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1. 

FOUNDRY PROCEDURES: 

When melting metal it is a good practice to maintain a balance of 50% scrap 
and 50% virgin metal. The more you melt a metal the more alloy you lose, 
(roughly about 10% loss to oxidation). All alloys in bronze oxidize faster than 
copper. Never melt scrap only! By melting 50-50 you help maintain the 
balance in the alloy by replacing some of the loss in the scrap. 

After weighing out the metal for a pour you should clear it of all possible 
oil, dirt and investment. These impurities may end up in your melt. 

After initial charging at the beginning of your melt always pre-heat all metal 
before charging it into the crucible. Anytime you add cold metal to your melt 
you are adding gas and moisture. 

Always make sure the crucible is clean. You should ream out the crucible 
after each pour is completed. You should clean crucibles out with powdered 
borax about every ten heats, The average life of a crucible is 50-75 pours 
if it has proper care. 

Always check the bottom of the furnace before each melt to remove an y inpurities 
such as ash, sand, broken down furnace refractory or broken down crucible 
refractory. 

Always charge the crucible at the beginning of a melt with ingots and thick 
pieces first, then add the scrap. Bring the furnace up to maximum hea t slowl y . 

Never let metal cool down in the crucible, it will shrink a nd pull the walls 
of the crucible in and upon heating it will expand and will eventually crack 
the crucible and definitely shorten the life span of the pot. 

Always turn furnace off when the maximum pouring temperature is reached. Take a 
pyrometer reading always with the furnace off, Always pre-heat any tools 
that will come in contact with the hot metal, such as, skimmers, plungers, 
ingot molds. Skimmers, plungers and ingot molds should be painted with a 
refractory wash well in advance of the casting, at least one hour before you 
will need them to assure drying before contact with the hot metal. 

Skim the crucible surface immediately after removing the crucible from the 
furnace. 

Pour the metal into the mold as f a st and as low to the cup as possible, slow 
hig h pours trap air and drag gases down into your mold, the metal is also 
chilled by a hig h pour, the closeness reduces the possibility of spilling a nd 
accidents. 

Immediately a f ter pouring , spread an exothermic retarder (Feedol # 9) over 
the cup and risers to seal the molten cup off from the atmosphere so that it 
s e rves as a n insulation for the molten cup a nd a llows it to function longer 
a s a reservoir of hot metal to feed shrinks. 

Pour all excess metal out into an ingot mold and r e am out the crucible. 
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FOUNDRY PROCEDURES (CONT.) 

Always replace the crucible into the furnace and close the lid, also seal 
off the port hole in the lid of the furnace so that the furnace and crucible 
will cool off at the same rate thus co11tracting at the same rate reducing 
the thermal shock that would eventually cut short the life of your crucible 
and also the linint of your furnace, 

Clean skimmer, plunger, and pyrometer regularly. 

The furnace should be relined with a new refractory liner when conditions 
~all for it, usually about once every two years (if you have good pouring 
habits) or as needed. Visual appearances will be your best measure of judg­
ment. 

FOUNDRY FACTS: 

Casis the biggest problem to casting. 

Metal in a molten state absorbs gas and moisture out of the atmosphere. 

The hotter the metal is the more gas and shrinkage will occur, never over­
heat or superheat the metal without a good reason. 

Max expands up to 15% when heated (dangerous for ceramic shell molds). 

Carbon is evacuated from a mold at 1300F., it is a general rule to take our 
kiln up to 1500F. just to be sure, Ceramic shell molds can be taken up to 
1850F. but at about 1900F. the shell tends to crystallize and lose it strength. 

If your molds are hot (500F,-1000F.) there is less chance of moisture being 
present and metal flowability will be increased. 

~ax pattern thickness should be as consistant as possible. Uniformity is 
important. 

The thickest sections of your casting should be located nearest the cup. 

Ceramic shell molds lose 300 F. the first minute after its removal from the 
kiln. Pour them as soon as possible, 

Most casting errors can be avoided by proper sprueing. 

If carbon is not sufficiently burned out of the mold it may leave a residue 
and cause inclusions and gas problems in your casting. 
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CRUCIBLES: 

Crucibles are generally made of either clay/graphite or silicon carbide, 
longevity is about the same. The clay/graphite heats up a little faster, the 
silicon cardibde retains heat a little longer, 

Crucibles are generally differentiated by a number corresponding to the number 
of pounds of aluminum it will hold, 

A #30 crucible will hold 30 lbs. of aluminum and three times that for bronze, 
or, 90 lbs, 

A #40 crucible will hold 40 lbs, of aluminum and 120 lbs of bronze, 

A #100 crucible will hold 100 lbs. of aluminum and 300 lbs, of bronze. 

A bottom pouring crucible pours from a channel at the bottom and eliminates slag, 
the metal at the bottom is hotter but protected by the top metal cutting down 
the possibility of tas problems. 

TOOLS NEEDED FOR POURING: 
One-man pouring shank 
Two-man pouring shank 
Skimmer 
Plunger 
Crucible tongs 
Hand-gripping tongs 
Pyrometer 

FURNACE: 
The stationary pit furnace operates on the principle of a combustable gas 
(natural, oil or propane) and forced air system. Much the same as an oxy­
acetylene torch, 

There are three types of furnace atmospheres: 

1, That Neutral atmosphere: gas entering furnace is burned off right away 
in an even balance, 

2 , The Reduction atmosphere: There is more fuel (gas) forced in the furnace 
chamber than is being burned off, sometimes causes 
a smokey, black atmosphere, bad for melting alum­
inum and bronze. Slight reducing atmosphere used for 
smelting iron. 

3. The Oxidation atmosphere: oxygen is burned off a little faster than it enters, 
creating a high amount of pressure at the top of the 
furnace, this is good because it prevents atmospher­
ic gases from entering into your melt. It keeps out 
residue and impurities. 
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FURNACE ( CONT . ) 
Oxidation causes desirabl e green flame above furnace 
port, works as a gas shield much the same as argon or 
helium does in Tungesten Inert Gas welding. 

To prevent cruc ible from sticking to the bottom of the furnace or to the crucible 
b l ock first p lace a piece of corrugated cardboard or heavy paper on the top of 
the crucible block prior to starting your melt or between each consecutive 
pour. 

Furnace burner should come into the firing chamber at the top of the crucible 
block. 

ALL NON-FERROUS ALLOYS SHOULD BE MELTED UNDER AN OXIDATION ATMOSPHERE. 

1.''A.X TO MET AL CONVERSION: 

1 lb. wax= 3 lbs alu minum 

1 lb . wax= 10 lbs. bronze 

PLASTALENE TO METAL CONVERSION: 

r1L8-u ()°1:.. 
(>
of~ ,:o0

: J· 
fl.. LBS. "' •• 

~ t.. BS. 

1 lb. plastalene = 3 lbs. aluminum 

1 lb, plastalene = 3 lbs. aluminum 

1 lb . plastalene = 10 lbs. bronz e / L~ . fLAS-rA'-f'/11£ : 't '-8-S . /P..oA/, 

RECIPE FOR PLASTALENE: 

78 lb. batch: 

44 lbs. firecl a y 
20 lbs. microcrystal line 
10 lbs. .n o wt. motor oi l 

4 lbs . bearing gre ase 

.2 0 lb. batch : 

1 r-
~ lbs. f i reclay 
5 lbs. microcrystalline 

,.,1 lbs. # 10 motor oil ,-_ ::f 

½ lb. bearing g rease 

(Schmidt Y,ax) 

wax (ca n be previously burned out wax) 
(5 1/3 qt.) 1 qt, oi l = ~- lbs . 

wa x 
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FOUNDRY E~ LJI PM EN T 

Th e f o 1 1 oh' i n g 1 i s t of e q u i pm e n t re p re s e n t s t h e m i n i mu m n e e d e d 
for an ave r age Industrial Arts Se c t ion of Fo undr y , as a unit 
in General Metals. It h'~.s compiled h'ith the thought in mind 
that a lum inum and brass would be the metal used for castings. 

A mo11 e complete description of each item will be found in 
the Product Description Sect ion . 

Minimum General Equipment For The Shop 

Flasks 

Cr uc ibles 

Foundry Sa nd 

Pa rt i ng Dust 
Aluminum Flu x 

Brass Flux 

F ou n dry R j d d 1 es 

In got Mold 

Pick Up To ngs 

Cruci h l e Tongs 

Pou r i n g Sh an k 

~1olders Leggings 

!\sbestos Gloves 
~lolders Aprons 
Safet~· Goggles 
Selection 
~lold Boards 

Ben ch for ~Io 1 d in g 
~!alders Rel Jo1,•s 
fluffing Compound 
c: as t in g ~let a I 

- Si~ to nine - Aluminum or light weight steel 
Three sizes, 10xl2, 12x14, 12xl8 

Se~ Heading ''Flasks" in F11 oduct D<Es'.n1 ir:ti.cn 
Section 

- Three - Of correct size specified for furnace 
Clay graphite - standard or bottom pour 

- Two or three barrels · 
Albany No.I, 2 or Petro Bond - Petroleum ba se 
See .'leading 11 ~:oLding S«nd" £r:. P110Ju<]t 
D€scription Se<:tion 

- Twenty five Pounds (Cloth bags for same ) 
- Twenty seven Pound Package 

Foseco ~450 - 3o~. Ring tablets 
- Twenty five Poun d Pail 

F o sec o Cup re x # I tab I et or po\\' de r 
- Three - 18 inch diameter 

Screen size 16 mes h , 8 mesh and 4 mesh per inch 
- One - #6 - three pig size 

For emptying crucible 
- Q n e p .l i l' - 3 (_," 0 r 4 8" 

f° l'r 1· (•t•ding me t al to furnac e 
- One pair for each size crucihle 

Safety locking type - Plain or Bent llJndl e 
- One pair for each size crucible 

Hnnd or Single End - Safety locking tvpe 
- 0 n e o r t 1, o p a i r 

Asbestos or f i reproof duck 
- Th'O pair - lined, 14 inch 
- 0 n e o r t 1m - 4 8 " - As b e s t o s o r f i r e p r o o f d u c k 
- Or Face Shi e Ids 
- Of Foundr y Patterns 
- Variety of si=es to fit flasks 

(3/4 inch reinforced p l ywood! (can make) 

- One - S inch 
- Fo r Aluminum - One Po und 
- rig Aluminum and Clean Cast Scrap 

C lean Cast Brass Scrap 

t-Hni.-,111m Equipfrl,•nt. For> Each Moldi;ig Stat. i,:; •1 

One Sprue Cutter 3 /4" x Ill" 
One Bulh Sponge 
One S~uare Point Shovel 
One Bench Rammer - 3 1/2" x 14" 
0 n e F i n i s h i n g T r o 1, e 1 - l I / 2 · ' / 5 '' r o u n d po i n t 
One Gate Cutter and Spoon - l" 
0 n e S I i ck and Ova 1 - I " 
One Lifter 1/4" x L'" 
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NETAL MELTl~G tUH~AC~S 

\arious t;·pc,- of m<'lting c-quipmc-Tit ar<:' uset! in foundries, including the C11 pJl o , llcvcrb<:_r3tor;· 
f ll r n a cc , 11 l g h I' r P 4 UC' n Cy I n d U C t i On FU r ll a c C' a IT t! t h e ;'; ta t i o 11 il ry 1 n tl T i l t i n g r,· p {' (' r Uc i h I c F ll r 11 al' l' . 

