinc hasto be introduced in this way because of the disparity in melting points.
Copper meltsat 1083°C; zinc meltsat 419°C and boilsat 913°C. If thetwo metals

were put together cold and then heated, the zinc would vaporize and burn off as
zinc oxide.

0 Zinc and tin must be pre-heated (but not overheated) near the furnace before
they are put into the molten copper. One of the most common causes of accidents
in foundries, large or small, is failure to pre-heat the metal. A steam explosion
in acrucible is messy and often extremely dangerous.

Aluminium bronze

J.F. Buchanan also says that duminium bronze can be aloyed in the same way. He
writes that 90% copper and 10% auminium is a good mixture; more than 10%
aluminium makes the aloy brittle. 100 parts copper to 10 parts aluminium makes a
more malleable aloy.

Metal melting

Both manganese bronze and auminium bronze present problems for the founder (see
below). For this reason Nava brass or a standard bronze, such asL G2, are preferable for
a foundry that does not have sophisticated temperature controls or foundry chemicals.
Manganese bronze

The molten aloy tends to form a tenacious oxide skin. The aloy is very sensitive to
variationsin metal pouring temperature. Feeding isaproblem and the metal needsextra
large risers to avoid shrinkage cavities forming.

Aluminium bronze

Aluminium bronze is a notorioudy difficult aloy. Precision castings for marine or
aircraft engineering, are usualy made by specialist foundries. A senior metallurgist
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Table 2. Bronzes and brasses in common use

Percentage composition
Copper Tin Zinc Lead Nickel Aluminium Iron

Naval brass 60 15 37 15 — — _
Leaded gun-metal 85 5 5 5 — — —
Admiralty gun-metal 85 10 2 15 15 — —
Aluminium bronze 81 — — — 4.5 9.5 5

Manganese bronze: Copper 55-63%; Tin 1.5%; Manganese 3% (max); Lead
0.5%; Nickel 1% (max); Aluminium 2.5% (max); /ran 0.5-2%; Zinc balance

told me that it is possible, in theory, to aloy this metal. Then he laughed and said that
they had trouble making it using the most modem, computerized control equipment.

The main problem with aluminium bronze is the ease with which it picks up hydrogen.
It also absorbs sulphur dioxide, from the fud gases of the furnace. To make matters
worse, the alloy formsaheavy layer of drossthrough oxidization. To minimize all these
problems, use a cover flux and melt and pour the metal as quickly as possible.
Aluminium bronze is described as 'self-annealing'. This means that the grain structure
of the aloy grows and becomes coarse if the casting is alowed to cool naturally. Slow
cooling makes the casting brittle and reduces its mechanical properties. Castings must
therefore be removed from the mould as quickly as possible.

Brasses

The dloy is relatively simple and straightforward. However, the high percentage of
zinc (see Table 2) and its propensity to volatilize, prevents oxidization of the copper
and also hydrogen pick-up. Unfortunately, the melting point of brassis well above the
boiling point of zinc (913°C). If the brass remains too long in its molten state you will
lose zinc both by oxidization and volatilization. Once again, and this cannot be stressed
too often, melt the metal as quickly as possible and do not alow it to overheat or 'stew’.
In practical terms this means that the moulds should always be ready for the metal,
never the other way about.

Last, but by no means least, the vapour from the overheated zinc, inhaled by the caster
or fumaceman, will make him or her fed very ill. Unlike lead, zinc vapour is not fatal,
but anyone who has suffered from "brass founders ague' will tell you that it is extremely
unpleasant. At best the symptoms resemble a bad attack of flu, sweating violently one
minute, shivering with cold the next. At worst, there is pain in every joint, in every
bone and in the chest. Apparently women suffer from metal fumes more severely than
men, supposedly because of the relatively small size of many women. The effect of the
fumes is related to the proportion of water in the body, very similar to the effects of
alcohol.
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De-gassing and fluxing bronzes

In the early twentieth century, nitrogen was successfully used to remove hydrogen gas
from copper alloys. Hydrogen causes severe sub-surface porosity (see below). This
worked well as atechnique, but from a practical foundry point of view, it had certain
major disadvantages. To force sufficient nitrogen gas to the bottom of the melt,
founders had to use high pressure cylinders, which were difficult to handle, especially
in the crowded space of a smal foundry. Metal lances could not be used for obvious
reasons, and ceramic lances were brittle and broke easily.

A second gas problem is called 'steam reaction’. This is not steam as we recognize
it, coming from a damp mould, but in achemica sense. Molten metal has a solubility
for hydrogen. Thisgas is gected from solution as the aloy cools and freezes. Cuprous
oxide isalso soluble. This isformed by a reaction between copper and the atmosphere,
or water vapour. During cooling, hydrogen can react with cuprous oxide to produce
copper and water vapour (in other words, steam). This steam can remain trapped
beneath the surface of the metal as aform of porosity. Many a bronze caster has picked
up a casting which appears to have an immaculate surface, only to find the pin holes
underneath as soon as he starts to file and polish it.

The oxidization-deoxidization process
The process most commonly used today creates an oxidizing atmosphere, which
precludes other gases, and then removes the oxygen itsdlf.

Regulate the flame in the furnace to create an oxidizing atmosphere. A cover flux
also helpsto prevent hydrogen entering the molten metal . When the bronze has reached
the right temperature remove the crucible from the furnace and plunge in adeoxidizing
tube.

If you cannot obtain the foundry chemicals, use powdered charcoal on the surface of
the melt, and borax, as aflux, just before pouring (see Alloying bronze, page 118).

Dry silicasand acts as a dlag coagulant. A mixture of borax and powdered bottle glass
is used as a covering flux in many countries. | have seen powdered tree resin used in
Nepal. Thisis used on the melt itsdf, and also thrown into the cup of the mould as the
molten metd is flowing into the cup. The resin acts both as a flux and as a heat source to
keep a high temperature in the cup - a smple and cheap version of the exothermic deeve.

Summary

In practice, the two most common causes of porosity and gas holes in castings are:
1. Pouring the metal too hot
2. Too much moisture in the mould.
In investment casting, or lost wax, the natural instinct to pour the metal hot, in order

to flow into the thin sections of the mould, needs to be balanced against the danger of
a reaction between the metal and the mould surface.

This can take one of two forms, either gas pick-up, causing pin holes and porosity,
or scabbing. This is where the overheated metal breaks down the surface of the mould,
causing an uneven scabby surface on the casting.
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Metal flow and solidification

Designing the sprue system

The sprue system is an arrangement of conduits which alows the metal to flow into
the mould with the minimum of hindrance or turbulence, and smaller ventswhich alow
air and gases to escape from the mould. A well-designed sprue system facilitates
progressive solidification of the metal.

Terms vary in different types of casting (e.g. sand casting or lost-wax casting).
Generally speaking, the conduitstaking the metal in are called runners or feeders, while
those allowing the air to escape are called risers or vents.

Gates
Al
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Figure 97. Conduits taking the metal, known as runners or feeders
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Figure 98. Metal flow in the gating system

The following notes are a genera guide to the subject (see Figures 97 and 98):

1. The runner, at the point where it feeds the casting, should be approximately the
same thickness as the casting wall.

2. Just as you try to avoid sudden changes of size in the casting, so avoid sudden
changes of size in the sprue.



Avoid sudden changes of direction. If the sprue must make a right-angle bend
then make afillet and round thejoint.

Consider carefully how metal will flow and solidify. Plan the flow so that most
of the shrinkage takes place in the header, main runner and cup.

If amajor change of thickness cannot be avoided, then you must make sure that
the thicker parts are 'fed' by a reservoir of metal on the sprue system or by an
extra large runner.

Avoid hot spots, consider the use of chills and denseners (see page 125).

It is agreat advantage to have some method of keeping the metal in the cup hot
as the casting cools. To ad progressive solidification some foundries use
exothermic sleeves. Casters understood this aspect of their craft in early civili-
zations and used materials such as resin to increase the heat at the cup. Silver-
smiths, who suffer severe problems with cooling because of the efficiency of
silver as a conductor of heat, play a flame onto the cup and actually pour the
metal through the flame.

The main channel from the cup, through which the metal flows to the subsidiary
runners, is called the gate. The most simple form of gate is a straight tube from
which the runners take off at right angles. There are many other, much more
complicated forms such as the 'horn gate' and the circular gate. Some forms of
gate double their function by having reservoirs built in to feed the thicker parts
of the casting with extra metal.

Headers and blind risers are tubes into which the metal flows in the opposite
direction to the flow in the runners. In other words, the molten metal is flowing
away from the casting. These have two functions: first, to push any air or dross
or inclusions away from the casting, and secondly to feed the casting with yet
another reservoir of molten metal and thus make contraction less likely on the
casting itsdlf.

These points show clearly how sophigticated is the craft of the pattern maker, who
needs to understand very clearly the different characteristics and idiosyncrasies of
different metals. Aluminium, for example, though it has a much lower melting point
than bronze, needs athicker runner system, to prevent distortion caused by contraction,
and amain gate and cup very much larger than the type you would design for bronze.

Metal solidification

As metal changes from liquid to solid state it passes through three changes in volume
at pouring temperature, liquidus temperature, and solidus temperature.

1
2.
3.

Liquid shrinkage occurs between pouring temperature and liquidus temperature.
Solidification shrinkage happens between liquidus and solidus temperatures.

Solid shrinkage (which is also called contraction) occurs between solidus and
room temperature (this is the point at which the legs break on the bronze horse).



Making allowance for shrinkage

Any change of section should happen gradually. An abrupt change causes shrinks and
hot tears and will set up stresses in the casting which may causetrouble later. Usefillets
to round the corners, but do not make them too large or you may cause hot spots.

Where amajor shrinkage cannot be avoided you should plan the sprue system to use
‘progressive solidification'. Contraction should be designed to take place in the feeder
head rather than in the casting itsdlf. Oversized risers, known as headers, have the same
effect.

Stresses and faults in the finished casting can usually be cured by intelligent pattern
design or by modifying the sprue or gating system.

'Progressive solidification' means exactly what it says: the gradual, planned freezing
of the metal. The intelligent designer plans both the pattern and the sprue system so
that the molten metal cools gradually, with the last to cool being the metal in the cup
and headers. The situation to avoid is one where several thin sections cool first while
large sections are still liquid. If these larger sections have no reservoir of metal to draw
from, in contraction they will draw on the thin sections, then at their weakest stage of
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head of metal

Inoorrect

e design

Correct: a
large runner,
or riser, allows
plenty of metal
to feed the
thicker section
of casting

Aluminium

Bronze or iron

Aluminium
shrinks more

Eéggtgfr th_an bronze or
metal iron and so
needs a larger
feeder

Figure 99. Sinks or 'draws' caused by an insufficient head of metal

solidification, and tear them. Becausethe ideal israrely possible, in casting, asin life,
the designer has to compensate for the thick-thin problem by providing reservoirs,
headers or blind risers for the thicker sections to draw from. The most efficient
heat-retaining form is the sphere, the next is the cylinder. The former is the normal
solution in lost-wax casting. A spherical reservoir, or riser, isless easy to form in green
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sand moulding, cylindrical risers are very easy to form and, therefore, more commonly
used. There is an alternative to providing an extra supply of molten metal, and that is
to make the thick section cool rapidly. To do this the designer turns to chills and
denseners.

Chills and denseners

A chill is amaterial or component of high thermal conductivity used to accelerate the
cooling of the metal in the mould. Chills can be made of copper or cast iron, the latter
is more usual. The chill is set into the face of the mould, against the pattern surface.
The surface of the chill is painted with spirit-based shellac to prevent oxidization.

A densener is inserted into the mould or core face, or protrudes into the mould cavity,
to promote localized solidification. Denseners are surrounded by molten metal during
pouring. Made of the same metal as the product, they are fused into the casting sections
and are not recoverable.

Exothermic material

Exothermic materials ad directional solidification by generating heat. The most
common location is in the cup or header, but exothermic material can be built into the
mould at any point where the setting time of the metal needs to be retarded. When it
comes into contact with the molten metal, a chemical reaction takes place which
produces heat. The metal in the riser or cup becomes superheated and remains molten
for alonger time, forming an insulating layer as the metal inside the mould solidifies.
There are many exothermic cups and risers on the market and they contain various
ingredients including powdered magnesium. A common form of exothermic is to mix
some oxide of the metal to be cast with powdered aluminium. Starch is used as abinder
and the mixture painted, or moulded, onto the surface of the cup or riser. If the mixture
is used inside the mould, then it is mixed with facing sand and formed like a core. It
should be baked very gently, or dried in the sun. It is then placed where the extra heat
is needed to aid directional solidification.
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11. Kilns and furnaces

Time used in research before building a furnace and wax burn-out kiln will provetime
well spent. The author's own are both double-insulated and fuelled with natural gas.
They are also smple and easy to maintain. The kiln uses four smple gasjets. The
furnace, rather more complicated, uses an American system which works rather like a
carburettor. It has only one manua control. The supply of gas is governed by an air
valve called a proportionator. Using a zero governor to create a balanced pressure, a
second governor, controlled by the air valve, makes sure that the mixture of gas and
air is always constant. Apart from this sophisticated control equipment, and a well-
engineered burner and flame retention head, the furnace issimple, and | built it mysdlf,
from digging out the furnace pit in an old stable to constructing the chimney. The
furnace is tough and reliable, and | am well-pleased with it.

Degpite this, | am tempted at times to be wise after the event. If | knew then, nearly
ten years ago, what | know now, | would have built it from cheaper materials. A ssimpler
design would have saved a lot of money.

| have in mind two products in particular which were developed for the large-scale
aerospace industry in the 1960s and 70s. It is addightful irony that the most lavishly
funded, most wasteful and most advanced industry should potentially benefit one of
the oldest and most basic.

| am referring to the ceramic shell method of casting, described in Chapter 7, and
ceramic fibre insulation. This comes as ceramic fibre blanket and aso in sheet form.
Used as the heat shield on the first spacecraft, this amazing discovery has smplified
and cut the cost of both furnaces and kilns. If available, ceramic fibre is appropriate
for the small foundry, the business starting on a low budget in a developing country,
or in an industrialized country, the artisan or teacher who finds himself unemployed,
as | did, and decides to set up his own business.

Ceramic fibre has little mechanical strength, so the furnace built from it will not last
like a brick or refractory cement furnace will.

The same is true of a kiln, but the great advantages are lower cost and ease of
construction. The craftsman can begin a business without being indebted to the bank
for the rest of his life. Once the business is running, then he can plough back the profit
and re-equip with more permanent, more expensive machinery. Secondly, it will be
discovered that businesses do not develop in the way one foresees when first planning
them. We al imagine an ideal organization and plan it as redlistically as we can. Y,
experience teaches that the business in redlity is not as we pictured it, for good or ill.

The first furnace | built was made of brick and concrete, in the conventiona way,
because that was the only way | knew at the time. Its construction was laborious and
expensive. On the credit side this furnace is Smple to operate, fuel-efficient and robust.

126



It still serves me well, ten years after | built it. Subsequently | built furnaces out of
anything | could find on the farm dump nearby, from galvanized feed bins to 40-gallon
oil drums. In each case | used ceramic fibre blanket as an insulator, glued with sodium
silicate. Painting the surface of the fibre with left-over slurry from the ceramic shell
process strengthens it, but it is never as hard-wearing as brick.

In East Africa | learnt that one can make a furnace out of almost anything, from a
termite mound to atin drum lined with river mud and cow dung. These furnaces were
fudled with waste motor oil and were al placed above ground. | pointed out to a
blacksmith on one occasion that he would save heat, and therefore fud, if he sank the
furnace below ground, with the lid a few inches above the foundry floor. This has a
second, no less important advantage, safety. Lifting the crucible from floor level isless
arduous, and very much less dangerous, than lifting it chest high. Thisis especially true
if the furnace attendants have no protective clothing.

The furnace drum

Different types of burners mean dight variations in the quarl, but gpart from that there
islittle variation. The flame aways enters tangentidly: this is the most efficient way
of hesating and does|ess damage to the crucible. Within reason, the more insulation you
can put round the fumace drum, the more fud-efficient it will be. Obvioudy this
depends aso on the efficency of the burner.

Air regulator

Gas regulator

Gas
— governor
Mixture :
gas and air

i e
R \%j

Secondary
air Seco;i\;jary

Flame

Cut-away

Burner quarl

One of several :
(refractory concrete) bumers fora kin. Gas and view of quarl
Typical furnace burner showing primary and primary air

secondary air inlet

Figure 100. Simple layout for gas and forced air, showing quarl, retention head, regu-
lators and gas pressure governor

The simplest possible design is a pit furnace, using a facing layer of clay, and clay
sand and dung as an insulator. An excellent natural insulator is kyonite or fired rice
husk ash. Another, if you are lucky enough to find a deposit, is diatomite (also known
as kieselguhr).

A 40-gallon drum lined with refractory cement is also a practical furnace. As a
substitute it can be lined with a mixture of silica sand, rice husk ash, plumbago and
fireclay.
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Figure 101. Coke and air blast aluminium furnace, Douala, Cameroon
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Figure 102. Simple charcoal furnace, Pucalpa, Peru

The life of a brick furnace will depend on the qudlity of the bricks. Hard, high
temperature fire bricks will lagt along time, while ordinary house bricks last a very
short time, athough you can prolong their life by facing them with one of the smple
refractory mixtures described above. A mixture of clay, dung and white sand (dlica
sand) will protect the surface of the bricks, though you may haveto renew it every two,
or three melts.

A 40-gdlon drum lined with aceramic fibre blanket is another variation. For afurnece
of larger diameter, three drums can be cut lengthwise, opened out and welded together.
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Two further variations are an open-hearth furnace for recovering aluminium and (see
separate section) a cupola furnace for melting iron.

Types of furnace burners

1

2.

Using kerosene (see Figure 103). This is a type of burner which was very
common a few years ago. The burner itself is amodified weed burner, working
on the Primus stove principle (the 'Sheen’ burner). The kerosene and air mixture
is compressed in the pressure vessel from an ex-army cooker. One of these
burners will melt a small amount of metal (30kg). Using two burners, opposed
tangentially, you can melt much larger amounts of metal (up to 90kg)

Kerosene and water as shown in Figure 104 (Danish method, Kathmandu)

Pressure
Crucible Filler cap 93Ug@

kerosene [..... .,A;:o-Air hose

Ex-army field
cooker pressure

Steel drum
lined with
fireclay or
refractory

cement

Furnace

Inside the burner case fuel is pre-heated
(Primus stove principle). Kerosene and
air mixture is vaporized by heat

Figure 103. Kerosene furnace, Chelsea School of Art, London

S

\

Kerosene
e ———— —» Kerosene
—# Steam j D
Water Flame

1
under \
pressure

Water jacket

Mixture of vaporized kerosene and
steam creates an intense jet of flame

Figure 104. Kerosene and water furnace burner
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Used engine ail. There are two types:

° drip fead (Figure 105)

° jet (uang an ar fan - Figures 106 and 107)
Bottled gas (Figure 108)

Coke (Figure 109)

Charcod (Figure 110).

Water Qil

Y —

Flame

Figure 105. Simple drip-feed burner using waste motor oil

Oil burner system

1 Bumer

2 Air blower

3 Crude flame retention bar
4 Improved flame retainer

Figure 107. Burn-out kiln
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Figure 110. Coke and waste oil furnaces
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Figure 111. Kerosene furnace for melting 100kg bronze: hole is first marked out
and dug to suitable level for furnace
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Figure 112. In this furnace the fuel was kerosene and air under pressure, but
burners vary
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Burner ‘
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Figure 113. Plan view of kerosene furnace

— Filler cap

Compressor
with motor

Fuel pipe Pressure tank

Figure 114. Fuel tanks and agricultural weed burner working on a Primus principle
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Building a simple two-burner pit furnace

This type is based on the one built by the Arnatt brothers for their lost-wax foundry in
Berkshire, UK. They used an 80kg crucible, and cast many large pieces of sculpture
using this furnace. To burn out the wax they used a coke-fired kiln built of old house
bricks.

First consider what type of furnace, what size of crucible and what type of fud you
are going to use. This sounds elementary, but it is surprising how many casters build
a brick furnace and only worry about the source of heat later (which usually means
expensive and time-wasting alterations to the brickwork). A sensible way of working
isto lay out al the pieces for the furnace on the foundry floor before starting. Thisis
partly to make sure that you have everything you need, and secondly to check the size
of the furnace pit.

Dig an oval-shaped pit to adepth of about 36in (900mm) and then concrete the bottom
of it. Make sure that the concrete is level. Allow time for the concrete to cure. The
simplest way of making the base of the furnace isto draw out a pattern on cheap paper
(old newspaper will do). This pattern should show the internal shape of the furnace,
including the quarls and pits for the burners. You will need to adjust these pits to fit
the burners that are going to be used. For example, an oil burner with an integral air
blower will take up more space below ground than a gas burner with a piped supply of
air and a large fan which is sited above ground.

Cut out the pattern and lay it on the concrete. Unless you are employing a skilled
bricklayer, make a rough drawing of the way the layers of brick are going to overlap
each other. Y ou may decide that you need a safety plug in order to drain off the molten
metal should the crucible split in the furnace. We all hope this will never happen, but
sometimes it does. In this case, you will need an extra pit to catch the molten metal. If
you need to adjust the burners in place, you can combine this pit with the access pits
for the burners. To protect the burners from molten metal, the quarls are placed above
the furnace floor and the crucible raised on a pot stand (which could be a simple fire
brick).

The design of the quart depends on the design of the burner, so it is hard to give any
hard and fast rule. The burner and quart must be so placed that it is the refractory
material of the quart that receives the heat of the furnace and not the burner. Burner
and quart may be so simple in design that the quart is merely a few fire bricks placed
at the entrance to the furnace. Or it may be designed with precision and moulded out
of refractory cement. The burner is placed close enough so that the maximum heat
entersthefurnace, but not so closethat thetip, or nozzle, of the burner melts. All furnace
burners (though not al kiln burners) mix air and fuel to form an intense flame. This air
is the primary air supply. Most furnaces need a secondary air supply to reach and
maintain full heat in the furnace chamber. This is the air sucked in around the quart.
The flame (or flames) should never be directed against the crucible, but aways enter
the furnace barrel tangentialy in order that the flame and heat take a spiral path around
the crucible.

The quart may be one or two bricks higher than the furnace bed. When the first two
courses of bricksarelaid, cement the two quarlsin place. Before the cement sets, check
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Figure 115. Cut-away view through the earth to show burner and quarl alignment

that the burners can be bolted or fixed easily onto the quarts. Now build up the furnace
walls and the walls of the two pits. If you are lucky enough to have high-temperature
facing bricks for the furnace, there is no need to waste these on the furnace pits. Little
heat leaks into these, so ordinary house bricks will do perfectly well. Cover the furnace
pits with a grating or steel plate. These protective covers must be removable, in order
to adjust, clean and service the burners; but they must be sufficiently secure so that
they do not tip or dide when you are walking around the furnace. The collapse of apit
cover while you are lifting the crucible could cause avery serious accident, possibly fatal.

Earth will make a satisfactory insulator, but a back-up layer of refractory concrete is
better. If you are fortunate enough to find a supply of ceramic fibre board or wool,
place alayer of this around the bricks and then back it up with concrete. Rice husk ash
makes an excellent insulator. Once again, there is no need to insulate the furnace pits.
There isone exception to this, and that isthe brickwork above the quarls, an areawhich
takes the direct heat of the furnace.

The furnace must have a cover. Some furnaces have chimneys, others make do with
a hole in the cover controlled by a smaller cover. The smplest way to form the cover
is to make a hoop out of (size V4n x 3in) stedl and weld handles onto it. The hoop is
then filled with refractory concrete (see below). This will make a crude but effective
lift-off cover. With alittle extra effort, however, you can make a swinging cover, which
is much more convenient.

Place the hoop on aflat piece of plywood or metal which is covered with thin plastic
sheet or greased newspaper. Place a cylindrical piece of wood or large tin to form the
centre hole and then shovel in the refractory concrete. Tamp it down well to drive out
any air pockets. While the cement is setting, cover it with a damp cloth or sacking. In
a hot climate, damp the cloth by sprinkling water on it twice or three times a day until
the concrete is thoroughly cured. Do the same to make the smaller secondary cover for
the centre hole. If you cannot obtain refractory concrete then make the lid out of steel
with a rim welded onto it, and line it with any refractory you can find, you will have
to replace the sted frequently, when it bums out under the intense heat of the furnace.

Allow sufficient time for al the materials to dry before you fire the furnace for the
first time. Bricks, mortar and concrete should be given plenty of time to dry. Y ou will
need patience. Rushing thejob at this stage may well weaken the furnace and waste
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much time and valuable materials. Refractories rarely come cheap. Some casters light
a smal wood fire inside the furnace, once it is dry, to complete the curing process.
Many smiths and casters have somekind of ceremony, religious or secular, to celebrate
the commissioning of the furnace.

A furnace should always be treated with respect, maintained and fired with close
attention. Time spent thinking about, and tending, the furnace is never time wasted.
Likethe sea, or thewind, thefirein the furnace can beagood friend or adangerousenemy.

Take the first firing slowly, raise the temperature very gently, and do not take it too
high. If thefoundry makes castingsin both aluminium and bronze, or brass, itissensible
to make your first melt duminium and do not alow the temperature to rise once the
aluminium is molten.

Care of the furnace

A certain amount of metal, oxide and flux fals to the base of the furnace. This forms
a hard, glassy layer which is much harder than the bricks themselves. To prevent this
layer from rising up to the level of the burner quarls it should be chipped out
periodically. A power chisel savestime, but the dross can be chipped out with a large,
long handled, coa chisel. Be careful not to go through the layer with too much force
and damage the brick floor of the furnace.

Burners using gas as fud rarely need attention, but oil is adirty fud and the burner
jets should be checked and cleaned out frequently. The electric motors on the air fans
should be protected against damp and dust. (For care of crucibles, see pages 145-6.)

Check the quarls for obstructions and the furnace walls for spurting of the brickwork.
If the furnace is unused for several months, or under very damp conditions, the furnace
should be fired dowly to alow steam to escape, before the temperatureis raised to red
heat.

