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This manualsprang from the need to record the work of the 
pas( and the desire to inspire sirnpl& basic i@rovemen$s in 
the castihg methods currently used@ deveiop)hg countries. It 
is off&d to -technical assistance., per?o@iel and, indeed,, 
anyone ti&ing to learn about improved t’ ’ niques: ,Its aim 
6 to highlight ,the immense scope vvhich e r 1 sts for immediate 
improvements inSprecision lost-wax casting. L 

‘Purpose oj the manual 1 
The technique of lost-wax casting has three mam areas ot 
application today: 

~,1;. & a precisibn casting method in ,industiy . 
2.For craftsmen working in cast metals. : 
-3. As a low-cost method of producing precision metal 

castings, bdh aesthetic *and functional, ,where, facilitjes, 
equipment and funds are limited. ’ ’ 

L _ 

This manual has been w&en for the craftsman ,and the’ 
person+ith-liiited money;- and is b=%sed on my-experipce in 
developing easily accessible techniques for making both 
culturaIo.bjects and castings for small industry in developing 
$ountries. It 
techniques k 

arises primarily from the need to make -my 
a+d unique appr@ach’ to the technical problems 

involved l?n \ lost-wax casting more‘widely known; it will also 
appeal to thgcraftsman who wants to ,beintimately involved 
pith the materials ahd processes of his craft. 

Just as tie have witnessed a remarkable renaissance‘ of 
small-scale pottery $rroughout the ‘world this century; this 
manual coti ~r&ide the Stir&lus fok a revival of-cast-metal 

‘, crafts. It is also intended to buiId on the traditional skills-of 
metal craftsmen throughout +friia,=+&P8fid Latin America 
+s they seek to- respond -to the changing needs of rural 
industrial development.+ .( _ ,‘- 

The approach - 
‘This- manual * is much more ~ an attempt to -encourage 
resourcefulness than a precise series of instructions on how to 
bti?ld the, <necessary equipment, ,and mike wax models and 
metal castings. The fact that a particular type of clay or fuel 
&piece of equipment is not available has never yet prevented 
me from making castings, and I have done this in somepretty 
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remote and unlikely situations.-:lNor can a\rigid approach 
achieve results in social and cultural conditionb which vary as 
widely as the backgrounds of those who will use the book. 

Those acting as instructors. will need to”% particularly 
sensitive to the cultural heritage of the people with whom 
they are working. They should be open ito the potential of - 
materials and ideas as they find them an&not as they might 
wish them to be. 

Sfruc’ttq. of the manual ‘. ‘i 
This man@ has been designed to ensure maximum clarity 
and ease of use and is divided into two main parts. The first 
part deals with the various processes in lost-wax castmg, the 
second part with the equipment required to carry out-these 

* processes successfully, the construction of a melt furnace;ba 
burn-out oven and a home-made crucible.+ Theselection and 
preparation of scrap metal are dealt with in the final chapter. 
A series of appendices .include a review of the process, two 
case studies ,that I have carried out to demonstrate some of 
the problems the reader might I face, a glossary, a 
bibliography and some useful data. 
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i Chapter 1. Introduction 

Lpst-wax caking 

Lost-wax casting is an”ancient’ technique for making a precise 
replica of an object by casting it in,molten metal. The master 
model for the casting is crepted in wax’, whic~h.$s thencovered 
with a refractory (heat-resistant) shell of soft clay or a. clay- 
based slurry; The wax model and its thick coating are fired to 
harden the clay mould and at the sam timWe to melt out the 
wax - hence the term ‘lost-wax’,. The moul’d c$v@y contains 
a perfectly detailed impression of the origmal m’d’dkl. Molten’j 
metal is p,cured into the mo+#d anLvvhen this has solidified 
the mould is easily broken to’release the casting. .m8 ’ 

The precision df this method of. making castings i.ri, 
precious and industrial metals is such that little finishing is 
required and the~.finest details can be reproduced 7 so ,much 
so that an adaptation of--the basic technique is used $o ,’ 
produce high-precision castings for the aircraft and general 
engineering industries, It also has the advantage that ‘under- 
cuts’ (see Glossary) -can be reproduced without any of the 
difficulties experienced with oth$r casting techniques. Hence 
its long-standing use by artists and craftsmen the world over, 
as well as its many modern industrial applicatfons. e . 

The process has changed ver,y -little over the oenturies; 
though variations in technique have been developed_ in 
different areas of the world. Craftsmen in ancient Ind6and 
Egypt were probably the earliest practition.ers. The most 
outstanding aesthetic and technical producers have included 
the casters of the Shang, Chou and Han dynasties of China’, 
the makers of the great bronzes o.f Nara and Mamakura in 
Iapart; the’ artists of the Golden Age in Greece and. of 
Imperial Rome, the art foundries of Renaissance Italy:; the 
cast-gold workers of Central and South America, the people 
who cast the images of the ancient deities of Nepal and Tibet; 
and the creators of the bronzes’of Ife and Benin in Africa. 

Employment and wealth generption 
Casting is a labour-intensive biusiness, ahd will remain so as 
long as the process contin’ es 

P 
in its present stage of 

development (or lack ‘of it). i Generally certain mechanical 
&aids’ can be introduced, but by and large it takes skilled and 
trained people to produce castings in cthis context’. 
Throughout the process of precision lost-wax casting, many 



Some t xmpleted products, 
Ghana 

‘hands’ are’re ’ d to reach the ul%mate goal of producing a 
ul product. Tho.e ‘hands’ sometimes serve 

2,” . ‘I ong apprenticeship and are only allowed to do creative 
work 3 n their own after many .years of devoted study. In 
some instances, the creative part of the model is produced by 
repetition and not by an artistic endeavour; and I * 
unfortunately, modern times have sometimes encouraged the * 
production of shoddy;unaesthktic merchandise, lack@g in 
quality and unrelateti either to its ethnic past or Trrent 
industrial needs. 

Even though the basic art has suffered the degeneration of 
modernization, employment seems to have thrived. Yet we 
should not be misled into thinking that because castings are 
sometimes sold for a comparatively high price, the benefit is ’ 
passed on to the workers. In the atthor’s experience the 
~~eakh. generated by this business lies in the hands of the 
principal and not with’labour. But in most cases the mere fact 
that people are employed and have a ‘bare existence’ wage is 
far better than no employment at all. It ‘is to be hoped that an 
introduction of improved technology, an increa><e in markets 
and the development of new product lines will give financial 
benefits to the actual people responsible for development. 

’ Potential for developmen f 1 

Two distinct ways exist for development. One is on a scale far 
above the needs of the small village caster; the other can give 
direct assistance to the caster. 

The former (in many cases) requires advanced technology 
and large financial inputs,!and has no’place in the scope of 
this manual. Instead we shall concern ourselves with the 
‘jump’ from the most basic primitive lost-wax casting to one 
of an improved standard. This,, jump, involves, ,and leads to, 
the introduction of certain controls, simple equipment and ’ 
simple indusIria1 standards that can together’open the way 
for -basic”precision industrial castings L objects at present in 
great demand. The intrpduCtion of a uniform standard, 
producing high-quality uniform ca&ngs is directly contrary ’ 



to the current method of casting as pracrised in many Third 
N’orld+ countries. In most cases ai present, the appeal of 
products of the lost-was process lies jn the slight imperfection 
and unique handling of the subject and material. Our new 
approach may present problems in the initial stages, but 
once the ben.efits of impr,oved methods are gained and 
understood, the result can only be advantageous to the 
producers. 

Since in most cases in the field of technical assistance the 
,c,raftsman is basically familiar &,ith casting, the changes 
ds,sgribed here should not be difficult, but the.process takes 
patience, understanding.+and persistence on the part of the 
introducer. An explanation and a demonstration is necessary 
to show why improv.ed quality, less expensive production 
methods and increased output - all in terms that are 
understood in the Western contest of business - are 
important to the caster. This will have to be introduced in a 
contest and ! at a level far lower than most Western 
technologists can imagine, but they must be introduced for 
the craft to surv,i\;e at all. When the peasant caster handles his 
onerations as a viable business then it has a muc ,,$greater 
chance of succeeding. k 

.Improvitig e.x-isting operations ’ B 
It is not difficult to improve existing methods of production. 
One has to know exactly what proble.ms are plaguing the 
operation and then, vvith the approva! of the manufacturers, 
proceed with the work in hand. One major problem facing 
the introduction of new methods and techniques will be the 
interpretation of the real problem. Unfortunately, in most 
cases the existing manufacturers cannot analyse the,groblem, 
and so the responsibility falls upon the introducer. This very 
fact can of course hav:e adverse effects if considence is not 

afully established between the parties. One equal trust is 
przsent - knowing what has to be done-& et e work has a /‘-4 
chance of proceeding easily. 

It must be clear from the above that the Gsponsibility for 
development must start with the introducer. At this stage, it 
sh.ould not be assumed that the man who has been produ.cing 
ca%ngs for all of his life can suddenly blossom and come up 
with radically changed methods, contrary to the tried and 
trusted method he now uses. Since this manual will discuss 
many possible improvements in the casting process, one must 
analyse the needs of the existing producer before his 
introduction to the new methods. Certainly improvements 
can be successfully introduced once the reader feels confident 
in the techniques laid out - but proceed with caution! 

New techniques for new products _ 0 
Lost-wax casting has great potential for the development of 
all kinds of products. Although the range of products 
manufactured by this process in developing countries is, in 
most cases, restricted to art objects, it could be extended to 



The producr, a pelton kheel for 
a trlicru hj,dt-o project, a Colot?lhlll. 

encompass iridustsial- products. These ‘might include b sh 
bearings, pillow b 

(” 
cks.:machinable stock, hard,ware f d 

plumbing“ fittings,* pulley wheels, pump parts, .household 
items and machine pasts’- and,this list is far from complete. 
‘If standard methods of production vvcere established, a broad 
range of ideas could tried, tested and made viable. i’his 
manual,. however, -is essentially concerned with’ laying the 
foundations for such a development, - through the 
introduction of the necessary technologies:and production 
techniques. _ . 





~h&~rj!: ‘Primitive ‘i0st-w2b~ 

Althqugh, differences ‘in the - pro&s?. ,were found in most 
countries visited by the author, theT*peral process always 
begins whh making aclay core (if the finished piece is to be - 
hoIlow-cored) which is -roughly the shai>e and’ size of the 
desired end-product. Wax is rolled or beaten oud on’a board 
and p’ ces are cut off with a knife, applied-to the core, ,and 
I-& ’ led~+&ith the fingers. kIcr The detailed forms are then 
mo’delled:‘The model is covered with a coating of very 

ed with cow dung; horse ‘dung, chardoalfrice 
clay-covqred wax model is diied and another 

layer of clay mixture is applied. In some cases ajhird layer of 
clay mixture is *added to give extra- strength, to the final, 
mould. ,i: .,j “’ I 

. The dried mould is, placed over a holein* th& ground,- with 
the pouring cup (through which&he molten’ metal will be 
introduced) as the base. A fire is made over or around the 
mould and the wax is allcwed to-run out through t’hg pouring. 
cup onto tl& earth or*into,a receivkg receptacle-. The wax- 
free mould is removed from the, pit and rubbed :with wet 

‘earth. It is then placed over the h h.ole again, in the same 
position, and heated slowly to ensure that”the,earth. hardens 
and seals any crwks. The mould is now ready for casting‘. 

Meanwhile; the’metal i&pfaced in a qrucible and.heated in a 
charcoal forge’fire, When mould.and metal are judged ready 
for pouring,,the. mould is removed from the fire, using tongs, 
and hood upright in soft earth. The crucible is remov.ed’ from 
the forge fire, again using tongs, and the metal is poured until 
the mouid is filled. Several moulds canbe filled at”one time.. 
Any remains oJ metal in the crucible arqgoured off on to-the 
earth and Salvaged for future casting: ’ ts , b 

Anoth& method is? to use an’ i$dividual crucible that is 
. added. directly to the. individual mould. Once the mould has 
dried and been ‘burped-out’ (all the wax’iemaved), a crucible 
is attached to Lthe open end of- the mould, containing the 
required .metal scrap, with a clay/cow-dung/cereal mixture. 

) This ‘JWO-part? mould is heated, to abouf; the temperature at 
which the m@al melt% (see Appendix 5), then removed from 
the charcoal forge and a small hole punctured in the metal 
container end of the unit. *If the metal is judged ready for 
pouring (a decision the caster bases on experience), the mould 
is inverted so th@ the liquid metal flows by gravity into the 
opening in the mould. ~ -_ 

i’ 



Fig. I The completed wax 
pattern. 

A 

‘c 

. 1 

B 

Fig. .? Sectional view of the 
clay-coated wax pat tern. 

.m A Section through w&. 

B Section through clqv 
coating. 

C Surface detail. 

This method has many advantages, but, unfortunately, 
marry disadvantages too. The advantages are that it uses the / 
exact amount of metal required: it avoids the introduction of 
unwanted gases because of the closed crucible, individual 
casting, and the fuel consumption is loiv. The main 
disadvantage is not really knowing when the metal is ready+ 
for casting. Metal melts approximately 200°C lower than the* 
temperature it should be cast at; it is difficult to determine the 
exact moment of pouring by looking in&ide a dark, small 
opening in a mould. Another disadvantage-is the handling of ,. 
the mould, as once the wax has been burned-out the mould is’ 
very fragile: small pieces could break off inside the sprue (the 
channel connecting the pouring cup with the mould cavity)* 
and obstruct therflow of metaj. Also, once the crucible i,s 
punctured the vacuum formed inside is broken and a rush of 
unwanted gases enters the crucible. Another disadvantage is . 
that the uneven heat is constantly changing with-the intensity 
of the fire, the location of the mould and the variance in wall . 
thickness. . ‘ 

After a short cooling period, the moulds are placed on their ’ 
sides to shake out the casting and sprinkled with water, which 
helps to cool it. The mould is‘,carefully knocked off with a 
small hammer until-the softer, black, inner-layer is-reached. 
The -final remains of. the mould are scraped or brushed off 
with an old saw’blade or wire brush. The sprues are cut away, 
any ‘fins’ are filed off, and the surface is chiselled, ‘chased’ 
and polished.” ‘: . 

DIAGRAMA+IC REdRESENTAhOk’ OF THi PROE& 
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Derails oj‘rhe-process . 
To produce i solid bronze object, such as the African bust 
jhown in Figure 1, the first requiiement is a wax pattern of 
the object. This may be shaped by hand and detailed with 
wax-mbdelling toots. Then a round piece of solid wax, 
tapered froin top to bottom to form the Sprue, is added to the 
pattern by heating the surfaces to-be joined. (The method of 
joining wax by heating will be dealt with later.) The spr,ye is 
al\vays added to a smooth surface, since fine detail could be 
destroyed ivhen the sprue is Sut away and filed down. A solid 
cone of \vax to form the pouring cup is added to the top of 
the sprue. Again, the surfaces to be joined must be heated 
slighrly. 

The $ax construction is coated with an ‘inVestment’ 
mixture based on clay and cow dung, except for the top 
surface of the sprue (Figure 2). This arrangement of wax and 
clay, now known as the mould, is inverted over a fire and the 
wax is melted out, or ‘lost’, When all the wax has been lost, 
the clay mould contains an empty cavity the precise shape of 
the wax pattern, including the sprue and cup. 

The heated mould is’ now placed upright on its base. 
Molten< metal can then be poured into the cup. I’< runs 
through the sprue channel and fills the entire mould cavity 
(Figure 4). When th’e mould has cooled, it is broken open 
carefully to release the ca3Cng (Figure 5). The sprue and cup 
are cut away from the casting, which ,is then reqdy for 
finishing. 

The quality of the complet$d casting depends *on the 
successful completion.of each stage in the process. Not the 
least of these stages are the selection of suitable wax, clay, 
and scrap bronze, brass or aluminium, together with the 
provision of adequate heat when burning the wax out of the 
mould and melting the scrap for casting. Furthermore, any 
defects or imperfections in the form of the wax pattein will be 
reproduced in the casting. 

The consistency of the first coat of clay used to make a 
c 

Wax model for a 
Colombia. . 

petton wheel, 

Fig. 3 Section through hollow 
tnould. 

Fig. 4 Pouring the molten 
metal. \ 
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mould is also very important. If this is ‘coarse, then the 
resulting casting will not have a smooth surface. Adequate 

:- , drying of the mould in a well ventilated’ area is crucial. 

Fig. 5 Shartering the rpould to 
- . . - 29 * release the cast busi. 

Putting the.first coat of 
refraciory mat&ial onto the 

model, Colombia. 

A mc&d inside tk~urnace, 
Colo)nbia. 

because ,a mould* will crack when fired during burniout: 
Moulds cannot be dried out by direct. heat.- q I 

When the mould is dry, -the wax can be burned-out in 
preparation for casting. In much of the Third World, -the 
burn-out and casting operations are still done over openrpit 
forge fires. However, the use of a furnace and,burn-qlt o,ven, 
as described in Chapters 8 and 9, will u.ndoubtedly”‘improve 
the speed and efficiency of existing operations. The purpose . 
of the. burn-out is to dispose of the wax arid harden the 

imoulds. Four to six hours of steady heat’ at 800°C will 
produce moulds of a low-fired ceramic quality which possess. 
the strength to withstand the pressure and temperatu;e (up to 
1;5OO”C) of molten metal during casting. * 

When the mould has been in the *burn-out oven for over 
four hours, the preparation of the metal should be started so 
that molten metal will be ready for casting when the burn-out 
operation is complete. A red glow in the sprtie openings of 
th.e mou!d shows that it is ready for casting. It should be 
removed from the oven with tongs carefully handled to, 
prevent cracking, and stood upright in sand. At this point, if 
the molten metal was poured into the very hot mould, the 
metal would start b,&ng<-Thus the temperature of mould 
must be reduced tog levelsermined by the metal being cast. 
Aluminium should be cast mto a mould at a temperature of 
approximately ,J’oO’C. Bronze/brass should be cast into a 
maul-d at a/’ temperature of a’pproximately 600°C. 
Experimentation and’ experience will provide the exact 
moment for casting. The sand is immediately packed around 
the mould. to provide support. The molten metal is’ then 
produced, without any delay, and poured from a crucible in a f 
steady flow:,until the mould is full to the top of its pouring 

c ^ ~+a.@; 
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ik?odelllng wax patterns 
As already stated,,despite other variat@ns observed by the 
.author, in general’lost-wax casting- always begins with the 
preparation of the wax pattern if the casting is to be solid. On ,, 
the other hand, -if the casting is to ‘be hollow, the process 
begins with the making of a suitable clay core; the recipe fo?’ 
clay and cow dung core-making is given in Chapter 7. The 
core is made to resemble roughly the desired form o’f the 
finished casting. 