:, , • • '<1 ::;: 1 o i s u ~ t' d i n i n J u s t r ,· t o p r o J u c e h i g h t on n a g ,, m c I t s o f g r L' ,' a n t! ma I I c a L, l e i r o n , I t c o 11 

" i s t s o f a t a I I c y I i n t! r i ,: a l ~ h a p e s , re• f r a c t o r y I i n et! f u r n a c e "h i c h i s .: h a r g c d t h r o u g h i t s t o 11 , 
or charging hell, 1-ith pig, scrar, coke ant! limestone. Pig anJ scrap arc the melt m<>tal, the 
Jimc-ston<' SC'rve~ as a fluxing agent Juring melting, anJ co~e ,ombineJ "·ith for,c-,J air s: ~ n,:,1· atc·s 
h ,, at f or m l' I I i n g . H I o ,, er s tu r n i sh h i g h v o I um cs of a i r "h i , h c n t er rw a r t h c bot r om of r u r n a c c , 
nnd heat g,•n,•ratt't! h;· ,·umhustion of coke :ind air travel:- 11p,.ar ,' through the• entire chargt'. lh,· 
moltt'll me t al gath,· r 5 i n r h,• hortom of t he f11rna cc :111 J i~ t,1pp ,: J off a t regular in tc n · al .<. Ch.11)! 
ing anJ mc>lting ,ir,• continuous until it hccome, necc,<siry to dump accumular.:-J slag and imp:iri-
t i ,. s fr om t h c hot t om or t h f! f 11 r n ;1 e e . I n I a r g" o 1'" r a t i o 11 s , t he m" t a I i s t a pp e J i n t o an e I e ~ t r i c 
holt!ing furnace 1,·h<"r<' further t'lements or alloys ma,· 1.,e adJcJ to the molten met.ii, :ind puul' i ng 
tempc-rature stabili:;et! before pourin~ the molt!,. 

·, ,,/ ,-al::::;•y !'·,,·,.~,;•,1< are high tonnage furnaces useJ in int!11strial non-fc-rrous mc•tal fountlri~~-
IIL'r,' again, charging anJ melting ar!' continuou5, ..:hcr~in the scrap anJ pig ;ore charg~t! i11:C' a 
me I t i n g f u r n a c e ,. ham h f' r . Ga~ bu r n er s a re d i rec r e J a g a i n 5 r t h e roof of t he m <" I t i n g c h J '·" h <' r :; 11 J 
the rharge is melted hy radiation from the hot roof anJ h;· th<? prot!ucts of comhu~tion p.t:s$ing 
over the rharge ml'tal The moltrn metal gathers i n the saucer shapeJ hearth, anJ flo1,, into a 
ho!Jing chamber 1,herc it i5 eithe1· tappet! off or used for continuous c.Bting , 

;,,.;;1t.::,~·-:l Ar· .. ~~r>l;a•:'C;;-3 atiri 11 ~£-2h rr 1 i 7 <.j!t'.J,1e.y Indt,!.•li ?11 Fur .. 1,1c~s are u~ua.1 l y u~cd in ln<lu ... r r~• for 
n,,,Jting high tempera!llre mct3ls. Both utili;:e heat generatet! by an electri,· arc passing thrc-ugh 
th!· ,:h:tl'(! '.' , or t,,· the hi!c!h frcqu,·ncy inJucet! current gcnerateJ b,· an induction coil built into 
t h e f u r n a c c \\ a I I s • ll o t h me t h o d s :I r e h i g h I y e f f i c i e n t a n J r 11 p i ti , b u r t h e c o s t of s u c !·, <· ,n, i rm<' n t 
for the Sch0ol Shop is u~uall\' prohibitive . 

.,,,,. . r ,,_ 

~ ----:·, ✓,, .-., r.a ,1 :- ·r,~,- . i l,lr• , .. ,, .,. t,,,, 

Cr,u:U·l • ."'t<l">'l~•r melting i s th!' mo:-1 1<hi1• l ; Us<' J m,thQJ, 
especial I;· in the non-ferrou, ficlt!, anJ :;he.·.,~ a ~rcJd,· 
i n crease i n po r u I a r i t )' . Th,: c r u c i h l c s i : . r,; a,· \ a r , fro 11 

a ?-: o . I O c r u c i li I e , ,· c. n a c i t y ., I.) l h $ , L' f b r a s ~ , t o a \ r- . 
100 , holJin~ 1.::0 ,1 lb< . o f br:i~~- ·1., 0 c,·pc s "f C ru ci b l e> 
r11rnace,; ar e usua l! ;· cmp l o ,·<' J l h1•)· ·1n· t he •, 
Cr>uci}:,·, ·, rir;a • . hl1i,~h IJ:0:-(:'~ J lift Otlt :1 r 1·,111 ')\J t 1.- r ~· 
of crucihle , rang ing i n cruril, l c si:<' f ro,, ,,:-, Ir> thr;1 
\ o . l 5 0 . C r u c i b I C's a re l i f t ~ t! o u t In t ,,n g < • a 11, 1 '' • t i .. a 
ring carrier c~l lct! a shan,. lhe cruc·il1lc i~ -~ r ricJ h\' 

troll,·,; or by hanJ, to mold. and po11r<·tl. ,, • 
C1 1uci(·,':. •:ur 1 ~~~r:- t:~ ri:-# ,..._ . · · · ·: . . · .. . · 
ti·e i.r; .}- :t~ e: ,.;o!: /~.ri1;'>)? hh1ch mu ~t ,a '- t m.lll\ J l f!° •.·r-l· r: ' 
a I l O y ~- , f he~- a r C' t h f' 0 n I ~· t : p ~ , ;~ h 1 r 11 h i t h (HJ t ~I [1 y J 1 n d 
of mot! i f i ca t i o 11 , ,· ,, n he u ~ ,. ,J f or a , ~ r i l' t , "f ,n· t ,1 h 
coppe r , h r:i.ss, I, r0n .: c- , i rC"r ~111tJ :, lum i 111 1n · ~ i J11_• r · h :!•d: ~ 

of :i.lloys means simpl;· ~ettin~~ cue c1ucil1 lt" a :-:,.le. anJ 
starting another . 

Yhe -::L1--:>-1~ 7·✓ ;,e · ~1ci.J.· 1 ,:,....•a ,. i.; uet cin1t(' ,1~ f ie:\ 
ible, becau,e., of its larg<>r si=c ;inJ ~aracir;·. l • c p ri 
mary use is for pouring large casthgs , or m., ,i n.,: lar~e 
pro Ju ct i on runs of the same 3 I Io;· . l t i s i r., pr a<.: t i c ;i I to 
s ,, i t ch c r u c i b I es i n a Ti \ t i n g Ju r n 3 cc- to me I t J i ff er f n t 
metals. The Tilting Furna c es u," cn1cil,les 1,ith a 1,,ng 
pou r ing lip ,; h ich ii; fi, e t! t o the f11rn ;1ce t.:ill . lhc• fur ­
nace i~ i)L1ilt on a trunior, ~ ;, ~e itnJ ~hc·r1 it i s t i lteJ, 
the metal flo,,s from the lip into a Jat!le , ~ molJ , or a 
carr~ing device Changing crucibles require• complete 
shut Jo.,· 11 of the furna,·e , r e ,,t.> t t i11g the cr ,1cihle 1.i t h 
po u r i n g \ i p , a 11 J r <.· s (" a t i I\ g 1 h <.' r n r n ;1 c.: t"' ... o \ ,. r . 

<;,, v,,ral fact ors :,rE' <:ons i Jered 1,hcn J e t e rmin ing th e s up e riori ty o f Olll' t:1' c o f mel t ing f11r rn,•: 
o ver another. ·11,,,y i11,:l11uL' n,ct:rl ,,ualit,·. fl,,,ihility, adaptahilir;, i1\\'cqm,nt cos1, 0 1• <· ra T i11i: 
cos1. ,li.',,11 q11.11iry i• listct! flr~t hec.,ust· it is m,,51 import.int, 1:r11, i h l 1 r.•:ltir111 '"' '', as in 
th.- pasl, is .1 :-1anJ;irJ I•: ,,hich <•thcr mt·thods of me-I ing arc jut!g.,J. lhe fll'Xlhilll; ,111J ,1J.1pr­
" b i l i t : a re· o u t < r:, n d i n !! i n r h c- C r u c i b I " t ,- re f u r n a c e , s i n c e n o o r h c r n· p ,, o f m c I t i n g ,. q u i r " c• n t 
offer:< r hc ,,id e \'arictv of s i =<•s and t}·pes. fleg:irt!ing i n1·.,,c t ment, Cruci bl e F11rn~cl' , :; re• of' t :\l· 
simplest typ<' Hnd :, re among the 101,est pricet! melting units . In founJrie"' ,,111'r<' ca,ri!1g, ,, ,, ry 
g reat l y in si= c and quantity it i s customar\' to ha ve !-oth S t3ti onar:· Furna ces , 1,ith c ,,i.,a c i t ; u;-
1 o :\ o . I • () Cr u c i h I c , an cl T i I t i n g Fu r n a c e 5 i n :i: o . :' () () t o \ o . 6 0 0 , i : e C r u c i b I e . 1 Iii s ran g e of s i : ,;, , 
prov id es f l exibil i t y of t! i f f<>r.e 111 t ;pes of metal , and ca pacity r!'q 11 ireroen t s demandctl o f co-m ,• r ­
c i a I f 011 n d r i es fa c i I i t it's . 0 per at in g cost s i 11 c I u de f u e I . r <' f r act or)' ma i n t l' n d n c e • 1;, t, C' r , a r, d ~ •. t -
;i I I o , s . Me I t i n g cos t s f o r S ta t i on a r ,. Cr u c i h I e Fu r n J ,; es a r e t he I o 1< e ,. t oh t a i n ,1 b I L' . I h e I i f <' c f 
h i g h g r a ,le f u r n ~ c e c r u c i b l ~ I i n i n g ~ i ~ e , pr cs 5 et! i n t er m, of ;· ea rs , on d co st o f f u C' I r" r p,: u 11 t! 
of metal m('ltet! is not exces ~ive . l.abor costs are comparable tcith orh"r mel1 i 11g f urn ,1.:c- r 1·r"•· 
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OPF.RAT ION /\xi MAI NTl-:~,\~C[ or CllUCliHI: ryri: l'IIIC,A<.:1>: 

The refractories most common l y useJ in Cr11cib l c Furnares fall into the follot,·ing 1·atq:orics: 
Linings, Insulating Materials, llasC' lllocl..s, and Cements. 

f'~JJ'tl ':.1. .. r t ,: { n o :· ;ire made of s c' vcr~d t~- p c·s of refractor i c-~ Ut1 p1.;"Hd i ng 011 t h e Ppc r a t i 11~: L" h a r a c t cr­
istic ~ o f rhe .. f11r nace . l nu u st r i;, I f l.rnaces a r c lin c- u h i !h pre -b u r ned , rr ••- f o rmc·J -<(L t i0 11a l l in ­
ing$ ,,.:hich rr.,~iut :1c-:it s izo,~~~ .• ahr~ -:1 sr~C ti , ,'}'C.S: 1• , :;>··' :~:·r r., - ;rr··~a .··,:.:•;·: .. , . l h !' f '-'O 1 , · pc ~ 
most pr0cferre<l arc : ·:[ Zin;:;,,:{. tl! :ind s:: Licc,1 r-::: r l-i ! . S iJ i c o 11 f'. arh,J c has high t h;rm.JI n•11uu,:.ti v­
itr, and mu5t i:>c backed t<ith somP gooJ insulating mattrial. [)u(' to oxidati<'n, Silicon Carbide 
li n i 11 gs grO\, ve r tica l Ii· , a11 d th<' furna c e- m,1s t he d <'s igtt c• d t o c o mpen s :11(· f o r t h i ~ , 011Jiti on . 
Sillimanitc llrid: is made from l11dian f; ,· anite, an,1 hurn,·d at .1 high :rmpcraturc ro forl'l highly 
stablt' mullite cn·stals. Mulli,c has an ~xrremely lo" ,·1" - <:Cficii-nt of ,· xpansi o n, anc.J a , ·olumc 
stahility to produce a hricl: ,.-hicl1 has a \'f.'ry high rcsistan.:c· to th.L·rmal shock. It has a fusicn 
point nc-ar ~2(,u 0 ~. and i-ill stan u ''Pin scrvicc 111 e xecs~ of :\ I\OQC J', O t h c- r o utsta11d i 11g p h .l'si ca l 
charactC'ri~•.ics arc its grcat resistance to ahr~sion, s pa l lini: , and the abili,y to c :,rry hca,· Y 
l o a d s of h i g h t C' mp e r a n, r e a· i tho 11 t d cf o rm a t i o n . I t , a n J, <· lu- a t <' ,1 3 nu '° u o I c J r a r i J I 1 ·, " i t h n o 
C' f fec t t o the b r ick . Ho t h S i llima11i t c an d S ili< o l1 Ca r bidC' :in• c~ r cn~ i 1• ,i , hur th a- ir ~ n· i t· life 
offsets th(' initial cost of the furnace. 