Kilns

These can use dl the types of fud listed in the section on furnaces (above). A kiln can
also be fired using wood as fud. In the engineering industry the term ‘furnace' is used
for both the melting process and various other forms of heating, such as heat treatment
or annealing. In the investment casting industry it is more usua to use the term 'kiln’'
to describe the brick box, or oven, in which the wax is removed from the refractory
mould by heating.

There isnot much difference in principle between a bakers oven, apotterskiln, awax
burn-out kiln and a heat treatment furnace. The differenceis mainly one of temperature.
This governs the refractory strength necessary, and therefore the cost of the firebricks.

There is another difference, and that is the sophistication of kilns used for firing out
pots or other ceramic ware. This only concerns us in thisbook in anegative sense. The
wax burn-out kiln should never exceed 900°C, In construction it is nearer to the bakers
oven than the potters kiln. For this reason you can ignore much of the advice in the
many books on building pottery kilns (excellent though some of this advice is). There
is no reason why you should not use a kiln for both purposes, or even share the cost of
building a kiln with a potter. But if the kiln is for lost wax alone, then almost any
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refractory brick will do, because the normd burn-out temperature is between 650 and
750°C. It is perfectly feesble to build akiln out of ordinary house bricks, taken from
derdict buildings. These will not last aslong as proper fire bricks, but they do thejob
well enough and can be replaced as soon asthey start serious spurling.

The amplest burn-out kiln | have seenisin Patau, theindustrid suburb of Kathmandu,
in Nepa Dhalout Udyog, the foundry owned by the Newar family of Mr Sheky a This
was built from house bricks, with araised plaform in the centre to hold the moulds,
with agulley down themiddle of the platform to catch thewax. The kiln wasfired from
both ends using wood as the fud. The roof was removed to retrieve the moulds and
replaced for the next firing. Thisroof was madein dabswhich were smply consiructed
with scrap sted frames welded together, the centres being filled with cement, which
was mixed with some refractory, probably silicasand and rice husk ash. Once the fire
was burning well and the temperature risng ingde the kiln, then more of these concrete
and iron dabswere placed over the openings a each end. The Shakyafamily used clay
and dung durry moulds and their kiln took about four hours to fire out the wax. The
kiln watcher knew when the moulds were fired when the smoke ceased escgping from
the cup. (Moulds were, of course, inverted, asisthe usud practice)

Kilns - variety of designs

Newar, Nepal Already described above, though thetraditional Newar kilnisdifferent,
and is in fact a type of combined kiln and furnace as found in West Africa (See
Appendix B, Bamoum casting.)
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Figure 116. Simple Roman burn-out kiln
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Figure 117. Burn-out kiln for lost-wax casting, Cuzco, Peru

Roman Albert Angeloni, the master craftsman in charge of the foundry at the Royal
College of Art (RCA) came over to London from Italy at the age often, by which time
he was trained to look after a Roman-style kiln. In middle age he designed and built a
Roman kiln in the middle of South Kensington where it remained until the RCA
scul pture school moved in 1992. Generations of foundry students learnt to fire thiskiln
with coke throughout the night. Small moulds took 15 hours and large ones as much
as 36 hours. If you were the only student making castings, as| wasin my year, thiswas
hard work.

The kiln was built of low temperature firebricks above, and house bricks below the
fire level. Asinthe Ncwar kiln (described above) the moulds were inverted and placed
on a raised brick plinth with a wax escape channel down the middle. There were
trenches on either side of the plinth, with raised fire bars to support the coke. The two
lines of fire were started with wood. Slowly coke was introduced until an even level
of red-hot coke was maintained. There was no chimney: draught was controlled by
using loose bricks at the top rear end. By removing or replacing these bricks the student
could increase or choke down the draught, and thus increase or reduce the heat. The
brick walls were roofed over using warped old fire bars as support, followed by alayer
of scrap corrugated iron. Dry sand was shovelled on top of the corrugated iron. A good
thick layer of silica sand made excellent insulation. Once he or she had learned to stoke
the kiln, the foundry student could keep a good even heat, by stoking every hour.

Roman arch My own kiln, and those built by most of the lost-wax castersthat | know
in England, uses straight brick walls reinforced with angle iron braces and tie rods,
while the roof uses a conventional Roman arch held in place by wedge-shaped bricks.
Bag walls inside protect the moulds from direct flame (which causes serious, and
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damaging, spurting of the investment). Coke is now expensive in the UK, so most
casters use oil or gas as a fue. There are many types of automatic control devices on
the market which will regulate the flame and control the temperature inside the kiln.
Some of these can be programmed to regulate the entire burnout cycle. Because of the
huge cost of such equipment (at least as much as the cost of al other components of
the kiln, sometimes twice the cost) | have not included them in this book. It is much
cheaper to regulate the kilnjets yoursdf, even though you may lose some sleep.

—————————— Tiebars
__________ -={p — and nuts
back of ki
...... 4 - ack of kiln )
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Fuel . | Fuel
and air | _and air
Figure118. Romenarch kiln Figure 119. Catenary arch kiln

Catenary arch Thisisarecent development in kiln design, and an extremely practical
solution to construction of brick without steel supports (see illustration). To hold the
bricks in place while you complete the arch, you must build a wooden support, just as
you would for a roman arch. The side of the kiln can be built up with normal bricks,
but the top part of the curve will have to be made of shaped bricks. The main advantage
of the catenary type of kiln is its shape, which encourages a good flow of heat around
the moulds (though thisislessimportant at low temperature than it would be for pottery
firing). Furthermore, its shape makes angle iron or other steel reinforcing unnecessary.
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Figure 120. Floor plan and burner arrangement for gas or oil fired Roman or catenary
arch kiln
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Figure 121. Movement of flame over bag wall down to flue

Thetop-hat kiln The 'top hat' is another recent type of kiln, and one that would not
be possible were it not for developments in refractories simulated by the aerospace
industry. Building it depends on being ableto obtain asupply of ceramic fibre blanket,
normd brickwork istoo heavy for the counterweight mechanism. A discarded 40-gal-
lon il drum isided for the casing of a amdl kiln. Line this with two or three inches
(50-75mm) of ceramic fibre blanket and cut a disc of the same materid for the top.
There are two ways of fixing the oft blanket in place. One is to glue it with sodium
dlicate (dso known as waterglass), the other isto make smdl button-like washers out
of stainless sted sheet. These hold the blanket in place, fixed with stainless sted wire
which is passed through the blanket and the stedl drum. The top hat Sits on abase of
firebrickswith the flame entering tangentialy. Y ou must creste aflame passage, using
ashort bag wal, or beffle, to protect the moulds. A sted scaffold supportsthe chain or

Wire rope
Hooks

o

‘Top hat'

steel drum
lined with )
ceramic fibre :
T
N P Plan of base
Sl e (brick or
= refractory
‘\\ concrete)
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tangentially

Base
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Figure 122. Home-made lop-hat' de-waxing kiln using ceramic fibre
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Figure 123. Top-hat de-waxing kiln: elevation
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Figure 124. Simple Propane and air burner for top-hat kiln

cable of the counterbalance weight. A 40-gallon drum doesthejob well, and costs very
little. For alarger top-hat kiln you will have to have a cylinder of sheet stedl rolled up
to your design. Naturally the counterweight and the scaffolding will have to be scaled

up in proportioa

Trolley kiln (more usually known asashuttlekilnin the USA). Thistype of kiln uses
aflat bed of refractory brick on asteel frame which is mounted on wheels. The flanged
wheels run on track or angle iron so that the trolley can be pushed into, or out of, the
kiln. Usually the door is an integral part of the bed, held in place and reinforced with
asteel framework. The trolley kiln needs alot of welding and general metal work, so
itisexpensiveto build, but it has several advantages over more usual kilns. The Roman
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type of refractory moulds are heavy when wet and brittle when fired, so thetrolley kiln
has the mgor advantage of stability. Moulds can be placed onthetrolley easily without
having to crawl into the kiln with the risk of damage to your back. When fired and ill
very hot, the moulds can be scrimmed up on the trolley (see Roman logt-wax casting,
Chapter 6). Once sy jacketed in scrim and plagter, the moulds can be turned right
way up and placed in sand ready for metd filling. This savesthe even greater discomfort
of working insde ahot kiln. The congtruction of the outer box and the bag wallsisthe
same as with any other kiln. A trolley kiln can be either Roman or catenary arch.

Crucibles

Cruciblesimported from Europe or the USA are expensive. Even if the smdl foundry
can dford the price, they are difficult, sometimes impossible, to obtain.

Intermediate Technology initiated research into crucibles which could be made
locally, concentrating in two aress.
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0 A locd crucible, commissoned from the Dedza Pottery, Mdawi

0 Research into locdly mede crucibles in the late nineteenth, early twentieth
century in Sheffidd, UK.

Three types of crucible were commonly used in the early twentieth century:
1. Clay-grog crucibles

2. Siliceous crucibles (dso cdled 'white' or hessan crucibles)

3. Graphite (sometimes cdled plumbago, or black lead) crucibles.

In Sheffidd the first type was generadly usad for sted because of the sengtivity of
the carbon content. (The added graphite in type 3, picked up from the crucible, would
increase the carbon content of the stedl.) Later, various means were found to overcome
this problem, but at that time graphite crucibles were used manly for non-ferrous
casting. Hessian crucibles were used, dmost exclusively, for [aboratory testing.

Clay crucibles go back to the earliest metdworkers and are still made, and used, in
West African and Indian foundries (see Appendices A and B).

In Sheffidd, crucible making by 'potmen’ was a specidized skill and trade. Fortu-
nately, some of these craftsmen lived until the last decade, and some left accounts of
their work. These give the formulae, the types of clay, and the proportion of refractory
materia, as wel as precise directions on fundamentd stages of crucible making,
especidly in the mixing of the components, and the drying and baking stages.

During the European Industrid Revolution, Germany wasthe leading exporter of fine
crucibles, of the sliceous or 'hessian'’ type, used for |aboratory, chemicd, or metalur-
gical test work. Graphite, or plumbago, crucibleswere alater discovery. Joseph Dixon
of New Jersey, USA, advertised his new, patent 'blacklead’ cruciblesin London papers
in 1827. In 1851 Dixon exhibited his crucibles at the London Great Exhibition. Inthe
mid-nineteenth century, Morgans, the ceramic importers of Batlersea, London, sarted
to make their own crucibles using graphite imported from Si Lanka (Ceylon asit was
then). In 1857, Morgans 'Patent Plumbago Crucible Co' was exhibited at the Crysta
Pdace, London. Crucible makers in the USA had the advantage of locd sources of
graphite, with abundant supplies over the border in Ontario and Quebec, Canada

Morgans searched theworld for their own sources of graphite, and it isuseful to learn
where they found it.

Apat from Si Lanka, the origina source, the Battersea.company aso mined graphite
in Travancore in southern India, Kenya and Madagascar. There are depodits in the
former Czechodovakia, Mexico, the Caucasus and Sberia

In 1988 we found graphite on the surface in Maawi (see Appendix Q. In Sheffidd,
powdered coke was used as a subdtitute for graphite. Many potmen preferred coke to
graphite. Cod, on the other hand, istoo gassy and bumstoo easily to be of any use.

Graphite, like diamond, isaminerd form of eementa carbon. Manufactured graphite
is related to dlicon carbide (which is dso used in modern crucibles). The most
important advantage of graphite is the gpeed with which heat passes through the
crucible to the metd. Metd in a graphite crucible reaches mdting point much quicker
than aclay-grog crucible. This saves both time and fud.

142



There are d <0 other advantages to graphite, which:
0 Increases the crucibl€'s resstance to thermd shock
0 Reduces the tendency of the metd to oxidize
0 Remains usegble much longer than the clay type
0 Can be usad repeatedly until the wal becomes too thin for safety.

Composition

Clay and graphite are the chief condtituents. Grog and free silica are added to keep
shrinkage within convenient limits.

Sheffidd potmen used various clays but found none better than pladtic fireclay, or a
mixture of fireclays. It isessentid that the clay is plastic enough to retain alarge amount
of graphite (graphite is amuch lighter materid than clay; though the weight may be
about equal, the volume gppears diproportionate).

Desrable quditiesin clays include high binding power (aso cdled 'fat' clay). The
binding clay must not have too high ashrinkage, so the limitsof itsplasticity are narrow.
It need not be highly refractory. It should sinter (vitrify at the surface) a a low
temperaure but retain its shgpe a a much higher temperature (in other words, have a
long range of vitrification). The clay must dso produce amaterid of great mechanica

strength (both tendle and crushing).

Sheffidd potmen redized quickly that no single clay has dl these qualities, o they
used amixture of severd clays. Two types of clay were used: ‘white' (or chinaclay)
and fireclay. The firgt came from some distance, the second was from loca clay beds.
Thelocd (Derby) clay isrichinduminaand highly plastic (for afireclay). Locd clays
were chegp (avoiding the cost of transport) and their quaities were discovered by tria
and error.

Crucibles: approximate formulae

1. Clay-grogcrucibles

1 part clay, 2 partsgrog (replace 0.25% of grog with old crucible material, ground
to powder). Useacoarse grog, reject thefine particles.

2. Sliceouscrucibles
Equa weight of slicaand clay (usng avery plastic binding clay).
3. Graphite (plumbago) crucible

Formulae range from equd parts day and graphite (by weight) to 1 part clay to
4 parts graphite. Brassfounders preferred 50% graphite.

Two formulae for crucibles for copper alloys A Germanformula

Graphite 8 12 Fireclay 36
Fireclay 67 50 Coarse grog 23
China clay — 13 Powdered coke 23
Grog 25 25 Graphite 18
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Mixing: treading, panning and pugging

Records kept by the potmen in 1943 show that the clay and grog were mixed by spade
and then 'trodden’ for three or four hours. Early photographs show that this meanswhat
it says. The potmen turned the mixture with spades, then trod the clay with bare feet
until their experienced feet and toestold them that the clay wasready. The dternatives
were panning, using a centrifugd mill, or more commonly apugmill (screw mill).

A.B. Searle made many tests on different mixesin 1917. He reported that the powered
pugmill mixed and prepared the clay quicker than treading, and he could find no
evidence that the crucibles made this way were inferior. He reports, however, that the
potmen indsted that treading produced a superior crucible.

Either method had the same purpose, to expd ar pockets or lumps of extraneous
matter, and mix the clay to an even consstency.

Manufacture

Once hejudged that the clay was ready, the potman cut the dlay into pieces which he
judged to be the right size for the crucible mould. He weighed them and rolled each
into aball. Theiron mould defines the shgpe of the crucible exterior and aged form
suspended above it makes the inner shape. A hole in the base of the mould receives a
pike. This regigters the position of the inner stedl form ensuring that the wall of the
crucible is an even thickness (it hardly needs saying that a crucible of uneven wal
thickness will create al sorts of problems and hazards during the melt process). Both
mould and stedl inner piece were greased to prevent the clay sticking, and the ball of
clay was then put into the iron mould.

Pressed down into the mould, the sted inner form forced the ball of clay againgt the
wall of the outer mould and squeezed the clay upward into the required shape as the
pike located the register hole a the base of the inner form. Clearly thisaction required
much force. A smdl crucible works would use manpower, hammering the stedl into
place with a heavy dedge hammer. In alarger factory, a smple but robust machine
would force the farm into place in the mould by lever or screw action.

The surplusclay would then be scraped off evenly at thetop, the stedl centre removed
and the crucible gected. The pouring lip would then be pinched or modeled into shape
by hand.

There were severd dternative methods for manufacturing smdler crucibles. The
most common methods were to ether throw on awhed or produce mechanicdly on a
smple machine known in the English potteriesas a'jolley and jigger'. Thejolley, an
iron or plaster mould, rotated, while a sted profile, or jigger, was brought down into
place to pressthe clay againg the jolley (an action rather smilar to spinning metdl).

Drying and dry storage

Whatever means is sdlected to make the crucibles, one rule gpplies to the drying
process. Cruciblesmust dry dowly and uniformly, free from draughts or direct sunlight,
otherwise they will crack. Store them in awarm dry place. Above dl avoid frogt. At
this stage crucibles are particularly susceptible to frost.
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Thorough and even drying necessitates prolonged storage, as much as three months.
Crucibles should always be stored mouth downwards, both during manufacture and
between uses. This minimizes stress on the crucible and also prevents the accidental
inclusion of debris.

The next stage was known as 'warming through' in avery low temperature kiln or
oven. Once again, this should be very gradual.

The fina stage, the firing process, was known as 'burning'. For grog crucibles the
kiln wasfired up to 1230°C to 1250°C; for plumbago crucibles 710°C to 900°C. The
latter were packed in muffles or saggers, with coke dust or sand, to prevent undue
combustion of the graphite.

Once again (and one cannot emphasi ze this too strongly) the rise in temperature was
slow and gradual. To reach 110°C takes 48 hours, and another 48 hours or more to
reach the final temperature. Cooling should aso be slow.

Lining
Crucibles were usualy lined, or glazed. This was particularly true in the case of
crucibles for the iron and steel industries, in order to prevent the intrusion of graphite
into the melt.

Glaze 1 Felspar and whiting in water

Glaze 2 A solution of 70% water, 20% waterglass, 10% salt or soda.

Care of crucibles

Avoiding unnecessary wear or damage to crucibles prolongs their life and prevents
accidents. Whether imported, or made locally, crucibles are amajor part of the running
cost of any foundry. It is worth taking extra trouble to extend their working life.
Themost likely sourcesof prematurewear are either poorstorage conditions, orbadly
made or ill-fitting lifting irons.
1. Storecruciblesin awarm dry place, off the ground on shelves or wooden pallets,
or on dry straw. They should be placed mouth downward. Crucibles should never
be stacked on top of each other, or on their sides.

2. Discard or rebuild mis-shapen tongs or ring shanks. Make sure that the irons fit
the crucible centrally and snugly. Crucibles come in many shapes and sizes,
which means using more than one set of irons. If possible, standardize crucible
sizes and check the fitting of the irons frequently. Extreme heat warpsthe irons,
so they need to be checked often. A smaller size of crucible can be used in a
larger ring shank by using 'dogs’ (steel spacers) of the correct size. Check that
the dogs are agood fit.

3. 'Packing* or 'wedging' acold crucible with ingots or scrap is abad practice and
may damage the crucible. The metal expands more than the refractory and may
force it or crack the walls. Pre-heating the crucible and then placing one ingot,
or asmall quantity of scrap, is the correct practice, feeding in more as the first
charge starts to melt.
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4. The use of fluxes or coversis common practice with brasses and bronzes, many
would say it isessentid. During the rapid aosorption of oxygen, borax and other
fluxes corrode the crucible a the top of the melt Unfortunately there is no way
of avoiding this, but wear can be minimized by varying the height of the melt,
thus spreading the area of corrosion.

Conclusion

Resgtanceto therma shock isin the nature of any refractory, but resstanceisametter
of degree. Mgor temperature changes cannot be avoided, but the speed a which this
change takes place can, and must, be controlled.

Sengtivity to the nature of refractories and care of dl tools, indruments and equip-
ment involved in the heating and melting processes will save you money, time and
much frudration.

Furnaces, kilns and crucibles vary widdy, but one generdization that can be made
with confidence is their averson to damp. Unless the furnace has been in use the
previousday, and isdill hot, you must build up heat dowly. A warming period of 20-30
minutes is sufficient when the furnace isin regular use. If the foundry has been closed
for repairsor aholiday period, or when commissoning anew furnace, you must warm
the brickwork firgt and then build up the heat very gently and dowly. If you do not take
this precaution then the brickwork will crack and spurl.

Crucibles should dways be kept dry and warmed before use.

Dampisthe enemy of dl refractories. To give one extreme example: adamp crucible
that is heated too fast for the seam to escape naturdly will explode like an artillery
shell. Anyone who has experienced thiswill tell you that it is alesson not likely to be
forgotten.
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12. Faults, fettling and finishing

Common faults in castings

Sand casting

Blow holes; gas holes; porosity; pin holes
Blow holesareround or dongated cavities, usudly smooth-wadled. They arefound on,
or close under, the surface of the casting.

Gas holes are ether caused by insufficient venting of the core, or the core printsare
not large enough to dlow the gas to escape.

Fin holes and porosity are caused by the absorption of gasin the molten meta. The
reason for this is incorrect fluxing or de-gassing procedure.

Figure 127. Large holes called 'blow Figure 128. Pinholes, called 'sponginess’
holes', caused by steam or gas in or ‘honeycombing', caused by moisture
the metal (steam), aspiration or gas in the metal

Inclusions: oxide, dross, sand, drop
Oxide and dross inclusons are caused by the entrgoment of surface oxide, or other
foreign matter, during pouring of the molten metdl.

Sand inclusion and drop result from careless ramming or withdrawing of the pattern,
leaving loose sand in the mould cavity. This will be induded in the casting. Dropis
when the upper surface of the mould cracks and pieces of sand fdl into the mould
cavity. Thisis caused ether by sand of too low a green strength, or by soft ramming.
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Scabs
Scabs are rough, irregular projections on the surface of the casting containing embed-
ded sand or refractory. There are two types. expanson and eroson scabs.

Expansion scab A smdl areaof the sand surfacelifts, alowing metd to flow beneath
it. This usualy occurs a the top surface of the mould where the sand becomes
pre-heated by radiation of heat from the molten metd. This causesthe thin outer layer
of sand to dry up and expand, leaving an air ggp between me dried surface and the
green interior.

Erosion scab Thistypeis caused by uneven running of the meta, or bad design of
the gating system. Molten meta scours (or erodes) sand at pointsthat are not stream-
lined, or at badly desgned parts of the mould or core which impede the metal flow.
This eroson point leaves an unwanted 'positive’ on the casting, while the displaced
sand may find itsway to the top of the mould, resembling adirt incluson.

Sand scoured Surface scab

away. Rough 3 4 hides a sand
lump of metal. ¥ inclusion caused
Cause - poor by over-ramming

sand: surface
breaks away,
forming
superficial scab

design sprue
system scours
sand surface

Figure129. Examples of scabbing

Flashing (also called fin or feather)

Thisisthe formation of an unwanted run of metd a the parting line, caused by legkage
of molten meta into the gpace between two haves of the mould. This may be caused
by poor mould making, or by insufficient weight holding the cope in position.

Shrinkage or contraction

Contraction cracks are irregular cracks formed when the metd pullsitsaf apart while
themould iscooling. A shrinkage cavity isavoid or depression caused by uncontrolled
solidification (see Med flow and solidification, page 122). The causes may be wrong
location or inefficient gating and riser system; or poor design of casting or abrupt
changes of section thickness; or pouring temperature of metd being too high.

Shift; swell
Shift is the result of a mismatch of the sections of the casting, usualy at the parting
line. Themost likely causeis cardessness. Misdignment of flasks, incorrect mounting
of pattern plates, or worn locating pins are thefirst thingsto look for. Core shift is caused
by undersized (or oversized) core prints, or chaplets (locating pins) of the wrong size.
Swdl is the term describing an unwanted positive, usudly caused by week, or
incongstent ramming of the sand, or by the cope lifting because there is not enough
weight holding it down. Occasondly aswell is caused by metd flowing into the mould
too fast, so building up too much pressure.
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Figure 130. Shrinkage and cracking Figure 131. Contraction necessitates the
caused by poor design or technique redesign of runner and feeding system

.
7 ,
////////////////// / Swell

Figure 132. Swell of metal is caused by weak or haphazard ramming

Warp

Warped castings are rare in small foundries. This is more often encountered in large,
or flat, castings where insufficient camber alowance has been estimated. On a smaller
scale, other causes are: (@) flasks too small, which causes rapid cooling at the edges or
ends of the casting; (b) weak flasks, allowing movement of the sand; (c) too narrow a
gating system, which will not alow metal to reach the mould cavity fast enough; (d)
excessive strength in cores.

Cold shut or missrun

A cold shut looks, at first sight, like a crack, but its smooth rounded edges betray its
true nature. It is produced when two streams of metal, flowing in different directions,
meet without fusing together. This is rare in bronze or brass, but very common in
aluminium, ametal which oxidizesrapidly. A layer of oxide, pushed ahead of the melt,
prevents the two flows of metal fusing.
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Figure 133. Metal poured too cold or a badly designed runner system can cause a
‘cold shut' or missrun; aluminium is particularly prone to this

Rough surface; metal penetration

The most common cause is poor qudity fading (surface) sand. Sand which has high
permesability, large grain size and poor green strength will give a poor surface to the
cadting. The other cause is soft ramming.

Lost wax

Note: Faultsin lost-wax casting can often be traced to the wax rather then the casting
process. For example, pin holes, or an uneven surface on the metd casting may not be
due to faultsin the investment or gas in the metd, but quite Smply abadly made wax
with ar bubbles near the surface. Thorough qudity control of waxes, therefore, is
essentid.

Asauming a perfect wax, the following are four common casting faults.

Gas holes (porosity)
These are caused by:

o Insufficient heat-soaking time during the burn-out process
Moulds mugt stay in the heat long enough to remove dl trace of wax gas from
the core. This is particularly important when there is an enclosed core. Allow
sufficent time in the heat. Fit a core vent.

0 Gas in the metd
Thiswill only occur if the correct fluxing and de-gassing procedure is neglected.



Flashing (also called feathers)

These are either a Sgn of poor qudity invesment, or (more likely) over-baking the
moulds. Either too high atemperature or too long an immersion in the heat Hashing
can aso be caused if the mould is exposed to flame if, for example, the bag wall is
broken or fissured, so that the flame plays onto the mould surface.

Scabs

These are mogt likdy to be caused by pouring the metd too hot This causes a
meta-to-mould surface reaction, bresking down the surface of the mould. Too thina
firg coat, or falure of the firg to bond onto the second coat could aso be responsible,
Thisisthe reason for amiddle layer of ‘one, one and one' (see block investment, page
68). A combination of first and outer coat which do not bond efficiently, and too high
afiring temperature can cause ametd '‘cocoon’ around the casting. Thisusually looks
worsethanit is, and can be chisdlled awvay with care.