The best Jype of \vax to use in model- and pattern-making is 
one lvhich is pliable rather than brittle. It,should be solid at 
room temperature, soft when handled and’ should not melt 
uniil it approaches the boiling point of water. Good pattern- 
making \vas should hSave little ‘memory’. That is to say, if it is 
bent, it Lvill not creep back to its origin;1 shape. Another 
importanl characteristic of the wax to be used is that if a 
portion of a ball of the u’ax is scooped out, the opposite side 
of the ball should not expand under this pressure. It must also 
be- impossibly to twist or cut the wax without causing 
cracking, and the K& must be able to stick to itself, so that it 
can be built up in layers. Finally, a good wax will normally be 
a dull colour and opaque, otherwise it would not be possible 
to see the precise shape of its surface during modelling. This 
is absolutely: essential, particularly for people just beginning 
to work with \vas. 

The best \vaxes used by the author, and recommended t’o 
peo.ple working in developing countries, are mixtures based 
on beeswax, paraffin wax and petroleum. Two i-ecipes are 
included here which have been used.in different situations. 
Both of them are prepared by melting, but not boiling, the 
ingredients in a double boiler, pouring the resulting liquid 
in.to trays and allowing it to set in flat-slabs, ready for use. 
Double boiling simply involves inserting a medium-sized 
saucepan into a larger one and half-filling the cavity between 
them with boiling water. 

The range of possible wax recipes is, of course, far more 
eaensive than is indicated below. A variety of additives can 
be used, such as ‘tiastic’band ‘damar’, which are soft resins 
derived from trees; or copal and amber, w,hich are hard resins 
derived frbm fossils, plants and trets. Mutton and beef tallow 
are also us d. The type and proportion of the additives s1 
depend on the desired’characteristics of the wax: hardness, 
softness, suitability for carving, stickiness, accuracy in 
reproduction by moulding, melting point, and rate of thermal 
expansion in the mould. There is no, alternative to 
experimentation when deciding on a suitable wax for long- 
term use. Depending on the additives used, the melting range 
of modelling waxes is roughtly 50 to 100°C. 

Preparing a h’a.v puttem .pr the 
‘nlould take-up). 

waiting to 
be broken, after pourin&, 
Upper Volta. 
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, Was tnbuld of a pellon wheel, 
Colombia 

F/g. 6 .Volietz \ra.~ poG?ed ‘in10 
_ a con.q:- 

Fig. 7 The dir’ty wm<~;?I%~ Iip 
of rhe cone has been cut awqv. 

Fig. 8 Knetiding rhe wax. 

-. 

Recipe I 
PaFaff\n wax (60-65°C melting point) 4 paits’ 
Refined beeswax 1 part ,, 

Blend into this’ wax mixture> 10 to hj per cent (by volume) 
powdered damal”,* or’ preferably copal or amber. Add 
app.roximatily 5 per cent (by volume) Ylear ‘yolythene 
(polyethylene). UThis can be done by belting in either clean, 
transparent food bags, or commercially available polythene 
granules. Al30 add some crayon chips to provide some 
colout. This will make it easier to ‘ifiSp&t surface detail of tile 
wa-x patterns. .-J / -9 s 

The use of polytliene?s justified oh the ‘grounds th$t, in’ 
every ;iIlage where tjE author ha.s wprked, polythene bags 
Kave been availxble- The results ha\ie tilways been morp than 
satisfactory. If food bags are being ii&d, but it,is n.ot certain 
whether they are made of polythene, tqy melting one bag into 

-the refin‘ed md’lten,, wax. ‘If ,i$ does,, not ‘melt, it is not 
polythene. ‘The advantage of adding pblythene is that it adds 
body, strength and s’moothness to the wax patterns, which is 
particulaily’itiportant if the wax is to Pe moul:ded? i,n silicone. 
rubber moulds. .5 

ReciDe 12 
Refined beesw,a? 30 per Tent 
Paraffin wax 30 per cent. 8 
Petroleum pi1 
Petroleum jelly 1’ 

I5 peF cent, 
15 per cent 

Cotioa butter ._’ . 
(or heavy coconu,t ogii or ‘j \ij pCr ce”ni 
clarified ariimal fat7drippingj . . 

* 
-As’with the first recipe, add’to,?hid about 5 per ten: by 

_ tolume clear p6lythene. 

eefining beeswkx 
Natural beeswi% must be refined befode it is used. In its raw 
state, it tends ,to tint‘ain dead bees,t dir1 and pther solid 
matter, which must be remo’ved: This ‘s doge by melting the 
beeswax, s’6iring it th&oughly.and,p &ing ‘it into a Cone- i 
shaped vessel.; The coneimay’be Fade tiy rolling _up a sheet of 
tin, heavy card or I&per. Wheb’the m.ql/ten wax is poured into 
the cone, all fbreign matter in .the 
can be rembved fro; the-Gone and the 
away. The wax is th& meltied 
surface of some warm “water. 
hotiever, it must be 

into little slabs which are so hard whe 



can be mixed according to one of the recipes given ibove. 
Either recipe will produce a modelling wax yhich will melt at 
approximately 85’C. IJ’hen the author worked in Papua New 
Guinea and Africa, the temperature for wax melt was 74°C. 
Without thinking about any possible adverse effects, he used 

+ the same formula in Bogota, Colombia, but met with 
problems \vhen trlring to get a good was pattern. This was 
because Bogota is almost 3,OOOm higher than Papua NW 
Guinea! There rhe war melted and was useable it a 
temperature of bet\+,een 80 to 93°C. 

Whiche\ler bt’c2.v is used, J~OU rnw be certain that it will 
alwa>ls melt out complete!\*, leaving no residue, during the 
burn-our operation. Residual rva.v in rhe morrlcl worrld result 
in an incoulplete or porous casring. 

A shrinkage allo\+.ance of 5 to 10 per cent should be built 
into the was pattern \vhen accuracy of size is a critical factor. 

Llsirlg the ~71.v ,, 
The model-making was, made to one of the recipes described 
above, ij rolled or beaten out on a board to the desired 
thickness \vhich is determined by the size of the object. If the 
wax sticks to the board, a fine dusting with talcum powder 
will release the \<las. This should be done before rolling or 
beating. Strips or,sheets,of the wax are then cut off with a 
knife, applied to the clay core, and modelled using the 
fingers. .4s each strip of M’aX: is added, it is joined to the 
previous piece by heating the line of connection with’ a hot 
knife or other implement specially shaped for modelling. 
Intricate or detailed forms are modelled with a bone or 
wooden spatula and later joined to the simpler forms on the 
core by heating uith the modelling implement. 

The basic i4a.s pattern is finished by smoothing the surface 
Jsith a \vorn piece of damp chamois-leather, a Wet piece of‘ 
rotton or a soft brush. The smoothing effect is achieved by 
brisk rubbing. The author has found that the roughness of a 
working-man’s fingers, slightly wetted, also gives a good 
result! Ho\ye\.er, remember that if a fin.gerprint is left on the 
,,pattern it \vill be reproduced on the finished casting. The 
smoother the surface thG’less work there w?ll be in finishing 
the casting. Wax patterns can also be given a smooth finish 
by p&sing them lightly and quickly over a naked flame. 

Wax pattern helng held in place 
hqfore pouring refractory 
slurr~v, Colombia. 

Fig. 9 The c1a.v core. 

Pouring refractory siuf?y, lo 
make [he mould, Colombia. 

Fig. 10 Joming MUY strips on to 
the clay core. 

Fig. I1 Adding pre-modelled 
derail. 



Chapter 4: MouIding wax patterns 

Fig. Ii A solid bronze siiring 
Buddha. 

Fig. 13 The basic shapes. 

Fig. 14 A simple forso model, 
hand made Jrom wax. 

The system of modelling wax patter-v outlined above is 
perfectly adequate for the production of one-off pieces and 
very small batches of similar casiings. However, when a 
number of identical castings I. are required, this system 
becomes 400 costly and laborious. This is because a nurr&er 
of identical wax patterns must be har&modeiled by a master- 
craftsman - one for each item to be cast. Therefore, in mass-, 
production and even in small-batch production’,. there is a 
need for cheap methods of moulding identical wax patte~ns’.~’ 
Two such processes are outlined below. . - ?. F 

‘-; 

Use bf plaster of Paris moulds < 

Simple wax patterns of exactly the same shape and design 
may be made jn large quantities by moulding them in plaster 
of Paris moulds. However, since most ,.wax patterns have 
intricate details and undercuts, plaster of Paris moulds have 
definite limitations. Their usefulness is i-n the production of 
large numbers of simple shapes by relatively unskilled 
operators. These pieces can then be assembled into a‘more 
complex form .by craftsmen. One example would be the 
production of human figures in parts - with arms, legs, 
torsos and h,eads being moulded individually. The wax pieces 
would then be assembled, and intricate details added to the 
wax base, if required. Figure 12 is an example of a casting 
which could be made in this way. The basic shapes required 
to form a wax pattern for this casting are shown in Figure 13. 
The head-dress could-be tooled on a flat piece of wax; the 
robe formed by folding on thin sheets of wax. 

The first step involves making simple but accurate ‘master- 
models from wood, metal, clay or wax. These models are 
then used to produce separateiplaster moulds for each dist?nct 
shape required;, Here tie- will look at the moulding of the 
body only. ‘-. 

‘Make two boxes from wood, tinplate or heavy cardboard. 
These boxes should be of equal size, at least 3-5cm larger on 
all sides than the mode!, and made insuch a way that they can 
be taken apart easily when the plaster has set. One of them 
should be bottomless. 

Next, mix enough plaster of Paris to fill onepf&he boxes. 
Fresh plaster”of Paris should always be used in miking plaster 
moulds because, if stored for one or two ‘years, it lo&its 
binding action and becomes weak. Add plaster to the water 

_ . 
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P(1111 rllc% pla~rcr IlliT, Itlc’ ho\ \\ Ilh rhC bortr~rll. Ir \hoLlld he 

poured III ~Ic)v, I! to minlrnlzc the pojjibility of air being 
trapped. Tap or knc~~l\ the \~clcs of‘ the bo\ while pouring, to 
1c’ni~1\~~3ri\ irc~ppcii ,111 hubblt’~. I Iic t‘ir4t I’w c’~ntinit’trt3 01’ 
1 hC ‘pl3m Ii1 I hC I>~~\ ‘:~n bc reint~)rccd b> adding ~0111~ 
hi’mp. YIUI, h:iir or ~CKC~HLII librc\. I~licw t‘ibi-q 5liould hc 
,~);~l\i’ci III \\;I~cI :Lrld i hcri ~nih~4d~d in rht2 plajtci- \\ hilt it i4 
~1~11 \oIl. I Iic ii~i~~;~i~iilcr ot rhc pI;i~tc~ - c\ptzci2ll! Ilit2 ai-t’a 
IlllC, \\ Irl,tl IllC Ill~~JCl \\llI hc prc~\wcl - - ~h~Hlld not be 

1i~IIII,~I;c~cI 

\li*;~rr\\ IIIIc’, Ilic ~il~~~li’l j IiotllJ bc gi\cii ;I Iighr c.oalirig o,t 
i’ I C ,I Y ‘; , 

iw 
\ ;t~*/rn~~. v);I~ ()I- ~111111;1r ~t~b\t;~n~c. -T-his enable\ it to 

Iclc~;i\cil tr 0111 I ilC plli\lCl niould \\itJiout di t‘l‘iCult\.. 
IIC,\\C\Cl. rt ICK) niuLh g~-t’;ihc I\ ud, it ijill Jiitort the 
rnmlel’~ iniprc \~IOII In (11~ plahtt’r. \~‘hc’n~ the bo\ is full 01‘ 
pla~lU 15 ;tII I tll-CC IO 1‘11 C IlllnL~r~~. (ht’r1 41ou I), pres\ the nlmICl 

. i’nto rho \cjtl pl;r~t~~-. It thc)uld be onI> hrzll’-sublner-ged, LII) to 
I his icni~-c IIIIC. \I: Ilnrl ot \!rnmt‘~~-!. OIICC the model ha4 been 
pl-C\~Cil Ill. !I ~hl~Llld IlC~l lx dl\~llrbtld. ’ 

Itic ilc’\l \t3~‘c’ I\ 11) ~111 indentation4 or location wCket\ in : 
ljlc‘ \l’tl ~llII;liC 01 IhC plaw. \o t bar. nhen the second hall‘ 
~)I rhC Ill~~Llld I\ t’t’lil~ pwlml. it ijill fill the,x sochetj and 
prtkiuic 1~~~;1ti~~n plu, LT\ on the bt’corid half. These location 
I‘c;~lu~-c‘~ ii ill c‘iihLl~-c t haI I hc nnould i5 alw3>,4 xcuC;lp[cl>~ 
LLll&!llCd \\ IIt‘ll ilo\c’ci. The \oihc.‘fj ~llollld bC \hallou. 

indcnratiunj. u\uall! about three OI- t’our- in number, about 
Jim d~cp. ;ind hsmijpherical in*\hape. 
With the pattern jtill in. ;oar the top surface ut‘ the first 

hali of the mould \\ith grease or soap solution. Then place 
the bottomless box quarel!, on top of the first box. Any 
~rxk\ or opening5 \i here the boxes c‘ome together should be 
sealed t‘rom the outside \\ith clab,, plasticine or ~vas. hl’is 
some more plaiter of Pari\, enough to fill the upper 60x. 
Pour \ome of thi\ into the upper box 50 that it’s half-filled 
and the rnndel completeI> enclosed. More reinforcing 
mater-ial can no\\ be added to the remainder 01‘ the plas\er, 
\z hich i\ then poured in, and i‘ini~hed,ol’l smooth and Ieiel 
\iith the top ot the bo\. 

.+4bour t\\o or three hours later, \ihen the plaster has 
reached an adequate stage ot‘ wtting, the box frames may be 
caret‘ully removed. After one full da>’ the plaster mould ma> 
be opened and the model removed. 

Once the model has been remo\,ed, the tyro halves of the 
plaster mould may be left in bright sunlight to harden and dry 

Fig. I7 The second bos is 
parrlv filled b5ilh fine plaster. 

7-l 
Centre hne 
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Fig. IS The musrer model 1s 

rertto\.ed und dmarded. 

.A c~~tnple~rd tnod~l, C‘olombra. 

Fig, 19 Polcrtn,y cxp cut 1t7 
plasrer tnould. 

Fig. 20 ,4 newly moulded HU.Y 
pafrern relmse’d .frum [he . 
plasrer mould. 

.-I Half’tt~~rrld. 
B Hemtspherml locur~on 

sockeIs~cLtr rn plaster. 
C Mnulded w*ay. 
D Locarton plugs twulded It1 

sackers. 
E Half-ttwrld. 

. 
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out fully. On-the other hand, if an oven is available, the 
mould may be placed inside and slowly dried out using a 
\teady heat of 100 to 150°C for about 20 hours. The mouid 
should then be allo,wed to cool slowly before being prepared 
for use. 

The&&operation is to cut a. pouring sprue and cup in 
both sections of the mould. An example of this is shown in , 
Figure 19. ‘The moulding cavities of both sections of the 
mould are now coated with a parting compound. Any of the 
following rniy be used: silicone mould-release, swax in a 
suitable solvent, or light oils or grease. The two halves of the 
mould are then joined together and kept in place with rubber 
bands, string or strips of inner-tube. The molten wax fills the 
mould cavi’ty, forming a replica of the master-model, plus the’ 
sprue an$ the pouring cup. Once the newly moulded wax 
pattern has cooled, by placing the mould in cold water, the 
mould is carefully opened, to make sure the wax has set 
completely> and is removed. 

The moGld. cavity is dried and is again coated with the 
parting compound, the mould closed an&bound, and more 
wax poured through the gate to produce another identical 
wax pattern. When enough parts have been produced, they 
can be assembled using a heated tool to, bind them together. 
Fine details can then be added by a master-craftsman. 

In 



:\ 
The disadvantage of this method of w’ax pattern-making is _ 

that it is relatively slow and it cannot be used with models 
that contain very fine details. It is also, very laboriog to. 
assemble all the simple shapes’into a complex form. Silicone 
rubber moulds, on the the other hand, can reproduce the 
finest detail. This techniqueis outlined in the next section and 
is recommended for use wherever possible. 

.- .; . 

Use qf‘silic-orle rtrOOer t?lotrlcls 

A very successful method currently employed in the mass 
production of identical wax patterns involves the use of 
room-temperature vulcanizing (RTV) silicone rubber moulds. 
This material has been used all over the world where 
improved products of uniform standard are ,required. It 
seems to be the perfect modern material to be introduced to 
the Third World at its present level of casting practice. 