Cn,cihiC' F,11·nacC's, of a l l types anc.J size~, are, u,~sig ·~ t •d l<irl, 
p r e 1.: i ~ e •,ch : ·, s ! ~ o 11 s r ; !,·l ~ ~~ i v. •: t., -:2 i'J ;; ,:;i • H c p a i r ;in J m ,'l. i n t C' n -
ance of e-iu i pmc-nt is of prime importance anJ concern. ·· 
<.: • :!1r.-:-f i.zti 1 , ::" , •,:;irb,,;>1 :-r.rc.?t•it,;; ~•it o~;-~i1 .-~tr:::t,~• ~-JJ'• r ·-:: 
·,•: ·•,,1, f;,,:·l; !\p C:J1 t :1€~ li~:{>:q '/:li] 2Ji-ouli r;~• : 1 r""',~i·r: 1•,•e:1 •:.:·,-

c: • _: iir , . .. ,~f ?•G:sc-1.l . .i ,.:tr! 2 J•e f~ 1--z,f • :1 . .. . . lh~ t--urnc.'r 
po,·t sh o uld he ,smoothed up anJ frC'eJ of an y o h,t ac l c in the-
,; a )' o f r of r a c t o r y cc m c n t t In t m :J ,. d e f I e c t t h c m o \' e m C' n t of t h c 
f l ;imc . Th(' furna•: C' co,· <·r i~ uc'-ua .lJr ma J c- of th <' sair.e m;,tcrial 

a ~ t h c I i n i n g an ,1 s ho II l d l, c ma i n I a i n C' c.J i n th c s ' " "'' rr-a n <H' r. I f 
the- c-xhaust , · ent • <'a r s (• xCC" S:< il· ,·h· , th e co,· C'r sh o nld I>, r c· -
p 1 :Jc c d , <'.'th C' r" i s <:' t I\ c• ( u r 11 a ,· <' p e ~ f o 1· m ;in c- c ,<i I I I><" i ~, p ~ i r ! ~ . 

. ~t '. I ! ;_ ."' , r r- i• • • ' C ; :::r : H '.-

:_t) i ..... : -..1, ;. ~- ·f o ll c~1,i~g th i ~ pr·o~ c J1_1 re a l Toi\~ r oo·:11 f o r 
t he c o,· e r t o <' >:pauc.J , mi 11i mi: ing cra c l.in ~ and l cn~thcn i n!: 1,f ~ . 
.:\r~,iJ n\" C'rl o adin g t he• 1.:c~,-~r hit l1 ingots pl:1\: r- d a r ,..., und tll ~· 1.x ­
haus t p o r t for pn·h€' a t i n i:. ,· eve r dr o p i ngo ts 0 11 f u rn :H·!.' c·n1 .. r . 

l l i g h tc· mp,'r att1 1<' n 'f ra~tor y l ining, shou l d l,c 1>~,:\.c-J 111, td th 
a g o od graue o f ".'·1•,2,,- t r•:, : ,·t•, •~• ·, .q m~ t('r i al. ln siil~t i nl( 
t, r i d , b 1 o ck , and I °'' con du c t i v i t y c a s t ah I c- s a re ,d .I c I ~- u ,s c J . 
Th,, Lnsularion is n o rmal!\' c.,st 1,et1,ccn tlie rcfracroq• lining 
and the slecl shell of th·c furnat·c. ,.,,,·.1, .. 

~'''.J.~t>·; • .- , • it--":;·{: ;:,, ~. 

~i:;-. · -·i r. ~.,pr q• .. .r~1• _ ... !~,;•.1 r 
,~ ,..., • • •, , ' ?~l,'"t,l ; . H ,r , t•I• ,' •• ,,.,· 

-~ S i Ii < 0 11 C~ rl> i c.J•.-
to , npp o rt t he c- ru,·il , IL' 

:- h ,:.11 ! J ;1 I•,\ i i\ 
in thc fu !" na ct\. 

,; . . ·•' :•:i --

I; '\ 
/, 

,.> ' • ,:: • :~i r£" C'ri 1.: l or f ir•· l1 r i'.:'~. ~~1t -.· r 1.JI ~!,oul J 
11 l" a \· o ! ti r· d • s i ;1 c t• f J r e h r i c k 11 a -:. 1 I o i. t 11 e r,.. a I t.. o 11 -
cJ l1 (" t i V i t )" :1 ll d \H.,.' t ~ a ~ .;111 i I\ S U I :.1 : 0 r , r· r :" \' !' 0 r i n g h (' a t 
f ro nt i:,· t ti ng J o t,n re th l' h ottor:- o f the ,rucil>le .. ~ 
~locl. sho 11 i d h,, appeo<ir-at ,-1) rh c ,a ,"· d ian·:r• r as 

th c h o , t ,,,11 o f 1 h C' , ru <.'i ' I,. , a n d ~ h ''" I ;,l l· ~ o r 11 c i ~ht 

- - Cr c i's E' ,•,, t i o •· 

to c or r c c t I )' p o~ i l i ~ n t h ,• c rttc· i !, I e ., i t !, in the f ur -
na cc . , ; ... ·i.· , .r~, •: :' 1· ... ~ 1. ,· •·:::::1 i::; 

. :. ,. 
on t·:,r •· n f r · ru ,·i l1 l t, c~i\·c· 

~\ s,,...: t i O 11 

f11rt h,: r 'n f ll1m;1• i nu. 

, • ,- : 'I; • • ; , . , 1 ... 

,., ... :1 · j 

I h ' i r r (' r <;: 0 n 11 l'" 1 ";1 11 ,l,· l' r,.. j IH i f rile 
g ~t s ~ cr\'i l1' j I I •~ t ; 1 t t ti ~ i () l l j ~~ I) f 

! /' ,•.·. ,, : ; ~ 

f ;": •A· "· 1 t· }•:: - \1 ~, r lo, al i t i C' ' .:1 r -:- ~ --r ·. t.·d \,i t h 
lot< pre<surc· gas s ervice- . ·1h e~e l o ,,-cr rr<$ ~ t>r ,· s are 
gene r s I I )' c· , pr c,. scJ ii• t c· r ms o f i n c l·c-s o f " at ~ r ; as 
l .73 in chc,, of ,;at ~ r c-qua l-, I 0 1>11 cc • .\ ,m[ n~ I ore ra r ­
i n g prcssur<' for mo st hrass anJ hr o n:c mctai rr, ,!ting 
furnaces is Jhout 8 ro I ll inch,•$ o f ,, ,J tc' r p re s su r e. 

: t , r- hicJ·l~ ~-Lur"~l· t t;;!c;"' -; l;o.:.:l'?'"' r"'10·t o;~ g,;,i· t."' 

o th c r ,, i s 'c- m 'a ., i ruu m n: c I t i n g C' f f i c i en c ,. t< i II no t h e 
:• t· ,· .trr ,. 
rc ,1 l i ~ cJ, 

I "I ..1,' ' r t 
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OPERATlON AND M~INTENANCE OF CRUCl~LE TYPE FURXACES 

i s the> t,,o va l ve- m;,nual centred , in 1,hich the gas and air mixturc-s ,w,• m;mua ll y ad _iusrc>d. The 
aJvantag<' o f lhl' t1,o va lv e ~ystem ,s the ease and ,onvcnienc<' of •i·a• ,;{•.:, ·''.i, ••~:z~, C'.·,c,-;-l .:~•"' !o 
~•,'c a r;-ay,•:e•dar m,,,.ai ~.i,,·g nir ltrd . See Section 011 l'oundr,• ~ktallurg,:. 

,\ luminum and coµpcr alloys shoulJ he melted in a ne1,t,.ai. or ,,1~'.g l1· 1. , ::: :r ''.:i ' ;:;,.•g at"r.o. ·;: r., !'e , This 
condition resu Its , n faster me> It i ng, best fuel economy, and reduces gassc-d mc•t a Is . Gre~· , ron 
shou Id be mel t.ed in a P l.ightlp r ec:u e i>! g , or rieli atmoirfhPr!" to prevent oxidation and reduct ion 
of carbon in the analysis. The furnace atmosphere may h<' tested h y holding a strip of :inc at 
the exhaust port. If black 1,hC'n withdra1,n, the atmosphere "·ill he strongly reducing; if ye l lo\\'• 
ish, the atmosphere is oxidi;:ing. 

Fuc>I consumption in a 1,c] I designed furnace should averagC' 2000 to ~000 BTU per pound of )·el Joi< 
brass melted and poured at : i uo°F. Laboratory tests on a Crucible Melting Furnace were run to 
determine the effect of melting time and economy of relatively high and low heat inrut furnaces . 
Test~ shah· that by ir: ~u•n-1.s:.>:o the (;0at --~no~u~ a>:d 11 aisi~;o t::e fl,ri:a-~g !.;.-.. ,v~J 1 -2:~, r ~- r::! ri:;l2. J Ze3~ 
fuei ,,,at CC"il'U"1"d a,,c t,pP~i of '".elt{.,,g "1G;,? tha>? -lo:d: z,,':J . Fa;ter melting also pro\· -idei: C!Paner 
molt,•n metal, since th.e metal charge is suhject to the> furnace> atmosphere• for a shorter length 
o f time. The - - 1\i gh Spee d Melter is a n out s t a n din g exa mp le> of this t~·pc of fur na ce. 
Spec i f i c a t i o n s ca n be found i n t he b a ck sec t i on of t he ~I an u a J. 