Potatoes

(Fromtheltalian casters 'patati'.) These are round, smooth, organic looking positives
attached to the surface of the castings. These are caused, invariably, by air bubblesin

the investment durry. Sometimes the potato isformed in acrevicein the casting, when
itisared nuisance. The most important adviceisnot to panic. A potato isnever asbad
asit seems. Theair bubbleis usualy formed in the second coet of the investment (only

gross carelessness will have been respongible for an air bubble on the first coat where
it is so easy to spot and remedy). The potato is atached to the casting by one point or

athin feather, rardy more than that. Using achisd or hammer to whack the potato free
isamistake, becauseit will bresk off ashred of meta from the casting, which will have
to be repaired later. The correct procedure is to use a grinder, fine saw, or fine chisd,

to reduce the solidity of the potato until only athin layer is atached to the casting.

Findly thistoo can be chisdled avay (see dso Metd flow and solidification, page 122,
and Fettling and finishing, below).

Fettling and finishing

Thefinest mogt precise cagting can be ruined by dumsy and imprecise metd finishing.
Surplus metd must be removed logically and with patience.

Figure 134. When removing the runner, never take the cutting disc too close to the
casting: digging in with the disc can ruin the surface
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The point of greatest risk isthefirst cut-off of sprues and feathers. Thisis often handed
to the youngest and clumsiest apprentice. By the time the casting reaches the most
skilled worker, the damage is done. Therefore, the first cut-off should be done by a
skilled, experienced artisan. This smple lesson cannot be over-emphasized.

Some of the cleaning methods used for ferrous castings are not suitable for non-
ferrous, firstly because the metal is more easily damaged, and secondly because,
generally speaking, the castings are smaller and of thinner section.

Shaking out

Shaking out takes place as quickly as possible for economic reasons. You must,
however, consider the nature of the metal and the effect that rapid, or gradual, cooling
will have upon the casting.

Fettling stages (sand casting)

Knocking out of dry sand cores

Removal of gates and risers

Removal of finsand unwanted projections
Finefinishing

Cleaning castings

Repairs to castings

o g~ w D

1. Knocking out

Both pneumatic and hydraulic tools are used in larger foundries. The smaller foundry
will find a long stedl bar and hammer the cheapest and most versatile method.

2. Removal of gates and risers
Knocking off, or breaking with a hammer, is a common method of remova with grey

iron castings, but thisis not suitable for copper or duminium aloys. For these you will
need:

0 Metd cutting saw; either a power saw or hacksaw
0 Sprue cutter (also called a bolt cutter) for smaller gates and risers
0 Most useful of all, a disc, or arasive grinder, cut-off tool.

3. Removal of fins

For this you will need a saw, chisal or grinder. Great care must be taken to follow the
contour of the casting. This is always important, but you must be especialy careful
when using a portable grinder. Hasty or impatient cutting off or finishing with agrinder
can cause hours of unnecessary work to repair the damage.
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4. Fine finishing
Metd finishing toolsin common use include:

0 Pneumdic or dectric angle grinders. These are smdler than the large cut-off
grinder.

0 Pneumatic or dectric die grinder. This can be fitted with rotary files or abrasve
points of various Sizes.

0 Electric flexible shaft grinder. Less versdtile than the die grinder, but safer and
lesslikely to cause accidenta damage to the casting.

Ball-pein
hammer and
Hacksaws Files of Cglriglrl]gr?(ljs’
| d various .
(large an medium

shapes and

small) sizes

Figure 135. Metal finishing tools

0 A vaiety of amdl metd cutting chisels. For fine finishing work you will need
cutting edges of different Szes and shapes.

0 Hacksaw, normd size. For fine work a smdl hacksaw (sometimes cdled a
butcher's saw) is a useful toal.

0 Files. For bronze you will need avariety of smdl but coarse-toothed files. Do
not use these for sted until they will not cut bronze cleanly, then they will be
suitable for work on mild stedl.

Note on filing al uminium: duminium work-hardens and sticksto thefile. If dlowed
to remain, these hardened pieces of swarf will scar and damege the surface of the
casting. Theway to avoid thisisto lubricate the file using tallow mixed with turpentine
or to use talc. Thetalc must be gpplied often, but it is less messy than the tallow. Use
awire brush on the file to remove the duminium swar.

5. Cleaning castings

Preliminary cleaning
With the exception of duminium, magnesum and zinc-based metals, most castings
come out of the mould with sand, scale or investment gticking to the surface.

Insmall foundries, shaking off the sand, knocking out the sand core, or knocking off
theinvestment materid isusualy amanud rather than amechanica process. Inlarger
foundries, vibrating tables and pneumatic hammers are commonly used. Whatever the
method, care must be taken to keep down, or contain, dust. Foundry wor kersmust use
efficient masksor, preferably, air pressurized helmets.
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Surface cleaning

TUMBLING
The cagtings are put into a large sted container which is supported on trunnions (see
Glossary). Smdl pieces of white iron are put into this barrd with the castings. The
barrd is rotated and the castings and iron fragments tumble againgt each other. This
peening process removes any flashes or sharp edges and dso cleans and polishes the
cagtings. Tumbling is generdly used for iron or sted castings of medium size, not for
delicate non-ferrous castings.

SANDBLASTING
A dream of compressed air containing particles of sand, or other abrasive, is directed
a the casting through a specid nozzle, or gun. The aborasve is drawn into the mixing
chamber of the gun from its reservoir by the vacuum created by the passage of air a
high velocity. The aborasive isusudly ether sand or sed grit, though sometimes glass
beads are used.

Smdl castings are cleaned in a cabinet with a window through which the operator
can see the flow of sand onto the casting and therefore control it Larger castings are
cleaned in an enclosed room with a perforated floor through which the sand drops to
be re-used.

Because of thedanger of silicosisor eyeinjury the operator must wear heavy-duty
rubber gloves, protective clothing, and mask or face protection. The most efficient lur
protectionisan air-pressurized helmet.

HYDROBLAST
This is aless hazardous method using a cabinet, or in the open, and one particularly
well-suited to a smdl-scale foundry doing precise castings.

A water pump forces astream of water at high velocity past aside tube which conveys
fine sand. The sand is sucked into the mixer. Sand and water are directed a the casting.
This method is more suitable for non-ferrous than ferrous castings, because the latter
are corroded by the water. There are various means of separting the water and the
sand. Perhaps the smplest isto stand the casting in apit or lined basin with ashdlow
damto dlow the water to trickle out whileretaining the sasnd to collect later, dry, Seve
and use again.

The second advantage of hydroblast isthat the water prevents the aorasive dust from
floating about, where it can do damage to both workers and machinery.

SHOT BLASTING
Thisismore usud in large foundries and for large castings. Sted shot ishurled against
the casting using a centrifugd impeller whed. Some units use arotating table others
tumble the casting asthe sted shot hits the surface with grest force.

PICKLING
Fickling is usad for bronze or brass castings, not for duminium, magnesum or
zinc-based metals.

Either nitric or sulphuric acid makes a satisfactory pickle. Assuming that the acid is
95% to 98% concentrate, adilute mixture of 1 part of acid to 8 parts weater cleansthe
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surface of the casting well. Alwaysadd acid to water. Never the other way round. Add
the acid dowly; do not dlow it to splash or froth. All fumesfromconcentrated acid are
toxicand highly corrosive.

(Aluminium can be etched with hydrochloric acid provided that the metd is sus-
pended face down in the acid and agitated occasionally, to alow the precipitate to fall
from the etched surface))

Keep the picklein aplastic or ceramic container. Do not alow pickle used for copper
aloysto become contaminated with iron.

6. Repairs to castings

Aluminium castings can be gas welded, or tungsten inert gas (T1G) welded using
dternating current (AC). Either sysem demands a welder with ahigh degree of skill;
the myth found in some handbooks amed a the smdl foundry that any garage
car-repairer can weld duminium is nonsense. For arcraft production during World
War 11, women proved to be the best duminium welders because male instructors
discovered (to their own chagrin) that women were much more respongve to the dight
visible change in the surface of the duminium as it melted.

Bronze and brasses can be wedded with oxy-acetylene, direct current (DC) arc, or
TIG weders. For an experienced welder, TIG is the easest and mog satisfactory
method, but the equipment is extremey expensve and requires a supply of the
gopropriate gas. DC arc is not difficult to master. Oxy-acetylene is the cheapest and
aso the mogt difficult method.

The rulesfor welding any form of casting are the same: a clean surface, pre-hegting
before welding, and dow cooling after the weld is completed. For large castings, or
those of dissmilar thickness, it may be necessary to build abrick muffle (see Glossary),
fill it with coke and place the cadting indde it Gentle build-up to an even heat, and
dow cooling will prevent cracking around the weld.

Castingsare vulnerableto thermal shock. They must be pre-hested gently and evenly,
and cooled dowly. No traces of scale, dirt or investment refractory must remain on the
surface to be welded.

Thorough knock-out pickling and hydroblasting usualy do thejob. Time spent in
cleaning saves much time and frudtration during the repair welding stage.

Flow welding

Thismethod was much used inancient times. It isrardly, if ever, used where the founder
has access to welding equipment | have only seen it done twice, once by an Italian
master craftsman using the Roman method, and once in Foumban, Cameroon, using
the clay durry method. In each case it worked well (see Appendix B).



Traditional Nepalese bells (background) and Pelton turbine wheels drying in the sun after
first, second and final coats of investment using the Newar method
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Appendices

A. Newar casting in Patan, Nepal

Patan is now a part of greater Kathmandu, but it used to be the independent city of
Lalitpur, divided from Kathmandu by the river. Most of the traditional industries are
found in Patan, except for ceramicswhichis centred on Baktapur, another of the ancient
and powerful city states of the Kathmandu valley. The Newar are the original inhabi-
tants of the valley and famous for their skill. As far back as the seventh century, the
rulers of Tibet sent for craftsmen from Kathmandu to teach them the art of lost-wax
casting. In the thirteenth century the Emperor of China, Kublai Khan, placed a Newar
craftsman in charge of the Imperia metal restoration workshops.

In Patan two different foundry traditions have been established in the same industria
area, in some cases side by side, and the ITDG team worked within two foundries, each
following one of these separate traditions. National Structures Engineering, owned by
the Mittal family, is an Indian sand foundry whose technique originated in the railway
foundries of the British Raj, and Nepal Dhaout Udyog, the small foundry belonging
to the Shakya family, follows the Newar tradition. Technical differences appeared
small compared to the socia or class barriers.

The Mittals' engineering business and foundry used conventional Western technol-
ogy, of atype common in Europe thirty years ago. The Shakya family foundry used an
ancient technology which was well-suited to the conditions in the Kathmandu valley.
Observations on Newar casting are dl based on what | saw, not what | wastold. | am
sceptical about what artisans tell strangers. They are in a competitive business, using
skills passed down through the family, or through hard-earned apprenticeship. They
may tell you some of what they know, but they will always |eave out some process, or
material, vital to the whole. Any formulae or recipes should be used with caution.

The Newar casting method

The wax

The wax is hand-modelled. There is no mass-production or use of flexible moulds, but
some details, such as faces, hands or ornamental details are press-moulded into hard
wax negatives. Traditional waxesin Nepal are made from tree resin (often called rosin),
beeswax and ghee, which is a type of melted butter (see Summary at the end of this
appendix for recipes and proportions).
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The design

The Newar technique alows form to follow function. Whenever possible the wax
component takes the form of a hollow cylinder. The line where one piece isjointed to
another becomes part of the design. Unlike European scul ptors who often work against
the nature of the process, the Newar avoids thin, complicated, horizontal shapes.

Though the decoration on the surface is complex, the basic form issimple. Thismakes
the whole process of casting straightforward and reliable. Though each piece is unique,
in the sense that it is hand made, each is made to a formula which minimizes risk.

The sprue system

Small section runners take the metal to al the extremities. No risers are necessary
because the air and the gases escape through the porous surface. The Newar technique
uses small cups and tends to be skimpy about the volume of the metd in the sprue. A
peculiarity of the Newar method is the 'dhwaya’. The dhwaya is a three-pronged wax
runner which is attached to every wax between the runner system and the cup. The
purpose of this is both practical and religious. The religious significance is complex
and difficult for an outsider to understand, but possibly symbolizes some kind of trinity
of gods. From a practica view, the dhwaya increases the head between the cup and the
model, and also, being thick in section, helps progressive solidification.

The investment

The first and second coats are invested by dipping into arefractory slurry. Subsequent
coats are thicker, resembling porridge. Each coat is dried before the next coat is applied.

The Newar do not use a cohol, soda, or any other degreasing liquid. Speaking through
an interpreter, and with some difficulty, the aunt of the Shakya family told me that the
slurry first coat is |eft to ferment for along time before it is used, and the mixture etches
onto the wax. Whatever the reason, it works. There is no problem of the first coat
wetting the wax; it sticks first time. The wax is dipped into alarge bowl of durry, air
bubbles are blown off, or removed gently with feathers. It is dipped again and then left
to dry. The proportions of each coat stay the same, but accounts of the materials used
vary - sometimes yellow clay, sometimes black clay, | suspect that the darkness of the
slurry was caused by charcoal.

Thefirst coat isadurry of clay and dung: 60% clay to 40% dung (cow or goat) sieved
fine and then wetted down to a creamy mixture.

The second coat is of the same material and similar technique to the first, but thinner.
More dung is added to the second coat (to a proportion of about 50/50).

Drying

Investing and drying were carried out on the flat roof of the workshop. The first coat
was |eft to dry in the sun for avery short time. It was then moved into the shade where
there was a breeze, and left to dry out dowly (a minimum of 24 hours). Each coat is
dried before the next is applied. The total drying time may be three or four daysin dry
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wegther, up to two weeks or more in the monsoon (this was the one mgor disadvantage
inthe Newar method).

The third coat shows a change of technique. A diff pagte like porridge is kneaded
thoroughly and pushed onto the wax with the fingers. This paste is made up of equa
quantities of clay, dung and rice husk.

The fourth coat isthe same. Thetotd thicknessis between 15 and 20mm.

De-waxing

The cup on a Newar mould looks odd to the eyes of anyone trained in the Itdian
tradition. For one thing it is smdl by those standards, and secondly, the insde of the
wax cup is coated with investment in exactly the same way as the rest of the wax. A
and| holeis left in the middle of the cup, and this is plugged with clay. This hole is
cdled the 'nowcha. When the mould is dry and reedy, it is hdd and turned over a
'makal’ (a thick clay fire pot containing burning charcod). The mould is turned
regularly to hegt the clay evenly. When the whole is above the mdting point of wax,
the nowcha plugs are removed from either end of themould, and theliquid wax poured
out into ameta bowl. Some of the wax permestes the clay and is lost. Mr Shakya
clamed that he recovered 75% of the wax, though later he agreed that it was nearer
50%.

The core

In this method thereis no corein the sense that the Italians use the term, nor inthe way
West African casters use it. The Newar method uses the same mixture, and system of
coats, indde and outside. Core nails, when they are needed, are much smdler than one
might expect because of the sengble shagpe of the wax. This same open-ended form is
used in West Africa, except that there the core is pre-formed out of clay, and with the
Newar technique it is not, but is invested both outsde and indde a the same time.
Finally, the ingde is suffed with the clay and husk "porridgemixture.

Baking the moulds

| visted severd Newar foundries and saw a variety of kilns and furnaces, using fuds
which ranged through coke, wood, kerosene, and waste oil. Nationd Structures
Engineering dso made biogas generators so, in theory, one could run akiln on methane
produced from animd dung. Bottled gas could be bought in camping shopsin Tamd,
but it was expensive. Among this bewildering variety of heat sources, | did not seeone
of the traditiond type that they described. | hasten to add that this does not mean that
such afurnace does not exist.

| spent alot of time with the Shekya family and they used a sysem very smilar to
that used in European foundries. That is to say, a separate bum-out kiln and metal-
melting furnace. The kiln burnt wood and the furnace coke which, at that time, hed to
be smuggled across the closed border with India.

Tending the kiln wasthe responsibility of the aforementioned aunt, who also invested
themoulds. Thekilnwas her area. It wasasimple, practica way of heating the moulds,
very smilar toaRoman kiln. Becauseit burnt wood, the kiln had openings at each end
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to load the two fire troughs. The ends, like the roof, were blocked with dabs of cement
mixed with silica sand cast in an iron frame. The moulds rested on a centrd platform
of brick, smilar to a Roman kiln. This hed the same type of trough in the centre, so
that the kiln supervisor could watch the flames at each cup.

Unlike the Italian moulds' 15-20 hours, the Newar moulds are baked for 3-4 hours,
until cherry red heet is reached. A team of aunts then maintained the temperature,
watching the mould cups closdy to see the flames or, on one occasion, smoke which
one of the youngest members of the clan ignited with aburning kerosene-soaked rag
on aniron bar.

When it was clear that no trace of wax gas remained, the kiln was closed up, and dll
thejoints seded with clay except for two smdl holes at the bottom to dlow alittle air
to enter. While thiswas hgppening, the furnace team cleaned out the brick furnace and
loaded it with coke. The dectric fan blower was brought out from the metd store.

Large dlicon carbide crucibles are beyond the purse of smdl companies or family
businesses like the Shakyas. Nationd Structures Engineering used large graphite
crucibles, inferior to slicon carbide, but dill very expensve because they were
imported from India All the Newar foundries that | saw used batteries of small
crucibleswhich melted, a arough guess, 25kg of brass each and lagted for three, four
or & mog five melts. The family kept a plentiful supply of fresh ones. They did not
themsel ves make them, though Mr Shakya had been gpprenticed to a potter asachild.

Once the kiln was closed, there was a pause while the family did other jobs, dways
keeping an eye out for the progress of the furnace. At last, when the metal was nearly
reaedy, thekiln was dismantled. The mouldswere left in the embersuntil thelast possble
moment, and only taken into the courtyard when the metd wasready to be poured. The
moulds were 0 hot that some of the sacks used to carry them caught fire,

Mea preparation

Thewesk point in the Newar cagting sygem liesinthe metal. Thisisnot only because
good qudity scrgp isvery hard to find, and properly dloyed and certified ingotsadmost
unobtainable, but because the Newar practitionersthat | saw took avery laissezfaire
attitude towards the preparation and pouring of the metal. Despite the poor qudity of
the scrap, fluxes, de-gassers or deoxidizers seem to be unknown. Neither borax nor the
old furnaceman's trick of powdered glass were used, nor any charcod to remove
oxygen. Possbly the burning coke made this unnecessary by cresting a reducing
atmosphere.

The second thing which perturbed me was the nowcha, which | have described earlier.
Thissedsthe cup to prevent any inclusonsduring thekiln firing - asensible precaution
- except that the worker entrusted with the job of unsedling the cup was so clumsy that
pieces of nowcha clay fdl into the dnwaya, or main triple runner (that, in an Itdian
foundry, rated ingtant dismissd).

My admiration for the Shakya family and the Newar sysem of casting is clear from
my earlier remarks, but this cardlessness a the dimax of the process explains why
some engineers, and Mr Mittd in particular, believed that 'the Shakyas are not in the
world of the turbines.
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Thediscipline and team work of the Shakyas, on the other hand, was superb. Pouring
smdl cruciblesinto big mouldsis no easy task because the flow of metd must not be
interrupted. As the molten metd delivered by one pair comesto the end, the next pair
gtart pouring from the opposite side. The mould for the base section of onelargefigure
took three cruciblesto fill it. 75kgisnot aproblem for afoundry using large crucibles,
but no easy task when you have to maintain the flow from three smdl ones. The aunt
good beside each mould in turn, a gtick in one hand and a copper bowl of powdered
resninthe other. Shethrew asmdl quantity of resininto the crucible and then pushed
back the drosswith the stick. Asher two nephews poured the metd, shethrew alarger
quantity of sal-dup (tree resin) into the mouth of the mould where it gave off a great
flare of ydlow flame. | had never seen resn powder used in thisway before, but it is
asengbletrick: firdly becauseit heats the cup in the same way asthe more sophisticated
(and much more expensive) exothermic deeve, and secondly, resnisan excdlent and
well-tried flux. It dso probably acts as adeoxidizer.

Three moulds hed cracks, one of these more than amere weep of metd. In each case,
Mr Sheky a, seeing what was going on, seized a handful of mud and husk which stood
ready, and plastered it onto the smoking mould with his hands. This porous poultice
dried ingantly and barred the lesk of any more molten metd.

The furnace contained 14 or 15 crucibles, but on one occasion they used a second
smdler furnace containing 5 or 6. Onthislarger pour they meted and poured something
like 20 cruciblesin an afternoon. Even then there were some mouldseft over. Thisdid
not trouble the Shakyas. The moulds were of course baked and void of wax, acondition
known as 'sdya’ in Newari. The aunt plugged the nowchaholes with gresat care, and
dored the moulds on their Sdes in a dry store room, where women made the wax
components.

Metal finishing

The metd workers gppeared to be itinerant, yet they were dso family. The metd
working section was large: five or Sx men and their immediate families, dso two
Shakya sons and a cousin, who joined in after abig metd pour.

Firgt, theludo was removed and sored in an outhouse where it was re-ground. Then
the remnants of the clay were washed and scrubbed off and the brass or copper castings
dried in the sun. The men sat in arow chisdling, matting or filing the castings. The
fine finishers used chisdls, files and various abrasves. The women and children
finished the polishing and burnishing.

The foundry wastoo far off the beaten track to atract tourists. Mr Shakya sold to the
larger, more tourigt-orientated Udyogs, or to dedlers in Tamd or Baktepur. All the
foundries | saw followed much the same pattern, locating the metd finishers a the
front of the workshop. Thiswas the obvious sde of the industry. Tucked away behind
the scenes in a dirty shed at the back were both oxy-acetylene and arc welders for
welding up repairs or faults in the castings. They dso had large and smdl angle
grinders, though they did not appear to use these very much.
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Summary - materials and gquantities

Wax

As a rough guide, equa quantities of sd-dup or rosin, beeswax and liquid butter
(choorighee) were used. Exact proportions depend on the ambient temperature. In cold
westher more fa should be added, in hot weather add more rosin. (In practicethe IT
team did not use ghee but added Vasdine and soft microcrystdline wax.)

Investment

For the firgt and second coats, cow or goat dung and clay of the kaolin type are used.
Thisisdried and Seved or rubbed through afine mesh to remove undigested impurities.
It is then mixed with water to farm afine creamy durry. The Shakyas Ift this durry
to settle and mix for severd weeks before using it. | suspect that either fine powdered
charcod or rice husk ash (kyonite) was added.

Third and subsequent coats

Clay and rice husk are usad in equa quantities. The proportion of clay isincreased on
thefind outer coat to giveit asmooth surface. Each coat isdlowed to dry. It isdamped
superficidly before the next coat is gpplied.

These materids are available locdly; they are chegp and efficient. Dung, being full
of chopped fibres, is not only an excellent binder, but also porous. Rice husk further
assigts porosity. Wheniitisfired it turnsto ash (kyonite). This is amorphous silica, a
gable refractory. The mould's porosity dlows air and gases to escgpe without risers.

Preparation of a crucible

The Newar word for crucibleis'bhancha. ThisisaNewar recipewhich | have not yet
tried, and therefore may not be completely accurate.

Black clay and rice husk are used in equd parts. They are kneaded together into a
paste. To this, ground-up Nepdi paper is added (this is paper made from vegetable
materid, not rag paper, Nepdi paper makers use bark digested in an akali solution,
straw, bamboo, sugar cane or leaves). When the pagte is the consstency of modelling
clay, acrucible isformed by hand. The account does not say by what method, but it is
probably coil or pinch. The crucible is then dried in the sun. Findly the crucible is
coated indde with borax and fired in the kiln, raising the temperature to red hest.
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B. Bamoum lost-wax casting,
western Cameroon

West Africaisone of the few areas where the metal casting process known aslost wax,
or cire perdu, has not been changed by the introduction of advanced technology.
Traditionally this is a precise technique based on a combination of skill and local
knowledge, using simple, low-cost technology. This makes the method ideally suited
to poor countries, or those whose economies have been destroyed by war.

In the search for 'intermediate’ foundry technology, one cannot overstate the impor-
tance of West African casting. In West Africa the first name that comes to mind is
Benin. The fine bronze sculptures of Benin are aclaimed in museums and galleries dl
over the world.

There is a mgjor problem facing the student of Nigerian sculpture. In studying the
technology of Benin and Ife, the ethnographer, sculptor or engineer discovers a break,
like a deep ravine, in the path of his search. Nigerian casting today is not the direct
descendant of the work of smiths and casters of Benin and Ife. They, like their craft,
were destroyed by the punitive British colonial expedition of 1897. For over fifty years
the practice of bronze sculpture ceased in Benin and the skills withered away. The
Nigerian bronze casting trade that we see today was set up in the mid twentieth century
by well-meaning foreign teachers and ethnographers. No one can say for certain how
much it relates to the original technique.

The craft in western Cameroon, by contrast, has an unbroken line. This is why the
small town of Foumban, former capital of Bamoum, is so important.

Foumban is a ddightful, relatively simple town which makes few concessions to
touristsor foreign travellers. 1t was founded in the seventeenth century by aTikar prince
who took it from the Bamileke who ruled the area from Bafousam. Disentangling myth
from fact is never easy, but the town's origins are confirmed from various sources, as
is the foundation of the artisans' village in avalley on the edge of the town, known as
the Njinka quarter.

Whether the Tikar smiths and metal smelters learnt their skills from Benin, or earlier
from the civilization around the Cross River, no one knows, but there seems little doubt
that the founders of the Njinka quarter were Tikar in origin. | spent a little over one
week in Foumban, walking to the village of artisans early each morning.

The Shell company in Doualagave mealetter of introduction which worked wonders,
enabling me to meet the antiquary and patron of artisans, El Hadj Moustapha Rengou.
Without hishelp | would have seen no more than atourist would. Asit was, once | had
shown him and the artisans' photographs of my foundry and proved that | understood
their business, two of the artisans, Abdou Ngou and Monta Oumarou, acted as guides,
escort and friends, and let me watch any of the processes that | wanted to see, take
photographs and make sketches.
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The process of making a West African casting starts with the core. This is true of
Ghana, Nigeriaand western Cameroon. Thisisthe one mgor factor which is different
from Nepaese and north Indian casting.