The author uses RTV thixotropic rubber of the b,utter-on 
type, such as .:Dow-Corning RTV-C. Similar products are 
available ,from Wacker Chemjcals, ICI, Bayer, G.E. and 
others. This is a r@, silicone rubber available in liquid form, 
which ca.n be cured by the addition of a catalyst to become 
flexible, but not elastic.‘The’catalyst is usu-ally added in the 
proportion of 3 to 5 per cent by weight of the basic rubber, 
but carefully follow the instructions given with the-prod ct 

-\ you buy. One major point not mentioned in the instruct on Y 
booklets is that these chemicals are designed for use in cold; 

’ climates. This has a definite effect on shelf-life and working 

Line of &rnrnetry . 

/ conditions in countries with hot climates. Wherever possible, 
they should be stored and used in an air-conditioned room. 
As air-conditioning is not often likely to beaavailable in rural 
areas of developing countries, the coolest possible area of the 
workshop should be used, and allow for the fact that setting 

I times will be reduced or increased by the heat. Also, the 
rubber should be used as soon as possible after purchase. It is 
important to mix only as much silico’ne rubber and catalyst as 

Fig. 22 The original pattern. 

/ 
n: 

. 

Fig,. 21 A familiar Asian bronze 
hollow bust. 
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Fig. 23 Painting the rub$er 
liq$d on to the model. 
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you $11 need for the job in hand: pro,bably no more than can 
b”e ubed iti one hour’s work. 4 - 

‘@ha Th*‘ fl ‘bl e exl e moulds produced from this substance are easy 
to.,make and use. Each rrfould can then beiused to produce 
larige numbers of wax patterns with a minimum of effort, 
tibe and skill; between 75,000 and 100,000 wax patterns can 
be moulded bef&e the rubber deteriorates. Because it is_a 
relatively cheap material, for reproducing large and small 
quantiti&, the cost of each mould is inexpensive and 

;therefore sm;ill batches of patterns can be produced quite 
economically. 

The bust show: in Figure 21 is commonlv’ fzund in NeDal. 

F-ice. 24 The completed rub&v 
coatt*g. 

Fig. 53 The bos is paJi’[iy filled 
with plasterlof Paris. 

Fig. 26 The first half of the 
plmr 

5 i ‘- 
bath-ing in preparation. 

. 27vLocation Sockets cut 
t/?e surface.of the dry 

"1 

i 

plaster. 

.J ’ 
I- ‘f 

Sri La.nka, Burma, %‘hailand,-and many parts-of In$ia.‘T,d 
manufifcture large quantities of this bust, the first stage 
woultl be to select or make the original pattern. This could be 
an existingsasting or a special model hand-made by a master-; 
craftsman. Original mQdels, or’master-models, may be made 
from any suitable maferial including soap? wax, clay, tooling 
plastic,. lacquered gypsum cement, polished m:tal, wood 01 
expanded polystyrene. 

It is important to ensure that the surface of the original 
model is clean and dry. The silicone rubber liquid is then 
painted on uniformly. Apply it to the outer surface of the 
bust only (methods of applying the rubber may vgry’from one 
product to another). All fine detail should be concealed. A 
coat of 2-3mm ‘thick will normally be sufficient. pemove all 
trapped air bu’bbles with a pin or a sharply pointed needle. 
When the pattern is completely coated, it should be left for 
about 2&hours to allow the rubber to set. 

When set and removed from the bust, the iiner surf&e of 
this rubber coating will ‘contain a negative impression of all 

;A the details transferred’from the original model. However, the 
material is not sufficiently rigid to retain its shape when filled 
with molten waq and musl therefore be encased in a rigid 
plaster backing arrangeme& to provide support. This plaster 
mould .backing is built arouhd the rubl%rmould before it is 
cut or separated from the bust. 

To form the outer surfaces hf the two-part plaster b&king, /, 
two boxes of a suitable size ‘,will be needed as previously 
described. The inside of the bax wit-h the bottom should be 
coated with grease or soap to ehsure that the plaster will not 
stick to it. The box should be half-filled *with a thick mixture 
of plaster of Paris, reinforced with a damp, fibrous material. 
To complete the filling of the box a creamy mixture of the 
*pure plaster should be used, tapping the side of the box 
during pouring to release trapped @;. 

After three to five minutes the rubber-covered model with 
its rufiber coating intact should be, pressed,jnto- the soft 
plaster and submerged up to the line of symmetry (exactly 
half-deep), making sure that the base, of the model is flush 
with one of the internal surfaces of the box. Without 
touching the model, iurplus plaster should be scraped.off to 
produce a Uat surfaie in line with the top of the box. This 
should be l.eft for two to three hours to ‘dry and set. 

. 
I 



When the plaster has hardened, location sockets are cut in 
the top surface. In Figure 27, hemispherical location sockets 
are sho\vn, but any suitably tapered shape could be used. The 
important consideration is that it must bc possible to 
withdraii the location plugs from the sockets Lvithout 
breaking them. * 

The entire surface of the completed half of the ‘plaster 
mould backing should be coated \vith a mould release agent 
to pre\ent it from sticking to the wet plaster which will form 
the second half of the mould. The rubbercoated -model, 
however, does not need this treatment, as plaster will not 
stick to silicone rubber. More plaster of Paris is applied, 
completely co\,ering the exposed half of the. original pattern, 
and then reinforced plaster is added to fill the box. The top 

. surface should be smoothed so that it is level with the top of 
the bos. 

This arrangement is left for two to three hours to dry and 
jet. The boxes are then removed and the plaster backing 
carefully parted. The plaster mould backing can now be dried 
out in bright sunlight or in an oven, as described in the 
pr-c\ iou5 section. 

In order to release the original model, the silicone rubber 
master mould should be s’ery carefully slit%ith a razor blade. 

,,It is not ad\,isable to a perfectly straigh&ut as this would 
show in subsequent pattern< which are produced in the 
mould. Neither should the rubber mould be cut into two 
sections as it would &en be difficult to realign accurately. It 

.“is often possible to get away with a slight nick but, as in the’ 
case of the example used here, it is sometimes necessary to cut 
the mould estensii,ely. In such cases, an irregular line should 
be used, as shown in Figure 30. The extent of the cut shou@ 
not exceed the minimum required toaelease the bust. 

The blade used should be as sharp as possible - a surgical I 
blade would be ideal. These are available from chemists or 
clinics, but a neu razor blade can be used if no surgical blades 
are available. The rubber should be pulled slightly and the 
blade pressed against the rubber at the exact point where the 
cut is to be made; do not use a sawing action. The blade 
should be removed as soon as the cut is completed. 

No rubber should becut away from the mould as this 
would produce a voipi%i.!h will seep into the wax. If the 
mould is cut minimally, it wt‘fl always return to its original 
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F-ig. 29 The opened mould 
tmkiti!: and rubber-couled 
ttlodel. 



Fig. 30 The rubber rnould is cut 
10 release the original model. 

b * 1 
Fig. 31 The or&inal model IS 

removed a!d put aside. 

Fig. 32 The rubber rnould, 
clamped inside the plaster 

backing and ready for use. 

, b , 

shape and if it is left as much as, possible in its original state,’ 
the wax patterns will be faithfully reproduced in the mould 
cavity. The bust, which is no longer needed, is discarded ‘as 
the inner surface of the rubber mould contains an accurate 
impression of the original pattern: 

When the plaster mould backing has be horougk dried 
out *and cooled down, the next stage c egin. 
hollow rubber master-mould is replaced *“inside 

T C now- 

:” 
the plaster 

mould backing -and the whole arrangement is. c’amped 
together with string or rubber bands or between heavy 
weights. The assembled mould, which is now a hollow, 
negative impression of the original model, is ready for the 
manufacture of a large number of wax patterns of the bust. j 

The next stage is- to melt enough wax to produce the \’ 
required number of wax patterns. Some molten wax, :’ 

internal surface 

surface finish on the point should the 
wax be overheated. The 
again, until it is full to o stand. Tapping. 
the side of the mpuld 
famed in the w&l If 

y should release any air bubbles. 
ax-filled mould, was left to, stand j 

long enough, ‘it wou produce a solid wax pattern 
considerably more rigid than candle w$. But the ai& is to .- 
produce a hollow wax impression. To do this, th{~Getting . 
process is interrupted and the unset volume of w@ &ured 
out leaving a hollow pattern. The thickness of th@ walls of 
this pattern is determined by the length of time the w= is left 

i 

standing in the mould and can be controlled asit .forms by 
observing the opening through which the wax entered. 

As the pattern reaches the desired wall“ thickness, the 
remaining molten wax is poured out ‘and the plaster moul’d 
backing is opened. The silicone mo ofi&ining the hollow. 
wax pattern, is carefully removed 
and placed in a container of c&d-or, 

the plasier backing. 
water an&allowed to 

harden. Once the wax feels sufficiently hard to be handled, 
the mould and pattern are removed -from the! water and 
separated from each other. The mould must’ then be’dFied 
with a clean cloth. 

The silicone rubber mould is replaced in its plaster backing, , 
and more molten wax %, pouredin until the mould is full. The 
wax is again left untrl the de’siied wall @ickness has been 
achieved, then the surplus molt&n.yax ispoured out, and the 
mould and pattern cooled and’separated. In this way, large , 
numbers of identical wax patterns can, be easily produced 
with a, minimum of s with little expense, and in ip short, 
time. . 

When wax patterns’ are made in silicone moulds, as 
described above, they are:generally more or less complete 
when removed from the mould. In some cases, however, 

L 



rather than moulding a one-piece ij’as pattern, indi\!idual 
parts are moulded in master-moulds and assembled later, 
allo\+ing for gvsatsr \ariet~ in product design, M’hene\,er this 
method is used the individual \vax pieces are aisembled with 
heated tool4 dexribed belong. 

tlcal III ~onit t‘~,r’m I\ necc\\ar->’ \k hcri \+or-I\ins \\ilh \\a\ ;lnd 
ian be pr-~,\~ciCd b>’ a Charioal or ~\ood t‘ir-e, 3 gaj hurncr, (II- 
an+ alcohol Iamp. Shapin! tools for model and pattern- 

ing include \parula,, old dental tools \vith \.arious ends, 
WI into \\ooden handles and hammered into various 

Jhapctb. patching tools made of hea\,\’ isire or rod, -and 
F~/,q. 33 Pouring th-e NYL~. 

pointed I\ni\ei. \\.hen used with heat, howel,er, they must W 
either be quite Ion g or provided itith insulating handle3. 

The other major item needed when \+o{kinp with si’al is 
\\arm \\atsr, u hich bhould soften rathgr than melt the wax, 
allv\~ing it to be reshaped and bent \\ith minimal 5urfacc 
4trc44. * 

(‘utring to~~lb are uwd to make basic shapes and opening\, 
\+ htxt’a\ sp-atula\ arc generalI>, used to add \\as and de\,elop 
dsjigns. 14’hsn joining strips of \\as, the tool should be held* 
o\ er the heat for three or four seconds, then placed against 
the joint-line of the -\$a\ strips \thich melt and fuse together. 
\!‘a.\ can albo be added to a model in a liquid state by heating 
it in the spoon-like depression of a spatula, then trailing it on 
to a p”re\ iou\ la!er 0-t‘ \$a?.. 

Once the surface of a \+as pattern has been satisfactorily 
hmoothed. a \\a\ sprue and a pouring cup has to be added. 
The sprue should be tapered from top to bottom to reduce 
the acceleration of the molten metal as it enters the rriould. 
Othewiss, gases could be drawn into the molten metal, 
producing a porous casting. On the other hand, if metal flow, 
is escessi\,ely restricted, solidification, may occur before the 
moulding caLit\, has been completely filled; this would result 
in an incomplete casting. These two considerations, along 
with the dimensions ‘of the final ka>ting,.set the upper and 
louver limits to the size of the sprue. A cbtibined sprue and 
pouring cup pattern inay be made in a plaster of Paris mould. 

If the item to be cast has a particularly complex shape or 
if its \j,eight is. uneve’nly distributed, then wax runners are 
formed and added t6 the pattern, as sho\vn in Figure 38. 
Their function is to carry” metar to restricted areas of the 
casting or t.o particularly heaL,>. area\, where it might <not 
otherwise flou. 

* v ‘” ;_I. s-*t’e‘, .i - _,.? . . 

Runners are alwaJ’5 relati\,ely th;n, and feu in number; the) 
should be as short as possible and no closer to each other than 
1Omm. The number of runners will depend on the design and 
size of the casting, \tr’ith a heavy item requiring more runners 
than a delicate one. ’ 0 

Fig. 34 A sectional view of the 
nm~ld showrng the wax setting 

.A Section rhroqh rubber 
~?lWld. 

B The WCI.Y in contact wrth the 
rubber .starts to set fir.si. 

C‘ HemqzAeruII loco~i’on 
wcket.5. 

b/g. 35 Checkrng the wall 
thickness of a wax pattern. 

.4 The wall thrckness ma! be 
seen und felt ot the opening 
rn the top of the mould. 
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In the casting of large models, a runmr (see,A in Figure 38) 
may lead either to the extremities, or to the heavier areas, 
Lvhich ‘are the last parts of castings to solidify and require a 
lot of metal. Extra metal must be drawn into these areas 
through the runners because of shrinkage. 

63 _’ 

The surt‘ace ot‘ \+as pattern3 must be ‘broken’ before coating 
Mith a clay/‘cow dung misture. This enables perf’ect contact to 

* be achiwed bet\veen the clay and the surf‘ace of the pattern, 
thus ensuring an accurate casting free of’ dules. For this 
purpose, a solution of soap or detergent is ed, mixed with ’ 
any of the follo\ving: alcohol spirit, palm beer, rice \yine, or 
any fermented drink. The author usually mixes a tablespoon 
of‘ detergent with half a glass of rice wine, adding one litre of‘ 
\ot‘t isater, such as rain n’ater. L. 

The entire surface of the wax pattern must be coated with 
thib wetting agent, either by dipping the pattern in a bucket 
containing the liquid, or by applying the wetting- agent with a 
\ery x)ft brush or \vith duck-down or chicken feathers. Once 
the surface has been c;oated it must not be touched. The 
escesj liquid is carefully blown off and left undisturbed to 
dry until ready to use. 

. 

. 

.I 
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Chapter 5: Investment msuld 
coatings ‘4 

!n practice, the preparation of cla.9 moulds often involves 
weeks of work, various ‘mystic’ mixtures, and sometimes I , 
rather unsuccessful results. The most widespread method of 2 
producing a mould is to coat the wax pattern with several 

., 

iayerS of’iefractory slurry, which involves considerable delays 
while the mixture dries. 

-L On a recent technical assiitance trip to Upper Volta, the 
author observed one- of the fgstest- and ‘best methods of . 
preparing clay moulds he has ever se&. A mixture of 60 per 
cent and clay and 40 per cent horse or cow dung is mashed . ._ 

.; into a soft, tompact, butter-like material for coveri‘ng the 
,:; mould. All large,, hard matter is removed from the mixture by 

straining through a fine sieve. If abs”olute1.y necessary, small 

1 amounts of yater may be added to help achieve the required . . 
consist.ency. This mixture is then carefuPl,y and, accurately 

. . sprea’d on the wax model in a single coat, as though it ‘were 
‘ butter,. It’is then left to dry. 

In Papua New Guinea the author: developed a’variation on . 
this recipe: - 

Very fine, light-coloured clay 35 per cent I 
Very fine grain husks 30 per cent 

‘, Cow dung. 30 per cent 
i Ash and fine charcoal 5 pef cent 

Mix these’ingredients to the consistency of stucco (or wall- 
plaster’) ax-$ then sieve through 40 or 60 mesh,’ or a doubled 

* fly-screen. Apply as-a-single coat to the wax pattern. * ,_ 
,A basic description of the slurry-coating method now 

follows; it will be up to the individuals to find out which 
technique.best suits their circumstances and needs. 

The first slurry technique involves mixing 70 per cent of 
- ‘fine clay (60 mesh) to 30 per cent dung liquor (the latter is 

discussed in Chapter 3). Add in 5 per cent, Gy vo%me, &f 
finely sieved ash. Mix to a light creamy consistency &-I& sieve l - 
through a 60 mesh screen. Apply by dripping on to the wax ’ 

. pattern, while blowing on the surface to remove air bubbles. 
Spread a thin uniform coat over the model and allow it to 
dry. Repea! twice to build up thickness. 

The other two slurry techniques to be described differ from . 
the first in that they need a backing coat of a thicker mixture. 
A stanflard backing-coat recipe is given at the end .of this 

‘sectioh. (All percentage proportions in these recipes refer to 
2volumes assessed. by eye.) . * - 

L . . \ i, 
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Esl Section through wax pattern ’ ii~~~~ S&ion through clay core ’ c 

. ,Surface detail 
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Fig. 39 Three wm- patterns 
coate’ wrth the investm’knt f tnkture. 

Smnd slurr-y jechnique . 
First mix the following_in~edients: __~ 

Fine charcoal dust -\ 30 per cent i 
_ Cow dung 50 per cent 

Fine ash 20 per cent ( ” 

Add water to a creamy consi.$ency, and sieve through a 60 ’ 
-\ mesh, or triple fly qeen. Apply as B single drip coat. When 

‘l this has dried, apply% standard backing coat. 

Third slurry technique 
6% 

Mix powdered sulphur and water to a. creamy consistency. 
Apply as a drip coat. ANCLW to dry and then apply a standard 
backing coat. 

Standard backing coat. . * * 
Clay * 40 per cent 
Cow dung 6z 30 per cent 

- Fine ground rice, wheat bran, 
or pthgr fin$y ground cereal v 
husks. 25 per cent 

’ Ash and fine charcoal 5 per cent 

-Add water to achieve a‘stucco or wall plaster consistency 
and plaster over the first coat. Build up evenly to a thickness 
of approximately 1.5cm to 2cm in order to resist the pressure : 
qf molten metal during casting. 