T-· •,:;:,· ratu r ;, Ir.ii,:~'.:,·,;q l,:str11m,,nts arc a valuable asset to the School Shop Foundr,·, to :iid in 
pro<lt1cing hetter castings, and to provide instruction in modern Foundry pra,· tice. The continued 
developmC'nt of neK casting alloys demands closer control for melting and pouring temperatures . 
,h,to:-!a•{,: temp,sr'1.ttlre co,:trol systert1s f'or Sta:io 1iar? C'!·ucible Fz,r,:a<:,· r:.:, c:1 

::;- ?as J ~r.: 1:.·.1:1~~ 
fY·ac ti cal. , due to the rapid heating and melting cycles desired in these furn aces. \\hen the _,. arc 
used, expcn$ive modulating systems are used, 1vhich reduce the heat input graduall,-, a< the melt 
approaches pouring temperature. Unless modulating coni:rollers arc used, thC' furnacc operate< at 
full hurner capacity to control point before shut do1~n, and the rc-sidual he:it den•lopeJ in the 
furnacC' Kalis hy high BTU hurners causes the furnace to overheat hv ?00 or 5UO de~rc<' ~ . Most 
foundries use a Port.abl.e i:.mree P"f!'!'Ometer and chc>ck molten tc>mperature during the melt. As the 
metal t<'mper;,turc approaches the desired pouring te1~pe1ature, the furnace is throttled manually. 
Residual heat from the furnace ~alls ~ill raise the molten metal the remaining SO or bU degr<'CS 
Kithout overheating. The Portablc Lance Type Pyrometer is Jess expcnsiv<' than the automa ! iC sy~­
t ems, an<l its use p·•'olJides t-r1 ai;1i;12 ir;. fur,:actJ cperation a'l?d !'.! o nf ►-,:;l ) .;.~ !''!'1.:!' .. :'."."' .I·~,· ·r.s-, . 

.'.' .- • - :.- r ~• ~, ·- · ( . · ,·. · ; i .<.• 

Pot tYpe melting and holding furnaces, used for per,r.-mer:t mold :::,i .·t:>:g, present a different con­
d i t i on . These furnaces may ho Id SO O pound s of met a I , 1: I:~: cl: i:; l ~ii., i .'°l'C ,r. 1 o · : • • J - c T .:_., • 
·1hc furnacC' operates continuously, a nd the metal level in the pot is maintained h;- addin~ re ­
jected castings or ingot. The> mc>lt is dc>gassed and deoxidi zed constontlv by a co~cr type flux. 
0 n c e t h e i n i t i a I ch a r g e i s me I t e d , a mi n i mum amount of h C' at i s re ,pii r C' d t o t'.a i n t a i n m o I t C' n m C' t -
a I temperature. , ,,e to th" Louer 1:eatir.g rate and the reduced tendency for overheating , a pot 
t)'pe me l ting furnace operates satisfactori I)' ,.ith standard automatic control ~ystcm~-

Temperaturc> measuring instruments, such as the> Pyrcmetc"!', are actuated hr a thermocouple. '.i' i;e 
t/·r-re.or>Y)!,p1., .:cn,;iRI.~ •f t';!O d<'ssimilar metals Joi,1 ,,- d ' ?g•·t.:1r.r I:, -~ p ., .- · -' ,, I- •• ,i , su,·h as the 
"' ,. I d C' d J u n c t i on . I f th c "•~ I d _i u n c t i on is h c a t e d . an c I e c T r o mo t i v c force i s r r o <l u c l' d , r o u g h I )" 
r r opor r iunn l to th e t<'mpc-ra tu r<' di ff c rt'nct• hc-t•'l'l'n r li<'ir \oo r ;1nd ~ nl d _i1111<· t i on ,·rid~. ·1h,· rh,·rmo­
l'OUple 1,ires arc usually separat_ed hr porcelain beads to prl"vC'nt short ,·ircuit. and th<." tl1,•rmo­
c ou p I C' as s em b I y is enc I o s e d in a p rot e c t ion tube of heat r e s i s t a n t r.i et a l t' r c er am i c. The ,) I e c -
t r om o I' i v e for c <', or E . M . F . , produced h }' h e a t i n g, c a n be measured ,, i t h a mi l J i v o I t m <' t e r . 1 h e 
cold Junction end is connectC'd directly, or by lead wires of the same a nalysis as the thermo ­
coupl~, to the mc>tc>r. The> scale of the millivolt ir.eter is con\· C'rtc>d to read in degre ,' s of Falir­
enhc ·ir, instead of mil livoltage. ;!s the tl,er,~oeoupZ" .f:u:e • i • :·:> ;se •:i· d, 1:;. E: . V . F . ,: , ~!' c.0 

,0 

propor t~o,,a t el~ , a,;,f ii" rr,fZ.eetPd t-y inerear"d te ,"li;:~ratu~q rr,c1i",1g ~··· i;: ~"-~!" rc:1 Z ,\nalysis 
o f t h r;, t he rm o c ou p 1 e ~- i re v a r i es " i t h t h e temp e r a t u re range o f the Py r om e t e r . Cons e q u en t l )" , h i g h 
heat resistant i<ires are used for higher temperatures . Different analysis i<ires develop d i ffer-
ent E.M.F., so the meter must be calibrated to match the thermocouple. 'lost common thermocouple 
analvsc>s are lron-Con s tantan between 600° and 16U0°F.; Chromel-~lumel he tween 120 , 0 and 2000°F. 
or 2~oo°F . intermittently; and Platinum-Rhodium between 2 000° and ~800° F . 

Automatia Tq~ perat~re Control can be gained b)" designing the Pyrometer indicating needle to ac-
tuate auxil iarY contacts which re2ulate the burner svste m. T hC' control lin 2 PY ro meter has the 
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~UUNUKY lUUL~ - Product 1escr1p11on 

.-las.!:s ;_ire containers or boxes used to hold the molding s;ind 
when ramming a mold. They are made of i-·ood, sheer steel, alu­
minum or magnesium. and consist of two sections - rhe bottom 
half, or d1•-'.lg; and the top half, or cope . The standard flask 
is rectangular or round , but they may be special shapes, de-
pending on the casting. Flasks should be fitted with guide 
pins, so the mold cavities 1dll align properly when the cope 
is firred to the drag. Flasks arc made in sever.ii styles but 
the most common .ire Sol id and Snap types. The Solid FLask. 
is used for hoth ramming anJ pouring the mold. This is the 
trpc genera I ly used in School Shops. Snc;: Fl,asks arc h ini:ed 
;it one corner so they can be t•nlocked, opened and lifted our 
of the mold for immedi.ire re - use. The snap flask is more ex-
pensive, but one molder ,:a n re-use the same flask to produce 
an,. nu m be r o f s a n cl mo 1 cl s . 11 hen I he s n a p f 1 a s k i s remove cl a 
·L '--:: .· .'.J.!., , is p l arcd over the mold to reinforce the sides 
of the mold, for pouring. Flasks for simple, fl;i! back pa t-
terns, which do nor require alignment of rhe mold cavities, 
can be made in rhe School S hops . Care should be t;iken to re-
inforce the corners to prevent spreading. Chcrrr, or similar 
lumber should be used. If flasks are to be purch;ist'd, liglct 

;.•, :' g l; ; :z- l.ur1i,ium or magnesium should be selected, especially 
for the School Shop, wl,e1•e ~·eight is •'. . .,,porta11£. A good _selec ­
t ion 1<01tld be 1,,0 aluminum 1 0" x 12" ivith 4" cope ;ind drag; 
t1,o aluminum 12" x l >1" ,dth .I" co pe and drag; one aluminum 
le" x 18" with 4 " cope and drag; o ne cherry sn ap flask J O" x 
12 " and one cherry sn;ip flask 12" x l ,l". T,,•o 12 " x 12" ;ind 
n,o I~" x J .l" jackets c.in be made of L? gauge stee l , in the 
Schoo 1 Sh op . 

Bot•o~ Boarin are u sed to support the flask and mold. fhey 
can be made in the School Shop to f i t the various sc:es of 
flasks. They must be sturdy enough to pre\cnt sagging 1;hen 
the mold is rammed, and should be built 1dth cleats. ;s,,d, , 
or m~l-:/i,10 i,oa r C:2 , ca n be made of 3/~" pl)'\.'Ood , prcfl'rabl,· 
,, it h J / J " " r c mp c red , p re s s e d ,rn o d "o r k i n g surf ace . The c I ea ts 
should he l " x 3" 1, ood . secure l " fastened to t he bottom. The 
t,ench boards a re usual I)' 2" Larger i>< wi.dth a>,d Ze,:gt1 than 
the inside bottom flask dimension. 8,:,tt,-;m, ,-;r rz,-;,:;r !1'J<2l"'l1'­

support the finished mold during the transfer 10· the cas tin g 
floor, and during c;ist in g. The bot tom boards ca n be made of 
I" lumber, spaced !.o provide ventilation for the mold, or of 
:;;1" plyi;ood ~·ith 1/l" perforations on 3" centers, for \"enti ­
lar ion . Cleat, <Ire 1-1/ c" x 4'' 1<ide. Bottom boards arc usu;il-
1 .'' J" L .r ge r t lian ~1 ,,,, i n s id !'! f ia sk. di men sion . 

,:,• ~· r-1, . ,; ~; ,r: 7 ; , ... ;. 

:· ;J ; : -• l 1.,"'. 

Fcw , d,i-' R·iddl€s are u se d t o sv re en t he s and . 1 h e l mc~h 
screen is used to aerate, and rcmo\'e trash ;ind lump,;, from 

°fl o t. to ,-, Bo ar d 

the molding sand after tempering. 8 and 1,, mc~h ri ddl es 
arc used to screen the fine sand, p;ic~cd .i<lJncent to the 
p a t t er n , "h en r ;i mm in g t h c mo I d. The " o o d l · and r i d d I e ,.;; t h 
g a l va n i ;: e d me s h i s i n ex p e n s iv e a n d ,1<1 e q, , a t e . Th l' .' a t e 111 a de 
in several diameters, but the JS" is mo~t satisfat:tory for 
the School Shop. A~ mesh anJ an ~ me~h are the minim~m re­
quirements for the School Shop. 

i~r:ch Raml'l~rl' are usually made of dried hickory, or hard 
map le. The butt end is turned and has a Jc;;. ' f. The 
other end is ;,:,•,ig.- -~lr arr-i . 1.eni:ths v;ir)' fro m 1," to 1.1•· 
;;1nd butt ,iiamcter~ v;.1rr from_; .. to ;-~" - l\l'd£<.' c-nd 11f ra mmer 
i ~ u s e d I o 11 a c ~ t h (' ,s a n d f i rm I .'" ~ r ll 11 n cl t h e o u t ~ i de· L' d i! <' ~ 
of the fl;isk. This ;irc,;i of 3 mold mu~t be fircm and stron,: 
;-nough to hold the p;1ttern shape . anJ :>11pp o rt the ,no lt en 
metal 1<h('n i t i s poured into th,- m" l d c:1\· i t _.· . !he· l•11tt, (>r 
f I ;i t e n d , o f I h (' r ,, m m c r i " u ~ e d t o I ii m t h e c ,, 1 l! c- r o f I h " 
mo l d. I f thi s area is r,1mmcd t oo hard i : wi l l p r ,· \ e nf t hl' 
gases escaping from the molJ cavity . ,\ molder mu ,c t le"rn 
the correct ramming hardness through experience. 

/.!ol,der>i 8<>l lo:c' •; are u se d to hlo~ l N,~e ~and f rom rh ~ su r ­
face of the mold . High pn· ssure ;,Ir, unles~ uscJ c;irc,fully, 
ca n destroy the mold cavity and conver detrime n tal conden-
sation and ,: ompressor lubr i cant from the ~ir t an~ to the 
surface of the mold cavity. 



13

, 
FOUN DRY TOOLS - Product Description 

Sprue Pins are used to make the vertical passageway for the metal to pass through the cope to 
the runner or gate of the mold cavity. Tapered pins of wood may be turned out easi l y on a lathe, 
then smoothed and finished with she! lac. A pin tapered from 1-1/4" to 5/8", and 7" I ong, is a 
good size for School Shops. The sprue pin is placed in position in the cope, and molding sand 
is rammed around it. It is then removed after the cope is rammed, and struck off, 

Sprue cutters serve the same purpose as sprue pins, except they are tapered hollow brass tubes 
used to cut the vertical shaft, after the cope is rammed. Standard sprue cutters are tapered 
7/8" to 1/2", I" to 5/8", 1-1/8" to 3/ ·4", and 1-1/4" to ?/8". Lengths vary from 6" to 10". 