The Bamoum method (in order of processes)

The core

The core is dways made firgt, never poured into the wax, as with the Italian method,
or moddled into thewax (Newar method). The coreis often very elaborate, sometimes
even two-layered (see description of wax technique). Unique among the methods |
have seen, the Bamoum craftamen do not vary the congtituents of the investment. Core,
firgt coat, second and subsequent coats dl use the same mixture: clay 50%; dung 50%.

The clay is a specid red day which has ahigh percentage of slicasand in it This
makes it anaturd cagting sand; intexture it resembles heavily-grogged potters clay.
The dung used is horse dung dmost dways, except rare occasions when there is a
shortage, when cow is used as a subgtitute. Cow dung, Abdou and Montatold me, was
not as good because the cow's second somach chopped the grass fibre too fine. (This
is precisaly the reason that the Newar use it for the first coat, because of its findy-
ground texture.)

When | examined horse dung closdly (for thefirst time, | must admit) | saw that the
fibre was indeed much coarser. Montatold me mat the investment 'breathes and o
doesnot need ariser sygemto dlow air and gasto escape. Once again, likethe Newar,
thisisamgor advantage over the Italian method.

The wax

Thewax isbuilt up on the corein wax sheets or amd| threads of wax. Sometimesthe
mould isbuilt up inlayers: for example, an ornamenta lamp base shaped like a solid
bowl! insde afretted bowl. This surprised me because the basketwork technique used
in overlaying the wax threads resembled the classic village castings found in India.

The wax is beeswax without any additions. | asked about rosn or microcrystdline.
The latter meant nothing to them, but they had heard of the use of rosin. When |
mentioned the Nigerian habit of usng latex instead of wax they were amused, and quite
clearly thought someone had been joking with me. (I discovered later in the Pitt Rivers
Museum in Oxford, UK, that in parts of Nigeria casters use latex from the plant
Euphor bia camer ounica pax. Source: Willet, 1967.)

The beesax was of an excdlent qudity, aperfect modelling wax. For dush casting
onewould add rosin to the wax, but none of the casters| met used moulds, dl the work
was hand-made. On the other hand their knowledge was quite sophisticated; they knew
al about rubber moulds though none had used one.

The moddlerswarm thewax in the sun or over afirein aclay pot fudled by ordinary
charcod. Both Monta and Abdou were interested in pictures that | showed them of a
'machan’, asmal sove used by Newar wax workers. Thiswas aso apot made of clay,
but had a amdl rotary hand-powered blower atached. The Bamoum do not roll the
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threads as they do in other countries, but model them between their fingers. These
threads are remarkably even, and the artisans produce hundreds of metres each day.

Traditional patterns recur, though each artisan has his own way of working and
variants to traditional designs. The Bamoum craftsmen are eclectic: within the same
atelier | saw copies of Benin, Asante and Yoruba art, as well as styles adapted from
local wood carvings. One odd example is the casting of Bamoum, Bamende and
Bamileke style dance masks. The traditional masks were made of light wood, for
obvious reasons. There are many excellent copies for sale in Yaounde and Douala, all
made of the same light wood. Brass copies are, of course, far too heavy to hang on the
face, but the craftsmen discovered that there is atourist demand for metal masks. So a
new art form is produced to hang on walls in Dussddorf, Chicago, Lyons and
Birmingham.

The source of basic materials is always important, so | asked them where the wax
came from. Monta was deliberately vague. Clearly, wax sources came under the
heading of 'trade secrets'.

The investment

Unlike either Nigerian or Newar casting, the Bamoum make no distinction between
core mixture, first and second coat. They do not use either powdered charcoal or rice
husk ash. The mixture is aways the same: sandy clay and horse dung (see core). The
mixture would be immediately recognizable to atraditional bell-caster, who would call
it'loom' or loam.

The first and subsequent coats are prepared in the same way, by hand. Moist dungis
taken from adamp sack and spread on the ground; the clay is then folded and kneaded
over it to make a sandwich, in exactly the same way that a potter would knead clay to
an even consistency. The fibre in the mixture prevents the investment from being too
sticky or unpleasant to handle. Monta conceded that some casters added other fibrous
material such as pam nut fibres, but that he found their mixture satisfactory and saw
no reason to change it. Looking at the castings no one could quarrel with that.

The soft mixture is modelled onto the wax surface, like applying putty to awindow
frame. Pellets of the investment are applied with great care and pushed firmly into
place, driving out the air. | had never before seen any method that did not paint or dip
the first coat.

The position of the main runner was left exposed. Very occasionally in large moulds
the casters leave wax buttons for risers too. | guessed that these risers were more to
assist the escape of the molten wax than to alow air to escape. The mould is |eft to dry
in the shade (unlike the cores which are dried rapidly in the sun). The second coat is
added in exactly the same way. Either during the first or the second coat, the cup is
modelled on.

Judged by European standards, both cup and sprue system are small. This, | suppose,
is prompted by the difficulty of melting large quantities of metal. Bamoum crucibles
are always small and the problems of the metal melt great. Western foundry practice
will aways melt more rather than less, using alarge cup and athick section main runner
to provide a good head of metal and thus aid progressive solidification. The Bamoum
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skimp on the amount of metal used in sprue and cup. Sometimes they get away with
this, often they do not. Judging by the fake Benin head | have on the desk in front of
me, the Bamoum are highly skilled at repair welding (described on page 169).

After each layer hasdried, cracksand irregularities arefilled and plastered over before
the next coat is added. The mould maker Sorays on afinelayer of water from hismouth
or else damps the surface lightly with awet cloth. The complete mould, with its smal
wax cup, isgiven thefind coat, and the ingde of the cup coated over (thisisthe same
as both the Newar and the Nigerian practice). Thus the mould is completely enclosed.

The completed mould is dried thoroughly in the shade. Once again any cracks are
filled. | pointed out to the casters, when they asked why we used the Roman process
with such large plaster moulds, that the sun is an essentid ingredient in their process.
Like the Newar, they found the Northern European lack of sun during the greater part
of the year hard to believe.

Kiln firing

When themoulds are sun dried they are placed near thekiln to warm. The caster makes
agmdl holein the cup and then heats the mould over the charcod fire pot, tilting the
mould and turning it, to let the wax run out into a calabash. Mog of the wax is saved
in thisway - yet another advantage of the Bamoum method. One has to add, however,
that thiswill only work with moulds smdl enough to handle without danger of dropping
or cracking them. Findly, the moulds are stacked in the kiln which is built up for each
firing.

[llustrations of old Newar kilns show thet they too were of thistwo-tier pattern. These
died out in Kathmandu years ago, and have been replaced by aless beautiful but smpler
kiln, whichisdmaost an exact twin of the Roman design. Though | have seen thetwo-tier
kiln in books, and even found a disused one in an old foundry in Nepd, | had never

before seen one used.
Twin furnace/kiln
& A Sand on
2 d corrugated
iron roof

Moulds in

upper
chamber

Spherical
crucibles in
lower
chamber

<~ Tuyere made
of clay or steel

pipe

Hide or rubber
bellows

Figure 136. Bamoum two-tier kiln or furnace: upper chamber for moulds, bottom
chamber for melting bronze in spherical crucibles
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The Bamoum two-tier kiln (or furnace, for it serves both purposes) is divided by fire
bars about athird of the way up. Thekiln | saw was over one and a hdf metres high.
Fire bars are sted reinforcing bars about 40mm or 1.5n thick (cast iron barswould be
better but these are hard to find anywhere in the world, and probably unobtainable
atogether in Cameroon). Thereare no firebricks, so the bricks used in kiln construction
arethe loca adobe kind.

Thekiln isdouble chambered, sometimes built square and sometimestaking theform
of eegant double cylinders, indined inwardsin either case. | guessed that the kiln was
double chambered for strength, but no one could actudly explain why, except to say
that they had dways been like that. The two bottom chambers contain the cruciblesor
'marmites. These are surrounded by good qudity charcod. This was hardwood
charcod and came from a specid place, which was kept secret.

An experienced caster like Monta judges the quantity of charcod needed by eye
because no extra fud was added once the furnace was dight, | guessed that acertain
amount of charcod would be nesded to melt a given number of crucibles, but there
must be other factors such as ambient temperature and wind direction which would
afect the quantities used.

When the marmites are in place the fire bars are secured and the bottom part of the
kiln bricked up. Next, the moulds are placed on the firebars, largest moulds on the
bottom, smallest on the top, and the rest of the kiln bricked up.

The blowers or belows are of atype found in many parts of Africac two cylinders
with goatskin, canvas (or, more often, rubber tyre) digphragms stretched over them.
Older frames are caved from s0lid wood. The more modern are less elegant but
practical, using thewhed hubs of derelict trucks. From the base of each cylinder asted
pipe travels under the floor to each chamber of the furnace. Each digphragm has a
wooden pole atached to push it up and down, and foundrymen take turns in keeping
this basic blower going until the meta is melted. In one duminium foundry in Douda,

Wooden
pole fixed
to bellows

Rubber inner
« tube (motor

type) or leather
' ~ bellows

Older type of
bellows
Chambers carved
from wood, with
bamboo tuyere
Rubber bellows
fixed to truck —
wheel hub

Figure 137. Bellows and tuyere, Foumban, Cameroon
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some ingenious soul, tiring of this labour, had mede a fan out of tin cans, ad a
propulsion unit out of an old cyclewhed. A smdl boy turned this using only half the
effort expended by the pole pushers.

The ceramic mixture for the crucibles is not sophigticated and the marmites rarely
last for more than onefiring. They are made from the same mixture asthe moulds (there
isroom for experiment, and agreat ded of room for improvement here). The crucibles
arefilled with scrap brassand seded with aclay lid. | saw no bronze used. Montaadded
agmdl quantity of duminium to the brass, and adightly larger quantity of zinc. | saw
no borax or other flux.

Despite criticiam of these dangerous and unreliable crucibles, they do have one mgor
advantage, the molten metd was remarkably clean and free from dag. This lack of
oxidesis caused, obvioudy enough, by the seding of thelid.

The Bamoum gauge the temperature of the metd by the smoke. Some cracking in
the crucible lids is inevitable, and the cracks dlow the fumes to escape. Asthe zinc
vaporizesthe white smokeisobvious. Thekiln shed was open a the Sides o the danger
to the lungs from the zinc fumes is not great

Thetop hdf of onesdeof thekilnisdismantled, smdl moulds are leant againgt bricks
outsde, larger moulds are buried to the neck in dry soil, exactly as with the Romar/
European method. These are lowered into the pit and then soft sandy earth tamped
round them. This process was done with more enthusasm than science, if judged by
Itdian standards, endangering the moulds with much too much vibration.

Metal pouring

The closed crucible hasthe advantage of excluding oxygen. Once the brass has reached
temperature, the crucibles are removed from the fire by two men using wet green sticks
(i.e. four gticksholding one crucible). A smdl holeis punched in the Sde of the crucible
a thetop edge. Themetd is poured through thishole and it flows out remarkably pure.
That is the good news; the bad news is the danger. The marmites are lifted and the
metd poured using bare handswith only wet sacking for protection. | saw not aleather
glove or boot in theworkshop. Had | not actudly seen thisfor mysdif, | would not have
believed it.

Abdou did the lifting and pouring. He gopeared to revel in my disapprovd at the lack
of safety clothing. | asked Monta if there were many accidents; he admitted thet there
were some. Neither Abdou nor Monta, nor those close to them, wore any form of eye,
hand or foot protection. Unlike the Newar, the Bamoum disdain the use of gloves, and
severd of the casterscarried evil ridged scars on hands and forearmsto proveit. Abdou
showed me a long scar on the ingde of his right am and told me that this was made
by amarmite. When | remarked on this later to Monta he was scornful. 'll ment' he
sad (‘helies). Monta then added that Abdou hed been bitten by an animal. Looking
a the gze of the scar | was no less impressed.

The quality of the metal

Unlike bronze, whichisgolden asit flows, the brass used by the Bamoum is paeyd low.
Asit coolsit turnsslver. Broken out of the mould the metd 1ookslikeduminium. This
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coating (one might almost call it aflux) is easily removed with awire brush. What it
does to the alloy is less predictable. Like the Newar, the Bamoum care little for the
quality of the metal that they cast, et alone keeping to a specific alloy. They use the
words 'cuivre', 'bronze’, and 'laiton’, but | doubt whether it is understood what aloys
are, or how the various alloys behave. The castings are purely decorative. Originally
for the court of the Sultan of Bamoum, now for wealthy tourists, who they believe will
buy any old rubbish. For visiting professors and collectors with time to pick and choose
and haggle, they have some special, well-finished pieces, but once again the quality of
the metal does not affect the price.

Good quality metal is easier to buy in Cameroon than in Nepal, because the latter is
landlocked. | have no doubt that one could buy gun-metal or phosphor bronze from the
repair yards in Douala, but inland, in Foumban, | saw only brass.

Flow welding

Art historians tell us that the classical bronze casters of Benin and Ife used a repair
technique called 'flow welding'. | was fascinated and excited to come across this in
Foumban. Like most of their craft practices, the Bamoum artisans did not make a great
mystery of it, neither hiding nor displaying the technique.

Every lost-wax foundry in the world has dud castings, though the Italians usualy
hide this fact. Some castings are beyond repair and melted down, but others have small
faults that we would repair with a gas or arc welder. Small holes caused by gassing
can usually be pinned, but holes where the metal has not flowed completely, or where
the core has dipped, closing the cavity between the core and the investment, need a
patch.

The Bamoum repair afault by the traditional and very ancient method (one particu-
larly appropriate for poor countries where artisans cannot afford such luxuries as
cylinders of compressed oxygen and acetylene). The fired core is kept in place after
the outer investment is removed and the bronze cleaned. The missing pieceis replaced
in wax, and this wax is modelled and incised in every detail. To this wax piece are
attached two runners which act as an inlet and an outlet, and a cup is attached to the
inlet runner. The whole casting is invested in the usual way and fired in the kiln.

While the piece is very hot, it is removed from the kiln and molten metal poured into
the cup. The metal is alowed to flow through the system until the craftsman judges
that the flowing metal has partially melted the edges of the original piece, then he stops
pouring and alows the entire piece to cool slowly. Once it is completely cool the
investment is removed and the surplus metal sawn or chiselled off. This method
achieves atrue weld - fusion rather than adhesion. To see this ancient process carried
out was arare privilege.

Metal work

The quality of the metal finishing varied. Some pieces were sensitively and skilfully
finished, others only crudely fettled. The workshops | saw had no power tools, so al
work was chiselled or sawn. The artisans used files only rarely. Thisisnot abad thing
as chiselling gives the work a better quality than indiscriminate filing.
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Patination

Though the Bamoum try to fake age, just as Benin craftsmen do, their patintion is
neither subtle nor successful. Asa present, to show my appreciation, | left them an old
Roman patination formula, S0 the qudity of fakes may wel improve dramaticdly in
this areq, to the puzzlement of art historians.

Other casting techniques

| asked about atechnique used in other parts of West Africa, the enclosed mould and
crucible. Yes, Monta agreed, they did use it but only for smal pieces, or when they
wanted to make just afew pieces in a hurry for a soecid order. Generdly, they used
the open cup mould and the marmite type of crucible, becausethiswasmore practicable
for awhole batch of moulds.

This confirmed the suspicion | had when | read accounts by art historians. Despite
these accounts | had fdt that the endlosed mould and crucible were far too heavy to be
practicable on alarge scale. Montalaughed a theideaof casting alarge section by this
method. No one but an imbecile would believe that, he said.
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C. The Dedza crucible

In 1988 IT commissioned an experimental crucible to be made at Christopher Stevens
pottery in Dedza, Maawi. The purpose of the crucible was to melt bronze and brass,
and the crucible was to be tested and proved at Frank Soko's foundry in Lilongwe.
Until then the foundry had melted only aluminium. They had no crucibleto melt bronze,
nor were they certain that the furnace would reach a high enough temperature. For
aluminium awelded steel pot lined with fireclay was sufficient This would not stand
the extra temperature needed to melt brass.

No handbooks or foundry technology textbooks in current use gave any information
on crucibles. It was quite obvious that foundries like this one (and similar small
businesses al over the developing world) could not afford the high cost of an imported
crucible. Added to this was the hazard of transport; the chance of the imported article
arriving in usable condition is dim to the point of invisibility.

Researchin the UK at thistime, and attempts to pick the brains or appeal to the good
nature of the foundry suppliers and crucible manufacturersin the UK, achieved nothing.
Thiswasnot, | suspect, through ill will, or guarding trade secrets, but quite simply that
crucible making has now become a highly technical, specialized and competitive
industry. Techniciansthat | spoke to at the International Foundry Exhibition could not
imagine how acrucible could be made outside a sophisticated factory, or why anyone
should want to make one. The comment that metal casters had made crucibles for
hundreds of years, or paid the local potter to make them, was received with incompre-
hension. No one could tell me how to make a crucible, regarding the question as
frivolous or just plain mad.

Late nineteenth and early twentieth century books on iron and brass founding revea
little about the composition of the crucible, but describe the two types then in common
use. One example comes from the 1912 volume of Cassel's Metalworking:

Crucibles are of two descriptions. Those commonly used formerly were composed
of fireclay, mixed with burnt clay (grog), cement, pipeclay, etc. Fireclay crucibles
are being very generally superseded by plumbago crucibles: while a clay pot
cannot be used for more than four or five heats, a plumbago crucible may be used
for asmany asthirty-two heats. Plumbago crucibles are usually made from varying
proportions of fireclay mixed with powdered graphite and coke dust.

The author goes on to say that the crucible should be annealed 'mouth downwardsin
the fire, after which it is ready for use', and adds 'these cost one penny per pound
calculated on the weight of metal the pots hold'.

Early crucibles were 'annealed’ (wanned and dried) for several days before using in
the furnace. Modern crucibles are less sengtive to thermal shock. But one cannot
emphasize too strongly the danger of damp, or rough handling. If, by some accident,
or by neglect, a crucible becomes damp, it must be dried out very slowly before being
placed in the furnace. A damp crucible will explode with a report like a cannon.
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Locdly-made crucibles, such asthe Dedza crucible, need more care and adower drying
time than the expensive, speciaized European or American crucible.

The prototype Dedza crucible was composad of graphite clay and kyonite, with a
liquefier. 1t was fired up to atemperature of 1280°C. When it was tested, it demon-
drated excdlent resstance to thermd shock, but poor resstance to drason. The
crucible, which was made using traditiond African pottery-forming techniques by an
experienced lady potter who specidized in the larger range of cooking pots produced
a Dedza Pottery, was too degant for its purpose. We recommended that the next one
should be thicker, and fired to only 1180°C, thus reducing the fud cost, whichwas a
mgor part of the manufacturing cost

One of the problems was the supply of graphite, which came from nearby Mozam-
bique, theninagate of civil war. Obtaining grgphite was extremey dangerous because
of the unpredictable movements of the warring factions and the ruthlessness of Renamo
guerillas. By good fortune, asupply of graphite was discovered in Madawi by thetime
the second and third Dedza crucibles were planned.

The Dedza crucible

Proportions

5 parts grephite

4 partsclay

1 part kyonite

To thiswas added 10% liquefier.

Dedza is very close to the border with Mozambique, where the graphite came from.
Theclay wasafineand very gticky grey kaolin type, from the bed of the Linthiperiver.
The liquefier was a mixture of gum arabic and cow dung.

Care of crucibles

Cruciblesrardly, if ever, last aslong as the makers clam. On the other hand it istrue
that care and attention to the handling and storage of a crucible will make dl the
difference to its longevity.

0 Anned the crucible before use (warm it to drive off any moisture). It is awise
precaution to warm up any furnace or kiln slowly and increase the heet after about
twenty minutes. Heating too rgpidly causes spurting of the brickwork.

0 Thetongs and shank for lifting and pouring the crucible must be agood fit. If
they only grip in afew placesthis puts asrain on the crucible.

o Do not ovefill the crucible when it is cold, or jam or wedge ingots into the
crucible, hot or cold. The metd expands asit heats. If theingots are jammed tight
in the crucible they will crack it. The correct practice isto place one ingot, or
some scrap, in the pot, and add more metd asthis mdlts.

0 Storethe cruciblesin awam dry place, mouth downwards, on wooden battens.
Never leave acrucible touching an earth or cement floor, or anywheree sewhere
it could take in moisture.
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o0 Examine with care the condition of the crucible before placing it in the furnace.
If it shows any sign of cracking or ourling it should be rgected. Anyone who
has seen a crucible crack open asit islifted will agreethat a damaged crucibleis
not worth therisk. Spoiling themouldsisthe best result you can hopefor in such
an accident, at worst the uncontrolled flow of molten metal could cause severe
injury to the cagters.
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Fitting a mould with aluminium to cast a small part for an agricultural machine, using
the green sand moulding technique in Malawi
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D. Sand conditioning and testing

Conditioning

The essentid qudities for agood moulding sand are as follows.
o HFowability

Green strength

Dry srength

Refractoriness

Permegbility

Friability

Durability.

O O O O o ©o

Flowability
The sand mugt flow easily into the mould. If it does not it will make the work of the
moulder harder and take more time,

Green strength

The mould mugt retain its shgpe and not crumble or distort when the patternisremoved.
The most usud cause of poor green or dry drength isalow day content

Dry strength
The mould mudt retain its shape as the sand dries out and Say in place as the metal
flowsinto it.

Refractoriness

The sand must not change its nature as the molten meta flows into it. Obvioudy this
isan ided rardly attainable. Under the intense heet of iron or bronze, the surface layer
will change and will probably need to be discarded when the sand is removed from the
cadting. Thisislessobviouswith duminium aloyswhich mdt a alower temperature.
Therefore, the desirable sand should change aslittl e as possi ble when heated.

Permeability

Air and gases mugt pass through the sand as the metd enters. If they do not they will
cause blow holesor porosity inthe metal. Too great aclay content restricts permesbil-
ity.
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Friability

Sand must be easily removed from the mould and, more criticaly, the core. The sand
must not be so rigid and hard that it is impossible to remove, or can only be removed
with difficulty. This seems to contradict the need for toughness in the sand, and some
compromise has to be reached. The ided sand should be tough and resgtant to
temperature increase until the casting has cooled in the mould and then bresk away
eadly.

Durability
Sand should retain the above essentid qudities for as many castings as possible.

This list of essentid properties is true for both naturd and atificid sands. The last,
durability, isnot gtrictly an essentid, but it isahighly desrable qudity. Changing the
gock of sand frequently adds to labour and cost.

Even if you are fortunate enough to build your foundry close to a supply of naturd
sand and can dig it up without paying for it, trangport is an expensive addition to costs
involved in moving the burnt sand out of the foundry.

Sand must be worked (or tempered) before useto return it to mouldable condition. It
must be rolled to remove lumps and even out the texture; it mugt beriddled (Seved) to
remove impurities, including core nails and fragments of metd or hard dag; it must be
aerated by turning over with a shovel, or mechanicd blade, to separate the grains so
that the sand flows well and recovers permegbility. A good quality moulding sand
which has been thoroughly processed, is described as 'silky'.

The task of reconditioning the used sand can be done by a foundry worker with a
shovel, ariddie and aroller. On the other hand, amachine can do thework quicker and
more efficiently. Sand reworked through a muller (see below) tends to be more even
and silkier than that worked by hand.

The muller

The most useful (almost essentid) machineisthemuller. 'Muller' isthe German word
for mill. The amplest form of crushing mill has dways been powered by water or by
oxen, and such mills can ill be found dl over the world. Today the more common
muller is powered by an eectric or petrol motor.

Naturd sand needsaheavier muller while silicasand onewith lighter rollers, to avoid
crushing the grains.

The traditiond muller has averticd shaft driven by gearing so that it rotates dowly
within adrum. Two heavy, cast iron rollers on ahorizonta axle are fixed to the sheft
with hinges. Two ploughs scrape the sand off the floor and wdl of the cylinder. The
hinges, or rockers, on the axle dlow the rollersto ride over lumps, and the occasona
meta fragment. These should be Seved out or removed with a magnetic separator, or
by hand. A chute with a door in the Sde of the drum alows the sand to flow out into
abarrow or buckets. Sometimes the chute drops the sand onto ariddle (Seve).

Mechanical riddle
Thiscan be of the compressed air type where a piston forces the sand through ascreen,
or the type operated by an eectric motor where the Seve is agitated by an eccentric
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cam. A moving belt carriesthe sand to the riddie which vibrates, or shuttles backwards
and forwards to Seve the sand into a hopper.

Aerator

There are saverd types of aerator, some use impellers or rgpidly rotating paddles, the
amplest works on the Archimedean screw principle. A very coarse screw turns the
sand over, 'fluffsit up', and extrudes it through awide nozzle.

Sand testing equipment
Accurae testing is essentid in a large modern foundry. Clearly, test equipment is a
more accurate gauge than hand and eye, especidly where large batches of sand are
moulded, processed and reprocessed. On the other hand, most experienced moulders
believe that apprentices and trainees should get the fed of the sand and learn to judge
its quaity before relying on test equipment, no matter how ussful this equipment is.
Sand testing equipment is rarely found in asmal family business where experienced
mouldersjudge the condition of the sand by touch. The oldest test is to squeeze the
sand in the hand. Even the newest apprentice learns rapidly to tell sand in mouldable
condition from sand which isburnt out, or will not hold together - or the opposite: sand
whichis 'fat', meaning that it has too much day in it, making it impermegble.

Routine testing

Sand istested for the following qualities:
Moisture content
Permegbility

Green compression srength
Totd day content

Seve andyss
Combustibles

For cores:.

0 Sand grain shgpe ad 9ze
0 Pemesbility

0 Shear grength.

O O O O O O

Moisture content

There are two methods. The first and most cumbersome is to bake out the water and
meesure the difference. The second, and more usud, is a smdl testing kit using an
auminium flask with a chamber containing cacium carbide. A measured quantity of
sand is placed indde the chamber, the water in the sand combines with the cacium
carbide to produce acetylene gas, which is measured on a gas pressure meter and
thereby indicates the water content in the test specimen of sand.