‘..___ 
s\\ 3 
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apter 6: Burn-out and casting 

When the moulds have dried out fully, they are placed over a 
hole in the ground with their pouring cups face down. A fire 
is built over or around the moulds, causing the wcax to melt 
out on to the ground or into a receiving receptacle. This 
leaves a hollow area in each mould which is the precise form 
of the wax pattern plus the runners,&sprue and pouring cup, if 
LlSd. 

The was-fr-ee moulds are removed.from the burn-out pit 
and rubbed with the clay/dung mixture to seal any cracks 
caused by the heat. They are then returned to the burn-out 
pit, again with their pouring cups facing downwards, and are 
heated by a slow fire to ensure corm&e-penetration by the 
heat in preparation for casting-. Meanwhile the metal is placed 
in a crucible and melted in a furnace. Existing furnaces utilize 
a variety of bellows or hand-operated forced-air blowers or 
electric forced-air blowfers. 

ii’ 

When the moulds and metal are judged ready for pouring 
(when they are glowing red with heat), the moulds are 
removed from the fire w4th tongs and placed upright in soft 
earth or sand. The crucible is then removed from the forge 
fire with, tongs and the metal poured through the p0urin.g 
cups until all the moulds are filled. Any molten metal 

-.I? remaining in the crucible is poured away onto soft earth and 
,+” salvaged for future use. 
3* 

i-$ 
, .‘ 

_( 

i 
I . 

Fig. 41 The~noulds are filled 
with rnollen tneral. 

Fig. 40 Sectional vim oJ 
llollo~r~ ,?1011ld. 

Burn-out oven with burner 
assettlhly, Colombia. 
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Figs 42 A casling direct from 
the mou :+y \rxtIh runners slill 

tntact. 

A mould inside the oven, 
Columbia. 

Fig. 43 The completed casring 
afrer finishing. 

. 
.Finishing operations on castings ~ 

#After a shirt’ cooling period, when a red glow is no longer 
seen throligh the pouring cups, the’ rr$oulds are placid on their 
Sides and sprinkled several times with i?later to cool off the 
castings. The moulds are then broken up very carefully with a 
small hammer until the softer, blacl+, inner layers of clay are 
reached. The remains of the moulq material are scraped or 
brushed off with an dld hacksaw blade or a wire brush. 

When all the castings have been removed from their 
moulds, certain finishing operations must be performed. No 
matter how much care is taken in thil prepvation of the 
patterns and moulds, these operations will invariably be 
necessary. The extent of the finishing work will depend on 
various factors and conditions: the quality of the wax used! 
the pattern and mould detail; the quality and suitability of the 
clay mixture; the quality of the metal; the burn-out 
efficiency; the metal melting temperature and slag removal; 
the degree of temperature control; the casting technique; 
cooling methbds an,d the surface finish required. 

The finishing operations described below will vary in the 
amount of time and effort required, depending on the result 
desired, the tool+and machines available, and the skill of the ~~ 
operators. A!1 the stages described are, however, usually 
followed in good casting foundry practice. 

When the mould material has been removed from all the 
castings (or, *the case of hollow castings, when the clay 
cores have been removed) the inner and outer metal surfaces 
are washed in a mild caustic solution made from wood ash 
and water, and all clay residue scrubbed off. Next, the 
sprues, runners and fins are removed. (Fins are thin ridges of 
metal which may occuG,on the, castings if fine’ 
hairline cracks have appeared in ouldi dur.tig the 
burn-out or casting processes.) The tools used to remove 
unwanted metal parts include hacksaws, jewellers’ saws, 
files, abrasive wheels and knives. Which is approrpiate 
depends on the hardness and‘ position of the cast metal to be 
removed. Sometimes chasing or engraving tools are used to 
add detailing to finely sculptured statues. 

Chisels, abrasives and files can also create interesting 
surface textures. 

by 
Polishing the smoother ar,eas of the castings is usually done 

using fine grades of! emery paper or cloth, using -v&j 
successively finer grades. This is a very lengthy job, as ‘it, is 
done entirely by hand. A final polish could be given to the 
raised surfaces if a polishing or buffing machine is available. 

The castings are then washed again in a solution of * 
detergent, ash, soap and water. 

A final colour or patina can now be app!ied. Ordinaiy salt, 
mixed with water and’ applied to the surface, will produce .a 
green patina on certain brasses. In niost countries the author :- 
has visited, black or brown shoe polish is often used to 
accentuate raised details. This is applied to the surface and: 
then wiped away with a soft cloth, thereby depositing a flat, 
dull colour in any recesses or erigraved grooves. * 

4 I I 
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The quality of cla>*-bearing soils varies from country to 
country, and from \,illage to village. The author has found 
that esrablished’local casters already use a clay which is quite 
jarisfactor),, and that is the one to stick with. The lighter the 
colour of the soil, the better the refractory characteristics that 
can be espected. It should preferably contain a small 
percentage of mica. An ideal casting clay b,ould contain 
silica, gypsum, carbon, iron oxide, copper and kaolin. 

The principal characteristics of a good casting clay include 
the ,eapacity to viithsrand temperatures of more than 
l,OOO”C, ‘the flexibility to respond to extreme heating and 
cooling ivithout cracking or breaking, and the ability to 
repr0duce.a smooth and detailed surface on molten metal. It 
must also be able to withstand the shock following the sudden 
introduction of molten metal, and physical shocks resulting 
from accidental knocking during handling. ’ ’ 

If a suitable clay has not b’een identified by local=casters, 
brick-makers or potters, then it will be necessary to search 
systematically the locality and analyse the soils (see the 
section on ‘Choosing a suitable clay’ later in this chapter). 

’ co 12’ UllCi h nrse dr4t1,q 
When dealing \jith technical assistance problems in 
developing countries it is all too easy to overlook basic 
materials which are available locally. The importation of 
chemically perfect materials for the reproduction of castings 
is generally an expensive solution, and leaves the local 
operation dependent on imports. The author has spent many 
years searching for locally available natural materials which 
may be used as clay-binding agents. The best, and most 
successful material which he has found, and which is 
available in every village, is coy dung. After all, many 
developing countries have used cow, horse and donkey dung 
for centuries, mixed with clay to form the mortar and outer 
coating of mud huts. 

Cow, horse and donkey dung contain certain properties 
that greatly help the caster. Furthermore, dung is found 
everywhere, and the fresher the better. The author has used 
cow dung in Indonesia, Malaysia, Nepal, Thailand, Ghana, 
Upper Volta, Papua New Guinea, Lesotho, Swaziland and 
Colombia, and has had no trouble at all with different types, 



from different breeds-or feeds, nor from lean or fat animals. 
Dung of $most any description acts as a binding agent. It 
also possesses the capacity to retain’its flexibility when heat- 
dried, and does not shrink appreciably. These characteristics 
make it ideal for casting clays, and for use as an oven and 
furnace mortar, and lining material. 

In all the author’s recent consultancy work, cow dung 
[-niled with clay has beei1 used to form casting moulds and 
C‘cJI’es; a5 construction mortar in ov,en and furnace bui!ding; 
and miucd with graphite to make crucibles. In these capacities 
the mixture coped very well with temperatures up to 1,5OO”C, 
and also with incidental thermal and physical shocks. 

The dung is first mixed in a large container. It is easier to get 
;nto the container with bare feet, not unlike a wine presser, . 
and knead the material. For people who find this offensive, 
or where animal.dung is suspected of transmitting parasites 
or diseases, hand-manipulated pressing tools can, of course, 
be used. Vaccination against tetanus is also a very necessary 
precaution. If the dung is dry, add water to bring it to the 
required liquid state. When all the fibrous material has 
dissolved, and the kneading has reduced the dung to a thick 
creamy consistency, it is ready for use; It is now referred to as 
&mg-liquor. 

hl-is the dung-liquor with an equal volume of fine clay. It is 
best to prepare enough of the clay/dung-liquor mixture to 
last a week. This then forms the basic clay mixture, which can 
be used as construction mortar and for making casting-cores. 

If the smell is particularly offensive, a rub with lemon 
leaves, or lemon grass, will take care of the unpleasantness. ’ 
The smell is usually less noticeable after about 15 minutes. - 

The next state is to mix in either rice husks or spent grain. 
Again, these readily available materials are found in all 
dev,eloping countries and cost practically nothing. The 
addition of this material binds the clay and dung-liquor 
mixture together, and the small amount of oil in the husks or 

Makrng a resr of claim quallry, 
Papua .Vew Guinea. 
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grain imp.roves refractoriness and reduces thetendency of the 
mix to expand when heated. As a general purpose mix, add 
the husks or spent grain in the proportion- of 30 per- cent of 
the clay/dung-liquor mixture by volume. This is then , 
kneaded and beaten to the consistency of butter atid left ‘for : 
one’day to settle and mi? properly. - 

Furnace and pven lining mixfure I 
For the mortar to line fhe oven and furnace us-e unmilled 
husks or grain, mixed into the- ,50-50 mixture of,clay/dung 
liquor, the proportion being $0 per cent by volume. The 
mixture is then left to stand overnight%prior to use. This~gives 
the grain or husks a chance to absorb the water from the 
mixture and become an integral part of it. The following 
alternative mixture could also be used: c 

. .I I 
_ Dung-liquor 30 per cent- 

Fine clay . 30 per cent 
Wheat bran 9 . 30 per cent 

d 
Fine sharp silica sand 10 per cent 

Mix with water to a soft butter consistency. Add 30140 per 
cent fly-screen sieved ‘grog’ (grog is made by crushing, clay 
building bricks into dust). .F 

Choosing a suitable clay J /J 

If you are unfamiliar with procedures for identifying clay, 
speak first to a local brick-maker, potter or caster. No doubt 
he or she will alrpdy have tested local soils for their 
clay/sand/silt content. On the other hand, if you cannot 
obtain the information you need, you will have to locate a . 
suitable&clay yourself.. This is not*as difficult as it may seem. 
Do not be too concerned with the chemical composition. i 
Man has been making clay pots far longer than chemists have 
been in existence, and workable clay mixtures have outlasted 
opinions about them. 

Location qnd test-firinq 
It is advisable to look for clay in ‘and around river .beds and 
quarries. Keep in mind that a - light-coloured soil usually ’ 
contains a higher percentage of clay and has. the best 
refractory chvacteristics. Ideally, a soil with a 30 to 40 per 
cent clay content is recommended, but soil with as much as 60 
per cent clay can be used, adding ‘sand to reduce the clay 
content. The lowest clay content which the author has used 
successfully was 20 per cent. Try to avoid silty soils and those 
with no clay cohtent, such as volcanic ash and sandy soils, 
since these will have little or no ability to hold together. Once 
a.likely looking soil hasrbeen selected, make a~small-brick, dry 
it in bright sunlight for three to six days, depending on 
climatic conditions, and then fire it. If. the fired brick does 

,not fall apart or crack up, and has a normally hard surface, 
the soil proably cpntains sufficient clay for casting. 

4 
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To discoL,er ;he approximate percentage of clay in the soil 
sample, carry out a simple shake test. For this purpose you 

Lvill need a glass jar, about IO-1Scm high, with a screwed or 

tight-fitting lid. Place enough soil; in c&tied form, in the jar 
to fill the bottom 2-3cm.. Add water until the jar is about twb- 
thirds full. Then shake the jar until all the soil has dissolved, 
and set thfT jar- down at eye level ‘where it will not be 
disturbed. .41‘1e1w11e da>,, obsene how the mixture has settled 
into distinct layers. The uppermost layer.iS Qe.silt content. _ 
The sand will be at the bottom and ‘Ihe.m:ddIe”liyer will be 
qlay. ? . 

Other bits and p,l&xs ot’ strh\+, rock, tLvigs and so O!I, may 
be presqlt, and may be peculiar‘to the local area where the 
hoi1 cari~e l‘rom. !t w.ou1.d be Liise,to dig:down belou [he 
surface layer w’hen collccti.rig~sc~ils, and also to select samples 
from l,al;ious locatiuns. ” ’ < .-. 

M’hcn the soil in the jar has settled into layer-si as,indicated 
abo\.e, II~L’~SLII-~ the tofal height of the contcn.ts, and,the 
height 01‘ the -band of‘ clak. Divid’i:jlg the first figure by’the 
seconds giL,es Lthe approsinia\e’ propoition of clay in the Soil 
sample. An e\aniplc is sho\\rti in Figure 34. .- ,; _ 

‘rhe palm wetting tesi is another method of testing tlie clay 
content. Take a lump of, -light-coloured soil in your hand. 
Smooth, tiet and knea,@ it, until it reaches a uniform 
consistency of hard butter<,Holding this smooth lutip of soil 
on one of \;our palms, co& it with?water; rubbing across the 
surface with 96.ur other wet hand. Then slowly close your 
ha‘nd around the soil. Open your hand and,see if the soi! has a. 
shine on its surface. if the shine is evident, and does not fade 
rapidly, your soil probably”has a high enough clay cont’ent. 
On the other hand, if the shine disappears, this would 
indicate a high sand or silt content, and the sample ivould not 
be sufficiently ‘sticky’ to bind the grains of sand together. 

If the clay content is very high, you will get a large amount 
of shrinkage and cracking during firing. Td correct this 
problem, add sharp silica sand, not sea-sand, because it 
contains salt. (If sea-sand is the only type available, then 
Leash it thoroughly in clear fresh water.) 

‘ i 
f 

Coil test 
The coil test involves rolling the soil sample into a cylinder, 
approximately one inch thick by four inches long. Hold the 
coil at one end, between thumb atid finger, and let the other 
end sag towards the ground. If the coil breaks, the soil 
probably has an unacceptably high silt and/or sand content. 
On the other hand, if the coil bends and does got break, the 
clay content will be sufficient. 



Shrinkage and’cracking 
Shrinkage is prevalent in all clays which are heated, and 
should not present any major problems if clays are selected 
by use of the ab0v.e tests. Shrinkage is also minimized by the 
addition of co\+ dung and bran, as explained above. Minor 
cracking u.hich occurs, and is to be expected, during the 
heating or drying of clay mixtures can be easily repaired by 
filling the cracks vvith clay/dung mixtures. 

. 
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Fiy. 43 Tt7e orl dnru7 urrrrnp 
line. 

Fr,q. 46 Plan \‘7e\c’ c.f brrrk base. 

A completed oil-drum crucible 
furnace, Colombia. 

Chapter 8: Constructing i 
crucible furnace 

The, current methods ‘used in the Third World of casting 
metal by means of open-pit charcoal-fired melting present a 
number of problems resulting from the lack of sufficient 
control ov’er the melting process. The two most obvious 
problems are that the molten metal absorbs carbon from the 
osidizing charcoal fire and that the crucible is unevenly 
heated, producing a melt of varying temperatures. Also the 
amount of metal which can be melted in an open-pit fire is 
uneconomically small’. 

The furnace described in this chapter is designed ‘to melt 
25kg of bronze at one time. Naturally, a smaller quantity can 
be melted, t 

7uli@ 
ugh it is less economical. The furnace is also 

designed e used with bottled:gas fuel. Even in areas of the 
world where wood i\ plentiful, charcoal is still expensive. The 
amount of charcoal required to melt ‘25kg of brass, bronze or 
aluminium, is more costly in many countries than an 
equivalent amount of bottled liquid petroleum gas (LPG or 
butane). Despite the increasing unpopularity of 
recommending the use of fossil fuels in developing countries, 
the author suggests that butane be used if it is readily 
available and cheap. The heat obtained from .bht‘ane gas, 
approximately 120,000 BTU per cubic metre, produces a 
quicker and hotter melt that other available fuels, and it is 
certainly the cleanest casting fuel. 

If bottled gas is not available, the furnace can be fired by 
kerosene, old engine oil or diesel fuel. Slight modifications 
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“- F’C.RN.4CE CONSTRUUTlON MATERIALS; - BASIC LIST FOR A ! 
GAS-FIKED SYSTEM 

.\ tuIt>riuI Qf)YLengih/ M’eight ’ Use Q 

45 gal. 011 drum I Furnace body 

3-6crn \\aler plpr 3 111 Rising-butt hinge and mising 
chamber- 

I Igtil-l’ltllng plpc’ or rod 10 t’ll ~n\lde 
ii 31cr plpc I .$rll C‘orc-pin 01‘ rising-burl hinge 

SOlI Lx)ppcI lIlbll1~ (6 Iollllll 1111t‘l.r1;1l , 

dlamrtcr) ‘Ill Pipe connection from gas 10 mixing 
chamber 

Hrlihj 
. . 

100 appro\ Furnace lining material \ 

Heal !,-dur> \+ Ire rne\h 1s~ m Supporting top lining 

(‘la! ‘dung-liquor rnik YOkp approx Mortar and insulation 

Gas \al\e ‘i I Controlling, gas supply, 

\llld’ <reel tldr-bar I Wnini ‘< -Inim) 3 111 Supporting hinge’assembly 
~lis~ellanenu\ meral and rools As required I Ij .4s required 

. 

Llw of osy-acetylene gas-cutting tools/or any means to cut oil drum. 

Ljw ot 311 electrli arc-\\elding \el. 

.-\ 3laklta tan-blo\\er Type -Wl~B,i;or similar blov.ser may be purchase&d, fabricated OI- improvised. 