Parting Dust, or Partien, is powdered silica, brick dust, bone flour or fine charcoal. It is 
sifted over the pattern and top surface of the drag to prevent sand in the cope from sticking 
to the pattern and drag. The powder is dispensed by placing it in a coarse weave bag, and dust­
ing the area lightly. A more recent and satisfactory product is a fast drying aerosol dispensed 
g'!'aphite and refi•actory material. Other similar formulati ons can be purchased for spraying the 
mold cavity surfaces and cores for better casting finishes. 

The Molders Sand Shovel is a light weight, sturdily constructed too l used for scooping.sluicing 
and tempering sand, and for filling the flask with molding sand. They have a square nose, flat 
dish blade It>" wide by 12" long. Production molders generally use the grip of the sho vel to ram 
the sand around the outside edge of the flask, consequently the grip is sometimes designed like 
the wedge end of the bench rammer . 

A Bulb Sponge i s us e d to moisten molding sand around a loose pattern befor e lifting the pa t tern . 
lt consists of a rubber bulb with a hair brush to control placement of moisture at the required 
area. Great care must be exercised when using a bulb sponge to pre ve nt adding excess moisture 
at the mold cavity. Wet sand generates steam, causing blows and porous castings. 

Molders Tools are the hand tool s of the molding trade . There are an unlimited n umber of types.­
shapes and sizes, but they are all used for putting finishing touches and necessary repairs on 
the surface of green sand molds. They fall into f'our main categories - trowels, slicks, spoons 
an d l i fters. Trowel blade sites are l" to 2" wide by 4" to 7" lo ng, with square, round or heart 
shaped points. Th e 1- 1/ 4" x 5" round point is recommended for School Shop work. Trowels are 
used primari ly for smoothing and slicking the surface of the drag pr ior to applying parting com­
pound . Slicks and s poons of different s hapes and sizes are used f o r repa i ring and slick ing the 
s urfaces of mo ld cavities, and for cutting gates and runners from the s pr ue to the mo ld cav ity . 
Lifters are used primarily for removing or smoothing loose sand in the bottom of deep mold cav ­
ities. Strike off bars and vent rods ~an be made in the School Shop. 

. 
•,t 

Gatecut t er and Spoon Trowel s Slick and Lifter 

Patterns are made of wood, meta l, plaster-of-par-is o r p la stic materials, if they are to be per­
manent equipment. They are made of wax, plastic resins or polystyrene if the pattern is to be 
lost or destroyed by heating of the mold or by the hot cast metal . Pe rmanent type patte rns are 
the loose flat back, such as a paper weight or book e nd; spl i t patterns, and match plates where­
in the pattern is attached permanently to a p late of wood or metal. The f l at back l oose pattern 
can be made in the School Shop, or suc h items as cera mic or metal ~all plaques , may be used to 
cast a master. When making or selecting an item for a pattern, be sure the sides and cav i ties 
are designed with tape r , or "draft", so t he pattern can be lifted from the mold cavity without 
damaging or drawing sand from the edges . To ~implify lifting or drawing a loose pattern. si mple 
draw pins can be made in the School Shop. For wood patterns, bra z e a No. 10 flat head x 2 - 1/2" 
wood screw to the center of a steel slug 1/4" thick by 2 " diameter, You are a c tually braz.ing a 
flat disc head to the wood scre w, Prior to using the pattern, dri 11 st a rting holes to depth of 
1/2 the pattern thickness in the back, or flat side, of pattern. Work the scre w t hreads i n the 
starting holes so they enter a nd · re l ease freely. For metal patterns, follow the s ame procedu r e 
except use 1/4" x 20 NC stove bolts, and drill and tap the pattern. Split patterns wi ll work 
more satisfactori l y if permanently mounted on a board to make a match plate . Care mu st be taken 
to al i gn both halves of the pattern so t h e mold cavitie s in . th e cope and Jrag mat c h and align 
correc tly. Plywood of 5/8" or 3/4" thickness with tempered, pressed wood surface wi 11 make suit­
able mounting boards. 
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CRUCIBLE TONGS AND SHA ~K S 

After thC' crucihle has heen s·ithdra,,n from the furnace 1<ith tong~, it is placed in a P o t1ring 
Shan, to facilitate pouring the molds. Lile the tongs, the crucible shan, ~h ould fit the· si:e 
crucihle heing used. C ruc ible Shanks are manufactured in th e- "One Man" lland Shank, and the 
"Two ••LJn" S ingle End Shank The· !land Shank is used for smaller si~e crucib l es 1, hc•n the ;.e ig ht 
c_an he h andled safe l y by a singlc man. Slili Fig:,rr 6. Thc Single fnd Shani<- is uscd 1-ith 
heavic-r crucibles 1<her~ the weigh t requires t1,·o men, or the assistance of a hoist. \·;hen the 
size requires a hoist, it is necessary to use a Shank B~i I to st1pport the singlc end shank 
and crucible. SPe Fig~ra 5. 

Fi gur &· 5 

Sa[i?t'I Si"lgl<! E,,d Sl:-2•1': ,.-it;, !l,:!;iu~t:rhl.? Pads, A,dj1,sf .. s t.o F U T·.·c P· :.'.m·,. ~'-~··• 

.J 

Ther e are se,·e ra l im pon ;,n~ f e atur es to c o nsid.-r d1en sel e cting pour,n11 s hanks. The cri ,-:i ble 
rin g should he tapereJ, thc u ppt' r and 101,·er inside diaml'ters held to cl ose toler3nce so t he 
ring seats bel o1< thc crucible bi lge. or the l arges t diamcter of the cruc ih l c . 

Sup porting p a ds shoul d ht' l oc a tC'd in sid e the r ing, for three or f ou r ro i,11 suspens i o n . Suc h a 
d es ig n provides an air space bct1,e en t he c ruci h l e and s h ank band, an ti prevents h ea t t ransf e r 
from cr uc ibl e to ba nd, adding to lif e of bot h crucihle and shank . Si ngl E En d Sh3nks s h ould be 
de si gned 1,ith offset handlc s for bet .ter balance and to facililate p ou r i ng. Snr i:-{f':,~ : ,· . 

Crucible shanks are built •·ith tuhular handles to provide I ight 1,cigh1 and rigidit)· . 

.----
\ 

} '()Ill " ' 
t:~r- t:, H~~>· :· rp,, _, ff · l .- ."J:auk 
F:" :r,•1: r-:z ,!r ·:,.,,,_,t,!/:u~ ~ -:!· lr 

• . ; t J~ 

:;· ··.rf':T!'::! , ; g~r ;:-,: :1:::,. 
t.: i :;·r/ f-':j:: :;•>•-,~;/n••7; · 
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St,1tio1lary c ru cihli:- fllrnaces rc>,111ir.:- a "lift Ol•t" type o f cn• c: ihlc a~ a vc:.,el f o r holdi,t g ~ a~,­
il1g met;ol cluring m,·ltin,. Cruciblc tonf!~ .incl sh.inks .ire tools ncccss.,r,· for h:indling the cr11c­
il,lc during meltin~ .incl pouring. Tongs a,·e used to pl.ice the lo.1<led crucihle into the furn.ice 
ch:o mh (' r prior to m<"lting, ancl to 1-ithdra~ thc- crucihie of molten metal at cloH' of the melting 
period. \(hen melt has hecn 1,ithdra~·n, the crucible is placc-d into" Pouring Shank, or holder, 
to f.11:i lit;ltC pouring of the metal into molds . lath tools should fit the specific si:c crucihle 
heing US('cl. Thi• prevents dam.>ge to ~he crucihlc-. 

l'hcr •'. arc cc-rtain ho:ards relatc-d to melting and pouring molten metal . 'lliesc arc n,inimi:ed hy 
u:;ing proper()' de~igncd crucible handling tools. The follc-1,ing design feature-~ for Slich tools 
;ir e r,·, o mmend e d b y leading ,·r11ci l1 I C' man uf ac turers . 

One of the oldest, most satisfa,tor" designs for Tong,;, is the Cla1, type. Eoch gripp e r i s die 
formed to fit the contour of th,.. crucihlcs, so it nests sccurc l _1· ,·i th a minimum of s4 u cr:c , Jntl 
pressure, and grips helo1, the b i lge of the crucible. An eyc-ho l t is desirable 1<hen lifting the 
heav ier crucibles fro m the furnace. See F-:,_n<~·e 1. 

ll 

F~· g;a)~ 
fl 1 ~strati,?g Cla~­

;•pfpr:t:P a,.1<.f L;: ft.i•!a 
. f,1. a b o l t . • 

Figu r- e .~ 

; : ~:t?'.!" 

: .. i~ " ~·:1 ~ _. 1:q 
, . ... . '.:: Y' C'. _·.· 

,, ,.. .. . 

I 

I 

EP~t ~a~dle To~ps I:,•. . . I • ... ; . : : : 

Thc- prohlcm of premature cruci hl c failure is somcti mcs incorrect ly ;it:rih­
utcd to furnace operation and ratc- of firin g . lf the instru c tor i s c,p c ri­
cn,;ing s hort crucibl e life, the crucible tongs shoult.l l•e i nsp e cted for c or­
rec·t de S' ign fi,at11res. Crucihles .,· ill n orm;1th· l>u ,n out t hrough ox 1datio11 
and erosion of the outer di3mcter and f lu x 3ttaek and oxid3tion of t he top 
inner di3mcter. This ret.luccs the "ali thickness of the crucihle, Improper 
tong clearanc<? is indicatet.l hr crumhling and hreaking of the top li p . \·cr-
tical cr3cks, originating fro m the crucible lip . also indic;ite pinching 
ant.I ex,e,s gr i pping pressure applied to the h•n crucible . 

Th e t on g s m u s t h a v c p r op c r t o p c I e ,1 1· a n ,-e t o p r c v <' n t p i n , h i 11 g ;:i n d c h i p p i n g 
the top lip. I mpropc-r clearan ,: e at this point is one e>f th e major causes 
for prcmt1ture cruci bl e failure. ,c: r ,, i.~·!7;,t}, 

The tong ' s hoult.l clo s e u n til the) ' t ou c h the ~ i de h a l I ~ o f th e <: ru c i h l c 3nd 
shoulJ have the adjustable stops to prl't'ent addition3I s qucc : ,• or pres s u r e. 
The s tops arc att;ich e d to th!? t ong handle s ant.I meet 1<hen th!? gripping p3ds 
t ouch t he cru, i hle 1,all s . It sho11ld t-e poss i b le t o , 17rin g the· t o:1)! han dl,•~ 
I O g l' th e r 1.-i t h OU t SU h j e C t i n g t h e C l'(I C i h I e t O ad d i t i O n a I p "'' S ; Ur(' - 1'11 e ~ t Op S 

are adjustablc to compensate for crucible 1, c ar, or for 1,hen st~rting a nei. 
erucihle . The tong handles ~hould he rrinforced "Ith a web to 3dd rlgldlt v 
and strength . Sc>e F ig: , r-e .3 . 

Plain tongs should ha,· e an adj us tabl c- lockin g h ar, t o lac~ thc m sc,urc l r 
closet.I after g ripping the cruci h le. The lock prevents a ccit.lent.111, o penin g 
the tongs 1-,hi l c- rai s ing the crucihlc from the fu rna ce . ,,; ,-,, ti??J1'"' ti . 