177



Permeability
This measures how much air can flow through the sand and how fadt.

Green compression strength

Mesasuring the toughness of the sand is more complicated and involves various different
insruments. In each test asample of sand is prepared in a gandard sand rammer. For
srength testing the sample is placed in a holder and squeezed mechanicaly until it
breaks. The force gpplied to it registers on an indicator. By changing the holder, the
same tester may be used for testing shear and tendlle strengths.

The shatter test isanother way of measuring sand toughness, particularly the capacity
of the sand to withstand rough handling and strain during paitern withdrawd. The test
machine is a Imple gdlows-like structure of a measured height which releases the
prepared, rammed sample onto a sed plate (cdled the anvil). The broken pieces are
placed on a 12mm mesh Seve. The shatter index is the ratio of the percentage of the
welght retained on the Seve to the tota weight. Too low or too high avaue on the
shatter index indicates poor moulding sand.

Clay content

The clay content tester works on the principle that sand grains snk and settle faster
than the very fine particles of clay. Moulding sand (which is, of course, a mixture of
sand and dlay) isdried, ground down, Seved and weighed.

A measured quantity is placed in ajar which isfilled with water and thejar placed in
the testing machine - a shaker, or agitator. Jar and contents are agitated for adefinite
time, then dlowed to sttle for a definite time. Then the water is syphoned off. The
clay, which is ill sugpended in the water is syphoned with it. Findly the sand is
removed fram the jar, dried and weighed. The difference between the fird and the
second weight isthe clay content.

Sieve analysis
Gran szeis measured usng a dandard Seve set. Thiscongsts of aset of Seveswith
avarying, but known, number of meshes, coarse mesh at the top, fine a the bottom.
After the clay and moisture have been separated from the sand, the sand isplaced in
the top Seve and shaken in aseve shaker machine for a definite period. The quantity
of sand remaining in eech Seveisweighed and expressed as a percentage of thewhole.
The grain fineness number can be usad to compare fineness of different sands. More
important is the distribution of different grain sizes. For good compaction of sand the
amount retained in three or four consecutive sieves should be in the range of 75 to 80
per cent of the total quantity.

Combustibles
The percentage of organic combustible material should be as low as possible. These
impurities reduce the refractoriness of the sand and cause gas evolution.

The amount of combustible matter is estimated by heating a weighed sand sample
for one hour at 875°C, cooling and then weighing to find the percentagelost. Thisvaue
iscdled 'lossonignition'.
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Conclusion

Permegbility and strength are the two most important propertiesto look for when testing
amoulding sand. These depend on the size and shape of the grains and on the clay
content However, these qudities cannot reach their potential unlessthe sand ismixed
with the correct quantity of water and rammed to the correct degree of hardness.
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The Bamoum foundries use a mixture of green sand and floor moulding methods to produce
large cooking potsin aluminium, which isplentiful and cheap in Cameroon; thispicture
shows a smaller, French-type 'marmite’ with lid and spoon
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E. Other sand processes

Processes based on sodium silicate

Sodium silicate added to dry slica sand makes moulds in which drying, baking, and
in Some cases, even ramming, are unnecessaty. The differencesin processesliein the
type of chemica reaction which causes hardening, the qudity of the hardener, and the
nature of the catdyst.

Regarding pattern making: wood, resn or metd patterns are dl suitable for these
processes, though certain paints used on wooden patterns will not release easly from
the sand (e.g. synthetic enamels). Shdllac or varnish show better results on wood. If a
paint isessentid, use duminium paint with anitro-cellulose base.

The carbon dioxide-silica sand process

Of the three sodium silicate processes, this is the mogt widely, one could dmost say
universaly, used in large and smal foundriesfor both ferrous and non-ferrous castings.

The principle

If CO2 gas is passed through a sand mixture containing sodium silicate binder, the
mixture hardens by achemica reaction between sodium silicate and CO2. The bonding
grength diminates the nesd for drying or baking the mould and metd can be poured
into the mould immediatdly.

The sand must be dry, cold, and free from clay. Usudly the sand is mixed in a sand
mixer with between 3% and 5% by volume of sodium silicate. The quantity of binder
depends on the grain Sze of the sand. As the fineness grade increases, increase the
percentage of binder.

The hardened sand mix has great compressive strength, whichisone of its advantages.
This virtue can cause problems with collgpsbility (meaning the remova of the sand
from the cagting). For this reason one of severa additives can be used to promote
collapsibility after metd pouring. Dextrine, cod dust and wood flour are dl popular.

The duration of the gassing processisimportant and can be determined by test gassng
gpecimen batches of sand. Gassng is carried out for a predetermined time. The binder
setting begins rapidly, but ful strength is only reached after a certain amount of gas
has passed through the sand.

Over-gassing should be avoided because it makes the mixture friable. The evidence
of over-gassing is the gopearance of white sodium bicarbonate crystas in the mixture.
Practicd experience showsthat it is better to under-gas than over-gas, and that alow
pressure of gas over along period is preferable to a high pressure over ashort period.

The most common form of gassing in smdl foundriesis by asingle cylinder of CO2
using a pressure reducing vave. Too rgoid a draw of gas will make the gas in the
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cylinder freeze. Larger foundries use either abattery of cylinders with agas manifold,
or abulk storage tank.

There are varioustechniquesfor introducing the gasinto the sand. The most common
inasmdl foundry is aprobe. Thisis ametd pipe (goproximatdy 12mm diameter)
attached to the reducing vave by ahose. The probe has severd holesdrilled in theend.
Sometimes saverd probes are connected to one tube. The favourite method is to gas
the sand flask from underneeth usng a cover board with a rubber sed and a tube
connected to it. This can dso be placed on top of the flask.

Advantages of the C02-silica sand process
The advantages of the process are:
0 Accuracy and good surface finish
0 Lessmoulding skill needed, therefore lower |abour costs

0 Vesdility. The process is usad in large and smdl foundries, for ferrous and
non-ferrous casting, jobbing and production foundries.

The materids are indigenous to most countries. The process is widdy used in the
Indian sub-continent, in southern and centra America, and in most African countries.

The ferro-silicon (Fe-Si) process

This is ds0 known as the 'Nishiyama process. Slica sand is hardened and bonded
during the reaction produced by exothermic action between sodium dlicate and
ferro-glicon powder. At room temperature the reection is dow, but the reaction
accd erates as the temperaure is increased.

The process may be modified by adding a foaming agent to turn the sand mix into a
flowable durry.

Advantages
0 A versatile process used widdy in foundries large and smdll, particularly in Japan
and Russa
0 Thedurry is poured into the flask and over the pattern, eiminating the need for
ramming.
Disadvantages
0 The heat generated
0 The hydrogen gas generated.

Thorough ventilation is important in the Nishiyama process to dlow the hydrogen
by-product to escape. The combination of heat and a volatile gas makes an exploson
possible, even likely, in aconfined space.



The dicalcium silicate process

Thisisdso cdled the 'fluid sand' process. The bonding principle here isthe chemicd
reaction between sodium slicate and dicadcium dlicate. Unlike the Fe-S process
described above, the chemical change involves a negligible amount of hest.
Dicdcium slicate can be produced from dags fram various mdting and reduction
processes.
The mogt usud gpplication isin large iron and sted-casting foundries. The process
was widdy used in Russaand Japan and isnow dso used in India

Loam (or loom) moulding

The great advantage of loam moulding is its versdtility, the disadvantege is its rarity.
As heavy indudry declines and demand for large one-off castings decreases, so loam
moulders become ararer and rarer breed.

In shipyards, such as Harland and Wadlfe in Belfast, for example, massve castings
were produced by this method without the expense of large patterns, usng indteed the
amplest equipment and materids. A spindle, sted sirgps and astriking board were the
necessary tools, the materids being loam, bricks and cinders, and the key ingredient is
the skill and ingenuity of the moulder.

Loam sand mixture is very Smilar to green sand, but with one important difference:
added moisture makes the mixture oft and pliable. The usua mixture conssts of a
light (or 'open’) sand blended with a heavy, or clay-rich sand (known as 'fat’ sand).

In the technique of bell-casting, fibrous materid is added in the foom of horsehair,
horse dung, chopped straw or fine wood chippings. Though the technique does not
exclude other forms; it is mog suited to cylindricd, conical, or dome shapes of large
sze. Bdls are the most common and obvious example, but in the past many large
cagtings in iron were made for the cylinders of ships, locomotives, for large industria
pumps and dectric motor housings.

The following description refers to bell-casting at the Fonderie des Cloches, Va de
Podlles, Normandy, France. (Asfar as| know, loam moulding survivesin Europe only
in bell foundries, but the technique is the same for any other large cylindrica casting.)

The coreisbuilt up of brick on a cast iron plate. The brick armature has a centre of
cinders which will absorb any air or gases which vent through the core. The plate has
lugs on its crcumference for atachment to acrane or hoist. Loam is built up over the
brick armature, oversize.

The true shape of the core is refined by a strickle, made up of a striking board, the
edge of which is sheat stedl, cut to a template the exact Sze of the ingde of the bell.
The drickle hinges on aspindle revolving in asocket. The socket is cemented into the
floor so that the spindleis st a atrue verticd. Asthe griking plate turns it strickles
(scrapes and polishes) theingde of theloam surface, which will form the ingde surface
of the casting.

The outer surface of the casting, named the cope, isformed in the same way, but the
grickle forms the indde of the brick-loam congruction ingeed of the outside. For
smdler cagtings the cope is built up and grickled upside-down, insde a pre-formed
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case (often meta but sometimes built of timber). An dternative, used for large castings,
isto build the cope out of brick. Thisis done in sections or layers, each layer being
divided from the one underneath by aring-sheped iron plate.

In the former technique the case is lined with brick and then coated with alining of
loam. Onceagain, agtrickleiscut to atemplate. The dtrickle edge cuts the shape of the
outside of the bell. The mould is vented through pipesin the brickwork or sometimes
draw set into the loam between the bricks.

Both the cope and the core are finished by hand, polished with wood ash and then
baked in a kiln to remove dl moigture. Findly, chains are atached to the iron plate,
connected to the hoist, and the core is lowered into the pit

Next the cope is turned over and lowered over the core. Greet care is taken not to
brush the surface of the core with the cope as it is lowered. The cope is located onto
theiron base plate carefully to make sure that the Space between core and copeisregular
(it isobvious that an even thickness of metd is crucid to the sound of the bell).

In the case of alarge bell, the brickwork is too heavy and fragile to be turned over,
30 the top section is built the right way up, the cap of the mould being turned over. Each
section is lifted by lugs on its iron base plate and placed in the kiln to be dried. Then
each section is lowered onto the core. Findly, the cap islowered into place, and agate
and pouring basin moddled in sand around metd plugs which temporarily close off
the runners.

Finally, the furnace opening is tapped and the molten bronze flows into the mould.
A large bel isleft to coal in the loam for severd days.



F. Summary of ceramic shell
Investment process

Key elements

Waxes

The wax should be strong and flexible

Check waxes and sprues for strength before dipping

Degrease in dcohol

Dry in moving ar current, moderate temperature

Allow enough time for the wax to return to norma temperature

O O O O o

Building the shell

First coat (slurry)

o Colloidd slica(Syton X 30)
o Didilled water

0 Moalochite - fine 200 grade, or zircon flour (Zircosil 300)

The durry isformed by amixture of colloidd slicaand Molochite 200. Many casters
dilute the Syton with 50% ditilled water for the first two coats. (If the coat is ill
difficult to remove from the finished casting, some casters recommend the addition of
30% fused slica flour.) Add extra Molochite 200 to the first coat durry. Add avery

amdl quantity of detergent. Mix thoroughly then let the durry stand for an hour to
release the air bubbles. Remix dowly and carefully.

First coat (stucco)
0 Molochite 30/80

Drying
Thefirgt coat must be dried completely in moving air (at least 15°C) before the second
coda can be added. Make sure that comers and blind ends are dried by using air tubes.

Thedryingtimeislengthy, preferably overnight The need for thorough drying of the
first coat cannot be over stressed.



Second coat (slurry)
0 Syton diluted with digtilled water
0 Smdller quantity of Molochite 200 (thinner mixture).

Second coat (stucco)
Repest as firg stucco.

Third and subsequent coats
0 Use Syton full srength
o Third, fourth and fifth stucco - Molochite 16/30
0 Thorough drying is very important.
De-waxing
Flash de-wax.
Back-up coat
0 One coat of durry (full strength)

0 For larger moulds use glass fibre to reinforce
0 Becaeful not to drop durry or fibreinto the mould.

Timetable for the investment process

Thisisasuggested timetable suitable for the water-based type of durry. Alcohol based
or ammonia setting durries are much fagter. In time you will work out your own
timetable based on temperature and drying time.

Mixing the slurry
0 Mix up athick durry (like double cream)
0 Letit gand for two or three hours to let the air escape

o Stir very gently and thin down to a usable congstency, usng a mixture of slica
suspension and digtilled water (if first or second coat, full strength for later coats).

Dip and stucco

Dayone
About 11.00am: firg coat
3.00pm (1500 hours): second coat
Dry overnight.



Daytwo
10.00am: third coat
12.15pm: fourth coat
3.150m (1515 hours): fifth coat (this coat is not necessary for smdl shells).

Day three

9.30am: de-wax (this process takes most of the morning)

2.00pm (1400 hours): back-up coat, reinforce with glassfibre. Dry immediatdy with
gastorch

3.00pm (1500 hours): light furnace and holding kiln. Wam fired shells up to dull red
heet in holding kiln. Use an oxidizing flame to remove dl the carbon remaining in the
shells.

Cored shells
These take longer in order to remove the lagt traces of wax gas from the core. Cores
need adow gentle bake a amoderate hedt.

Timing the metal melt

The time the metd takes to mdt depends on the metd and the type of furnace. For
bronze dlow one to two hours (according to quantity of metd). The ceramic shellswill
not be harmed by heat-soak. For thin sections pour the metal when the moulds are red
hot. For thicker sectionsthe moulds should be'cool’ (meaning pink-hot). For very thin
sections, or when using a high conductivity metd like slver, it is worth consdering
building a heat trough where the shells are hested by a flame as the Slver is poured
into them. Silver is notorious for rapid freezing.

Summary of common problems and safety
precautions

Waxes

Waxes used for the ceramic shell method need to be tougher and more flexible then
those used for the block method. The wax should not be brittle, neither should it s)g
or be too soft.

The core

There are two methods for producing the core:
1. A conventional Roman core (grog and plaster)

2. Cut and wdd (Benin method). Invest wax in the form of atube. Make sure that
the air circulates ingde to dry thoroughly.

Wax welding
Take care that the welds are strong and well fused.
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The sprue system

The main runner and cup are often larger than in other methods to ad progressive
solidification. The sprue has severd functions:

As a support. The sprue sysem must be strong enough to support the wax during
investing. During drying it must either stand up or be hooked up to dlow air to circulate.

It flows the molten metd to every part of the casting as quickly as possible,

As wdl as ading progressive solidification, the sprue prevents shrinkage on the
casting by feading more metd to the thicker sections.

Though Roman style risers are not necessary (air escapes through the porous shell)
oneor two open or blind vents at thetop of thewax prevent dirt or inclusions becoming
trapped in the casting.

Degreasing

Add a very smdl gquantity of liquid detergent to dcohol (either isoproponol or
methylated spirits). Allow sufficient drying time for the wax to return to norma
temperature.

Building the shell

Materials
o Binder (liquid) 1030 (coloidd slica)
0 Surry - binder with molochite 200 (or zircon flour)
0 Fine stucco - molochite 30/80
0 Coarse succo - molochite 16/30

First coat

Add an equa amount of digtilled water to colloidd slica, then add Molochite 200 to
make acreamy durry. Thismust be thick enough to coat the wax well. Test the covering
qudity of thedurry by dipping awax test strip. Let thedurry settle for about two hours
to remove bubbles. Remix gently, adding a teagpoon of detergent (wetting agent).

Dip wax in the durry, then stucco with Mol ochite 30/80. Dry thoroughly in amoving
air current (at least 15°C). Allow enough time for thefirst coat to dry, paying atention
to the ingde forms, or any deep crevices or hollows. The first coat will take between
oneto two hoursto dry.

Second coat

This conggts of the same durry mixture thinned down with more of the liquid (50%
colloidd glicaand 50% water). This time the cream mugt be thin enough to coat the
dried firgt coat. Stucco with Molochite 30/80. This coat needs more drying time than
the firgt - aout 9x hours. Leaving it overnight is a good plan.



Third and subsequent coats

For the third coat use the binder at full strength. Mix colloidd slica with Molochitc

200 to make athin cream. Use the coarser succo - Molochite 16/30. Dry for two hours.
Apply fourth and fifth coat in the same way. Dry between coats.

De-waxing
Fash dewax. Shdl is plunged into preheated furnace. The outer layer of wax melts
too fadt, to expand and crack the wax.

Final or back-up coat

After de-waxing gpply one full-grength coat to the shell. Take care not to drop any
indde the mould. Where needed this can be reinforced with glass fibre. As the wax
has gone thereis no danger of wax expangion, so the shdll can be dried rgpidly near a
flame.

Baking

De-waxing removes the wax; however, the moulds need aperiod in an oven at alower
temperature (pink heet) to remove dl traces of carbon and wax gas. Maintain an
oxidizing flame. Do not overheat because this weekens the glass fibre reinforcement.
The moulds will need extra time if usng a conventional core. This needs to be
heet-soaked to remove any wax gas. The bigger the core, the longer the baking time.

Metal pouring - filling the moulds
The ceramic shel moulds mugt be very hot Keep in the holding kiln until the last
moment before filling the moulds.

Removing the shell

Use amatting chisel and wire brush. Sand and water blast. To removeredly stubborn
or deep seated traces of shdll, use caudtic soda or an acid pickle (hazardous - see notes
on safety, below).

Hydrofluoric acid
Thisisused for removing stubborn traces of shell. Dilute with water, and observe safety
precautions.

Note: Itisvita to dwaystake sefety precautionswhen using hydrofluoric acid. Even
diluted acid can be extremdy dangerous because the water content evaporates (for
example, on clothing) and the acid eventudly returnsto full strength.

Diluting

The adid is usudly supplied in 2.5 litre plastic containers at 60% strength. Dilute the
acidto 1 part acid to 6 partswater. | usealarge blue plastic drum with 15 litres of weter,
using full sfety clothing, immerse the bottle of acid in the water, then remove the cap.
Nothing happens with the battle in this position. When you invert the bottle the add
flows out leaving a colourless, oily looking trace in the water. The water becomes
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cloudy and fumes Cover the drum, lock it and let the mixture settle. For larger
quantities, dilute 40 litres of water to 3 bottles of acid.

Acid cleaning
To clean, for example, a bronze with texture and degp undercuts which trgp the shell:
1. Placein add for two hours.

2. Dipindkdineliquid (limein water) to neutraize acid.

3. If traces of shel reman, wire-brush out as much of the shel as possble
(remember to wear adust mask). Re-immerse the bronze in the aad for four and
ahdf hours. Thiswill soften the last of the shell. Limewash again and brush off
the last traces of shell.

Safety precautions
Use an add container with a lockable lid, and place it ingde another container filled
with lime, which will neutrdize any spillage. Have a bucket of lime water nearby to
neutrdize the acid on the cagtings and, no less important, any pills on the floor, on
your clothing or boots. Always use a full set of safety clothing - chemicd protection
suit, face mask, gas mask with anti-acid filter, anti-acid rubber gloves and rubber boots.
Periodicdly test the gloves by filling them with air and placing them up to the wrists
in water. Tiny bubbleswill show up punctures invisble to your eye. Have an dkdine
solution handy to neutrdize the hydrofluoric acid.

Remember: unlike most acids, you will not fed the effects of hydrofluoric acid until
the damage isdone. You cannot smell it, and it looks like aharmless colourlessliquid.
If you do spill some on your skin, immediately neutrdize with akaline solution. Wash

Cap and neck ./°

guard ~a —

Eyeandlung __—* |
protection

Chemical hazards
protection suit

Rubber __,,
apron

Figure 138. Full protection is essential when handling hydrofluoric acid
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skin with sogp and water and then gpply calcdum glutonate gel. Thisis sold in atube
asa2.5 solution. If you suspect that your skin has been serioudy contaminated, take
cacum tablets ('Sandocd’ tablets, mede by Sandoz).

Alternative method of removing the shell

Silicacan be dissolved by caudtic dkdis. There are three methods in use in industry:
1. Molten caudtic bath

2. Bailing caudtic solution (atmaospheric pressure)

3. Boailing caudtic solution in an autoclave (raised pressure). This method is not

practica in asmall workshop.

Caudtic soda (NaOH or sodium hydroxide) and caugtic potash (KOH or potassum
hydroxide) are both used to remove the last traces of ceramic shell, or to leach out
ceramic cores. The former ismore usud.

Mog refractories are inert, meaning not afected by chemicd attack. The man
exceptionissilica Thebond between the refractory grainsinthe ceramic shdl isslica,
but in such aform that the chemical atack isvery dow. However, if you add from 20%
to 30% fine fused glica, the caudtic dissolves this firgt, dlowing the non-siliceous
refractory fines and stucco particles to wash out. Experiment has proved that frequent
washing in water between periods of immergon in the caustic bath speeds up this
leaching process.

Caustic alkalisaredangerous. You mugt, for your own protection, study and observe
the safety precautions.

Molten caustic bath

Caudtic soda can be mdted in acagt iron pot, or a stress relieved mild stedl pot (this
must contain a dudge tray). The pot can be heated either externdly or usng an
immerson heater. An exhaust hood must be placed over the pot to remove the fumes
The minimum temperature is400°C and the maximum 500°C. The caustic fumes badly
above 500°C and the pot deteriorates rapidly.

Figure 139. Acid vapour, solvents Figure 140. When investing, protect
and many other chemical fumes can lungs against silica, molochite, grog
damage the lungs: when degreasing, and plaster

patinating, or using concentrated
acid, protect lungs against fumes
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Pre-hested castings are lowered into the caudtic in a basket. Agitating the pot, or
raising and lowering the basket, speeds the rate of leaching out (do not wash the casting
between dippings). Caustic solution is dangerous. Wear eye protection and full
chemical safety clothing.

Boiling caustic solution
This should be 20% to 25% caudtic by weight. This concentration boils at 121°C.
Maintain the solution at boiling point inamild sted container which hasan inner lining
of stabilized augtenitic dainless sedl. Asthe water evaporates, add de-mineradized weter.
Washing the castings in water for one minute for every five of immerson in caudtic
increases the peed of leaching.
Caustic solution isdanger ous. Wear eye protection and full chemicd safety clothing
(as recommended for hydrofluoric acid).

0 Agitate the bath or basket during leaching.

0 Do not use too high a concentration of caustic; this causes alow solubility phase
which will be difficult to remove. Check the concentration by titration against
Sandard acid solutions.

0 Pogtion the castings with the areas you want to clean (or cored holes) uppermost.
If these holes face down, gas becomes trapped, shidding the refractory from the
caustic, and this dows down the process.

0 Do not alow leached cagtings to dry while some of the refractory remains. If you
do, the residues will be extremdy difficult to remove.

0 When the process is complete, wash the cagtings in dilute acid and then rinse well
inwater. Wear eye protection and protective clothing.

S

‘ 7
@

Figure 141. When pickling castings, protect eyes, hands and skin against weak acid

Troubleshooting

The following isalist of common problems encountered in the ceramic shdll process:

0 Wax or sprue breakswhen handled during investment. Either theweds are not
secure (not well fused) or the wax is too brittle. Add beeswax or oft micro-
crystdline. If the wax is too soft and sags, add tree resin.
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o First coat sloughsoff thewax. The mixtureistoo thin. Add morefinerefractory
powder to the durry.

oFirst coat will not stick, or sticksin placesand thewaxrejectsitinothers. There
aretwo possible reasonsfor this: elther the wax is not properly degreased (wash
it inwater, dry it and then repest the degreasing process), or there was no wetting
agent in the durry (add a amdl quantity of liquid detergent). A third reason is
that the durry may betoo thin. Or it could be a combination of al three reasons.

0 Second coat 'ballsup’ onthefirst. Thisusudly meansthat the second coat istoo
thick. Thin it down. Some cagters recommend dipping the dried first coat into
liquid colloidd slicabefore dipping in the second coat durry.

0 Second coat removes patches of the first coat. Thisisasure Sgn that the first
coat has not dried properly. The placeswhere itislikey to happen arethe sharp
crevices or blind caves where air has not reeched and circulated as it should. It
is essentid that ar circulates. Use the hair dryer and tubes trick. To patch the
faulty mould, paint in some durry onto the exposed patch of wax, stucco and dry
it, then continue as normdl.

0 The shell comes off in patches on the cup. This cannot be avoided if you are
handling the sprue system by the cup. You must patch the cup as you go, ad
make sure tha it is properly reinforced after the wax burn-out. The only
dternativeisto build in agtainless sed hook from which wax and sorue systems
are suspended during drying. Many smdl industrid investment foundries prefer
thismethod.

o Shell collapsesduring de-waxing. Thiswill only hgppen during cold wegther.
The temperature is S0 low that the ceramic shell has not bonded together as it
should. | am sorry to say that the whole baich is wasted, there is no way of
retrieving it. Check the colloiddl slicafor Sgnsthat it is separating out, it will
do this if the temperature drops below freezing. The only cure for this problem
is to keep the foundry above freezing point. Shell will not dry and bond below
20°C (70°F).

o0 Shell cracksand metal weepsout of the mould during metal filling. These cracks
are usudly tiny (I have never seen alarge one). Either the first coat was put on
while the wax was chilled (during degrease) or the wax has expanded during the
de-wax process, probably because the heat was not intense enough, or the wax
hested dowly, or the shdl and wax were sored somewhere with an uneven
temperature. If, for example, the wax was stored in acool place in the morning
and a dhaft of sunlight moved round and warmed it in the afternoon, this could
expand the wax and crack the shell. The immediate cure isawad of glass fibre,
or ceramic fibre blanket dipped in durry and plagtered over the weep. This
poultice will harden on contact with the hot metal and staunch the flow. Long
term prevention entails kegping your waxes sored in an even temperature. Avoid
sudden temperature changes and flash de-wax (plunge the shell into apre-heated
furnece chamber).