Bortled LPC; Butane pas \\\ith high-pressure val\e. 

itould, ho\feier, need to be made to the fuel supply system, 
erpecially the burner. .4t the end of this chapter, a d&,cription 
is given of an alternati\‘e burner designed for use with old 
engine-oil discarded from gear-boxes. This is much cheaper 
than using bottled butane gas. However, it takes much longer 
IO reach the required melting-temperature, and the oil does 
not burn as cleanly as gas. ‘:‘> I* 

The meit furnace is used to melt,virgin or scrap metals, and 
to produce alloys f_or casting. The construction is based on a 
45 gallon oil drum and is illustrated in Figure 48. The drum is 
lined with bricks, which are then coated with a clay/dung 
mixture described in Chapter -7. The gas is mixed wit) forced 
air in a 6cm diameter mixing chamber. The air should be 
supplied by a ‘Makita 4014 B’ fan blower/duster, or similar 
product with a fan and operating at about 12,OOOrpm. 

The metal to be melted is placed in a crucible which is 
loaded into the melt chamber. The furnace is then closed to 
allow the temperature to build up, the model shown here can 
reach temperatures greater than 1,500”C. ‘&mperatures are 
read from the colour of the glow which can%e seen through 
the_ exhaust hole in the top of the furnace (see Table on-page 
36). For safety reasons, lhis is done by placing a mirror 
indirectly above the exhaust, rather than trying to look 
directly into the exhaust hole. 

The alist of materials required for the construction of the 
furnace shown gt the top of this’ page may need to be 
Todified from one locality to another. Considerable 
flexibility of approach may be require> in many situations, 

fssl Section through brick 

Section through mortar 

f 
Surface detail 

Fig. 47 Half-section through 
drums, showing brick-a&- 
mortar base. 
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COLOUR GLOW/HUES OF METALS AT VARIOUS DEGREES OF 
TEMPERATURE 

Colour 
Barely visible 
Visible r 
Dull red 
Dark red 
Bright red 

Temperature 
CT) 
630 
675 
775 
850 
990 

Colour 
Cherry red 
Orange 
White 
BYight white 

TetnpPfature 
toa * 
1050 
1150 -. 
1204 
1500 ’ 

l 

Fig. $8 General arrangernmi of. .-I 
, a furriace. 

B 

a c 
D 

‘c ; 

G 

H 
J 
K 

F-urnuce b&e u[rlmng boftom two- L Fur&e exhaust. ~ 
rhrrds of oil drum. M Furnace-top support ,sIraps: 
Support btkks to reduce heat losses I%’ Upper section of rising-butt hinge. 
through ground. * P Crucible $znber. 
Brick and mortar floor. Q Furnace wall-lining: 
Hinge core-pm on whrch ihe nsing- R, Gas-barlIe control vaCve. 
hulr hrnge revolves. S High-pressure valve - optional. 
Base section of rising;bui[ hinge. T Liqpid petroleum gas (LPG) bolfle. 
M’ire tnesh IO retain drum-top lining. U Gas suppI&-lube. 
hletal srrups IO support weight of V Mving chamber for gas and air. -’ 
hrrcks. I+’ Fan blower. 
Brrck and tnortur linmg. 
Openingiclosrng handle. 
Furnace top - upper one-third oJ’ 
o/l drum, wtrh lid intact. 

X Quick shut-oJf valve. 
Y Air-pressure control plore. 



ltc loLaIt> wilt rquirc an and any material \+ hich i4 11oI a\ aitab 
appr6priate substirure. 

Corlslnrc*liorl I 
The brick5 are fir\L soaked in \varer for- 12 to 24 hours bet‘ore 
whey arc heeded. (See note on bricks at [he end of‘ this 
chapier.) The 45 gallon oil drum should be in good condition, 
and should preferably ha\.e the bottom and top intact. Begin 
by cleaning md drying the drum. Then, using the OS>;- 
acetylene cutting-roi-ch (or orher cutting equipment) cut off 
the top one-third of the drum, jusr be\ow the top reinforcing 
bead. .- LI. _. 

The base of the drum i:, th’en lined Lvith bricks and mortar. 
Begin t-11’ putring in a 2cm thick floor of cl&/dung-liquor, 
mixed according IO one of rhe recipes given in Chapter 7. The 
consistency should be that of a soft butter-like mortar. The 
rievt layer- consi,r$ of bl;lcks, which are laid face-to-face in the 
bottom ot‘ the drum. A mortar heam of not more than 0.5u-n 

ionneclj the ro\ij ot‘ bricks. The gaps left after including all 
po\sibte \s~iote bricks should be fitted M’ith solid, single pieces 
1)1‘ bi-ick, .jpcc‘iatl>, shaped to fill the gaps. The brick base is 
~hcrl coated witI: a ta!,er of Qe mortar mixture to a thickness 
01‘ I-km and finished off so that it is smooth and flat. 

&fore the \,‘a&! t@-ng of the furnace can be built up, a hole 
ot‘ the right s,$ must be cut in the side of the drum, just 
aboLe rhe brick-and-morrar base, to allow a 6cm diameter 
pipe Iv enter the furnace. The pipe is then loosely inserted 
lhrough the hole, and the firs[ lay& of the-Lvatt lining built 
around ir. The t’ir$t ro\\ ot‘ bricks is laid so that the corners 
touch qch other. a$ 3holk.n in .Figure 49. The almost 
triangular bpace\ let‘r bet\+cen the bricks should be fitted with 
specialI> shaped pieces of solid brick. This uitt keep heat 
tosse\ to a minimum. 

The nest ro\i of bricks should o\.ertap the joint-tines of the 
first roiv, Lxfith a maximum 0.5cm layer of mortar between 
roi+s. The o\.erlapping of one layer of bricks with another, 
uith a 0.5cm ta!,er of mortar between rows, is continued to 
ivithin a few centimetres of the top edge of the drum base. 
The gaps in each taJ,er of bricks must be filled \vith.triangular 
pieces of solid brick, 2 

The tinirng of the furnace lvith a clay mixture can now 
begin. First mix additional brick/grog to th,e basic mortar,, in 
the proportion of approximately 20 per cent by voturiie. 
Then, starting at the bottom, pack this eta!! mixture into the 
Lvedge-shaped recesses left by the overlapping of the brick 
rows. When this is finished, a second layer of mortar Lvith 
fine grog should be applied to produce- a round, smooth 
lining from the bottom to the top of the drum bgse. 

The top inside edge of the lining should be rounded intp a 
small smooth curl’e, as shown in Figure 53, as a sharpxcdge 
would be easit). broken and L+outd impede the flow of heat. 
After allowing a few hours for drying, smooth the lining Lvith 
a damp sponge. Complete the smoothing Lvith the palm of 
your hand. 

J-i<?. 49 Hun l~iew 0J‘fi’rsI row 
(?f ~~rll bricks, showing [ht~ pipe 
tn.wrreii lhrouLgh rhe drum wull. 

TicijBing Ihe c&e of rhe oil 
dri~tu. 
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Fig. 52 Half-secrion of druttl 
base, showing first ~wo~rows of 

overlapping bricks. 

Fig. 53. Section Ihrough drum 
base, showing cotnplered brick- 

and-tuorrar lining. 

. . 

Y 
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‘.Fig. -54 Plan viw,of brick-filled 
drum top wirh conical e.rhausr 

hole. 

A Whole bricks srood on end. 
B Morlctr seams between ~ 

bricks. 
C Shaped part-bricks stood on 

end. 
D Morrar seam berween bricks 

and drwn wall. - 
, E Drum we/l: ;;r 

F Pieces of brick used 10 fill 
small gaps. 

G fihausl hole through drum . . 
/Id. 

H Conical exhaust hole formed * 
--.,.&om’ morfar. -.I 

‘. : 
--‘r. 

k 

Preparing the filrnace top 

Fig. 53 . 
. 

To prepare the top one-third of the drum Y the section,which 
was cut off - a 12cm dxhaust hole is first cut out in the centre 
of the drum lid. The drum top is then inverted on its lid dri 
the ground. A lcm layer of mbitzir is laid inside, and 
followed by a layer ,of’ bricks. Stand the bricks on end fog 
maximum height; and join them with a,minirhum amount of 
mortar. Take care nbt to block the exhaust hole.. ‘. 

i‘he gaps left between the whole bricks and.the wall of the 
drum top are now fil%!d with specially shaped pieces of bric~k. 
The exhaust hole is then rounded out with mortar into a 
cone, tapering toward-s .the 3.d. 

Next, four mild steel flat-bar straps “are welded or bolted 
into place, again maKing sure not to obstruct the exhaust 
hole. These straps will take the weight of the bricks when.the 
top is eventually inverted over the baie of the drum. 

-B , 

Q 
A 

. 
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The remaining <p+~:e is then packed with mortar and pieces 
of broken brick, to \vithin 2-5cm of the top edge of the drum 
top. Hea\?-dut!, \cire mesh is laid into the mortar and tack- 
\iclded or bolted to the inner surface of the drum wall. A fine 
layer 01‘ mortar i< then prcs5ed into place a.nd smoothed level 
\\ith the t& edge ot‘ the drum top. 

The wnical eshausr hole is again smoothed and a small 
“ridge 01‘ mortar built out on to the metal lid (see Figure 58). 
The purpose of this ridge is to protect the metal-lid ftom 
direct heat, Lyhich Lvould buru it. 

Fig. 57 

Drying rhe frrrnace 

It is very important to line both sections of the furnace in one 
day, otherwise major internal cracking could develop at the 
conCnuation line uhen the mortar dries out. L 

FYg. 55 J+a(flsec~lioti Ihrvlrgh 
i drum top, she \\‘ltlg brick-uncl- 
a-y!orlur linitig and ttlild sleel- 

reratnirrg slraps. 

F-icy. 56 M’itv mesh in place 10 
relain lining material. 

Fig. 57 Seerion rhrolrgh drum 
lop, showing rhe complered 
lin in,?. 

. . 

Fig. 58 Reinforcing p1ale.s and 
hinge base welded in/o place 
and core-pin inserted. 

The finished lid. 



When the lining operation ib complete, the top and base 01‘ 
the furnace are left to dry out. This could take, two to three 
days in hot, dry climates. The lining should not.be allowed to 
dry out tbo fast, and in very dry climates it is necessary* 
keep it slightly moist by draping damp clpths over the entire 
surface 01’ both sections. On the other’hand, in very humid 
weather, especially in tropical couyltries,.,it may be necessary 
to help the drying process by building a s&all wood fire iri the 

’ top ,and base of the furnace abput two or t$,ree days after 
lining. 

Once the furnace starts to dry, cracks will .&pear in the 
“lining. This results from shrinkage, and is a t~o/~;\ul reaction 

-.* to the evaporation of water. When it happens, sm6,oth sbme ‘:r 
- “‘mortal into the cracks. This may have to’ be do,n& several 

times before the furn?ce has completely dried out. ‘I, t- 

'-' 
Lining I?/‘ II7p cnic~hk ,firrtlac-e 

Assei/lblirrg the jirrrwi-e 

heiq~ fi’red. When the top and the base of the furnace have dried out, the 
.c top is placed squarely on the base. The next stage is to 

reinforce the wall of the drum base be-fore the hinge-pipe is 
welded on. This. is necessary because the drum wall is too 
thin to -bear -the weight of the drum top on a small area of 

- weld-joint. The reinforcing plates shown in Figure 58 ax 
absolutely minimal Iength: they should be at least half the 
drum circumference in length,:and be 2-3mm thick mild steel: 
These plates are tack-welded to the dr:um wall at short 
intervals. Although some burning of the metal drum will 
inevitab1.y occur, the total load-bearing area of welded joint 
ivill be more than sufficient. Additionally, when the hinge- 
pipe is welded on to this reinforcing material, substantial 
fillet Lvelds can be used to give additional support to the pipe 
and help sustain the load. 

Fig. 59 E.xploded \lie\rl of 
mmplere hinge, stio~c*ing 

reluIionship herween [he Iwo 
stops. 

B Kewd\~rl7~ srop. 
C Locorion 0.f cm-r-prt7 

rndicared b.r dnrrerl lrt7rr 
(ornl(led for clarrrr?. 

II Fit-ed s[ op. 
E Base oJ- nstng-burr hinge. 
F Portwn oj drum iop. 
G Pvriiot7 0J dnrt77 base. 
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A rising-butt hinge-angle must now be cut -on the 6cm 
diameter wa,ter pipe. Take tyo metres of the p’ipe and cut off a 
section equal to’ the height of the furnace base. -This cut 
should b; made at an angle of 30”. The pipe is then welded to 
the reinforcirig plates on the : drum-base, angled surface 
uppe; 

7 
ost, in the position shown in Figure 58. When the. 

base.0 the’hinge and reinforcing plates have been welded in 
plac’e, the core-pin is inserted. The core-pin should be closely 
fitted to ,the inside diameter of the 6cm diameter water pipe, 
with not more than Imm of slack, or clearance. 

As shown in Figure 59, the hinge must also have two stops 
welded on, in such a way that the furnace can be opened just 
ov& half a revolution be$ore the stopslengage. This ensures 
that the furnace can be left in the open position without 
having to be held open. * 

When the top section of the hinge is slid’ontd the tote-pin, 
the qngled surfaces‘-must be ,adjusted until they are in perfect 
contact with each other. The hinge top and drum.top are then 
welded together in the same manner as the base, but using 
only two reinforcing plates. 

Fig. 62 Drum top supporl straps 
and opening handle welded in 
place. 

Next, mild steel support9 straps &d an opening handle are 
welded to the furnace top. Because of the design of the hinge, 
the drum top can now be swung open 200”, or just over half a _. . 

.- 

Fig. 60 Plan v&v oJrising-butt 
llinge. 

A Core-pin. 
B Fked stop. 
C Drum top. 
D 6cm water pipe. 
E Revolving stqp. 
F Fillet-welded joinrs. - 

fig. 61 Top .seclion of hinge and 
reinforcing plates welded lo drum 
ridl. 

i > 

. 
. <; 

/ 

* 

>.L - 

revolution, and it will remain open. The rising action df the 
hinge also ensures that no friction occurs between the clay 
surfaces of the two sections of the furnace; major friction 
could break up these surfaces. The hinge will, of course, 
require occasional lubrication with a heavy grease or wax to 
re’dude friction. * 
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Fig. 63 Plan kew of fuel supply, 
B. * 

A Funlace. 
B 6ccm5diarneter rni.ving 

chatuber. 
C Air-pressure control plate. 
D Fan blower. 

’ 

.._IL--!JillJI11:-11__1 
,n-- r------ 

2 

m 

lzc _- A 

E Au\-itia~l gas valve. 
F Copper gas supping iube. 
G High-pressure regulaior. 

z 

H Butane gas bottle. 
J Safety wall. 

--’ 

Fuel supply m-rati~e~~ent~ I w 
Figure 63 shows, in pl - 4 view, the relative positions of the 
furnace, the’fan and the LPG bottle. The gas bottle-is always 
located outside the workshop, separated by a heavy, thick 
safety wall, so that / it is protected from the heat of the 

’ furnace, the burn-,out oven and any molten metal being 
worked openly. Keep it away from children’s play areas and 
areas where people pass or congregate. 

i * 

I ,,‘. ..-’ _,f , _.’ A’ JZ/ ,,” ? 
Fig. 64 Air-pressure control 

& plate. 

Incrfase . 

A Pressure control plate. /. 
I’ . . . 

1. \ B End view of 6cm pipe. 



The fan is located close to the furnace, with its blow-pipe 
inserted in the end of the mixing chamber. However, the 
electrical lead of the faqr should be well insulated and either 
buried in a channel i&he floor, or strung across- the ceiling 
until it is directly above the’,fan. 

An auxiliary high pressure gas\valve is provided on the fuel 
supply pipe near the mixing chamber for maximum control 
and speedy shut-off. The normal low pressur&eguI-ator used 
to reduce the gas pressure for domestic purposes has to be 
replaced by a high pressure valve, as the low pressure 
regulator will not deliver enough gas to the furnace. 

Between the blow-pipe of the fan and the entry point of the 
gas supply pipe, the mixing chamber is provided with a mild 
steel control plate, which can reduce or increase the air 
pressure. 

The hole through uhich the gas-tube enters the mixing 
chamber is drilled at an angle, as shown in Figure 65. ” 

Before you ignite the gas always check for gas leaks ~1 all 
3 . l 

Fig. 65 Gas pipe entry detail. 
.+I Copper gus .wpp!,’ lube. 
B Brazed join{. 
C Section throu,gh pipe. 
D Pressirre cotlrrol plufr. 
E Fun hlolv-pipe. 

. 

I ,I__ ._ _.._.. ~-_, .-.--.-.--- ~. ._.. .-_._ 

An ,oil-drum ‘krucible furnace, 
with the lid slung to one side 
and the crucible to the right, 
~Colornbia. (Note the pre-cast 
ingots ready, on the righi.) 



Fig. 66 Oil-fired furnack s)‘s[etn. 
A 011 burner mnnecred 10 

jirrnace. 
H Fan blower. 
C Contalrler jar .frlrered orl. 
D Hand pump .fw l/.frrne OI/ 10 

roof fop. 
t Hoot’-itlolctired orl-deli\ et3 

rli-lrttr. 
I- OrI-ddrwri how 
C; f urrw’c 

A furnace blower, Papua Yew, 
Guinea 

points of assembly. Even the slightest leak is potentially 
dangerous - don’t take chbnces. 

The safest way of lighting and turning off the furnace is as 
follows. First, switch on the fan and adjust the pressure plate q 
for a low pressure. Next, light a ball of paper and,place it in 
the crucible chamber of the furnace. Oqly then do you open 
the gas valve. When the gas ignites in the crucible’chamber, 
the air pressure can be adjusted as required. At the end of the 
melting operation, turn the gas off jirst at the main supply, 
then at the intermediate valve, then finally at the mixing 
chamber valve. This will ensure that no gas is left in the 
supply tube and no leaks are present. Then reduce the air 
pressure slowly until it is fully off. 

Alternative oil-fired system 
In situations where bottled gas is not available or too costly, 
an alternative fuel must be found. It is often possible to 
obtain used engine oil from lubrication systems for little or 
no cost. This fuel is not as efficient as, butane, but the longer 
time taken to reach the melting point of metals is not likely to 
be a problem in most situations. 