Crucible tongs are manufacturccl in s evera l design<.. ~lost p o pular arc the 
one man Plain Tongs 1-ith straight vertical handlcs f or raising the s m;;llcr 
s i ze c r uclb lcs. ant.I th<! t1,o man lent II and l e Ton<>s for hcav ier charve :- and 
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.., . 
MIXING INSTRUCTIONS FOR PLASTALENE: 
Melt wax in a large metal container (garbage can) over medium heat, when wax 
has• completely m~lted pour in oil and grease and stir, Next, sift in the clay 
and stir with a paddle until all ingredients are mixed thoroughly, Turn off the 
heat and let cool. Prepare a tray or a pan several inches deep and as wide as 
possible to pour the mix into, A large cookie pan works fine. \\'hen mix has 
cooled but is still pourable start to pour out the mix into the pan, Let it 
stand until solidified then cut squares and remove them putting them into another 
container, At first it will be quite sticky but this can be avoided by increas­
ing the amount of clay and wedging talcum powder into the mix when it is cold . 

ALLOY COl,1POS ITIGNS: 

ALUMINUM 
*Silicon aluminum: 10-13% Silicon, , 10% Copper, . 05% Manganese, . 60% 

Iron, .10% ~;:agnesium, .10% Zinc, ,10% Lead, ,05% 
Tin, .02% Titanium, the remainder is aluminum. 

Advantages: 

Disadvantages: 

It is a Binary alloy, 

-Melting Point 1~80 F. 

-Pouring Temp, 1350 F. (ceramic shell) 

1450 F. - 155 0 F. (bonded sand) 

De-gaser 190 tablets or some comparable degasing agent should 
be plunged into the melt to rid gases and impurities from the 
molten metal. 

Aluminum is very sluggish in tbe melted state , it shrinks 
at a high rate and is soft and crystalline in strucutre in­
ternally, It absorbs a tremendous amount of gas in a molten 
state, 

It is light in weight, less ramming is needed for sand molds 
than for copper base alloys, it is relatively cheap. 

High rate of gas absorption, must be de-oxidized, hard to 
patina, hard to weld without a T.I.C. welder, cools very slowly. 

Contains Silicon which is a natural flux and forms a vapor shield over the 
crucible when alloy is melted, the vapor shield prohibits atmospheric gases from 
pentrating into the melt and contaminating i t, Self cleans to a minimal e x tent, 

MELTING PROCEDURE: 
Clean Furnace: Clean Crucible: Clean Metal Scrap: Melt under slight oxidizing 
a tmosphere, When aluminum begins to become turbulent and starts to spin in the 
crucible, stop furnace and take a pyrometer reading. Cenerally it is very close 
to pouring temperature, 
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MELTING PROCEDURE: (CONT.) 

Crucible should be taken out of the furnace 100 F. below the desired pouring 
temperature because it is characteristic of aluminum to gain in temperature 
after it has been removed. It may increase as much as ~00 F. - 300 F .. If you 
plunge the degaser tablet while it is still gaining temperature, the metal will 
still be absorbing gas and defeating the ~urpose of your degasing procedure. 

Always preheat your foundry tools such as; plunger, skimmer, and ingot molds. 

You should always pre-heat ingots or scrap before adding them to your melt, 
this will avoid additions of gas and moisture as well as decreasing the pos­
sibility of molten metal spueing from the pot due to gas expansion and moisture. 

Mold wash should be painted on ingot molds, skimmer, -1ifld plunger at least one 
hour prior to pouring. 

When degasing try to create as little turbulance as possible, unneeded stirring 
causes more gas to enter the metal. Plunge a pre-measured tablet of degasser 
with the aid of the plunger to the bottom of the crucible and hold it there 
until all bubbling has stopped. Remove the plunger and immediately skim the 
surface of all impurities. 

The skin which continually forms over the surface of the aluminum is desireable, 
it forms a gas shield to keep out atmospheric contamination and gas. When you 
pour have someone pealing the skin back with a skimmer throughout the pour. 

V.'hen pouring remember to pour continously and low to the cup. Fill the cup to 
the top to increase pressure and to insure that it will function as a reservoir 
as the metal below shrinks. 

Aluminum alloys once poured should be left undisturbed over a longer period of 
time than copper base alloys. The larger the volume of metal poured the longer 
the setting time. 

Available book on aluminum alloy information: "Federated Aluminum Casting 
Alloys Handbook" 

''.'rite : A.S.A.R.C.O. (American Smelting and Refining Company) 
P.O. Box 219 
Alton, Illinois 62002 

Free book on aluminum: Reynolds Metals Company 
130 So, Beniston Ave, 
St. Louis 5, Missouri 

BRASS AND BRONZE CASTING ALLOYS : 
The only difference between brass and bronze is the percentage of zinc in the 
alloy. The more zinc content the more chance the alloy is brass, the less con­
tent of zinc the more the chance is that it is bronze. Brass tends to be more 
gas ridded and needs careful melting procedures, good ventilation and a flux 
and deoxidant whereas with silicon bronze there is no need to flux or deoxidize 
the melt. 
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ALLOY SPECIFICATION: 

1. Leaded tin bronze: Melting point 1800 F, - 1820 F. 
Solidification Range: 250 F. (very good) 
Pouring Temp. between 3/16" per ft. average 
Must be melted under oxidizing atmosphere 

~ . Red brass and semi-red 
brass (85-5-5-5): Previously very popular alloy used by sculptors, recently 

replaced by silicon bronze. 

85% Copper, 5% Zinc, 5% Tin, 5% Lead 
Melting point 1800 F. - 1840 F. 
Solidification Range 100 F. (very short) 
Pouring temp. 2100 F. - 2 ~ 50 F. (~300 F. for cold molds) 
Absorbs a lot of gas and must be deoxidized with Phos-Shot 
pellets 

3. High leaded tin bronze: 

4. Yellow brass: 
(Naval Brass) 

Melting point: · 1760 F, - 1770 F. 
Solidification Ran~e: 280 F. (very good) 
Pouring temp.: 2000 F. - 2100 F. 
Shrinkage rate: 1/8 per ft. 

80% Copper, 10% Tin, 10% Lead 
--Not good for sculpture because of the high rate of gas 

absorption and the metal is very sluggish. 

Melting point: 1600 F, - 1680 F. 
Solidification Range: 40 F . 
Pouring temp.: 1900 F . - 1950 F. (you must use a flux with 

the melt) 

60% Copper, 30% Zinc, 5% Tin, 5% Lead 
--(Sand cast at 2100 F.) 

*Metal tends to distort and loose shape under stress, it warps very 
easily. Metal has a very high shrinkage rate 5/32" per ft . (very 
high), pour as cold as possible. i hen white smoke appears thi s is 
the z inc oxidizing off the alloy, you should pour it immediately. 
In melting it a second time you should add some z inc to compensate 
for the loss. 

*Cood metal for pouring into traditional molds and sand by very 
poor for ceramic shells 

*Very weldable but cannot withs tand stress . Sprues should be larger 
so that metal will enter without a gitation. 
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ALWY SP.l!:CIFICATlONS: (CONT,) 

5. Nickle Silver: 
(German Silver) 

Melting:point: 2000 F. 
Solidification Range: 200 F. 
Pouring Temp: 2200 F. - 2350 F. 
Shrinkage Rate: 3/16 per ft. 

5. 

58% Copper, 3% Tin, 5% Lead, 16% Zinc, 18% Nickle. 
-Fine mechanical properites, resistant to corrosion and tarnishing, after 
polishing it looks like stainless steel. Absorbs carbon and hydro~en gases 
readily, melt under good oxidizing conditions. Tin added for hardness and 
strength, also polishing qualities. Lead added for increased machineability. 

-Good for Ceramic Shell. 

Manganese Bronze: 
(High strength 
Yellow brass) 

Melting Point: 1690 F. 
Solidification Range: 40 F. (very low) 
Pouring Temp: 1900 F. - 2000 F. 
Shrinkage Rate: 7/32 per ft. to 9/32"(very high) 

66% Copper, 3% Iron, 3% Manganese, 5% Aluminum, the re­
mainder is Zinc. 

-Manganese increases stability, tremendous amount of strength. 
strength and hardness. Aluminum and iron added for strength, 
withstand high thermol shock. 

Zinc added for 
Metal will 

-Oxidizing atmosphere needed for melting, Use large sprueing system to 
eliminate turbulance of metal entry. 

7. Aluminum Sronze: Melting Point: 1880 F. - 1900 F. 
Solidification Range: 60 F . (low) 
Pouring Temp.: 2100 F. 
Shrinkage Rate: 7 /32" to 9/32" per ft. (very high) 

29% Copper, 1% Iron, 10% Aluminum. 

-High amount of gas absorption, large sprueing system needed, You must use a 
commercial de-oxident. 

-Very hard to machine surface, cut, weld and patina. About the best you can 
get would be gray or black, 

Silicon Bronze: Melting Point: 1830 F. - 1870 F. 
Solidification Range: 260 F. (excellent) 
Pouring Temp.: 2050 F. - 2150 F. 
Shrinkage Rate: 3/16" per ft. 

91.32% Copper, .02% Tin, .02% Lead, 4.16% Zinc, .06% Iron, 
.06% Nickle, .16% Aluminum, 4.20% Silicon. 

-Considered to be the best sculpture casting bronze available. Foundry, 
welding and pouring characteristics are excellent. Has excellent flowability 
and needs no additional fluxing procedures or de-oxidants. 
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REPAIR OF CASTINGS: 

Aluminum: Aluminum can be repaired by welding, it is possible but very 
difficult to weld aluminum with oxy-acetylene, Special commercial 
fluxed reds must be used and a slight reducing atmosphere, Alumin­
um soldering can be done but again commercial fluxed rods must 
be used with a slight reducing flame. For best results use 
Tungsten Inert Gas (T,I.G.) with matching alloy rods and either 
helium gas or argon, The welder should be set for A.C, current 
and on inert gas arc and "Continuous."T.I.G. welding aluminum is 
very easy, fast, clean, and will reduce warpage. Tungsten should 
be ground to a round point. 

Commercial Non-Metallic Products: Devcon Aluminum Putty, aluminum powder mixed 
with epoxy. The main problem is color matching, Sets generally 

Bronze: 

in 24 hours, 

Bronze can be easily welded with either oxy-acetylene using matching 
rods and a commercial all-purpose brazing flux and a slight 
oxidizing flame, Bronze can be welded very easily and cleanly with 
Tungsten Inert Gas, the welder should be set for D.C, Straight 
Polarity and the tungsten should be ground to a very sharp point, 
the machine should be set for "inert gas arc" and "Continuous" 
should be off. 

Commercial Non-Metallic Products; Devcon Bronze Putty, bronze powder mixed with 
epoxy. Again color is hard to match. Putty sets in 24 hours. 

CASTING DEFECTS; 

Terminology; 

1. Gas Flow: Rough, jagged holes. 

2.. Cold shut: Round-edged holes 

3, Hot Tear; Usually a small thin crack, generally found where thinner sec­
tions occur next to thicker sections. ~bere cooling of thin 
areas is faster than thick areas, auxiliary sprues will compen­
sate for the thin areas, 

4. Misrun: Also called non-filled areas, result is an incomplete casting. 
Caused by: 
1. Too low a pouring temperature. 
2, Mold temperature too low. 
3. Metal fluidity too long. 
4. Holding time between mold pre-heat and metal pour is to long, 

causing mold to cool. 

5. Mold-Buckle: On long flat surface (reliefs) it is sometimes difficult to 
maintain proper dimensional stability becaouse the mold has 
flexed from heat and pressure of the poured metal. This causes 
an increase in the size of the casting, The cause is a weak 
mold. 