% shell isdifficult to removeafter themetal casting hascooled. Thisisrare or even
impossible, on smooth surfaces because the metal shrinks asit coolsand the shell
detaches itsdf. However, it is anotorious problem with art casting because the
shell clings into fine detail (such as hair, texture and deep crevicesin the form).
These white deposits are unsightly and dso blunt metd chasngtools. Thereare
severd ways of removing thelast traces of shell and these are described on pages
187 to 190.



Further reading

Four books which are useful when setting up a small foundry
business

Aspin, B.T. Foundrywork for the Amateur. Modd and Allied Publications Ltd, UK
(1969).
An excdlent short handbook, not solely for amateurs. Highly recommended.

Brown, J. The FOSECO Foundrymen's Handbook. Butterworth-Heinemann, UK
(Revised edition, 1994).
Vey dear and extremey useful reference book.

Jain, P.L. Principles of Foundry Technology. Tata McGraw-Hill Publishing, New
Dehi (Second edition, 1991).

An excellent, highly practicd reference book, especidly suitable for the Indian
subcontinent and SE. Asa Highly recommended.

Titov, N. and Stepanov, Y .A. Foundry Practice. Mir Publications, Moscow, USSR.
(English trandation, 1981).

Old-fashioned, but practical, and thoroughly sound book. Includes sections on how
to make fluxes and other foundry chemicas which | have not found anywhere else.
Highly recommended.

Useful books for the small foundry

Alexander, W.O., Davies, G.J, Reynolds, K.A. and Bradbury, E.J. Essential
Metallurgy for Engineers. Van Nosrand Reinhold Publications, UK (1985).

As the title indicates, essentid information for any caster who wants to understand
what metd does when it changes from its liquid to its solid state.

Alexander, W. and Street, A. Metalsin the Service of Man. Penguin BooksLtd, UK
(Ninth edition, 1989).
Interesting and enlightening introduction to the behaviour of metals.

American Foundry Society. Metal Casting Dictionary (1968), Casting Copper Base
Alloys (1980), Aluminium Casting Technology (1980), Report on the Conferenceon
Green Sand Technology (1980), Pattern Makers Manual (1980).

Published by the American Foundrymen's Society, USA.

Ammen, CW. Sand Casting. TAB Books, USA (1979).
Apart from the introduction, a thoroughly practical and useful handbook.



Ammen, CW. Lost-wax | nvestment Casting. TAB Books, USA (1977).

Written for a wedthy society; the author assumes that any materia can be bought
eadly and chegply. Poor on waxes and dternative methods, but it does contain much
useful information.

Hudson, R.F. Non Ferrous Castings. Chgoman and Hall, London (1948).
Very good on problem solving, particularly sand problems; furnaces and ail burners.

Hudson, F.D. Gun-metal Castings, MacDondd, UK (1967).

Lang, J. and Rolfe, R.T. A Manual of Foundry Practice. Chgoman and Hall, UK.
(Second edition 1938. Third edition 1960).
Highly recommended if you can get hold of a copy. Unfortunately now out of print

Lang, J. and Rolfe, R.T. Non-ferrous Foundry Practice. Chgoman and Hal (1939).

Libouton, J.M. 'Precision Foundry: The ceramic shell process. Monsanto Technical
Bulletin. Monsanto Europe SA, Bdgium (1984).

Investment Precision Casting. Machinery Y dlow Book, SeriesN0.35. The Machinery
Publishing Co. Ltd, USA (Approx 1950, reprinted 1966).

Ussful summary of dternative methods of log-wax cagting in indudtry rather than art
cadting.
Midland Foundry Industries Training Centre. Cour se Handbook. Foundry Industries
Training Board, UK (1977).
NALCO. Investment Casting. NALCO Chemicd Co., USA (1970).

Nelson, E. Cour se Handbook, Foundry Processes and Techniques. Belfast College of
Technology (1980).

Rusnoff, SE. Foundry Practices. American Technicd Associaion, USA (1955).
Excdlent. Univerdty level.

Sdmon and Smons. Foundry Practice. Pitman, UK (1960).

Simons, E.N. ADictionary of Foundry Work. Crasbie Lockwood, UK (1972).

Webgter, P.D. Fundamental s of Foundry Technol ogy. Portcullis Press, UK (1980).

Specialized books

Colson, F.A. Kiln Building with Space-age Materials. Van Nosrand Reinhold Co.,
USA (1975).

Written for an American market. Mogt of the materids will be too expengve (or
unobtainable) for developing countries, nevertheless contains much useful practical
advice.

Davis, H. The Potter's Alter native. Methuen, Austrdia.

Although this impressive book is concerned with equipping a pottery, some of the
equipment for which he gives congruction details is aso ussful for a foundry, for
example apug mill.
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Daviesand Ddman. Metallurgical Processesand Production Technol ogy. Pitman, UK
(1985).

Dunn, R.J. Appropriate Technology. MacMillan, UK (1978).
Gettens. The Freer Chinese Bronzes. Smithsonian Ingtitute, USA (1969).

Gingery, D.J. Build your own Metalwor king Shop from Scrap: The Charcoal Foundry.
D.J. Gingery, 2045 Boonville, Springfield, Mo 65803, USA (1983).

A usgful do-it-yoursdf book by an American backyard enthusiast, deding with
gmall-scale sand cagting in duminium (the first in a series concerned with the house-
building of machine tools usng car parts).

Harper, JD. Small Scale Foundriesin Developing Countries. IT Publications (1981).
Excdlent generd book for foundry managers. Does not atempt to be a'do-it-yourself
book.

Herbert, E. W. Red Gold of Africa: Copper in pre-colonial history and culture. Univer-
gty of Wisconsin Press, USA (1984).

Rhodes, D. Kilns: Design, Construction and Operation. Chilton Books, USA (1974).
Highly recommended. Coversdesign of kilnsfrom dl over theworld. Practica, useful
diagrams and photographs.

UNECE. Engineering Equipment for Foundries. Pergamon, UK (1979).

Untract, O. Metal Techniquesfor the Craftsman. Doubleday, USA (1968).

Webgter, P.D. (ed.) Fundamental s of Foundry Technology. Portcullis Press, UK (1980).
Willet, F. Ifeinthe History of West African Scul pture. Thames and Hudson, UK (1967).

Modern translations

Agricola, G. De Re Metallica. Bade 1556. Trans. Hoover and Hoover. Dover Publi-
cations, USA (1950).

Biringuccio. De La Pyrotechnia. Venice 1559. Trans. Smith and Gaudi. Aimme, USA
(1965).

Brossand, M. The Casting of the Equestrian Figure of Louis XIV. Paris 1699. Trans:
Helen Tullenberg. Ricton Publishing, UK (1974).

Taking technology off the back shelf

Thefollowing are exampl es of a great many books of the period 1900-60. All thosetha
| have seen have been obsolete for the moder n foundry industry but well-written,
practical and useful to someone setting up fromscratch with little capital and some
general practical common sense. Booksof this period do not assumethat you can go
out and buy the partsor chemicalsyou need. In many casesthey tell you how to
improviseor makethem. Although they areout of print, there are many copiesabout,
and alibrary may be ableto obtain one.

197



Buchanan, JF. Brassfounders Alloys. E. & F.N. Spon Ltd, UK (1901).

FOSECO Technicd Publications. FOSECO Foundrymen's Handbook. UK (Seventh
edition, 1964); Pergamon Press, UK (Eighth edition, 1975).

This handbook has been produced by different publishers in Britain and the USA
over aperiod of forty years. The most recent edition (Butterworth-Heinemann, 1994)
is excdlent but, for the samdl foundry, earlier editions are as useful.

FOSECO produced a large number of technicd ledflets as well as a quarterly
magazine, Foundry Practice. Old copies contain much vauable information. They are
well worth collecting.

Horner, J.G. Practical Iron Founding. Whittaker & Co., UK (1914).
Laing, J. and Radlf, R.T. AManual of Foundry Practice. Chapman and Hall, UK (1938).
Laing, J. and Rdlf, R.T. Non-ferrous Foundry Practice. Chapman and Hall, UK (1939).

Laing, J. and Ralf, R.T. AManual of Foundry Practicefor Cast Iron. Chgpman and
Hall, UK (1960).

McWilliam, A. and Longmuir, P. General Foundry Practice. Chas. Griffin, London
(1912).

Richards, W.H. Principlesof Patternand Foundry Practice. McGraw-Hill Publica-
tions, USA (1930).

Good design patternsfor feeding and venting. Much useful advice on woodwork and
pattern making.

Spon'sWorkshop Receipts. E. & F.N. Spon Ltd, UK (1909).

Spon'stechnica books were published in four volumes and a supplement printed in
1930. Itisrare, but if you can get hold of aset it will proveinvaluable. Spon's contains
every formula you can imagine, from how to build an acetylene gas plant to making
soap; from dyeing cloth to building pumps. Severd different publishers printed smilar
technica encyclopaediae a the turn of the century.

The International Correspondence Schools Library

Malleable Casting, Brass Founding, Smithing and Forging. ICS, UK (1901, reprinted
1903, 1905, 1906); Woodwor king, Pattern-making, Core-moulding, Cast Iron. ICS,
Scranton Textbook Co., USA (1901, reprinted 1903, 1905); Foundry Appliances,
Malleable Casting, Brass Founding. ICSReference Library. Vol 11B. ICS, UK (1922).
These books (among others) were designed for foundry apprentices and engineering
students, and printed between 1900 and 1940 in both london and New Y ork. Conse-
quently, they arefound in second-hand bookshops dl over the English-gpeaking aress,
the USA, the Commonwedth and former colonies.



Glossary

Note: Sand casting and lost-wax casting terms vary slighdy. Where appropriate, or
where there is danger of confusion, lost-wax terms are marked 'L W' (see note at end
of glossary).

ADOBE Sun-dried brick.

AGGREGATE Large particles or grains, usually of sand or other refractory. In
concrete or plaster, larger particles are introduced to add strength to the mixture.

AGITATE To shake or move rapidly.

ALUM A chemical used in solution to harden the surface of gelatine used in aflexible
mould.

ALUMINIUM Pure aluminium is valuable as a conductor of heat or electricity; it is
too soft to have an engineering use. The term ‘aluminium’ coversawide range of aloys.
An extremely useful metal, it is not as easy to cast as might at first appear. For best
results, special fluxes and de-gassers are needed, while certain aloys need grain
refinement (usually by a sodium modifier- g.v.). Aluminium was first made from the
ore bauxite by Sainte Claire Delville in 1854, but was too expensive for commercial
use. In 1886 the discovery of the eectrolytic process (coincidentally by both Hall in
the USA and Heroult in France) led to the evolution of the duminium industry. In the
early twentieth century, German metallurgists discovered the advantage of adding a
small quantity of copper (less than 5%) to make alight, very strong aloy. The result
possessed a mysterious property called age hardening. Named ‘duralumin’ it was first
used to build zeppelins during the 1914-18 war, later for every type of aircraft.

ALUMINIUM BRONZE A copper-auminium aloy, with between 8% and 11%
copper, used widely in shipbuilding, aircraft and defence industries; for pump impel-
lers, bearings and hydro-electric turbines. Because it picks up oxide easily it is not an
easy metal to cast, but it is exceptionally strong and corrosion-resistant.

AMBIENT TEMPERATURE Surrounding temperature: usually refers to the outside
air temperature.

AMORPHOUS SILICA (see also silica). Takes many forms. One of them is calcined
chinaclay, used as a stucco for the ceramic shell process (g.v.). Amorphous silicacan
be dissolved by caustic alkalis, acommon way to remove the last traces of die shell on
die casting.

ANNEAL, ANNEALING The process of heating metal or aloy to a temperature
below its melting point, maintaining me temperature for a time, and then cooling
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slowly. The process of annealing generally confers softness. In reference to crucibles
it isthe process of dow heating to drive out moisture.

ARMATURE The strengthened centre of apattern. Usually refersto ametal or wooden
skeleton inside a clay model.

ASHLAND PROCESS Silicasand is mixed with aresin binder. A catalyst, inthe form
of a gas or liquid, is added to and cures the resin-sand mixture and makes a rigid,
durable mould.

ASPIRATION The tendency of molten metal to draw in air as it is poured into the
mould (see turbulence).

AUTOCLAVE A pressure chamber where a combination of dry heat and pressure
evacuates the wax from the mould. Used in the aircraft industry for de-waxing ceramic
shell moulds without the use of fire.

BACKING SAND (also floor sand; black sand). Sand, generally from used moulds,
for filling in the mould between the facing sand layers.

BAG WALLS Walls inside a kiln to separate the moulds from the direct flame.

BALL CLAY A gpecid class of natural refractory plastic clay, sometimes used for
bonding synthetic sand mixtures.

BANK SAND (see silicasand).

BENTONITE A colloida clay, essentialy of the mineral known as montmorillonite,
which swells and becomes plastic on wetting. Used as abonding agent for silica sand.

BINARY ALLOY An aloy composed of only two major ingredients, such as copper
and zinc. An aloy with three ingredients is known as a 'ternary alloy'.

BINDER, BONDING AGENT Any material which holds together arefractory or inert
material. Cereal, vegetable oil, molasses, resin, etc. For example, plaster is the binder
used to hold silica sand together in the lost-wax process. In green sand casting, clay is
used as the binder.

BLACK SCALE (LW) Hard, rough skin on casting, caused by metal-mould reaction
when the metd is poured too hot.

BLACKING or BLACKWASH A powdered carbonacious material applied in aspirit
or water suspension to the surface of moulds and cores (usually plumbago in acohal).

BLAST Air driven into a cupola or other furnace for the combustion of fudl.

BLAST CLEANING A processusing air or water under pressure to direct an abrasive
onto the casting being cleaned.

BLEMISHES Faults, smal holes or depressions in a casting.

BLIND FEEDER (also called blind riser). A feeder which is not directly open to the
atmosphere, which forms part of the running and gating system.

BLOCK INVESTMENT (LW) See also Italian method. The Romans atered the
casting process developed in the eastern Mediterranean to suit anorthern climate. They
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usad plaster ingtead of clay as a binder, and it is probable that they invented the first
flexible moulds. These developments put log-wax foundries into a fom of mass
production.

BLOW HOLES Mgor faults. Holes in the casting caused by gas or steam trapped in
the metd (see d'so wax gas).

BOTT or BOD A conicd plug of refractory day in the tapping hole of the furnece to
stop the flow of metd.

BOTTOM BOARD A board of wood or metd to carry moulds or cores.
BOX Container for part of the sasnd mould (see aso cope and drag and flask).

BRASS A generd description of a range of copper-zinc aloys. Red brass (10-20%
zinc) was the firg brass to be worked because it could be easly cold-worked, besten
and formed. The addition of zinc makes brass both harder and more difficult to work.
Brass cagting as an industry started in Europe in the middle of the sevententh century
using sandard ydlow brass (35% zinc). In 1840, Munz discovered that abrass could
be hot rolled and worked with 40% zinc, hence its name, Munz metd.

BRAZING The joining of meta using an dloy of lower meting point

BRICK MUFLE Simple, improvisad furnace used for dow heating or cooling a
cadting elther for heet trestment or welding (see muffle).

BRONZE Generd term to describe a copper-based dloy which contains zinc, tin and
sometimes|lead (see dso gun-metd). All tin bronzesflow and cast well, but unlikethe
brasses, cannot be ether hot, or cold formed. They are not suitable elther for rolling or
hammering. A soft, easy flowing bronze, LG2, is described as a leaded gunmetdl
(copper 85%, tin, zinc and lead 5% each). Applied to early sculptures, or used in
ethnography, the term 'bronze’ meansdmaost any copper-based dloy. Phosphor bronze
was discovered in 1870 and was used principdly for eectrical gpplications. It can be
cold worked and is excdlent for springs and eectricd contacts. Maore recently it has
been used for bushes and bearings.

BUCKLING A fault smilar to a scab. Describes the effect on a casting of the
movement of the sand mould surface under the combined heat and pressure of a
quantity of molten metal, dlowing the metd to leek under the surface.

BURNER A device which mixes fud with ar and can be regulated to provide agood
combustion when the mixtureis burned.

BURNING ON 1. A fuson of the sand a the pouring temperature, causing it to react
chemicaly with the surface of the casting to form an adherent dag skin which isrough
and difficult to remove; 2. A method of repairing adefective casting common in ancient
times, and 4ill used where there isno gas or arc welding available.

BURNISHING Polishing by friction or pressure.

BURN-OUT (LW) Sang teem describing the de-waxing process, particularly with
reference to ceramic shdll (see de-waxing and flash de-waxing).
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CALCINING (see ds0 amorphous dlica). The heat treatment of gypsum in its
chak-like state to return it to its dry state. Thisis particularly valuable in traditiona

logt-wax casting asaby-product of the kiln burn-out of thewax. Therefractory plaster
mixture can be ground down and re-used (see ludo).

CARBON DIOXIDE-SILICA SAND A sand inwhich the bonding agent isbased on
sodium silicate, hardened by the passage of carbon dioxide (CO2) gas.

CASE The retaining shdl of a flexible mould, usudly mede of plaster, sometimes
glassfibre resn.

CASTING An object produced by the process of introducing molten metd into acavity
of the required shgpe by gravity, centrifugd force or pressure.

CASTING STRESS The latent stress|eft in acasting asadirect result of the production
process.

CATALYST A subgance that precipitates or accelerates a chemicd reaction. In
cadting thisrefersin particular to the hardening of synthetic resnsor rubbersfor mould
making, or for the making of patternsin synthetic resns

CATENARY KILN A kiln built as an arch with no divison between wal and roof.

CEMENT SAND (Randupson process). A process in which moulds and cores are
meade from a mixture of slica sand, cement and weter.

CENTRE LINE SHRINKAGE Shrinkage cavities found near the centres of castings
of uniform section. Due to insufficient feeding and poor directiond solidification.

CENTRIFUGAL CASTING Cagting molten metd into arotating mould. The axis of
rotation may be horizontd, inclined or verticd. Very common in jewel lery casting.

CENTRIFUGE Casting machine which uses centrifugd force, rather than gravity, to
introduce meta into the mould.

CERAMIC FIBRE An advanced, and exceptiondly efficient, lightweight refractory
which resembles cotton wool .

CERAMIC SHELL A form of precison investment casting, the ceramic shell process
is the great-grandchild of the day durry (g.v.) method (see chapter 7 describing this
process).

CEREAL BINDER An addition which imparts cohesveness or bond strength to
foundry sands. The addition can be of wheet or rye flour. Most modem binders are
garches and dextrins which are produced from ceredls.

CHAMOTTE A bonded, cdcined, crushed and graded refrectory clay. Used exten-
svely on the continent as a subgtitute for compo (g.v.) in the making of large moulds.

CHAPLETS Stainless gted pins usad to hold the core (g.v.) initscorrect position.

CHARGE A spexific quantity of materials charged into the melting furnece to produce
molten metd of the composition required.
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CHASE To refine the surface of acagting by grinding, filing, or chiseling.

CHEMICAL CHANGE A changein the properties of amateria, dways accompanied
by heat For example, the addition of water to aplaster makesit first intoadurry (q.v,),
secondly into asolid. The plaster becomes perceptibly warmer asit solidifies. Thiscan
be a problem in the catdytic action of a synthetic resin, where the chemica change
produces heat, and the heat accd erates change, each speeding up the other.

CHILL A materia or component of high therma conductivity used in moulds or cores
to accelerate cooling and to control structure in the casting.

CHINA CLAY (kaolin). A hydrated duminium agent, in generd of low pladticity,
used as abonding agent. It includes bdl day (g.v.) and fireclay (q.v.).

CHUCKING SPIGOT An extra piece on the pattern, Smilar to a core print (g.v.)
which, in the casting, is held in the lathe chuck for turning (g.v.).

CINDERS Burnt remnants of coke after combustion.
CERE PERDU (LW) Seelost wax.

CLAY A findy-divided minerd substance containing hydrated duminium silicate. It
is the common binding agent in foundry sands.

CLAY SLURRY (LW) Generd term for the traditiona Indian and West African
method of logt-wax casting. There are locd variations, but the principle remains the
same. The wax is coated with a durry of clay, dung and slica sand; then dried and
re-coated. Thefind coats consst of durry mixed with vegetablefibre such asrice husk,
palm fibre, or coconut husk, to meke aporridge-like mixture. Fired out, the shell mould
is much thinner than the block-like Itdian mould. Its lack of bulk dlows a shorter
kiln-firing time, thus making a congderable saving in fud.

CLAY WASH Clay diluted with weter to a creamy consistency.
CMC American term 'cold moulding compound' (see RTV).
CO2 Carbon dioxide gas. Commonly used in the carbon dioxide-silicasand (g.v.) process.

COD A projection of the sand mould, off the cope (q.v.) or drag (g.v.), to foom acavity
inthe casting.

COKE Cod from which gas has been extracted. Furnace cokeis coke with the physicad
and chemicd propertiesfor usein ablast furnace. High carbon cokeis adow-burning
coke with low ash content. Often usad in cupola (g.v.) furnaces.

COLD SHUT (or cold lap). A cadting defect which is caused when two streams of
molten meta meet and do not unite.

COLLAPSIBILITY Thequdity inacasting sand which alowsit to be easily removed
ater casting. Appliesin particular to core sand.

COLLOID An uncrydtdlizable, semi-solid substance cgpable of only very dow diffu-
gonor penetration. A chemicd which aidsthe suspension of solidsinaliquid, eg. fine
molochite (g.v.) sugpended in colloidd slica(g.v.) inthe ceramic shdl (g.v.) process.
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COLLOIDAL SILICA (dsocdled slicagd when used for absorption). Minutegrains
of slicain suspensgoninwater. Alkadinein character. Theliquid part of theslicadurry
used in the ceramic shell (q.v.) process.

COMPO (Sheffidd composition). A moulding materid composed of a mixture of
crushed and graded firebrick and arefractory clay, used to produce heavy sted castings
but aso useful for generd kiln and furnace repair (see dso grog).

COMPRESSION STRENGTH Resdance to pressure. For example, cast iron has
great strength under compression, but little tensle strength (q.v.).

CONDUCTIVITY (dectricd or thermd). The measure of the ability of a substance
to dlow the passage of dectricity or heat. Copper is an example of agood conductor,
rubber abad one.

CONDUIT A channd, cand or pipe. It carries molten metd into the mould.
CONTRACT To draw into asmaller space.
CONTRACTION Shrinkage, metd expands as it melts, and contracts asit solidifies.

CONTRACTION ALLOWANCE Theamount by which apattern or corebox ismade
overgzeto compensate for the shrinkage of the cagting after solidification. Also known
as pattern maker's dlowance, or shrinkage.

CONTRACTION RULE (dso known as pattern maker'srule). A ruler which dlows
for contraction. Rules are avallable for different metals and dloys.

COPE Thetop hdf of the mould flask (g.v.), the other being the drag (q.v.).

CORE Sand compected into a given shape and insarted into the mould before it is
closed. Thecoreformsaninterna cavity in the casting which cannot be shaped by the
mould.

CORE BAR A med former or bar around which cores are condtructed. 1ts function
isto diffen the core and often to asst in its handling.

CORE BOX Mould, usudly made of wood, for forming the sand core. Also known
ascoremould.

CORE NAIL Nail or chaplet (g.v.) for retaining the core in place.
CORE PIN Smdl core nail.

CORE PLATE P ates onto which cores are turned out and transported to the oven and
which are used to support them during baking.

CORE PRINT The extra piece on acore which alows the core to be held in place in
amould.

CORE OVEN or CORE STOVE A ample kiln in which cores are dried by heat

CORE VENT Wax, inflammable plagtic or smilar materid which forms a pipe (or
vent) in the core when burnt off.
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COVER FLUX Powder which, when heated, turnsto aglassy materid on the top of
the molten metal, excluding the gases present in the atmosphere. Also acts as adag
coagulant (g.v.).

CRUCIBLE Refractory container or pot used to mdt metal. Crucibles were usudly
made of a clay, graphite, slica sand mixture. Now glicon carbide is a common
ingredient Modem crucibles are mechanicdly strong as well as having extreme
resstance to thermal shock.

CUP A funnd into which the metd is poured and which directsthe metd into the sprue
system (q.v.). Also cdled apouring basin.

CUPOLA A vertica sheft furnace in which the metd charge, mixed with fud (usudly
coke) ismdted by burning, in ablast of hot or cold air.

CUPOLETTE A smdl cupolawith a short sheft, for outputs up to one tonne per hour.

CURE In casting terms, thismeansto set or harden, particularly in the case of cements,
rubbers and resins.

CYLINDER A dgraght roller-shgped body, solid or hollow, and of uniform circum-
ference.

DE-GAS To liberate or remove the gases which have penetrated the molten metal.

DE-GAS SR Unfortunately, both oxygen and hydrogen have an afinity for copper,
while duminium tendsto pick up hydrogen. A de-gasser isachemicd, e.g. phosphorus,
which scours gas and impurities from the molten metal. The earliest form of de-gassing
was to bubble nitrogen through the melt. Nitrogen removes both the hydrogen and
oxygen. This technique is complicated and difficult in a foundry. Today it has been
superseded by the oxidation-deoxidation process (g.v.). Charcod isthe smplest form
of de-gasser because it removes the oxygen before it reaches the mdt (see dso
deoxidization).

DEGREASING (LW) Preparing the wax pattern to recave the invesment durry. Any
liquid which removes the greasy surface of the wax. Alcohol, detergent or washing
soda are the most common. 1sopropanol dcohol with aout 0.05% liquid detergent
workswedll as adegreaser.

DENSENER An insertion in the mould or core face, or a protruson into the mould
cavity, to promote locaized solidification.

DEOXIDANT A materid used to remove oxygen or oxides fram molten metals.