Figure 66 shows the main features of an oil-fired system 
I . 

: I 
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which the author developed in Papua New Guinea. The 
filtered oil is poured into a clean oil drum which has a hand 
pump mounted on its lid. From here it is pumped through a 
flexible-hose tq a roof-mounted drum which has an on/off 
supply tap near the base. (All three containers used in this 
system are 45 gallon oil-drums.) 

The oil is f?d under the pressure of gravity to the burner, 
where it is vapourized by air from a blower fan. The oil flow 
can be adjusted by opening or closing a simple valve, such as 
a domeStic gas-tap. The air pressure is controlled by the same 
type of pressure control plate used on the gas-fired system 
outlined ibov’e. 

The construction of the burner js showriin Figure 67. The 
pipework consists of a 50cm length of 6cm diameter water 
pipe, with a 90” elbow joint. The burner nozzle is a 6cm to 
lcm pipe reduction bell adaptor. 

The oil is delivered to the nozzle by a copper tube of about 
8-10mm diameter,’ which is connected to a gas-tap by a 
compression coupling. The delivery#‘end of the copper tube 

. 

_r 
r_ 
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Fig. 67 Oil burner construction. 
A 6% i0 Ip m i?Zducrion bell 

pipe adaptor used as nozzle. 
B Oil-delivery pipe (&IOmm 

>opper lube). 
C 6cm diameter 90” elbow 
-- joint. 

D Pipe sup$ort bracket (mild 
steel). 

E Compression coupling. 
F Oil lap (normal domesfic: 

gas-rap). 
G Washer brazed 10 mounring 

bracket gnd clamped to tap. 
H Clamp-nut holds washer and 

hose-end coupling in place. 
J Hose-end coupling. 
K Oil-delivery hose. - 
L Tap-uni! mounting-brackef: 
M Air-pressure control plale. 
N Air inlet pipe. 
P Open end of pipe admits 

blow-pipe of blower fan. 

4 
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must be reduced by careful hammering into a lmm diameter 
opening. (This can be done by hammering the end of the 
copper tube to form a sealed joint around a Imm diameter 
nail or pin, and then removing the nail or pin.), 

The 6mm gap between the lmm delivery hole in the copper 
tube and the face of the delivery nozzle can be adjusted for 
improved performance by screwing the reducing nozzle in or 
out. 

A large washer is clamped to the left side of the tap by a 
suitable nut, which also holds a hose-end coupling in place. 
The- washer is brazed to one end of a mounting bracket, as 
shown in Figure 67. The other end of the bracket is brazed to 
the elbow joint. The copper tube passes through a drilled hole 
in the other arm,of the bracket, and then through a drilled 
hole in the elbow joint to within 6mm of the nozzle outlet- 
port. This is shown in Figure 67. 

Figure 68 shows a plan view of the burner and a section 
through part of the furnace wall. The oil-delivery hose has 

x been connected to the hose-end coupling; and the burner has 
‘been secured in position by welding two mounting-arms to 
the elbow joint andBthe furnace wall. The free end of the 
burner, into whi the fan blow-pipe is inserted, is not 
shown. 



The inlet port fin the t‘ur~~acc fall, \\ hich admits the flame 
from the burner nor~le ourjide, is tapered as shown in 
Figure 68. A <mall ridge or lip of mortar is built up around 
the outside ot‘ the port to protect the metal \vall from the high ‘. 
temperature of the hurrier fiarne. The function of the taper 
on the inlet porn, c’ombined \+ith the shape of the burner 
no~~lc’, 15 IO suck air intO the t‘urnace i‘rom the atmosphere. 

Bcl‘oi-c the burner ~‘a11 bc lit. the rio/~le and inlet port mujt 
be pre-hcmxt I()1 abc~iir Ii rnillutc~. Illi\ ij done by burning 
pa1.;1t’t‘ill-~o;~ht‘c1 rag\ hcncarh 111~ burner nc,/zlc and inhide the 
I’uI-riac‘c‘, near 1 tic inlet p<?I.t. 

r \!‘ht’~l the no~rle and inlet port ha\,e been heated, the oil 
rap i\ npened >liyhtl! to allo\~ a small stream of oil to pass. 
Thin, minimal~air preb\urrl iq applied, so that a stream of oil 
L apour and air ii deli\ ered to the burning paraffin-soaked rag 
in the furnace base. D’hen the vaporized oil ignites, the oil- 
tlo\\’ and air pressure ian be gradually incieased to maximum 
~-IJ small in<rrments. The et‘t‘iciency of combustion increases 
\\.hcrl rhe oil ha4 been burning t‘or some time, thus allowing 
the oil UC,\\ 10 be rt~du~ed. The air pressure, ho\\e\,er, has to 

iv Ii\;ilnraincd at ir\ maximum. 

\!‘hcn rho t’uc’l iuppl> ha\ been organized, the furnace is ready 
\‘or itj final lining, of hiih i4 a gla%j~., refractory surface. This 
i\ aihieled b!, burning a bor& flus in the crucible chamber. 

I 
C~rnerul p~~rpo.5e j1~i.v lrse(l ,fbr ttierul pwpururion prior to 
~crs~/n~~.~. Salt 1 hg, Boras Ikg; Boric acid’ 100kg. 

Add in one pulverized Coca-Cola or Pepsi-Cola bottle 
(~sxI becau\t‘ of chemical stability and N’orld Manufacturing 
Standard) and miz uniformi>.. Throw appr osimately two 
handi‘ul~ ot‘ rhi\ flux into the furnace when it reaches a red 
heat. The fume5 rhus produced cause the glazing of the inner 
surface ot‘ the crucible chamber and the exhaust hole. 

AtYer about 15 minutes throw in two handfuls of borax. 
Theafinal lining is novv complete. When it occasionally needs 
to be renewed, tiio handfuls of borax should be thrown into 
the red-hot furnace. (Cse it sparingI?:; make major repairs 
with clay/dung mixture.) The fu.m&e is now ready for use. 

Before the crucible is loaded in, place tv’o bricks in the base 
of the furnace. Rlesr s11orrld he co\gereci brlirh cl~urcoal dusr to 
pre\~ent ucihaionsor stickrq 10 rhe huse of rhe crucible during 
the melring operurion. 

h’ote on sufer!, precurttion.5 
It would titerall>. be playing with fire to introduce a furnace 
into a de\!eloping country M,ithout emphasizing the needafor 
safety: The concept of a work-place being out of bounds for 
casual L,isitors is a totall>, U’esrern idea. Casting shops in 

‘Anyone can make boric acid for the general purpose flux. Simply dissolve 
bora.. ~1 10 per cent suiphuric’acld. Alloys to recrystallize by evaporation 
and rhen pullerIre the cr>,,tals. 

Ij.ulil/llltllj Chl.I. for IIlL’ ////711/~~~’ 
lining, Ghunu. 

a 



developing countries are often swamped by smiling, ( 
I 

laughing, playing children, too numerous to count, not to 
mention friends, wives, goats, sheep, cows and.donkeys. In 

. the interest of safety it is important to limit movement in a 
casting a&a. 

Combustible fuels must be carefully stored, and all 
electrical wires properly installed. If gasis used, the bottles 
must be outside the building, behind a safety wall. If any 

/ 
. explosive fuel is used, no naked flame should be allowed’ ,‘. 

/’ nearby. 
Safety, involves thinking ahead, and the introduction of 

L any ne& technology demands that thought be given to 
possible dangers which it might present ,to its users and their 
visitors. 

P 
d’ Note on bricks 

On some occasions the iuthor has used special refractory 
bricks to line the furnace, but he has recently found that this 
expensive material, which is not always readily available, is 
not necessary. Standard red building bricks are quit’e 
adequate; indeed, the worst quality bricks for building 
purposes often have the best refractory characteristics, 
possible because- of their spongy, sandy quality, and\are 
therefore more suitable for furnace and oven constructipn. 

If red bricks are not available,,then it should be easy to 
have perfectly adequate bricks made locally, using a sandy . 
clay and wooden moulds. When the moulded bricks have a ,. 
dried” out in the sunshine, they can be fired in a makeshift ” 
kiln. 

The following %method of brick-making is recommended. I 

Brick-making mixture: Well-kneaded fine clay 70 per cent; 
Fine grog or sand’ 30 per cent. ‘*’ 

Mix the above materials with water, and thoroughly knead 
to a soft butter consistency. Press into brick moulds; remove 
and ‘allow to dry for approximately five days. Finally, fire 
them in a makeshift kiln for about six hours at a temperature ,. - 
of at least 650°C. 

Always make an extra, 300 to .400 bricks, to allow for 
breakages during firing and use. One hundred bricks will also ._ 
need to be stored for the re-lining of the melt furnace after 
approximately 50 firings. 

The prepararion of refractor) 
bricks, Ghana. 

_.’ ’ 
‘i 

c 

,p: 
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‘TO make bricks for furnacC-lining’ use fire-brick grog, which is himply 
crushed fi’re-bricks. For the bricks used to build the bum-out oven, 
described in the next chapter, use sharp silica sand. 

3 
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A. 

Chapter 9: Building a burn-out 
oven 

I 
The burn-out oven is used to melt wax out of the clay 
moulds, and to heat the moulds to a suitable casting 
temperature. It also removes ‘all moisture from the clay 
mixture, thus hardening it and producing moulds of a low- 
fired ceramic quality. 

The’ oven is so constructed that a uniform heat is 
transmitted to all parts of any numbef’of moulds placed 
inside. Provided the oil, gas, charcoal or wood fire in the base 
of. the o n is 
operating te perature of about 800°C can be achieved (if 

i;, 

adequately fed and properly .ventilated, an 

necessary eve higher). The heat is controlled by increasing or 
decreasing th pening of the.draught doors and the draught f 
damper in the chimney, or by air/fuel control. I 

Moulds usually remain in the oven for four to six hours, at 
which time they should be completely- burned out. When a 
bright red colour can be seen at the$ouring cup opening they ,* 
are judged ready for pouring. 

The base of the melt-out chamber is approximately 2m by 
1.2m, which will accommodate between 40 and 50 small 
moulds, depending on their precise size. 

The list of construction materials given below is a guide 
only, and design and construction details may need to be 
greatly modified from one situation to another. 

Figure 69 is a general arrangement of a burn-ot!rt oven 
designed by the author ahd built in Nepal, Ghana and 4 
Colombia, with variations in size only. It shows all the majn. 

. 
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A wcu melt-out furnace, 
construction, Colombia. 

tinder 



Fig, 69 Gw2rul uktn~yrttienl 0-f 
u, burn-our o\!en. 

-I C~ur-uwu~’ twcolrtrCy tttorI~tt--~.(I~ttL~(l. 
rlrhhlr,f~llrd. douhlr c~~~~rr~r’-will. 

B O~w-door rrrutnrtl~y sltdr (utlgk 
rrotr). 

C Fuhrutred chtttit~e~~ ppe~rhro~tgh 
Wlil. 

D Draltghr dutqxr. 
t‘ .tlrld .sreel~lrnrcl.~ over o~vtt door.\. 
L- Morrur cwurttt,y cii1 a,wt,v IO rrwul 

sr!f-.~lil)lJortlt7,s Orrc~h urc?l (owr 
roc;ll. 

C; ( ‘mtrul c~~l~ittr~r. 
If (‘l~wrl?l /~W/J-/71J/~~\ ItI 01’c’tI df~fJt3. 
J lllrw h~trrrc~.w~l pt~lr\tul, ot, ,/t-otft 

, wll. 
iC Slcppurr lrdges jot- 5irclr17~4 ((tjorf. 
1 .\l~ltl slrd druii,q)ir door .s~irro7it7(/.~. 

.!I .-1s/i-utirl-rlruiiglit door.~ (tttrld See/J. j 
N Mild st~rrl itnrrls vver ush,und- _ 

drulr,ght doors. 
P @jet7 doors (ttiil?i steel). 
Q Oven walls c’ul owus lo revrol 1/7c 

bitrfi-our grille. 
K Tile floulitig brick base. ‘. 
S Mild steel Iit7Iel.v rJL,er Jitel[+ed 

doors. 
T Furl,leed rioor-oiJ~~t7tt7gs fhJil7 

rtrt0J. 
C 11 ‘u.cl.\-rec~rJWr!, drop truj’ (&e ef7d it/ 

o\,en otl!)~). 
I ’ Drip-tru.L, (‘ii1 uwu.I to twatl tfr 

rru~vt51ri~q drrlc~~. 
Ii Milrl steel 1117rcl owr drip-rruj, slot. 

r/ 

A melt-Lur furnace in the 
course of consrrucrion, Ghana. 

I features of the oven. The principal plan dimensions are given 
in Figure 70. These dimensions are based on the assumption 
that ,the double walls of the oven take up 25cm on both the 
left and right sides, and on the back.and front of the,qven. 

The burn-out chamber is ,approximately 1.2m from the i-i 
grille on which the moulds stand to the top of th,e birched 
roof. The charcoal or wood fire is build in the fire-chamber 
under the grille. A metal tray is placed under the grille to 
catch the molten wax, and then removed. -- 

S@rting from the base 
The base of the oven needs special consideration; Given the 
context of the work, the ground or floor on which the oven is 
to be built will often be,unstable and of dubious sPtrength: A 
brick base is therefore eisential. It is usually best to build a 
‘floating’ base, to allow for expansion caused by intense 
heat. The bricks are laid out in .a woven pattern, as in 
Figure 71. 

r 
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Fig. 70 Seciion ‘X-X’ of Figure 
69, the melt-out chamber. , 

.Thqouter wall of the base, being further’ from the fire, can 
be solidly mortared. The woven floor, however, is not 
mortared; instead gaps of between” 5- l~Ornm- are left between 
bricks. This will allow the floor to expand when heated 
without causing stresses in the’oven structure. 

A Zcm layer of thick mortar is then coated on top of the 
woven pattern of bricks. Do this to each brick individually, in 
such a’way as to avoid filling the ‘gaps between the bricks. 

Fig, 71 The floating base. .’ 
. _~~~-- . I 
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Fig. 72. The initial build-up of 
the double walls and burrreqed 

pedestcils. 
.A Fuel-jeed door opetmqs. 
B A tlgled supporrs Jor ,?&I- 

und-drmghr doors. . 
C‘ .-lsll-and-draughi door 

opmrn,~s. 
I L 

j .“ 

r 

Fig. 73 The hurld-up 10 rhe drip 
fray slides. 

.%’ Drrp trq,’ slides in locarlon. 
. 2’ firo~esmtels over /irei-feed 

Z * Sreel lintels oyer ash-and- 
draught doors. 

The double walls of the oven are then built up to a height 
of about 60cm with mort,ar ‘joints between each layer of 
bricks. A tpo to four centimetre insulation cavity is left 
between the double walls, and later- fill 
Openings are.left in the walls for the ash-an 
and the fuel-feed doors, as shown&+ig,t& 

.Mild steel lintels are then laid acrossq$ fd 
and the .ivalls built up one more l$ye$? ‘TW 
tray slides are then installed, supportEd & 
half of their width by the oven walls.(see Figure 73);. A metal 
tray will later be slid into the oven, along”th&e slides, to 
collect .the *waste wax at the’ beginning of the melt-<out 
operation. It will then be withdratin completely to allow a 
more direct heat to reach the moulds. 



OVEN COkTRUCTlON MATE,RIALS - BASIC LIST 

Mareriai \a 

1. Bricks 

2. Mild steel angle-iron 
(50mm x50mm) b 

3. Mild steel construction rod 
(12mm diameter) * 

I :, 
4. 600mm x 4OOmm mild steel plate 

, I (4mm thick) 

5. 4OOmm x 300mm mild steel plate 
(4mm thick) 

6. Mild steel ~flat-bar 
(3mm thick x 50mm wide) 

7. ‘Fabricated sheet-metal pipe 
(150mm dia. x required length) 

8. Mild steel sheet 
(2.25m by 1.3m x 4mm thick) * 

9. Miscellaneous metal 

A 

P 

10. Mortar mixture * 

Qty/Lengih/ Weight .w 
\ 400-1000 

‘-... 7 metres‘ 

As:.required 

2 

2 

5 metres 

1 

As required 

ZOOfigs apfirox. 

Use * 

Construction 1 

Oven-door retaining slide and 
grille frame. . 

Grille rods. 

Oven doors. 

Draught doors. i 

Drip-tray slides. 

Chimney pipe. 

Drip-tray. , - 

Door-opening lintels, door 
handles, chimney supports, 
fuel-feed doors, draught door 
surrounds, etc. 

1 
.% 

Construction mortar @id oven 
lining and coating. 

’ The oven walls are then builTup one more layer, leaving an 
opening for the drip-tray on the left side, which is then 
spanned by another mild steel lintel. A‘t“this level also, two 
lengths ,of angle-iron are installed. These form the frame for 
the burn-out grille (see Figure 74). The grille rods are laid at 
t-he required spacing-fitting loosely into the angle-iron frame, 

-- Fig. 74 The burn-out grille 
level. . 

with an allowance of lcm on their length for expansion ~h~~----~~~~~-~~~tr~~ 
heated. These rods will be retained in their positions by the dOI. ’ - .-~ ‘-4 

B Angle-iron grille frdrne. ’ 
mortar lining, which is applied to the inner surfaces of the e C Grille rods. 



w . 
oven as it-is being constructed. The mortar for the lining 
should be mixed according to the appropriate recipe given in 
Chapter ‘I., ; < 

. - 
Next,‘ the oven is built up to a’height of approximately =f 

1.6m:The oven door retaining slide is laid across the central 
column and the walls built up one more layer: Make sure to 

I’& leave a gap of between l-l .5cm between the front wall and * 
,8 the closesr edge of the retaining slide (see Figure 75). This gap 

._ 

Dimension ‘y’ 
--Am---.p t(- 

9 

t 

/’ I 
Diyension ‘x’ ..s 

c 9 ,- 
j ‘I 

‘i G ‘- r ! 