21

10. 
CASTING DEFECTS: (CONT.) 

Mold-Buckle: 

G. Scabs: 

For Ceramic Shells CHECK:. 
1. Slurry for any possible gelation 
2. Viscosity, insufficient powder (Pl-~) 
3. Apply additional dip coats 

Jagged lines of demarcation usually seen on flat surfaces, Caused 
by pre-dip or second coat slurry finding its way into a crack on 
the surface of the first coat. 

7. Metal Flash: Sometimes called "fins" or "plus-metal", occur as a thin 
positive piece of metal caused by a crack in the surface mold. 

8. Slag: Rough cavities, saucer-shaped and smooth, caused by dirty metal, 
incorrect sprueing is generally the cause. 

9. Mold Erosion: Characterized by rounded corners on castings where there 
should have been sharp corners, caused by oxcessively high 
slurry viscosity. Could also be caused by inadequate draining 
techniques of the shells in the process of applying slurry. 

10. Metal Breakthrough: Bubbles of excess metal apprear on the casting, usually 
on concave surfaces, inside sharp corners, holes and recessed 
areas. 
1. Due to insufficient wetting of the wax pattern by the slurry. 
2 . Use proper amount of Ultra-wet 601 
3. Clean wax pattern thoroughly with alcohol, let dry adequately. 
4. Use a light jet of air from a hose or bellows to break bubbles 

accurring on the surface during the dipping, 

11. Cas defects: Not too common with Ceramic shell molds because of the mold 
permeability. If it occurs usually it is because carbon has 
not been completely removed in the de-waxing or burnout causing 
non-fill or porosity and possible gas absorption. 

-Extend burn-out time and check burn-out atmosphere and temperature. 
Atmosphere must be oxidizing. 

12 . Shrinkage and Draws: Rough cavities entering casting on heavy sections 
or at joint of sections. 

-Cause: Incorrect sprueing. 

13. Blowholes: Rough shaped holes occurring on the outside of the casting of 
the area of thicker sections. May be found just below surface 
after machining. In severe cases, sections of the casting may 
be hollow. 
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11. 
CASTINC DEFECTS: (CONT.) 

Blowholes: Cause, Too low a pouring temperature. 
(cont.) 

14. Inclusions: Non-mei:allic inslusioi1s· can be -stern.ming from many. ·things and 
and are caused by: 
1. Poor mold handling, stucco particles may drop into the 

mold prior to casting. 
~. Mold cracks, erosion from the sharp edges drop into the mold 

and are dispersed throughout the casting when the metal enters 
the mold. 

3. Furnace or crucible refractories breaking away and finding 
its way into the melt. 

4 . Dirty metal 
5. Poor de-oxidizing procedures. 

15, General Rough Surface: General surface roughness can generally be traced 
to the first drip slurry viscosity when doing 
Ceramic shell. Higher viscosities produce casting~ 
with smoother surfaces. Intricate patterns cannot 
~e drained properly so a lower viscosity is favor­
able .for a very complex piece and the proper drain­
in procedures should be executed. 

-Facing slurry must be accurate to insure proper 
wetting of the wax pattern and precision surface. 
If the second coat and additional coats are not 
accruate the hot metal upon entering the mold may 
break down previous coats and cause plus metal and 
fins and also possible inclusions. 

-'::hen inves ting the wax with the first two coats 
of Ceramic shell DO NOT LAY THE PIECE nmn-1 IN THE 
STUCCO. HOLD ON TO IT! 

FORMULAS FOR PICKLINC AND CLEANINC CASTINGS: 
Cleaning Solutions for Bronzes: 

1. iH tric acid 
Sulphuric acid 
\'.ater 

1 Cal. 
2 Cals. 
5 Cal s . 

2 . Hydrochloric 
acid 30% 
i1·ater 70% 

-Extended time in the solution is not advised, visually check periodically. 

- Aside from Traditional pat i nat i on with acids some other possibilities a re: 

1. Electro-plating with copper, Nickle-chrome, Nickle silver 
2 . Painting 
3, Oils 
4 . \'iaxes 
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12. 
TRADITIO,~AL INVESTMEi'\T CASTING PROCESS (LOST-\\'AX ) : 
Investment Recipes: 

1. 2 parts moulding plaster 
1 part silica flour 
1 part medium or coarse grog 

( Parts by weight). 
-I have used the above formula for the past seven years with very satisfying results. 

2. 1 part moulding plaster 
1 part silica flour 
1 part medium or coarse grog 
1 part fireclay 

-This formulc also has proved to be fairly successful. 

3. 1 part moulding plaster 
1 part medium or coarse grog 
1 part silica flour 
1 part luto 

-Luto is crushed up previously cast traditional investment. 

1, 1 part moulding plaster 
1 part silica flour 
1 part luto 
1 part mica (Perlite) 

-TviOLD TO VAX FACWC SLURRY SHOULD BE MADE UP OF 50% MOULDING PLASTER Ai-TD 50% SILICA 
FLOUR--TO BE APPLIED TO THE ,. AX TO REPROOUCE SURFACE DETAIL AND BUILT UP TO AT 
LEAST 1/?". THE PLASTER AND SILICA FLOUR SHOULD BE DRY MIXED IN El'.':UAL PARTS THEN 
\'ATER IS ADDED TO MAI<E A SMOOTH CREAM CONSISTANCY SLURRY ~'!HlCH IS SPLASH COATED ONTO 
YOUR \' AX PATTERN. 

-All dry materials can be pre-mixed and stored indefinitely as long as it is kept dry! 
For best results store in sealable plastic garbage can l iner bags inside a dry garbage 
container, A standard cement mixer works fine for mixing dry materials. 

D~y M11 i,JKT£ I!. ..JF-r 
MOLD:mix your facing with water (ALV,AYS ADD \Wllfl,ft 'f6 .•a Mill( NEVER .ail\! TO MAKlNG THE ---------l>K.1 ~) and splash coat your wax piece and sprue system with 1/4" of 

facing mix making sure also to coat entire surface of wax, sprues 
and outside of pouring cup. Mix a second batch and apply an additional 
1/1" over the first coat (remember to keep the mold material moist 
at all times). If your piece is hollow prior to the facing coat 
insert your core pins, the pins can be pieces of bronze rod or 
welding rod or better yet nails that have a head on ,one end . These 
pins should be strategically placed around your pattern and inserted 
through your wax wall so that half the nail protrudes on either side 
of the wax wall. These core pins will support the inner core of 
investment once the wax is evacuated, If your wax piece is solid 
core pins are not needed, 
After the facing coat is complete you then mix up your coarse back­
up investment (plaster, silica flour, grog), the consistancy should 
be like that of oatmeal DON'T OVERDO THE \\ATER! 
This mixture should be poured into the core and upon filling it 
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13. 
MAKING THE MOLD. (CONT.) 

allow it to harden .but keep ; it moist. When facing and core are set hard but 
moist, mix another batch of the coarse investment and hand pack it around the 
entire pattern and sprues and cup, this should be done in overlapping layers. 
Build up at least 1 to l 1/2", let set until hard but keep moist. 

Next invert pattern so that the cup is down and place it on a sheet of cardboard 
(the cardboard should exceed the size of the entire diameter of the pattern by 
at least one foot, the distance however will increase with the size of the sculp­
ture). Prepare a cage to fit areound the diameter of the invested pattern (chicken 
wire is generally used) if possible try to make it a cylinder shape to make it 
easier to handle, the mesh should be laced with wire to hold the cylinder to­
gether. Next wrap the wire with an outer cylinder of tarred roofing paper and 
secure it by wire or tying, THE MESH CYLINDER SHOULD EXCEED YOUR PATTERN IN 
EVERY DIRECTION BY AT LEAST 2 to 3" (depending on how large your piece is and the 
volume of metal it will be receiving). THE HEICHTH OF THE CYLINDER SHOULD EXCEED 
YOUR PATTERN BY AT LEAST 4". The outer mesh retainer can be shaped to conform to 
any irre~ular shaped mold to conserve weight, material, and kiln space. The mesh 
does not have to retain a cylinder shape of you have an irregular shaped mold, 

Your inverted mold can be held by someone or you can secure it to the cardboard 
with wax or even investment material. Now place your mesh/paper cage around 
your pattern and seal the retainer to the cardboard, again plaster can be used 
for rigid support. 

Mix a sufficient amount of coarse investment (ideally mix enough to fill the 
entire cylinder with one pour) and pour it down the side of the cylinder so you 
do not disturb your pattern, fill retainer to the top and let it set hard and 
undisturbed. DO N(Yf POUR ONE MIX AND LET IT SET AND THEH ..FOUR THE REMAINDER, 
IT SHOULD BE ONE HOMOGENOUS UNIT! DO NOT SE(;l\1Et;T THE MOLD! 

The mold should set for at least one day before setting it in the kiln, the 
mold should be kept moist when it is placed in the kiln, if it has dried to the 
touch use water in an atomizer to dampen it-AGAIN MODERATION IS THE BEST POLICY! 
Before loading in the kiln and after the mold has hardened to its maximum re­
move the outer retainer of tar paper and into the top scratch into its surface 
your initials, number of pounds of metal to be poured into the mold and the 
abbreviation of the type of metal to be poured (Al.-aluminum, BR.-bronze). Now 
invert your mold and remove the cardboard and duplicate the same information 
as you did on the bottom (initials, metal weight, metal type). 

For extremely large molds a drain spout can be designed into the pattern at the 
bottom of the pattern to allow wax to drain out from there eliminateing the need 
to invert the heavy fragile mold after burn-out. The void left for the drain 
spout after wax burn-out is plugged prior to lowering the mold into the pouring 
pit with a plug of refractory brick and fireclay tamped into the hole. 

You can now place the mold into the kiln cup down on a platform of bricks to 
elevate the molds for even heating and wax drainage (be sure the bricks do not 
block the passage of wax out of the mold). 
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14. 
MAKING THE MOLD: (CONT.) 

"hen all the molds are loaded (molds can be carefully stacked with smaller, 
lighter molds on top of larger molds and molds may touch each other side by side 
to conserve kiln space), the kiln can be sealed and soaked at 100 F. for 24 hours. 
The larger the molds the longer the burn-out should be (molds in excess of 50 lbs. 
need 24 to 36 hours, soak time). The burn-out generally requires 4 days time, 
one day soak time, one day very minimal temperature increase, one day up to peak 
temperature and one day down to pouring temperature. Heating should be even and 
consistant both up and down--Avoid irratic heat changes. 

The kiln on the second day should increase in temperature +50 F. every~ hours 
until it reaches 300 F. On the third day the kiln temperature should be in­
creised hourly at +50 F. increments up to 1000 F. The temperature should re­
main at 1000 F. for at least 12 hours (longer for larger molds) . On the pouring 
day (4th) the kiln temperature should be decreased -50 F. hourly until 500 F. 
is reached where the temperature should be allowed to level off and remain until 
the metal is ready to pour. 

"hen the metal is ready the molds should be very carefully removed from the kiln 
and either inverted or plugged if necessary and placed gently in the sand pit and 
buried as high as possible to support the mold and insulate the heat, TRADITIONAL 

P.1!0IDS ARE NOT IMMUNED TO THERMOL SHOCK, once the mold is burned-out for casting 
the mold must be poured immediately . If the mold is left to set it will cool, 
absorb ,moisture, limit m0tal tlowability, and.disintegrate. LET MOLDS SET AT 
LEAST ONE HOUR AFTER POURING (BRONZE) A.'IJD OVERNIGHT FOR ALUMINUM, LARGER MOLDS 
SHOULD SET FOR A LONG TIME BEFORE REMOVINC THEM OR DE-VESTIN(. 