DEOXIDIZATION Removd of oxygen fram the molten metd by plunging atubeinto
it containing chemicas with a great afinity for oxygen.

DEOXIDIZING TUBE Some deoxidizers contain lithium or cacium boride. These
are normaly only used for high-conductivity copper. The tubes usad for brasses and
gunmetds contain phosphorus. When plunged into the liquid bronze the de-oxidizer
both removes the oxygen and increases the fluidity of the melt (see dso poling).
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DE-WAXING (LW) (also called burn-out). Thisisthe essence of the lost-wax process.
Removal of the wax from the refractory mould leaves a void. This remains the basic
principle regardless of the variations in the process. The void is an exact negative of
the original object. Metal poured into the void makes a replica (or translation) of the
soft wax into hard metal. Apart from the change of material, the only difference is a
small amount of shrinkage as the metal cools (see contraction). According to the type
of process, de-waxing can take place in various ways: flash de-waxing (qg.v.), melted
out in an autoclave, burnt out in akiln, or even melted out with boiling water and then
kiln fired.

DEXTRINE A bonding agent used in foundry sands, derived from starches produced
from maize, potato, sago or wheat.

DIE CASTING 1. The process of introducing molten metal into metal moulds, as
distinct from sand moulds; 2. The object produced by this process.

DILATION Outward movement of the mould wall during solidification of the casting.

DIP COAT (LW) Term used in the ceramic shell (g.v.) process for immersion of the
wax pattern in slurry, referring in particular to the first coat.

DIRECTIONAL SOLIDIFICATION The progressive solidification of a casting from
its remote parts towards a feeder head.

DIRT TRAP (also called dross or slag-trap, among other names) A deviceincorporated
intherunning and gating system to prevent dirt entering the mould with the metda stream.

DISTILLED WATER Water processed through a still, therefore containing no impu-
rities.
DOUBLE BOILER A vessel within another vessel which contains aliquid to prevent

the inner substance from burning. This liquid is usually water. Most commonly used
for gelatine (g.v.) or wax.

DOWEL A cylindrical piece of wood, used for holding different pieces of wood
together. Also the name for the metal pin which locates the cope (g.v.) in position on

the drag (g.v.).

DOWEL PLATE A plate drilled to match a dowel to register the two halves of a
moulding box.

DOWN-GATE The main passage, running vertically, which allows metal to enter the
mould from the ladle or crucible, via the pouring basin or cup.

DRAUGHT ALLOWANCE A measured amount of extra material on a pattern to
allow for drawing, or shrinkage.

DRAG The bottom part of a mould (see flask and cope).
DRAW LIFT The remova of the pattern from a mould.

DRAWBACK The section of amould which is removed on a suitable carrier or lifting
plate to facilitate pattern withdrawal. The section is then replaced.
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DROP CORE Removable sand piece fitted into the mould.
DROSS Oxides and impurities floating on the molten metal (see slag).

DRY SAND MOULDING Moulding in asand containing more moisture than is used
with normal green sand, the mould being dried in an oven before it is cast.

DRY STRENGTH A measure of the property of cohesion of the grains of sand
containing no free moisture.

DUCTILE When applied to metal, it means that it may be drawn out like wire.
Malleable, not brittle.

DUCTILITY The property of a metal which enables it to be given a considerable
amount of mechanical deformation (especially stretching) without cracking.

EPOXY A synthetic resin. Epoxy resin is a hard and durable materia particularly
well-suited for cast patterns. Mixed with a catalyst it sets hard within an hour.

ETCH To treat the surface of the metal with acid. Etching is used in metallurgy to
show up the grain structure and any irregularities or faults.

EVAPORATIVE CASTING (dso cdled the lost foam, the full mould, or the lost
expanded polystyrene process). A fast-growing part of the iron and steel casting
industry. Expanded polystyrene patterns are formed in dies. The patterns are coated
with aceramic dip-coat and then rammed in silicasand flasks and cast on an automatic,
or robot production line (see also lost expanded polystyrene process).

EXOTHERM A mixture of chemicals which give off heat. A chemical reaction (asin
exothermic (q.v.) feeder-head). See also thermite.

EXOTHERMIC Any substance which generates heat.

EXOTHERMIC SLEEVE Material built into the cup (g.v.) or feeder-head (g.v.) to
keep the metal hot, thus aiding directiona solidification (see also thermite).

EXPANSION SCAB A casting defect in the form of a thin layer of metal separated
by athin layer of sand from the casting, held to the latter at one or more points.

FACING SAND A sand which is sometimes placed against the face of the pattern or
corebox, thus forming the face of the mould or core cavity.

FALSE PART An additional piece or part constructed on a pattern, possbly to
accommodate a drawback (qg.v.).

FAT SAND Foundry sand having a high clay content.

FEEDER-HEAD A funne or cylindrical cavity similar to acup (g.v.) but placed ona
riser (g.v.) to act as a reservoir of molten metal, as required during contraction of a
mould, and to aid directiona solidification.

FEEDING The supply of additional meta to the casting to compensate for the
contraction of that metal aready in the mould during cooling and solidification of the
liquid metal.
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FEEDING COMPOUND An insulating or exothermic (g.v.) material placed on or
around feeding-heads to facilitate feeding by keeping the metal in the mould liquid for
a longer period.

FETTLING (dressing, trimming). The cleaning of castings, remova of fins (g.v.),
in-gates (g.v.) etc. by chipping, chiselling or grinding.

FILLET The radiused corner piece on a pattern or core box, used with the purpose of
rounding out sharp comers at intersections.

FINS Wafers of metal projecting from the metal, caused by meta entering parting
lines or cracks.

FERE BARS Bars of cast iron used to hold a coke fire in a kiln above the air passages.
FIRECLAY A refractory clay consisting of hydrated aluminium silicate.

FLANGE A projecting rib or rim used either to strengthen the casting, or to attach it
to another piece.

FLASH (or fin, or feather). A wafer of metal projecting from a casting, caused by the
metal entering parting lines at the junctions of moulds (g.v.) and of cores (g.v.).

FLASH DE-WAXING Part of the ceramic shell (g.v.) process where the wax must be
'skimmed' (q.v.) to prevent it expanding and cracking the shell.

FLASK Two halves, or boxes, containing the sand mould when locked or bolted
together (see cope and drag).

FLEXIBLE INSERT (see insert).

FLEXIBLE MOULD The preliminary mould for forming the wax pattern (see also
gelatine, hot-melt rubber, silicone rubber and RTV). A flexible layer is necessary for
moulding a complex wax part which has undercuts or protruberances. The flexible
mould can then be peeled away without breaking the wax. To keep the shape of this
flexible skin, abacking, or case (g.v.) is constructed, usually intwo halves (see case).
Thewax is poured or painted into this mould. Oncethewax isrigid, the caseis removed
and the flexible mould peeled away.

FLOWABILITY The property of sand grains to move easily among themselves and
reproduce the contour of the core box or pattern.

FLUIDIZING BED A machine which uses a rapid upward current of air through a
screen to aerate a fine powder, e.g. molochite (g.v.), and make it appear to behave like
afluid. The machine isused in large investment casting foundries for the stucco (g.v.)
part of the investment process.

FLUX A substance which has a 'scavenging' action by promoting the fusion of
impurities to form a slag (q.v.). See also cover flux.

FORMALIN A solution of formaldehyde (HCHO or methanol) used as an antiseptic
for the destruction of germs and as a food preservative. Do not breathe the fumes.
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FREEZING (metal). Metas become liquid when heated above their melting point, and
solid when they cool. The moment when the metd recovers its solid state is called the
freezing point. Different pure metals and aloys form different structures during the
freezing period.

FRIABLE Easily reduced to powder. A useful quality in a moulding sand after the
mould has been filled.

FUNNEL A cylindrica cavity throughwhich metd isintroduced into the mould. More
usually called the cup (g.v.) or pouring cup (q.v.).

GATE Specifically that part of the running system through which molten metal enters
the casting cavity. Sometimes used as a general term for the entire running or gating
system which conveys the molten metal from the cup (g.v.) at the top of the mould to
the mould cavity.

GEL (solidify). The semi-solid state of a colloid (g.v.) when it has been left standing.
More usualy this refers to the setting of a synthetic resin after it has been mixed with
acatalyst (g.v.).

GEL COAT The first and most detailed and time-consuming coat when laying
synthetic resin into amould.

GELATINE A semi-transparent substance which forms ajelly (semi-solid state) in
water. Obtained from connective animal tissue such as skin, horns, tendons and bones.

GELATINE MOULD (LW) The first flexible mould (g.v.) used from Roman times
up until the early 1970s, and still used under certain circumstances. Gelatine is avery
ancient form of glue. Inthis case itisused not as aglue, but for its viscous and flexible
qualities, its ability to seek out cavities, details or texture on the pattern. After the case
(g.v.) is constructed, the liquid gelatine is poured into the cavity between the case and
the pattern. Once it has set and been chemically treated to harden the surface, the
process is repeated on the other side. The gelatine has to be chemically toughened with
alum before the hot wax is painted into it.

GLOVES Hand protection, usually against cold, but in foundry work they protect
against heat and molten metal. Foundry gloves are usually made of |leather or asbestos,
or an asbestos substitute. Welding gloves protect against both metal burns and flash
bums. Ceramic fibre (g.v.) blanket protects the gloves from direct contact with red hot
steel or hot moulds. Because gloves are aways expensive, the use of ceramic fibre
blanket cannot be too highly recommended.

GRAPHITE A crystalline form of carbon used in the making of crucibles. Also known
as black lead, plumbago (qg.v.).

GREEN SAND Sand containing free moisture, as distinct from sand which has been
dried.

GREEN STRENGTH (or green bond). A measure of the cohesion of sand grains
containing free moisture at atmospheric temperature. Usually determined by acom-
pression test
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GROG Thisiseither fireclay (g.v.) after cacination, or crushed firebricks. Themain
congtituent of compo (q.v.). Grog is dso a common refrectory used for investing
log-wax moulds by the block method.

GYPSUM Badsc rav maerid of plaster of Paris (see plaster).

HEADER A riser (g.v.), often quitelarge in section, which actsasareservoir and feeds
extrametd to the cagting, not to be confused with the in-gate or runner system.

HEMISPHERE The haf of a gphere or globe divided by a plane passng through its
centre.

HOLDING KILN Low-temperature oven used to keep moulds wam after flash
de-waxing (see ceramic shdll process).

HORNGATE A variation of the running and geting system.

HOT-MELT RUBBER (see dso thermoplastic). Successor to gelatine (g.v.). An
intermediate solution to the problem of flexible moulding, before theinvention of RTV
(9:v.) rubbers. Bahned from English schools and colleges in the 1970s for fear of
carcinogens, later the makersimproved it and removed the dangeroustoxins. Hot mdts
are not as accurate as RTVs, nor as awdl-made gelatine mould. However, they are
extremey useful as an intermediate process for making and then remoulding the
pattern. Hot meltsdo not penetrate like RTV's, and so are useful for taking impressions
off clay. The second advantage is chegpness. hot melts have a good shelf-life and can
be used, remdted and used again many times.

HOT SHORTNESS An undesirable property of certain metdswhereby they arebrittle
a some elevated temperature ranges (e.g. bronze).

HOT SPOT An areaof heat concentration usudly found at pogtions of joining sections
in acagting, or due to the impingement of a dream of metd from the gate causng
locdized hesting. Hot spots can be avoided by improving the sprue design.

HYDROFLUORIC ACID Ore of two ways of removing the last traces of ceramic
shel from acasting. The other iscaugtic soda. An efficient but exceptionaly dangerous
acid, chemigts and safety officers advise againgt using hydrofluoric acid because of the
danger to hedlth. Despite this, it has the great advantage that it removes exceptionaly
hard ceramic materid. It is aso used to etch plate glass.

IGNEOUS Literdly 'of the nature of fire. Generdly refers to volcanic rocks or
mineras produced by extreme hest.

INCLUSON A non-metdlic particleof dag (g.v.), oxide or other chemicd compound
which has become entangled in the metd during its manufecture. (Most frequently
found elther as a sand or dag inclusion).

INDIAN METHOD (LW) Seedlay durry.

INDUCTION FURNACE The med is hdd in arefractory container surrounded by
acoil through which an dternating current passes. This induces currentsin the metd,
caudng it to be heeted and, if required, to mdt by internd resstance.
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IN-GATE The horizontal part of the running and gating system closest to the casting.

INGOT MOULD Cast iron open mould for re-forming metal surplus to casting
reguirements, or for making ingots (qg.v.) during the aloying process.

INGOTS Blocks of metal made by casting the liquid metallic contents of a furnace or
crucible into open moulds.

INOCULATION A process of introducing relatively small additions of elements or
aloys to the molten metal for the purpose of improving the structure and mechanical
properties of the finished casting (see sodium modifier).

INSERT (also called 'flexible insert’). A flexible section set into a plaster piece mould.
For example, this could be used to cast a small complex form within a larger smooth
area.

INVEST Literaly, to beseige or surround. In lost-wax casting it means to cover or
coat the wax with a refractory cover or mantle (see also lost wax and ceramic shell).

INVESTING (LW) The technique of applying the investment In the Italian process
this demands a high degree of experience and craft skill. Starting as apprentices, the
artisans progress to improvers and then to journeymen before becoming maestros of
their craft. Until 1970 this was amale preserve, but recently a small number of women
have entered the craft In the mechanized ceramic shell (g.v.) process, the investing is
usually done by robots.

INVESTMENT The refractory coat or mantle enclosing the wax.

ITALIAN METHOD (LW) Also cdled the ‘Roman method'. The process favoured
in Northern Europe for around 2000 years because it can be continued in winter as well
as summer, no matter how severe the temperature changes. The refractory investment
(g.v.) depends on plaster (g.v.) as its binder, and so does not depend on warmth and
sunshine as does the clay durry (g.v.) method. The plaster binds together a fine
refractory, which is usually grog (g.v.) or silica sand (g.v.). Fine powdered brick dust
was the favoured refractory from Roman times up to 1960, when it was banned as a
health hazard. The investment is built up methodically, first painted and flicked or
poured on, then smoothed on in blocks, rather than layers (which the Italians deride as
‘onion skins'). The result is athick, block-like mould, unlike the elegant, thin, Indian
slurry shell mould.

JELLATONG Pattern makers' wood. Technically a hardwood because of its close
grain, in fact this Malay wood is soft and even-textured, rather similar to balsa wood.

JOINT FACE See parting line.

KEYS Wedge-shaped pieces on the edge of a flexible mould, used to retain the mould
inits proper position in the case (g.v.).

KEYWAYS Negative spaces in the case to hold the keys.

KILN, BURN-OUT (LW) Describes any form of kiln, oven or furnace used to remove
the wax from the moulds. These can range from a smple can lined with ceramic fibre
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(g.v.) blanket for flash de-waxing (g.v.), or a Roman wood-burning or coke kiln, of
simple construction, to a modem electric, gas or oil-fired kiln.

KNOCKING OUT The separation of sand from casting.
KYANITE Refractory minera of the sillimanite (g.v.) family.

KYONITE Colloquial term for the ash of rice husk, rich in silica. Used in the Newar
(g.v.) lost-wax process.

LADLE A vessd of steel, lined with arefractory material, used to carry molten metal.
LEAN SAND Foundry moulding sand with alow clay content.

LIFTING IRON A rod which screws into the pattern, used to lift the pattern from the
moulding sand.

LIFTING PLATE Steel plate threaded to accept the lifting iron.

LIQUID TO SOLID CONTRACTION The amount of volume contraction that occurs
during solidification.

LOAM A strong sand of high clay and very high moisture content, containing additions
of fibrous materials (horse hair and horse dung are common ingredients). Used for
producing moulds and coresfor heavy castings from skel eton patterns or strickle boards
(loam, or 'loom' is used in bell foundries).

LOAM MOULDING (aso called strip block). A system of moulding, common in pipe
foundries, employing a pattern strickled in loam around a barrel. Such a pattern can,
and often does, incorporate a thickness of loam equivalent to the section of the casting.
After moulding and removing thisthickness, the block isthen used asthe core (asystem
very similar in principle to this one is often used with CO2 moulding).

LOOSE PATTERN A pattern, either solid or split, which is not mounted on amoulding
or pattern plate.

LOOSE PIECE A loose piece of pattern equipment so designed that it can be removed
from the mould (qg.v.) or core (g.v.) after the withdrawal of the main pattern or core
box (q.v.).

LOST MERCURY (see mercast process).

LOST EXPANDED POLY STYRENE PROCESS In the 1950s and 1960s this was
seen as a useful method of producing a rough, one-off casting in aluminium, particu-
larly in schools and colleges as an introduction to casting principles. The sculptor,
Geofrey Clarke, produced some large pieces, using a combination of pit moulding and
lost polystyrene. Later there were worries regarding the fumes given off, and the
process was abandoned in schools. Many artists and engineers ill find it auseful way
to make a one-off sculpture or prototype. Lost polystyrene has now been adapted to
make precise iron and stedl castings (see evaporative casting). Expanded polystyrene
foam isfound on rubbish dumps all over the world, so there is usually no problem about
a supply of materials.
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LOST WAX (LW) Also known as'cire perdu* or 'ciraperdida). A generd name for

severd variants of the same process. The techniqueis so old that no one can be precise
about where it firg Sarted, or when. Cagtings, bronze scrgp and remains of foundries

have been excavated in China, the Near East, India and South America, dating from

4000 years ago. In ancient times, an object was made in wax, coated with arefractory

mixture of clay, dung and silica sand, and then dlowed to dry (al the early foundries

were located in wam climates). The moulds were then baked until the wax ran out,

and further baked until the refractory wasred hot By thistimethe bronze or brassdloy
was melted. The moulds and crucibles were removed from the hest, and the molten

metal poured into the moulds. Once the meta had cooled, the investment was broken

off, and the sprue and any flashing chisdled off. This process can ill be seenin parts
of West Africa, India and Chinato this day. Unfortunately the craft, which reached a
high art form in pre-Colombian South America, was destroyed by the Spanish Con-

quistadors (see d <0 Itdian method).

LUDO or LUTO Inlogt-wax cagting, it refersto the investment (q.v.) after it hasbeen
fired and removed from the casting. Because the plaster content has been recalcined
(seerecdcination), the ludo can be recycled, ground down, Seved and reused. Ludois
used on the back-up coats in the Itdian logt-wax process. It has excdlent refractory
and mechanical strength and codts the caster nothing except his labour. In Italian
foundries ludo is ground up and Seved by the youngest apprentice.

LUGS Attachments on acasting for fitting or bolting onto another part.
MACHINING The process of refining the casting by using lathes or milling machines.

MACHINING ALLOWANCE Extra thickness on the pattern (and therefore on the
casting) to dlow for machining.

MAKING GOOD A pattern rarely leaves (is extracted from) the sand leaving a perfect
impresson. 'Making good' is the process where the moulder cleans up the surface of
the mould and replaces missing pieces, such as corners, that were displaced as the
pattern was withdrawn.

MALLEABILITY A property of some metas enabling, them to be hammered and
besaten into forms, such asthin sheets, without cracking. Gold isthe most mallegble of
al metds.

MANTLE (LW) Seeinvestment.
MATRIX The mgor structurd condtituent of a metd.

MATTING Blending in the surface of the casting after a podtive irregularity or a
runner has been cut off, usng a matting punch (see below).

MATTING PUNCH Hat or pitted-ended punch, large or smdl, for metting (sse
above).

MELT 1. To pass from solid to liquid state by heeting. The meting points of different
metas and their dloys vary widdy; 2. A generd term describing a complete crucible
of metd as it passes through the melting process, from cold ingots to pouring.

213



MELTING LOSS The difference between the amount of metal charged into a melting
furnace and the amount of metal removed.

MERCAST Mercury patterns have been used instead of wax for many years. The
patterns are produced by submerging the master dies filled with mercury in refrigerated
acetone at -60°C. After ten minutes the frozen mercury patterns are removed from the
dies. Investment (g.v.) then follows standard procedure (see ceramic shell). When the
shell has hardened, the temperature is allowed to return to normal and the mercury
melts and runs out. The rest of the process is the same as any other casting process.
The advantages of 'mercast’ is said to be the greater accuracy of the patterns.
Note: mercury is extremely poisonous.

METALLURGY The science of metals. The study of the way metals are refined and
alloyed, and how they behave; in particular during the melting, cooling, cold forming,
work hardening or heat treatment processes. The science of metallurgy is vital to the
advancement and efficiency of the foundry industry.

METALLOGRAPHY The microscopic study of the internal structure of metals.

MID PART The intermediate section of a moulding box (g.v.), inserted between the
cope (g.v.) and the drag (qg.v.). Necessary where more than one parting line (q.v.) is
used (for example, in casting a pulley whedl with a grooved edge).

MOLASSES A bonding agent used in foundry sands. A by-product of sugar refining.

MOLOCHITE (LW) A refined refractory, calcined chinaclay, used in both the Slurry
(g.v.) and stucco (q.v.) in the ceramic shell (q.v.) process. (From 'Moloch' afiery god
of the Phoenicians to whom burnt human sacrificia victims were offered.)

MOULD The form which contains the cavity into which metal is poured to make
castings.

MOULD CAVITY The impression left in the sand after the withdrawal of the pattern.

MOULD COATINGS Paints having a refractory base which, applied to moulds or
cores (g.v.), prevent metal penetration and give a good surface finish to the castings.

MOULDING BOX A container, made of stedl or wood, into which sand is rammed
around a pattern to form a mould (also called a flask).

MUFFLE A temporary kiln or furnace to retain heat, usually during welding repairs
or heat treatment, to heat the casting evenly and dowly, and to reverse the same process.

MULLER A mill. Generally, a sand mill or sand-processing machine.
MULLITE A refractory sometimes used in the ceramic shell (g.v.) process.

NATCHES Negative and positive register holes or protruberances in a plaster mould
to locate the two sides together.

NATURALLY-BONDED SAND Sands quarried from geologica deposits, contain-
ing natural clay as a bonding agent.

NEWAR The origina inhabitants of the Kathmandu valley in Nepal, famed for their
craft skills.
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NEWAR CASTERS Traditional casters in copper and brass using their own variant
of the lost-wax method, which has changed very little over several hundred years.

NEWAR KILN (LW) Used in Nepal, the Newar kiln is similar to traditional West
Africankilns. It isfired by hard charcoa (sometimes coke nowadays). The Newar kiln
consists of two chambers: the bottom contains the crucibles, the top the moulds.
Tuyeres (g.v.) create a draught and increase the heat in the bottom chamber. As the
meta in the crucibles melts, the moulds fire out. The white zinc fumes are the only
guide to the temperature of the bronze. When the metal is molten, the moulds are
removed and placed, partially buried, ready to receivethemetal. The cruciblesarc taken
out and the moulds filled. In the Kathmandu valley most of these traditional kilns are
disused. They have been superseded by Roman kilns (g.v.) and simple pit furnaces
using coke fanned by electric blowers.

NICK (the shell) Before de-waxing (q.v.) in the ceramic shell (g.v.) method, parts of
the shell where wax might be trapped are cut (nicked) with a fine saw. These nicks
allow the wax to escape rapidly without cracking the shell.

NITROGEN PROCESS The gas nitrogen, when passed through the melt (g.v.) under
pressure, removes oxygen and hydrogen. A difficult and expensive process, now
superseded by the oxidation-deoxidation process (q.v.).

ODD SIDE Foundry term for the throwaway piece of the green-sand (g.v.) moulding
process. A one-piece pattern is placed in a roughly rammed bed of sand in the cope
(g.v.) half of the flask (g.v.). Thisis caled the ‘odd side' and it provides a temporary
surface against which the drag (g.v.) may be rammed, when separated by a parting
agent. The odd side is removed and the sand removed from the drag. The drag is then
refilled and rammed in the usua manner. Finally, the cope is refilled and rammed in
the same way as the drag.

OIL-BONDED SAND A synthetic sand mixture, based on silica sand (q.v.), bonded
with adrying oil such as linseed oil. Other substances are often added to give green
strength (g.v.).

OLIVINE SAND A sand, the grains of which are formed from a group of silicate
minerals, consisting of orthosilicates of magnesium and iron. It is relatively free from
scabs and other such troubles.

OXIDATION-DEOXIDATION PROCESS Thishas superseded the nitrogen process
(g.v.) for removing gases from the melt (g.v.). Using a cover flux (q.v.), adjust the
furnace flame to a dightly oxidizing atmosphere. The presence of the oxygen in the
melt excludes hydrogen. Once removed from the furnace, the melt is deoxidized.

OXIDE A chemical compound formed when an element unites with oxygen, as by the
action of burning. Water is hydrogen oxide; sand, silicon oxide and quicklime, calcium
oxide.

OXIDIZING FLAME Alsocalled a'leanflame'. A flame wherethereisabiastowards
air rather than fud in the combustible mixture. A ‘fat' or reducing flame includes more
fud and less oxygen. An oxidizing flame is preferred in the melting of copper aloys
to prevent the entry of hydrogen. This is followed by deoxidation (q.v.).
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OXIDIZING OIL Vegetable oils oxidize (harden when exposed to the oxygen in the
air) with greater or lesser efficiency. This makes them useful as sand binders, particu-
larly in the forming of cores(g.v.), usually with the use of low heat in acore oven (q.v.).

PARTING LINE The plane where sections of a mould are separated (also called a
‘split line').

PARTING POWDER Finely-ground material dusted onto a pattern, core box (g.v.)
or mould (q.v.) to reduce the adherence of the sand.

PATTERN A model of wood, metal, plaster, resin, or any suitable material, around
which the mould cavity (g.v.) isformed. In lost-wax (q.v.) casting, it is also applied to
thewax model, or replica, of the original pattern beforeit isinvested. The pattern should
be made oversized to alow for contraction.

PATTERN DRAUGHT (adso caled delivery, draught draw, taper) The taper on
vertical elements in a pattern which allows easy withdrawal of the pattern from the
sand mould.

PEANING Reducing and compacting metal with a round hammer or punch (see also
matting and work hardening).

PEAT Vegetable matter, partly carbonized, used for fuel.