Fig. ‘76 Plan view of the O&I, .‘\ b” 
showing dimension in ro”which 

. .b c ,: 
the arched roof will fir. . 

.S- 



will be reduced to 5-7mm \vhen the outer surface of,~he oven 
is later coated \vith mortar. The nest layei- of bricks is a single 
outer wall. 

The next stage is to construct the arched rool’ ar;ld .chimney. , 
First a sheet of ply\+ood, 3-5mm thick, should be cut to a 
width equal to dimen\ioh ‘7-C’ and at least 15cm l,onger than 

Jimension ‘Y’ in Fig,ure 76. 
Neit, test the ply\vood in location, making the centre ot 

. the arch about 15-2&m higher than the top of the single rou 

a 
of bricks, as in Figure 77. Cut a\vay any surplus plywood. 
The hyle fey the chimney should then be cut in the,,qentre of 
the plywood. The plywood and chimney are then set up 4s 

shown in Fi’gure 77. 

The chimney pipe must be secured in position above the 
oven before proceeding, even if the method of securing it is 
purely temporary: -Then plaster a l,cti layer ov& the 
plywqo,d. The bricks are ’ 
edgi, Lvorking from both 

Iaid in and wedged edge to 
es 30 the centre. At the upper 

surfaces, where the bricks do not touch, wedge broken pieces 
of brick into the gaps. The aim is to keystone every brick, ; 
which w-ill make the arch self-supporting when the ply~vom?S 
‘burned out. i : 

B When the arch is complete, if the weight of the chimney is 
not to be completely taken ,by the building wall or,,,~oofl 
through which it passes, it may be necessary ~&~-weId some 
mild steel feet to the chimney pipe where-it touches the brick 
arch- (see item ‘-A’ ip Figure 78): Also, the front and back 
wall2 bzeath the arch must now be built up.‘ 

Once the chimney is secure, the outer surfaces of the oven 
‘are coated uniformly bvith mortar. Any areas of the inner 
surfaces which have not already been line4 should now be 
finished off using the recommended mortar mixture given in 
Chapt’er 7. The doors can be- fitted once the oven has dried 
out. - 
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A cotnpletecl melt-oul furnace, ’ 
Ghana. 

b J 

a 

Fig. 77 Frorlt ele~~ation 0J‘ Ihe 
(I vet?) slio wing pl~wmd arch 
and chir~inev. s 

.-I L.irirel.5 o\w o~wi doors. 
H C’/?/IIltle~~ p//If’. 
C‘ P!,~~~wod ufcli iti lor~orirur 

‘, 

. 

. 
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Fig. 78 Keys-toned brick arch is 
built’ rip from both sides 

to the centre. 
A Bricks buill up from borh 

sides. 
B Chimney supported in 

position. 
C P&wood coaled with 

mortar. 

n 

Completing the oven I 
The oven should+be allov?ed to dry out slowly. Because it ’ 
consists of more wet material [ban the furnace, it is best ‘to 
.allow abouf,o’ne week for the drying operation. Again, drying 

’ 
may need to be hast.ened in humid climates by building a 
small wood fire m the oven grate on the fourth or fifth day of 
drying. 

-As in the- case of the furnace, cracks will inevitably appear 
in the lining and outer coating durihg drying. This is normal, 

’ ~ and all cracks should be :filled with mortar and smoothed 
I 

H’ 
with a wet cloth. Cracks may also appear after the first few 

Fig. 79 Completion of oven. 
firings and should always be repaired as indicated above. ’ 

A Mild steel feer welded IO 
, 

chimney pipe. 
B Chimney pipe. 

‘P 

I 
C Draught control damper. 

. 
D 

D Frotil and back walls built 
up IO arch. 

- 

0 B 

a 

. 
0 A 

/ 



, The burn-out oven is also given-i-ng-ofberax. This~ 
is done by throwing six handfuls of the general purpose flux, 
as described in Chapter 8, into the red-hot wood-fired oven. 
This improves the refraction characteristics of the oven 
lining by creating a hard surface on the inner walls, which 
insulates the mortar from high surface heat. The oven lining 
may need re-treatment, with two handfuls of borax only. The”- 

1 lining material should last five years before it needs to.be 
chipped clean to the bricks and re-lined. 

Once the oven door has dried out, completely, the oven 
doors, fuel-feed doors and ash-and-draught doors can be 
placed in tkeir positions The oven is now ready for use. c 

, I- 

‘_ 

I 

Fig. 80 The mortar-coated 
burn-out oven. 

- I 

i 

n 



Fig. 81 A t?jpical cnrc/ble. 

Fig. 82 Home-made scissor 
tongs. 

Fig. 83 Home-bade four;’ 

Chapter 10: Crucible-making and 
maintenance 

If it is possible to buy a commercially manufactured crucible 
locally in which to melt casting alloys, then this is the best 
course of action. However, crucibles are not always available 
in developing countries, and prices may also be prohibitive. 
In such,situations, crucibles of lower quality and shorter life- ’ 
span may be home-made. Again, the only guide to success is 
experimentation. 

Industrial crucibles are mostly made from clay and 
graphite. They are quite fragile when cold, and must be 
handled with care. When heated, however, they possess 
considerable strength. Newly manufactured crucibles contain 
a small amount of moisture, and should be dried out slowly 
and uniformly before use. 1 . ” , 

All crucibles become somewhat plastic when heated, and 4c 

serious stresses and &rains are set up in their structures if the’ 
tongs used to remove them from the furnace do not fit’ 
properly. The author usually makes his ow 

.from mild steel bar, tube or 1” water pipe. Thi., design may be 
slipped over the top of the crucible and clos 

d 

scissoi-tongs 

d around the 
.circumference near the top. These tongs are id al for getting. 

e 

the crucible out of.the melt-chamber of th rnacq. For the ’ 
casting operation, however, the crucible should be 
transferred to a pouring bar. 1- 

’ Commercially-manufactured crucibles ,are nbmbered from 
1 to-400, according to their capacity. Each successive num.ber . 
indicates an increase of 31b in the bronze scrap-holding .. 
capacity of a crucible. For example, a No.5 crucible will hold 
151b, or approximately 7kg of casting .bronze. 

Home-ma’de crucibles .- * 
If you decide to make ypur own crucible, make sure that the 
materials you select are uniform and of the best available 

‘quality. Clay of a light colour is mixed with an equal volume 
of graphite. Dung-liquor’is then added in the proportion of 



Loading a crtrcible into the oil- 
drum furnace, Ghana 

e4 

r 

10 per cent of the clay/graphite mixture by volume. Knead 
this “composition very thoroughly, and begin to form the 
crucible, modelling the shape by hand. If possible, work in a 
cool, moist area. The thickness of the crucible w&41 must be 
kept uniform, and the base sho’uld be slightly heavier than the 

slowly, building up the wall height f?dm the 
bottom, making sure the wall. is kept uniformly thick and its 
surface smooth.’ 

The diameter and height of the crucible are determined by 
the diameter and depth- of the melting chamber in the 
furnace. 

When the crucible is completely formed, it is allowed to dry 
out slowly. Minor cracks which emerge during drying\should 
be filled with the. clay/graphite mixture. Major cracking 
~&I’d suggest that the mixture used was unsuitable. Once the 
crucible is dry to the touch, it maybe left outside in direct 
sunlight for two to four days to complete the drying process. 

Fig. 84 Modelling the crucible. 

Finishing and rtsikg the crucible 
The next stage is to put the crucibleinto the furnace and heat 
it over a‘ period of six’ hours so that it slowly reaches a 

*temperature of at least 1,300”C. This temperature should be 
held for one hour, and t-he crucible then removed and allowed 
to cool down. If no fine cracks appear, the crucible should 
prove serviceable. Remember to -stand* the crucible on a 
couple of bricks,- coated with charcoal dust. ” 

The next step is .to place two handfuls of the .general 
purpose flux, described in Chapter 8, in the crucible and heat 
it in the furnace, again to 1,300°GC or above: Hold this 
temperature for about four hours. The fumes produced by 
the flux will deposit a hard, transparent, glass-like lining Qn 
the inner surface of the crucible, which will ensure a cleaner 
melt, longer life for the crucible, and a smoother pour.P7JJhe 
borax flux absorbs or dissolves metal oxides formed by the 
high temperature of the furnace. ,~ c ,~. a 

When the ‘crucible has been lined, the metal-melting ;,,: Fig.‘ i.3 The ?ompleted crucible. y, -. 
s” 
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.-ltr //~lprov/.wl hlo\\x~r ,fi)r 117~~ 
liirtIll~‘f’. I /Jpl’r I olrc1 

operation can begin. M”itti pro$r care, a commercial crucible 

could produce up 10 100 melts ‘befhre deterioraring. 
NatL;rally, a home-rnadc Crucibk \\itl .ha\,e a much shorter 
Ii {‘c-span. 

Ar the end 01‘ a dq1.I~ Lvor-k, the crucible should bc’ 
~omplerely empried ot‘ melal:. It‘ any metal is left in the , 
bortonl 01‘ Ihe cru~iblc; ir \vill wntrqt as ir coots. bjhcn ir ij 
subsequenrty reh-catcd it wilt expand and wl up slrcsses in rhc 
crucible \+all\, utii~,li will craCk. The be5r policy is to empty 
rhe ~~Ll~ibl~~~~j;nlpI~~~l~~ cacti time a pour i\ rnacle. Thih nlay be 

done by. at\i,a>,s having a l‘t’\\ simple ingot n~oulcis aL,ailable, 
inro which surplus rnclal can be pour-cd. kr. 

.c . _ . . 
1 r’ ^. ‘ 
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Chapter 11: Preparing ndn-ferrous’ 
1 metals for casting 

In the author’s experience the alloys most commonly used in 
the lost-wax casting process are .br&s and bronze. 
Aluminium, because of its low melting point, would also be 
suitable for tahe,casting process outlined in th.is manual. The’ 
melting points and boiling points of a number of metals,are 
given in a table in this chapter. ’ 

Brass is essentially an alloy of copper and zinc. Brasses 
containing zinc in the proportiori of 36 per cent or less are 
termed Alpha brasses, and have exce’llent cold-wqrking, 
qualit.ies. Where 37 per cent or more zinc is present in the 
alloy, Beta brasses are produced, which have very good hot 
working characteristics. Leaded brasses, containing 0.5 to 3 
per cent lead, are more.auitable for machining. 

Bronze is an alloy of copper and tin. Phosphor bronze 
alloys, in common use today, are variations on the basic 

’ 
alloy. The tin content’of phosphor bronze alloys varies from 
1.25 to 10 per cent. The most common phosphor brofize alloy 
contains 5 per cent ten and 0.35 per cent phosphorus. This 
alloy is widely used in the manufacture of simple bush- A 
bearings. 

There are also special alloys for casting, including cast- 
leaded&n 
c&t alumi 1 

ronzes, cast-leaded brasses, cast nickel silver, and 
urn ,bronzes. 

-- 1 
TABLE dF MELTING AND BOILING POINTS iN DEGREES 

CENT GRADE FOR SOME COMMON BASE METALS. 
J 

- 
(SEE APPE -,DIX FOR COMPLETE LIST OF MELTING POINTS OF 

METALS:) 

Melthg. Boiling 1 
, Metal p&t (“C)~ point (“C) 

Copper 1,083 2,595 
Lead . 327.35 . 1,740 

I Tin 231.9y 1 2,270 .,A‘ 
._ ~2 

Zinc 419.4 906 
n. - Aluqinium 660 2,~ 

Nickel 1,458 2,730 . 

Scrap sorting 
They sorting and selection of non-ferrous scrap metal in 
developing countries is a,hit-anti-miss process. In almost all 
Third World art ‘foundries in which the authbr has worked, 
the most questibnable process has been scrap metal selection. 
Moit casters accepk what they get, and indeed are happy to I. 

J 

, * 
c 

, 

I . 

i 



get it. They rarely consider whether the metal they melt may 
contain pieces 0.f iron, tin, ‘nickel, lead,‘“tinc, aluminium, 
chrome-or steel. The author once check’ed a 25kg load ,of 
scrap by passing a permanent magnet across the surface, after . 
spreading the scrap on a table. This resulted in approximately , 
2.5kg of iron and steel filings being extracted from material 
which was assumed to be ‘ready for casting. And even when 
ferrous metals have been eliminated, it is virtually impossible . 
to refine the scrap to such a degree that it could be said to be 
definitely either bronze or brass, or any other alloy. 

To some extent, bronze and brass can be identified by their 
colour, and separated. But without. proper laboratory 
facilities, there is probably no way to Perfect the selecti.on of 
me al. When bronzes and brasses have previously been ‘t 
melted together, which’ is common in developing countries, 9 
the village casting-shop, must simply accept the situation. 
Purer metals, direct from the refinery are only obtainable in 
more developed countries, where exact specifications are 
stated and satisfied. This situation, however, is a long way 
off in most areas where this manual is’ likely to be most 
usetul. It can only be suggested that care be taken to clean the 
metal scrap of any obvious, known impurities, such as plated 
articles, ferrous metals and dubious-looking allogs. 

I \ 

Pre-melting scrap 
One very positive method of producing ,a tleaner, casting’ 
metal of uniform quality is to pre-melt,,tQe scrap and make it 
into ingots. Whenever melting any scrap, especially 
aluminium, never allow water, no matter how small the 
amounf, to enter the .crucible. An explosion can happen if 
you do. Load 25kg of sorted scrap into the crucible.. Add 
approximately 5Og of borax, 5Og’ of boric .acid, 30g of 
common salt, and a few pieces of charcoal. Place the crucible 
in the furnace and bring tomelting point, whenthe surface of 
the molten metal will appear mirror-like. The additive,s 
suggested will help to clean out impurities, and wiF,assist the 
dross in attracting those impurities into a single mass. As the 
temperature of the furnace rises above the melting point of 
the scrap metal, dirt and dross will come to the top surface. 
These impurities’ can then be removed, using a purpose- 
designed iron cup with a long handle. This cup should be 
heated prior to entry into the molten metal.’ Do not’bverheat 
the melt, as this will catise gases to enter into the metal, 
resulting in porous castings. Another problem of overheating 
is that the alloy will begin to bre,ak down, as the lesser metals 
form oxides and burn off. 

When the dross has been removed from the surface of the 
molten metal, the purified alloy can be poured into ingot 
mqulds, which &n be made from a clay mould-mixture, or . 
from angle-iron. The ingot moulds should be pre-heated and 
lightly oiled. Any heavy-bodied oil, such as filtered old 
engine-oil, will suffice. Oiling the moulds ensures that the 
ingots can be easily removed. 
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Qualit-v if scrap 
The+ is little more that can be done to improve casting 
metals under the circumstances prevailing in developing 

’ countries’. As far as casting art objects is concerned, this is 
not a serious problem. Some of the finest castings seen by the ,_ 
author have been produced by craftsmen who were unaware 
of the composition of the alloys they used. When one caster 
was‘asked how he achieved such a fine quality, he replied, ‘I 
take my scrap (unchecked) and melt it. When I see green 
smoke, I add twenty to thirty old flashlight batteries. I then 
wait for more greensmoke, then white smoke. Then I cast.’ 
This is a really startling ability to read chemical reactions, . 
which v+,ould send shivers down the spine of a trained 
metallurgist. This craftsman (had been taught by his father, 
who was taught by his father,‘to wait for the white smoke! As 
long as he can produce works’ of art by this method, it is 
going to be difficult to convince him to wait for the red 
smoke! 

Until the need arises for a more precise material, for 
example phosphor-bronze, for bush-bearing manufacture, it 
is not v’ery important vvhether the material used is brass, 

‘bronze, or some other alloy, as long as the quality of the 
casting is sound and the colour of the metal iy pleasing. 
Where progress is made in the introduction-,of industrial 
products, made from specified materials of standard 
composition, special arrangements for the supply of standard 

’ alloys would be a prime condition of success. 



. 

. 

3 

I 

r 



d 

I. UppeP Volta .. .’ c 
The ,Derme Bronze Casting foundry and at-L works is an old 
established family business which has existed for m’any years. 
The foundry employs approximately 25 skilled workers 
engaged in the manufacture of traditional art, most of which 
is sold to the tourist market. The Derme foundry appears to 
be the largest manufacturer in Upper Volta and enjoys sales 
in Ghana, Ivory Coast, Togo and Niger, along with sales to 
European countries and the United States, The. quality of 
castings sold is very high, and at first the output seemed to 
require little if any assistance. Upon further investigation, at 
the factor7 premises, it became evident that a great deal of 
work was needed. More than ‘50 per cent ‘of the castings 
produced vvere rejects. All, the problems a .,fbundry 
encounters seem to have been present, and Mr Derme could 
not obtain simple information and solutions to hisproblems. 
The waxy work *as of a very high quality, only to be reduced 
to unrecognizable masses of burnt bronze. If a piece was 
salvageable, many days and hands were needed to restore the 
piece to‘ a saleable item. This situation was creating severe 
problems in production, sales and prices. 

The production of the castings was carried out in- a 
romantic, old-world, traditionalway, not unique to this part 
of the world. There had, been slight improvements in the 
moulding procedure but for most parts-of the process further 

t. ir,:provements were greatly needed. Upon further 
investigations it was discovered the scrap metal collection of 
bronze/brass was not at all controlled or cleaned of any 
foreign matter, thus leading to defective metal melts. ‘All 
collected metal (even plated steel) were dumped into a 
crucible and the process begun. Heat varied from very hot to 
cold, to hot again - on occasions the melt stopped because 

,., not enough wood or charcoal had been prepared. The moulds 
.G were heated in much the same way: they were all piled up in a 

heap and a fire built around them, with the outside moulds 
receiving most of the heat very quickly, and the interior ones 
being gradually heated but without reaching a proper even 
temperature for a complete burn-out of wax. 

i First, I built the 45 gallon drum furnace for metal melt. 
This was a prerequisite for a uniform mixture of pre-cleaned, 
sorted. metal. It appears to me that many of the problems 
were limited.to the melting of the metal, the introduction of 

i 

i 

, ‘_ 
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.  gases and dirt, and lack of heat control.,Thenext -step was to 
prepare a flux to clean the melt and to assist in the pouring 
procedures. This step increased the quality of casting by 

, .i approximat.ely 20 per’cent. Due to time limitations I was not 
able to build a proper burn-out oven, but provided simple 
instructions and details for the building of one. I can *only 
assume that this would also increase&e quality by 20 per 
cent. Certainly, less handling of the fragile moulds and less 

# 

/- ,z ‘knocking about’ can- be expected, if a”heatlcontrolled burn: 
/ out is built. 1 

. I discussed simply ‘with Mr Dermk what happens to metal 
and wax when heated, and although his family’has beec’in the 

b business for yews it was all new to him. He had followed the 
, -* path of his forefathers, not questioning the lack of efficiency 

nor knowing how to achieve a better quality. He had realized 

-\-.- -.-. 

that with simple improved methods, a better way must be ’ 
found - it was with much pleasure and honour- that I was 
able to lbring him .a little closer to his goal. 

2. Papua New.Guinef ’ 
. 

It might be thought that all countries have had some ‘history 
of foundry casting somewhere in their, past. But Papua’New 

, 3 * \ > ‘Guinea is a unique example ~,where no evidence of 
J ‘, casting or foundry practices has been found. No indigenous ’ _ _ 

‘\) 

:. 
i .‘. 

artifacts, weapons or items have ever been found, that gives I 
the slightest hint of the coming of the ‘bronze age’. It was 
therefore greatly encouraging and tiith much satisfaction that 
a foundry was stdrted, operated and was able to support 
higher living standards for a group of families who previously 
had no understanding, .-experience or -sUurageinent &I 
proceed’with such a venture. 

One can imagine that, without a basic foundry industry 

c: *- 

already in operation in 
even the ‘simplest’ 

t-hecprbblems /of locating 
ment become. “aim&t 

unsurmou’ntab\e. Approximately $0 per cent of the time spent 
assisting Hanuatek :(the manufacturing and production arm 
of South Pacific Appropriate Technology Foundation) was in 
obtaining the ingredients that go to make up a basic foundry 
- bricks wereibegged, borrowed and stolen; and clay was 
brought in sacks, barrels and plastic -bags.,, But what really 
mattered. was that we were-cable to build a business~ that, 
directly and indirectly, now supports many families ,that 
previously had no means of making a living. The training of 
people who had no idea about foundry, casting, forming of 
metafs, quaity control, export, utilization of scrap metals .- 
(for a very han organization and management 
of their own ‘ locally .produced, foundry -was 
indeed a very successful undertaking. 

.- - The Hanuatek foundry, a simple uncomplicated operation, 
i proved that wit$r co-operation and will, a viable industry can - I 

1 , be established.ib a short period of time and at mi.nirnal cost. 
! % i Certain aid o$ganizatio& spent years looking into the 

,, potential for foQndry6peration in Papua New Guinea. These 
51 ! T . ‘.; ! :P <- . - t ‘. 1 I .: 
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inv,estigations entailed great cost, much report-wrrtmg and 
investigation - but with no results. Naturally the scale 
envisaged by the experts looking into the potential of. a 
foundry industry comes nowhere near the Hanuatak 
foundry. But the first indigenous casting foundry now exists, 
built at a very low cost and operated by the people 
themselves. The product produced ‘at present is ingots of 
scrap aluminium, which are exported to Australia - where it 
vvas recently remarked how pleased they were with the high 

v-- quality and standard. The Australians have no idea that their 
-3% ; e ingots are produced in a ‘cow-dung’ furnace. 

The author at work in Papua 
New Guinea: mixing clay, 
cow-dung and sand. e 



Appendix 2: ’ 
eview and check list c * --. 

< ‘c 

Once all equipment has been made and the necessary materials located it is 
time to begin the process. Before starting, however, it is important to 
review the process many times with the people involved. A step-by-step 
check list is extremely important and should be used throughout the 
operation. 

Sufety checks 
Are all gas/oil joints and connections leak-free? 
Are all gas containers, storage tanks etc behind the safety walls? 
Are all electrical connections and cables insulated, grounded and placed 
. out of the way of activities? 
Is the area well ventilated and properly illuminated? 
Is the area free from obstructions, debris and ground dirt? 
Are the operators wearing the correct and sufficient protective shoes, 

clothing, face masks and gloves? 
Has the working area and its surroundings been cleared of visitors, 

children and anyone not involved in the actual casting? 
Are first-aid supplies adequate? 
Have you had a few ‘dry-run’ test first runs to familiarize the 

operators with the casting techniques? 
Have provisions been made for cold water supply/tank in case of an 

accident such as burns? 
is all metal to be cast dry? 
Have you double-checked all safety procedures? 

Wax work 
Assuming the original model (the master piece) has been prepared and 
finished to perfection (as required by the final casting quality), wax is then 
introduced into a mould (plaster, stone, wood, silicone, etc), by either 
gravity pouring or under pressure. The temperature of the wax should be 
maintained exactly at that necessary to produce’s facsimile of the mould 
surface. Temperature variance will render faulty wax patterns. The wax 
pattern is cooled, removed from the mould and made ready (by a 
detergent/alcohol dip 7 reducing the surface tension). 

Clay/dung refractory mould coating 
The’wax pattern is carefully covered with the clay/dung coating and left to 
dry out. Don’t rush this step because the mould will crack severely if the 
necessary length of time and temperature are not strictly followed. Minor 
surface cracks can be repaired when the mould is dry. 

‘Burn-out 
Once the moulds are considered to be dry, carefully invert the mould so 
that the sprue is facing downwards. The final wax removal is carried out in 
the burn-out oven but stZ8ming or low heat (about 150”-200°C) can be 
used to remove the majority of the wax from the interior of the mould,. 
Carefuly place the partially.empty mould in the cold burn-out oven, slowly 
bringing the heat of the oven up to 8OO”C, over an g-hour period. Hold the 



800°C temperature for one hour, thus assuring the carbon has completely 
left the interior surface of the mould. The temperature of the mould will 
have to be reduced, by an_$mount depending on the <metal to be cast. 

Metal melt 
Prior to melting, all metal should be prepared, cleaned and made into 
ingots. Metal temperature should be reached as quickly as possible and 
.shcjlrld nor s‘oak. (Soaking, when the metal is left in a hot furnace for too 
long a period of time, introduces gases into the melt and could burn off 
alioys.) hlake sure to tlus the metal just prior to casting, and clean dross. 

Casting 
Make sure moulds are securely placed in an upright position in a sand base. 
All tools required for casting should be checked beforehand, making sure 
they function properly and are placed where ne,ededl When pouring make 
sure to pour into the mould in a steady stream approximately 2cm wide at 
crucible spout. Pour down alongside the sprue cup,+allowing space for 
gase\ IO escape from the interior of the mould. Once poured into the mould 
do no disturb rhe r~olrld until the red glow (from the metal at the sprue cup) 
is no longer visible. CarefuliMv s,vrink/e water on to the mould surface to 
cool doMn the casting. Wait 30 minules, then proceed to remove the mould 
co~erinp. Finish as required. 



Appendix 3: r-+=--a ’ I 
Glokary of casting terms *’ I 

1 . 1 

Alloy A metal produced by combining two or more metals,,or a metal and 
a non-metallic element. 

Braze To braze is to join with an oxy-acetalyine combination/burner two 
pieces of similar or dissimilar metal, such as brass or silver. 

Burn-out The, process of melting the wax out of the refractory-cl casting 
mould. Also, the term for heating and removing excess moisture from the 
mould in preparation for metal-pouring. 

Burn-out oven A specially constructed kiln, the size andshape of-which-’ 
depends on the number and size of the moulds which will be routinely 
burned-out. ” . 

i 
Chasing Creating designs and shapes in a softer metal by the use of a 
hammer and a polished steel tool. 

Cold shunt A line which occurs on the. surface of a casting because two 
streams of molten metal fail to unite owing to a.temperature difference 
during pouring. 

Core A mass of treated sand, plaster, clay, or other combined materials, 
used to fill a cavity in a mould when making a hollow casting. 

Crucible A receptacle designed to hold metal to be melted and poured into 
moulds. Often made of graphite and clay, cast-iron, or other refractory 
materials. 

Fillet weld A method of joining metal plates which are not in the same 
plane, by welding on the inside angle. ,, 

Fin Thin ridges of metal that can appear on the surface of cas&s if fine 
cracks have developed in the mould during burn-out or casting. 

Flux A chemical substance, in liquid, paste or powder form, which 1 
improves the viscosity of metal by dissolving or preventing the formation 
of oxide?and other foreign materials which might impede the flow of , 
molten metal during pouring. Among the materials used in fluxes are 
borax, saltpetre, sal ammoniac, ordinary salt, boric acid, bottle glass and 
sulphur. 

Ingot An oblong mass of cast metal. Ingots are usually processed further 
by rolling, forging, recasting or other methods of forming. Scrap metal 
which is melted into an ingot, and then-t-e-melted and cast again into a 
finished produce, ‘has the advantage of producing a more uniform and ’ 
cleaner material, especially when treated with suitable fluxes during 
melting. 

Investment The name given to both the process and the material used to 
encase a wax model to form a mould. The completed investment is heated 
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_ to remoi,e the ~a\-, thus leavrng a hollow mould. The investment material 
described in this manual IS based on a mixture of CON dung and clay. Other 

. > r compounds and chemicals are used industiialiy. for eu;lmnlp ~1 ~~ ~~.__ ~~ .~ ~~ 
form of silica) and g!,psum’plaster-slurry. 

-. . 

Masterpiece The origtnal or fit-51 piece ivhich can then act as a model, or 
patiern. 

Melt furnace A heat chamber capable of reaching temperature5 higher 
than I ,300”C‘ 111 order to melt non-l‘errou~ casting metals. lJ\ually quipped 
vvtth an electric forced-air hlouer. 

Metal casting The proce<j 01 pouring molten metal into a mould to 
produce a metal object of predetermined form. .Aiso, the name given IC) the 
resulting object. 1 

Model A descriptive term usually, applied to an object to be copied in the 
process of casting. 

Mould I. A hollo\v form made of plaster, rubber. stone, wood etc, into 
which molten \vax I\ cast poured and left to Ocool and hatden into the 
requtred shape. 

’ A refractory, object \vith a jpccially formed cavity in uhichmolten ..,. 
metal can he held in a predetermined form until it solidifies. In the lost-\vas 
casting jystent outlined in tht$ ,manual, the mould cavity is, achicvcd hv 
building up a l@!,er of cla! mixed with covs dung on a was pattern. N’hen- 
the \+a~ has been melted out, the mould contains a hollow, negative, 
impression of the pattern. r .I 

Pattern A functtonal term for a 1va.t model vvhich is encased in a refractory 
clay mould, then melted out, leaving its impression in the clay mould. 

Pouring cup The contcal opening or depression in the top of a mould, into 
vvhtch the molten metal is first poured. It is located at the top of the sprue. 

Porosit> A defecrtve condition .of cast metals, characterized by blou holes 
and ca\iite\ In the fintihed object. This condition is often caused bv 
shrinkage or trapped gajei. which can result from improper v,enting 0.1 
moulds, or overheating of the casting metal. , ” 

Refractor? material Heat-resistant material, for example the clay mixtures 
used, LO line the furnace and ov’en, and to form the casting moulds. 

Risers Channels in the mould body, designed to permit the escaie ol‘ga\es 
and air during the pouring operation, or as reservoirs to feed heavier 
sections of the casttng during solidification. Rarely used in clay-body 
moulds. 

Ruiners Supptementary narrow channels through which molten metal can 
pass to problem areas’of the casting. The runners, where used, Jogether 
with the sprue and pouring cup, form the gating system. 

Scrap Metal lvhich is unsuitable for direct use, but which can be reclaimed 
by melting and refining. 

Sgrue A verttcal channel through a mould, connecting the pouring cup to 
the mould caGt>,. (The \tze of the sprue is determined by the pattern 5ize 
and detail. If it is possible, in small-scale work, it i< desirable that the main 
sprue should be as large (in a cross jectton) as the bulkiest part of the 
casting.) 

Undercuts Recesses in was patterns which cause problems when two-part 
moulds are being used. Undercuts reproduce projections on the mould, and ’ 
these projections are shattered when attemptsare made to open the mould; 
They should be avoided when using plaster moulds. If they are 



unavoidable, the problem may be sol\,ed by the use of multi-part moulds, 
flexible rubber moulds (latex, silicone, RTV, etc), or by reverting 10 the 1 
basic system of lost-wax casting. 

\‘ents Narrow openings ivhich are used rci allow gases formed during’ 
casring 10 escape from rhe mould. L’e11ta are rarely used with clay-body 
moulds. because these moulds can ‘breathe’. 

Virgin metal Metal Which ha> been smelted from 01-c and not prcvlollsl~ 
u\ed 

Cennino d’Andrea Cennini, The Crfrsman ‘s Handbook (II Lttkj 
De/l’.-IrfeJ, (rranslated by Daniel V. Thompson, Jr), Dover Publications 
Inc., NYC. 1933. 

liasem BalaJiva, Precision Casting in Brass and, Br~n:r~, ASRCT; 
1 Bangkok. .1966. 
Xlurray Bovin, Centriffrgal or Losl-r,fa.y Cus!rng, Bovin Publiihing NYC. 

1971. 
&~‘illiam B. Dick. Dick 3 Encyvclopediu of Proctic~al Receipfs and Processes, 

Funk and Wagnalls NY. 1870. 
Dow C-orning Corporation, Silicone, R Tl’and Silustic. Technicul Brrllelins. 

1963-80. ‘i 
J.D. Harper, Small-rcule F’oundries .jhr De\~elopiny Colrntrtes, 

Intermediate Technology Publications. 1981. ’ - 
Investrnen~ Cusring Handbook, Investment Casting Insritute, Chicago. 

1968. 
Thelma R. Ne\vman. Confemporury Soufh-east Asia Arts and Crufls, 

Crown Publishers Inc:, NYC. 1977. I 

Christian Schwahn, M’orkshop Methods for Cold and Sil~~erstt~i~h.~. 
Heywood and Company Ltd. 1960. 

Appendix 5: Useful data 
Melting points of metals 

.Vleral “C R4etul . “C 

Tin 231.9 Silver 960,5 
Bismuth 271.3 Gold 1,063 .o 

c Cadmium 320.0 Copper 1,083.O ’ 
Lead ’ 327.35 Mangwese 1,269.O 
Zinc 419.4 Nickel 1,458.O * 
Antimony 630.5 ‘.’ Cobalt I ,480.O 
Magnesium ~ 651.0 Iron I ,539.0 

* 
Aluminium 660.0 

Relative characteristics of comuion metals 
(arranged in descending order for each propert-y) 

Tensile 
.Vlalleabili~,v ,? Drrcti1it.v sli-etrglh 

Ciold Gold ’ Nickel 
Silver Silver Iron 

Alumlnium Platinum Copper 
Copper 

Tin 
Platinum 

Lead 
Zinc 
Iron 

Nickel 

Iron. 
Copper 

Aluminium 
Nickel 

’ Zinc 
Tin 

Lead 

Platmum 
Silver 
Zinc 
Gold 

Aluminium 
Tin 

Lead 
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I-’ : * By $Tbu/t kinberg: edited::and’~~~~~~ted by Jlm.*Byrne c * _, [I 1% ;4 ’ p* . . . ” “- ,, 
,. “2 . . . .G ;t<: 
: _ * The succzsfui etidurance of ‘anyitechnology C&X th&sands of y&rs is:an 

u ,ippres@ve feav”‘for such a technologyWto fit$,: applications ‘jr-r our modern 
industrial world% g$henomeno.$. The;ahcie&technjque of -casting m&l,by “. 0. 4 

‘..t the I&-wax piocets’has achieved this disti’n@ion.~O$.‘+ ;.:’ *a :, .‘, ” 
F&J ,centuries craftsm&n in manyfbarts off the*,&&rld ‘L G,far apart as .I.’ 

..- have used the ,Iost-$3x process to t-e-broduce metal . 
detailed objects, usually’ f.or us& in rel~gi?@s ceremonies.. 

af V The -finish that y@an be achieved wi-th lostlwax casting is~ekacfly what’ is ‘:,;, ..’ 
re.quired t”o dprodude high-precision castings fLi’i the. a$$~~ and general /” 
engineeriQg industries. Bush~bea+gs, pillow blocks, * ,machjnable stock, ’ : 
hardiv@ and &&mbing:fitting%, pulley wheels, pump parts, household items 
and machine parts are just a few of’...the items thatlca,n be made by thjs 
basically simple and traditional meihod. ;.-.,‘. ,” ;, I ,’ 

This manual outlines the bag&i technique of lost&ax casting and ” 
describes the equipment required to carry-out fh:e process successfully. The 
text e ains ho.vv the equipment can “be made quit@ easily and wi-th I;ttle ., 
expense, using the local Iabour and natural @sourceswhich are both readily \ - , 
available in developing countries. > i. . . 

,The author’s own .experfence in working in conditions where faci!ities, 
equipment and fund5 are’ limited ensures that-the guidance given is practical 
and,exploitable. ~ . 
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