PERMEABLE Can be penetrated, allows gases or liquid to pass through. The perme-
ability of a given sand can be measured. It is the useful quality which allows gases to
‘vent' (q.v.) or pass through the sand during the casting process.

pH A measure of acidity or akalinity, used in the preparation of the durry (g.v.) in
the ceramic shell (g.v.) process.

PHENOLIC RESIN A thermosetting resin used with silicasand (g.v.) in the automated
shell sand process.

PHOSPHOR BRONZE A modification of copper-tin bronze. One type of aloy
contains 4.5% to 6.0% tin and less than 0.3% phosphorus. This is used for springs and
other electrical components because it is resilient and non-magnetic. Another aloy is
tough and hard-wearing and o is used for bearings.

PIECE MOULD (LW) In lost-wax, as opposed to sand casting, this refersto a plaster
mould used as an aternative to a flexible mould. A pattern with no undercuts and a
smooth surface can be moulded in plaster and the wax taken from this plaster. This
saves both time and expensive material (see aso insert). Ceramic shell piece moulds
save on wax and part of the firing process.

PINNED, PINNING Usualy refers to the retaining of a mould (q.v.) in the correct
position by the use of pins, nails or chaplets (q.v.).

PINHOLE A casting defect in the shape of a small hole, generaly found under the
surface of the casting after machining.

PINHOLE POROSITY A casting defect caused by the evolution of gases, and
appearing as dispersed small cavities less than approximately '/i6in (2mm) across.
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PINS, BOX Locating pins used on moulding boxes to ensure proper register of the
cope (g.v.) and drag (g.v.) halves of the mould.

PLASTER Powdered and calcined alabaster (see also gypsum) related to cement. A
material with many usesin mould making, for moulds, patterns and models of al kinds.
Plaster is aso used as abinder for the Italian method (q.v.). In Europe there are many
grades of plaster, from those used on walls (on the whole not suitable because of the
additives) through to coarse and fine casting plasters, refined dental, to extra hard (and
extra expensive) plasters such as Herculite and Crystocal. Experience in India and
South America proved that their ordinary domestic plaster, used on houses, worked
well. It had no additives, was coarsely ground and had good refractory qualities. The
plaster sold as 'dental’ or 'medical’, on the other hand, was useless.

PLASTIC Capable of being moulded.
PLUMBAGO Graphite or blacklead. Used in the making of crucibles.

POLING De-gassing method used with copper and its alloys. Molten copper contains
both oxygen and hydrogen in solution. When copper solidifies these combine to form
steam. Up until the use of deoxidizing tubes (g.v.) copper was 'reduced’ (deoxidized to
remove the excess oxygen) by 'poling’, or plunging a stout greenwood pole into the melt,

POLYESTER Synthetic resin which sets hard when mixed with a catalyst (q.v.). Its
most common use is as abond for glass fibre. It can be used to form cases for flexible
moulds or to make patterns.

POLYSULPHIDE RUBBER (LW; see dso RTV). One of severa cold-setting
rubbers on the market. Cheaper than silicone rubber (g.v.) but not as easy or as pleasant
to use. The lead-based catalyst is toxic and sometimes difficult to mix in. The rubber
has a good viscosity and makes a strong mould, but cannot compare with the silicone
range.

POROSITY The quality of being porous (full of pores). Usudly refers to a casting
defect caused by liquid metal shrinkage or gas evolution.

POTATO (LW) Rounded, surplus piece of bronze attached to the casting at one or
more points. Potatoes are casting faults caused by air bubbles trapped in the investment,
which fill with metal.

POURING BASIN or CUP (seecup). The receptacle on the mould top into which the
molten metal is poured and which directs the molten metal to the running and gating
systems.

PRESS MOULD A plastic material (e.g. clay) is formed by pressing or squeezing
between strong negative shapes.

PROGRESSIVE SOLIDIFICATION The controlled change of the metal from liquid
to solid state by the skilful planning of the sprue system (qg.v.) and the use of chills
(g.v.) or denseners (qg.v.) or reservoirs or thixotropic feeder-heads (g.v.). The process
makes the casting solidify first and the runners and reservoirs solidify later, thereby
preventing contraction or ‘drawing’ (see draught allowance).
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PYROMETERS Instruments for measuring high temperatures, particularly in kilns or
furnaces.

QUARL The refractory element of the burner head through which the flame enters the
kiln or furnace.

RAM To pack sand in amould or core box (q.v.).

RAIN MACHINE (LW) A device used in the ceramic shell (g.v.) process as an
aternativeto the fluidizing bed (g.v.). The machine consists of abox, rather likeasmall
shower cabinet, and ariddle on top which is filled with stucco (g.v.) and shaken by a
small agitator or electric motor (an old electric sander doesthejob well). At the bottom
of the cabinet is a chute or funnd to catch the falling stucco. Thisis either recycled by
suction or, in a home made version, collected in a bucket. When full, the bucket is
emptied into the hopper at the top. Instead of dipping the surry-covered wax into the
floating stucco, the wax is placed in the box and the stucco rained down on it. The
operator turns the wax to make sure that the stucco falls evenly on every part and
hollow. (Always wear a dust-protection mask.)

RAPPING The act of loosening a pattern from the moulding sand to permit easy
removal.

RAT-TAIL A casting defect appearing as a scab (q.v.), anarrow irregular indentation.

RECALCINATION The recycling of plaster, particularly in ludo (g.v.) where the
hardened plaster (gypsum) returns to its powder state. Gypsum is calcined, that is,
turned to plaster, using heat. Recalcination, therefore, merely repeats the process.

REDUCING ATMOSPHERE A ‘fat' or fud rich atmosphere, much used for certain
glazes in the colouring of domestic ceramics. The opposite to an oxidizing atmosphere
(q.v.).

REFRACTORY In foundry terms, a material which will not change its state (or

changes little) when heated. A refractory brick is one that can be used in akiln or
furnace without fear that it will crumble or crack when heated.

REFRACTORY QUALITIES The qualities of a material, extremely valuable in the
foundry industry, which keep a material stable when baked, or when molten metal is
poured into it (refractory strength to an extraordinary degree is found in the modern
silicon carbide crucible).

REGISTER See natch.

REPRODUCTIVE CASTING (LW) Tem used in lost-wax casting where many
identical objects are cast. This form of statue casting first became possible when the
Romans invented gelatine (g.v.) moulds for forming the waxes.

RESERVOIR (see aso progressive solidification) Allowing for shrinkage is as impor-
tant inlost wax asitisin sand moulding. Any place onthe patternthat is liable to suffer
from contraction as the metal cools needs a reservoir on the runner or riser (g.v.). A
spherical form retains its heat best, so in lost-wax casting, reservoirs usually take the
form of a bal of wax (see also sprue system).
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REVERBERATORY FURNACE (aso known as arotary furnace). A horizontal blast
furnace where heat is reflected off the roof and walls onto the metal charge. A common
type still found in Africaand India is the oil-fired, drum-shaped furnace which can be
rotated to draw off the molten metal.

RHEOLOGY From the Greek rheo, to flow. 1. The study of both plastic and non-
recoverable deformations; 2. In metallurgy it is applied to the plasticity, work harden-
ing, annealing and fatigue of metals; 3. applied to ceramics, rheology covers the
behaviour of pastes, doughs, and, more important to the metal caster, the tendency of
claysto dlide, and their plasticity. Those areas described by clay or sand moulders as
‘firmness’, 'body’, 'springiness, 'tack’, 'stickiness’, or 'plasticity’, are covered by
rheology.

RIBS Flanges or extensions on a pattern to strengthen the casting.

RIDDLE A coarse sieve used for sieving sand and also in the recycling of ludo (g.v.).

RISERS Vents (g.v.), conduits or tubes which both vent air and allow the metal to rise
out of the mould. Sometimes combined with a reservoir or header (g.v.) to ad
progressive solidification (qg.v.).

ROASTING The process of heating an ore at medium temperature in contact with air.

ROMAN JOINT A dleevejoint on a bronze statue, usually held in place with rivets.
TheNewar casters(q.v.) dill usethistypeof joint, preferring it to gasor eectric arc welding.

ROMAN KILN (LW) A simple and efficient wood-burning kiln used to bum out wax
in most, if not al, lost wax foundries in Europe until recent developments in refractory
insulation made them unnecessary. Roman kilns were adapted to burn coke sometime
in the nineteenth century.

RTV Room Temperature Vulcanizing. A cold-setting moulding compound. In the
USA the term CMC (g.v.) is more common.

RUNOUT A casting defect caused by the escape of metal through a fault in the mould
construction.

RUNNER (LW) The meaning is dightly different in lost-wax casting from the sand
moulding term (see below). Any tube carrying molten metal towards the mould cavity
is a runner. Smaller runners connecting the main runner to the mould cavity are
sometimes called 'feeds' or 'feeders'. It is normal to place these at right anglesto the
main runner, or even to incline them upwards, in order to put a brake on the flow of
the metal. This is the opposite to normal practice in the running and gating sysem in
sand moulding. During de-waxing the wax flows out of the runnersjust as reedily as
the risers.

RUNNERS The conduits or feed tubes in the sprue system (g.v.) that carry the molten
metal to the mould cavity (g.v.). Also called the in-gate (q.v.).

RUNNER HEAD The solid metd ultimately formed in the pouring basin or cup on
solidification.
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SAGGERS Ceramic shields placed around pots to protect them from direct flames in
the kiln. Used in the manufacture of crucibles as well as domestic ware.

SAL-DUP (LW) Newar word meaning literally 'treejuice’; tree resin.

SAND HOLE or SAND INCLUSION A casting defect which appears as an irregular
hole in the casting, arising from the presence of loose sand in the mould cavity.

SAND MILL or MULLER A machine which kneads and mixes sand to develop its
moulding properties. The sand is kneaded by being passed between a rotating roller,
or rollers and the mill bottom and sides. The sand is mixed by ploughs or scrapers.

SCAB A defect where the surface of the mould (sand or lost-wax investment) has
detached itself from the mould. The meta then forms a positive bulge or scab
containing the sand inside it.

SCRAP A generic term to describe all types of metal only suitable for rcmelting.

SCRIM (LW) Hessian sacking, used for reinforcing plaster and strengthening the
exterior of lost-wax moulds after kiln firing.

SEGAR CONES Simple and cheap devices for measuring temperature in the kiln. The
cone bends at a given temperature; a sequence of three cones, bracketing the tempera-
ture, indicates to the operator when to reduce fud or turn down the heat source on the
kiln. A cheap but efficient alternative to a pyrometer (g.v.).

SHAKING OUT Removing the sand from the casting.

SHANK Also called aring shank. A metal holder operated by two men, to carry the
crucible of molten metal and to pour the metal into the moulds.

SHAW PROCESS (LW) Very similar to the Italian method (g.v.), from which it
derives, in the later stages. The difference lies in the investment procedure. A silica
sand dlurry, bound with plaster, is poured over the wax. When it is set the complete
mould is inverted and placed in the kiln, flask and al. After that the technique is the
same as the Italian. The Shaw process was invented during World War Il to produce
precise castings at atime when there was a shortage of skilled labour.

SHELL MOULDING A process in which thin biscuit-like moulds or cores are made,
using a sand bonded with athermosetting resin to set in the form of athin shell against
the faces of hot pattern plate or core box (not to be confused with ceramic shell).

SHELLAC An ancient form of quick-drying varnish made from the excreta of the lac
beetle, found in thejungles of South-east Asia

SHORT RUN A cast which is incomplete because the quantity of molten metal
available was insufficient, or had insufficient fluidity.

SHOT BLAST or SAND BLAST A casting cleaning process which utilizes abrasive
particles directed through a nozzle under pressure onto the casting being cleaned.

SHRINKAGE, LIQUID CONTRACTION The decrease in volume which occurs in
molten metal as its temperature is lowered to the liquidus.
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SHRINKAGE CAVITY A faullt where the surface of the casting is deformed and
drawn inwards, caused either by bad planning in the sprue system (see progressive
solidification) or metal poured too hot, causing unnecessary expansion.

SIDE-STEP GATE A modification of the running and gating system, with the purpose
of filling the mould cavity progressively with the hottest available metal.

SILICA See also amorphous silica; colloidal silica

SILICA FLOUR Finely-ground silica, prepared from quartz or quartzite rocks, suffi-
ciently pureto give aproduct which is minimum 95% pure silica. Now banned by law.

SILICA SAND (also called 'beach sand' or ‘dune sand') Pure particles of quartz. Used
in investment slurries in both Italian and Indian techniques of lost-wax casting.

SILICA SOL (LW) Seecolloidd silica

SILICON (S) A non-metallic element second only to oxygen in its abundance.
Igneous rocks consist mainly of silicates. Silicon dioxide (‘'free silical, Si02) is
commonly found as sand or quartz.

SILICONE RUBBER The best, and also the most expensive, of the range of RTV
(9.v.). flexible moulding materials. Easy to use, long lasting, and stable, it has no major
disadvantage other than high price.

SILICOSIS Fatal disease of the lungs caused by breathing in silica dust over along
period. Silicosis can be prevented by wearing an efficient dust mask.

SILLIMANITE 1. A minera of composition duminium silicate (A1203, Si02); 2. The
name of agroup of minerals, which includes, besides sillimanite, kyanite and anddusite.
This group is capable of withstanding high temperatures. When fused, each of them is
converted into a mixture of mullite and silica. For this reason they are much in demand
as high grade refractories. Large deposits of silimanite and kyanite are found in India
Andalusite is quarried commercialy in Nevada and California and in the Transvaal.

SINTER Literaly, a calcareous or siliceous rock precipitated from minera water. In
the manufacture of a pot or crucibleit meansto form ahard glassy crust during the first
firing.

SKELETON PATTERN A pattern made by mounting shaped pieces of wood on a
base frame, to economize on the cost and quantity of Umber used.

SKEWBACKS Tapered bricks used to form an arch, the arched bricks forming the
roof of akiln.

SKIMMER A handtool for removing scum, slag or dross from the surface of the molten
metal, and for holding these from the lip of the ladle when casting.

SKIMMING (LW, ceramic shell process) Used to describe rapid heat trestment of the
mould to remove the top surface of the wax before it can expand and crack the mould.

SKIMMING (metal). Removing the dross, and any form of cover flux (g.v.) or dag
coagulant, from the surface of the melt before pouring.

221



SKIN BOB A small upward bulge in arunner (g.v.) ashort distance from the casting.
It actsas adirt trap (q.v.).

SLAG The non-metallic covering formed from the impurities in the melt, from the
refractory lining, fud ash and flux.

SLAG COAGULANT Molten bottle glass, or a foundry chemical sold in powder or
brick form. Floating on molten metal, it becomes a glassy substance which binds the
powdery slag together into a crust

SLAG HOLE A casting defect caused by slag inclusions in the metal.
SLEEK A smoothing operation carried out on the mould face.

SLEEKER Term applied to various moul derstools designed to obtain asmooth surface
on the mould face.

SLURRY Powder added to a liquid to form a mixture the consistency of cream, e.g.
aclay durry or a refractory durry with a plaster binder.

SMELTING The operation by which ametallic ore is converted into metal by the use
of heat and chemical energy.

SNAP FLASK A moulding box fitted with diagonally opposed hinges and fasteners
so that it can be opened for removal from around the sand mould.

SODIUM MODIFIER Metalic sodium contained in kerosene in an aluminium can.
When plunged into the crucible of auminium aloys such as LM6 it modifies (refines
the grain structure (also known as the Paz process).

SODIUM SILICATE (aso called waterglass). A strong solution is valuable as a glue
or joining agent for refractories, particularly ceramic fibre board and blanket, for the
construction of kilns and furnaces.

SOLUTION The liquefaction of a solid or gaseous body by mixture with aliquid. The
liquid produced by this process.

SPALLING (aso known as spurting). To flake, splinter or chip. More usualy refers
to the deterioration of refractory bricks when overheated or heated too rapidly.

SPATULA A broad knife or trowel-shaped tool for spreading plaster, liquid wax, etc.
SPIKE A sharp, pointed implement. A pointed piece of metal.

SPLIT LINE See parting line.

SPLIT PATTERN A pattern split for ease in moulding.

SPONGINESS A casting defect exhibiting a system of intercrystalline or interden-
dritic cavities of a coarse and usualy localized form.

SPRUE, SPRUE SYSTEM The system of channels, gates (g.v.) and runners (g.v.)
through which metal is poured into the mould. Moulders often include the risers (q.v.)
(incorrectly) in reference to the sprue system.
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STRESS RELIEF or HEAT TREATMENT STRESS RELIEF A low temperature
(generally below red heat) heat treatment used for the relief of casting stresses. Note:
the term 'annealing' should not be used for stress relief treatment.

STRICKLE A graight edge to level any granular substance. Used by mouldersto level
and make regular the face of the sand mould. A shaped strickle is used for loam
moulding, particularly in casting bells.

STRICKLING The action of levelling the mould surface.

STRIKING BOARD or STRICKLE BOARD A shaped board used to form the profile
outline in amould or core.

STUCCO (LW) Term used in the ceramic shell (q.v.) process to describe the dry
molochite (g.v.) grains applied to the dip coat, or durry coat, by hand or using arain
machine (g.v.).

SUBANGULAR (SAND GRAINS) Part way between round and sharp grains of sand.

SULPHITELYE A liquid bonding agent for foundry sand. A by-product of the wood
pulp, paper industry, consisting of a solution of lignin.

SUPERFICIAL POROSITY Smal pinholes which are found only on the surface of
the casting.

SWARF Turnings from a lathe or milling machine. Often this term is used for any
fine, clean scrap metal.

SWELL A casting defect appearing as a distortion on the face of the casting caused
by the mould face not being strong enough to withstand the pressure of the metal, or
not being rammed sufficiently hard.

SYLESTER (LW) Hydrolized ethyl slicate made by Monsanto Chemicals (see
ceramic shell).

SYNTHETIC SAND Sand prepared from sharp or unbonded silica sand by the
addition of bonding agents such as bentonite, dextrine, molasses, starch, resins, ails
and proprietary mineral clays(q.v.). Also silicate bonded sand used in the CO2 process
(see carbon dioxide-silica sand).

SYTON (LW) Colloidd silica(g.v.) made by Monsanto.

TANGENTIAL RUNNER The runner enters the mould to one side and in acurve in
order to give adirectional flow to the stream of metal.

TANGENTIALLY Entering a circle a atangent, to one side. Refers to the flame
entering a furnace to one side of the crucible so that it passes round and upwards,
describing a spiral.

TAPER To become gradually smaller.

TAPER ALLOWANCE The angle of taper on a pattern which alows it to be easly
withdrawn from the sand mould.
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TEMPERING A warming process intended to alter the hardness of ametal which has
already been subjected to heat treatment. The tempering temperature is lower than that
at which the first heat trestment was carried out.

TENSILE STRENGTH Resisting tension. For example, asted bar or girder hastensile
strength where a cast iron bar has compression strength but very little tensile strength.

TEXTURE A patterned or rough surface, or one having complex surface detail,
particularly one with deep indentations, e.g. a bronze casting of a horse. The metal
body is said to be smooth, but the mane of the horse is said to be textured.

THERMAL EXPANSION Metal expands whenitis heated, contracts as it cools. For
this reason, the pattern is always made larger than the finished casting (see pattern
makers' rule, cdibrated to alow for thermal expansion). This expansion varies in
different metals and alloys.

THERMITE A mixture of duminium powder and a meta oxide, particularly iron,
which produces intense heat on combustion (see aso exothermic sleeve).

THERMOCOUPLE A thermo-electric couple is used to measure temperature differ-
ences. When two wires of different metals are joined at each end and one junction is
heated, a small electric voltage is produced which depends on the temperature and can
be measured by adelicate instrument. Thermocouples are used in many kilns and some
types of pyrometers.

THERMOPLASTIC (see hot-melt rubber). A materia that softens when heated and
hardens when it cools without chemical change. As amould-making material, it is an
aternative to the more expensive RTV (q.v.) rubbers.

THIXOTROPIC A chemical similar to a colloid (g.v.) which makes a liquid move
sluggishly, therefore used in the preparation of paints.

TIE BARS Part of the sprue system (q.v.). Pipes tying the runners, particularly in large
moulds, to prevent distortion during solidification. Often used with reservoirs (q.v.).

TIG WELDING Tungsten inert gas welding. A sophisticated form of gas shielded arc
welding.

TONGS Sted tools to lift hot objects. In foundry terns this usualy refers to the
two-man tongs used to lift the crucible out of the furnace.

TOP-HAT KILN (LW) A drum-shaped lid on a counterweight system, usually made
from ceramic fibre (g.v.) blanket to save weight. The 'hat' is separated from the hearth.
When the moulds are fired out and ready to fill, the 'top hat' islifted clear of both hearth
and moulds. This is a useful type of kiln for a small precision investment foundry,
particularly as abum-out kiln (g.v.) for ceramic shdl (g.v.).

TROLLEY KILN (LW) A type of conventional kiln, usually firebrick, where the door
and floor are one, set on a chassis on cast iron wheels, which in turn are on rails. To
open the kiln, the entire base and door are pulled out from the main body of the kiln.
This has the considerabl e advantage that you can work on or move the moulds in open
space, instead of the constriction, heat and discomfort of shifting moulds inside the

224



kiln. The disadvantage is the tendency of the steelwork to buckle, no matter how
well-insulated. Any distortion affects the rails or frame of the trolley.

TRUNNIONS Literally, one of the cylindrical projections from the sides of a cannon
or mortar. Generally used to describe any swivel which alows a cylinder to be tilted,
e.g. atilt furnace which is elevated and lowered in a similar way to a cannon.

TUNNEL KILN A kiln, open at both ends, through which pots or moulds pass sowly
on acontinuous belt or railway, the process being completed by the time theindividual
pot or mould leaves the kila

TURBULENCE In molten metal the unnecessary agitation or distortion of the flow
of metal which draws air and gas into the melt. See aspiration.

TURNING (LATHE) The action of reducing and refining a casting with a cutting tool
as the casting revolves.

TUYERE French term for pipe or conduit. In a furnace a conductor of air, usualy a
forced draught of air.

TWO-BUCKET MIXING METHOD (see aso ceramic shell) A small quantity of
slurry can be re-used by separating the liquid from the solid, chopping the latter into
small lumps and then re-mixing. Despite what the makers of expensive slurry mixers
tell you, this works.

UNDERCUTS Indentations in a pattern which prevent its smooth withdrawal from
the mould. Too many or too complex undercuts make a pattern impossible to reproduce
by sand casting, and so the flexible mould, lost-wax casting method must be used.

VASELINE (LW) A petroleum derivative, useful for softening a hard wax mixture.
VENT A pipe, shaft or outlet to alow air or gases to escape from the mould.

VISCOUS The property of liquids, semi-liquids and gases which expresses their
resistance to flow, change of shape or rearrangement of molecules. Generally, the
stickiness or sluggishness of aliquid. A durry (g.v.) is measured for its viscosity.

VITRIFICATION To convert into glass by fuson. Silica sand turns to glass under
extreme heat. The most dramatic example of this was the glass formed in the AlImo-
gordo Desert, California, by the explosion of the first atomic bomb.

VOLATILE Evaporates easily. Sometimes refers to an inflammable or explosive
mixture.

WAX A genera term for a wide range of thermoplastics (g.v.), natural, vegetable,
mineral or man-made. Waxes can be blended to be of hard or soft consistency, they can
be dush cast, or modelled, remelted or welded together. Some recent synthetic waxes
are so hard and durable that they can be turned on alathe. Last, but not least, they can
be burnt out in akiln to leave a negative impression, the basis of the lost-wax process.

WAX GAS Petroleum or other gas produced when the wax melts. If the heating or
baking process is not carried on long enough, there is a danger that the wax gas will
re-enter the refractory, solidify as the latter cools and stay there. This is dangerous
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because it becomes gas again only when the molten metal is poured into the mould.
The result, at best, is a series of gas blows in the casting, at worst an explosion. The
danger of wax gas, and the necessity for thorough baking of lost-wax moulds, cannot
be over-stressed.

WAX VENT A flexible wax taper inserted into intricate cores during production.
When the core is dried the wax melts, leaving avent.

WEST AFRICAN METHOD (LW) See clay slurry.

WHIRLGATE DIRT TRAP A modification of the running and gating system where
themetal entersatrap tangentially (g.v.). Thiscreatesawhirling motionwhich prevents
the dag or dirt entering the mould cavity.

WHISTLER Similar to a riser (g.v.) or vent (g.v.), but much smaller. Designed to
relieve pressure in the mould cavity.

WOOD FLOUR Finely-powdered wood used as an additionto foundry sandsto reduce
the tendency towards the occurrence of scabs (qg.v.), buckling (g.v.) or rat-tails (g.v.).

WORK HARDENING When metals are hammered or compressed by working, the
molecules compress and lock together to make the metal harder. The metal can be
softened by annealing (g.v.).

ZERO GOVERNOR A device on agas pipe to reduce the gas pressure to zero. This
is used on a proportionating valve on a gas furnace where a second governor introduces
gas into the burner in proportion to the pressure of air from the air pipe or tuyere (g.v.).

ZIRCON FLOUR Finely-ground zircon sand used as a refractory base for mould and
core paints.

ZIRCON SAND A sand based on zirconium silicate (ZrSi04).

ZIRCOSIL Also sometimes called zircon flour. Used for the first coat of the ceramic
shell process.

Note: Lost-wax investment casting

Terms used in traditional lost-wax foundries vary dightly from those used in sand
moulding foundries. The former terms come from two European traditions: French and
Italian, particularly the latter because al the nineteenth century foundries in England
or the USA were founded by Italian artisans. Thus artisans in traditional lost-wax
foundries use a mixture of Italian and English foundry terms. Words such as 'potato’
and 'ludo’ come directly from the Italian craftsmen. Precision investment foundries set
up since 1940 were designed by engineers, mostly aircraft engineers, and they use
engineering terms, rather than Italian art casting ones. Though sand and lost-wax
foundry areas are usualy separate, even within the same company, many of the
techniques overlap, particularly with reference to ceramic shell.
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Aluminium die for casting propellersfor small river boatsin Peru
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