For easy de-vesting of bronze castings, after one hour of solidification in the 
mold lower the entire mold into a container of cold water (a 55 gal. drum or 
garbage can work fine), the investment will literally explode off the casting. 
A water hose can be used also but it leaves more of a mess and adds additional 
clean-up time. 

Following is a typical burn-out schedule: 

(see next page) 
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15. 

BURi,-OUT SCHEDULE FOR TRADITIONAL MOLDS: 

SUNDAY MONDAY TUESDAY \\'EDNESDA Y 
DAY 1 (SOAK) DAY 2 ( +50 F.) DAY 3 ( +50 F.) DAY 4 (-50 F. ) 

HOUR: TEMP. INITIAL. HOUR: TEMP. INIT, HOUR: TEMP, INIT. HOUR: TEMP, INIT . 

2:00 100 F. 8:30 150 F. 
am. 

1:30 201) F. 

:_ : 30 250 F. 
pm 

10:30 300 F. 
pm. 

STOP UNTiL TUES. 
9: 30 am . 

9:30am. 350 F. 
10:30 400 F. 
11: 30 450 F. 
1~:30 500 F. 

pm 
1 :30 550 F. 
2:30 600 F. 
3 : 30 650 F. 
4:30 700 F. 
5 :30 750 F. 
6:30 800 F. 
7:30 850 F. 
8:30 900 F, 
9:30 '350 F. 

10 :30 l00OF. 

STOP UNTIL WED. 
10:30 am. 

10: 30am. 950 F. 
11 :30 900 F. 
l~:30pm 850 F. 

1 :30 300 F. 

:; :30 750 F. 
3 :30 700 F. 
4 :30 G50 F. 
5 :30 600 F, 
6:30 ::.so F. 
7:30 500 F. 
STOP! HOLD KILN 
AT 500 F . UNTIL 
POURING 
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LOOSE SAND VAPORIZATION CASTING USING STYROFOAM: 

This technique is one of the fastest methods of casting metal sculpture but 
it is strictl y confined to only aluminum casting. This technique must be done 
with dry, sifted sand, or with very minimally moistened sand. 

Make a styrofoam sculpture and attach a pouring cup (styrofoam cup) to the very 
top of it and, if desired you can bring a styrofoam runner up from the very 
bottom of the piece to the surface, Build a box or use a metal cylinder, or just 
dig a deep hole in the foundry sand pit deep enough to accomodate your styrofoam 
piece, there should be 3" - 4" clearance surrounding your pattern. 

Place your pattern in the hole, have someone else hold the top of it while you 
sift dry sand up and around your pattern (if moist sand is used, moisten 
MODERATELY and hand pack the sand around your styrofoam pattern). Continue this 
until the pattern is completely covered up to the cup and riser, Pour aluminum 
in as soon as possible, ,once pour has started DO NOT STOP until cup and runner 
is filled with metal. As soon as the cup and runner is filled STOP POURING I M­
MEDIATELY otherwise over filling will distort your pattern do to the metal 
pressure and without the sand being bonded nothing will restrict expansion of the 
metal beyond your pattern shape! 

PETROBOND CAST INC (COPE AND DRAG) US INC STYROFOAM OR PATTERN: 
Aluminum Casting from styrofoam for direct vaporization burn-out. 

l\'iake your pattern out of styrofoam and then place your pattern on a flat board 
or tray using either a commercial casting flask or a wooden 4-sided box whose 
sidewall heighth exceeds the thickness of your pattern by at least 2". Place 
the flask with the female locking device around•· your pattern lea~ing ample 
space around the pattern for sprue and gating systems. This bottom flask is 
called the "drag". At this point using a fine sieve (riddle) sift a light layer 
of Petro-Bond sand over the entire area inside your flask and over your pattern. 
\1•hen your pattern has been completely covered with ::,bout 1 1/2 to 2" of sand, 
gently hand-press the sand around and directly in contact with your pattern. V,hen 
the flask has been filled to the top and tightly rammed, level off the surface 
with a straight edged piece of metal called a "strike-off bar", 

Next, place another board on the top of your bottom flask, holding top and bottom 
board firmly flip the entire mold-flask completely over and remove the top board 
(previously was the bottom board). 

At this point dust the entire surface of the drag with a light coat of either part­
ing sand or talcum powder lightly brush away excess (sand should not be disturbed). 
Now take al" diameter piece of wooden dowel well coated with talcum powder and 
insert it firmly but gently about 1/4" deep into the Petro-Bond sand about 2" to 
3" away from your pattern. The heigth of the dowel should exceed the heigth of the 
total two .... piece flask by 1 1/2". This piece of dowelling will later be removed 
and the void forms your pouring column by which your metal will enter the mold, 

Now attach the top flask called the "cope" to the drag matching the male locking 
device of the cope to the female receptacle of the drag. Lightly sift about 
3" of Petro-Bond sand onto the powsered surface and gently hand ram. Entirely 
fill the flask with sand and firmly tamp sand around dowel but very careful not 
♦ ~ _, ..... . .-.. - -- .. 1 ..: ~• ·• -t-~ ~ ..f-
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17. 
PETRO-BOND SAND C~STINC (CONT,): 

Using a metal spatula called a ''slick" cut a 45 degree angle bevel about 1" deep 
around the dowel rod, this forms your pouring cup, when this is completed using 
a bellows gently blow away all excess sand and firmly hand tamp the bevel. Now 
very carefully and with a steady hand rotate and pull out at the same time the 
dowel. Now carefully and in one consistant motion lift and raise the cope off 
the drag, Gently set the cope on its edge and blow away any excess sand out of 
the pouring column. 

Now dig about a 1/~' deep depression out of the well formed bf the impression 
of the dowel and remove excess sand and hand tamp ;it firmly, this forms your 
pouring well. Next using a gate-cutter cut two or three (number will be deter­
mined by the size of your pattern) gates (channels) as deep as the thickness of 
your pattern and connect them from your pattern to your pouring well, blow out 
all excess sand and tamp firmly with your fingers. 

Now your final procedure is to slowly and carefully (without jerking) reple~9 the 
cope onto the drag making sure the cope is matched to the drag perfectly. Cover 
the cope with a board or paper to prevent dust or sand from falling down your 
pouring column. Flask weights or clamps may be used to secure cope to drag but 
avoid weight directly on sand. 

Because of weight and amount of pressure plus solidification range aluminum works 
the best for this method, bronze is too dense and heavy causing dimensional in­
stability and mold erosion. 

The aluminum will cool and solidify fairly quick, within 30 minutes you may shake 
out the mold, remove the pattern and as soon as your sand cools you can ram 
another mold. The Petro-Bond needs very little maintanance except for occasionally 
breaking up the lumps or adding a little water to keep it moist. DON'T OVER DO 
THE r:ATER! Your sand should be moist enough to pick up a hand-full and squeeze 
it and it should retain the shape of your hand and break cleanly . 

Petro-Bond is very fast and inexpensive method of casting and the material is 
recycleable indefinitely, 

~ooden patterns can be used but they must not have any undercuts on them and 
edges need a slight draft on them. The pattern must be well powdered and VERY 
carefully removed prior to cutting your gates. 
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18. 
CHEI\llCALLY BONDED-SAHD CASTING: 

Can be done as a one-piece styrofoam vaporization technique followina the 
previously described method using styrofoam, a box and sand. The only 
difference now being that the sand will be chemically bonded and will turn 
rigid very easy to handle and transport. 

The molds can also be made in multiple pieces similar to a plaster piece mold. 

The pattern can be made of such materials as styrofoam, urethane foam, wood, 
plastalene, vaccum-formed styrene, metal, wax, plaster, and bonded-sand. IF 
RIC ID PATTERN IS USED THE p;i.TTERN MUST BE FREE OF UNDERCUTS. Otherwise a 
complicated piece mold must be made. 

TWO-PIECE-MOLD: (Using styrofoam) 

Place styrofoam pattern on a flat level surface on some paper or plast~-- ' beet, 
then construct a 4-sided wooden box exceeding the perimiter of your pat·. - :n by 
at least 3''. The heighth of the box should exceed the thickness of the ~ J ttern 
by at least 2" to 2 1/2". There should be additional space on the sides where 
you intend to place your pouring system and end risering system. At least 4" 
in length. 

Patterns other than styrofoam should be ~oated with either talcum powder or 
painted with graphite. The pattern should be placed inside the box and mulled 
sand hand-packed first around the pattern and then over it. Once the pattern 
is covered fill the box with sand and ram firmly with a wooden ramming tool, 
level off the surface with a strike-off bar and allow to set unt il concrete 
hard (usually overnight), 

When the first half is hard remove the wooden box and carefully turn the mold 
over. Once the mold is turned over use a carburundum stone tool or file to 
cut register keys at least in two places on the mold, blow out all excess sand 
then dust the entire surface with talcum powder (mold separating agent). Place 
one row of firebrick along the floor-line of the mold then replace the wooden 
box to create the container for the top half. Mull your sand and ram the sand 
over the bottomhalf, fill the mold all the way up to the top and level it 
off with the strike-off bar, then let it turn hard. 
When the top of the mold is hard then remove the box and if possible Dt:.nd the 
mold on its edge and with a block of wood and a hammer carefully tap along 
the seam line all around until the seam opens then gently separate the two 
sections. 

Once apart you will see an impression of the pattern on the top section which 
is a key factor in establishing and strategically placing your pouring syste~ 
blind risers, risers, and vents, Using a masons drill (at least 3/4" to l") 
locate and drill pouring column, risers, vents and blind risers, The top 
should now be replaced on top of the bottom section and the pouring wells 
should be drilled using the top holes as a template. ~hen this has been done 
once again remove the top section. Now you may carefully remove the pattern. 
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1:). 
CHEMICALLY BONDED-SAND CASTINC (CONT.) 

Once the pattern is removed connect the gates leading from the pattern to the 
pour well and from pattern to vents. Blow off any excess loose s ,;"', and spray 
a refractory mold wash into the cavity and onto the top section ·!~Var the 
metal will come in contact with the molds. Let mold wash dry co:·.~:: :_ctely, 

At this point using core glue, lay a heavy layer of glue along the outside 
edge of the mold (it sometimes helps to blow or brush off any remaining talcum 
powder from the edge surface, the glue will adhere better.) l-lue the top to 
the bottom section and place weights on the surface distributed evenly. Also 
glue on the pre-made pre-drilled pre-mold-washed pouring and vent stack~ 1uade 
up from extra remaining sand after mulling. 

The glue requires ~4 hours. to completely set, steel strap banding or v~ring 
can also be used. 

The mold is capable of receiving bronze, aluminum and cast iron with good 
results. 

- Wax can be used as a pattern, however, it must be coated with graphit& .~-.d 
talcum powder and either torn out of the mold or after glueing the mold can 
be put into a kiln and heated up to 400 F. slowly where as the wax permeates 
into the surrounding mold material. Ycu are never sure of the total evacuation 
and good surface reproduction cannot be gu.ranteed. If possible avoid this 
technique. 

-Bonded-sand molds ARE NOT IMMUNED TO THER~,OL SHOCK and must not be taken 
above 400 F. otherwise bindings of sand and chemicals deteriroate. Wax residue 
inside the mold c a n cause turbulance and boiling results sometimes violent 
erruptions occur leaving poor surfaces and added safety hazards. 

-Bonded-sand molds must be kept as dry as possible, because the molds are 
poured cold. Pouring temperatures for aluminum, bronze and iron may have to be 
100 F. to ~00 F. higher to compensate. 

BLIND RISERS: Blind risers are risers that come off the surface of the pattern 
but only come halfway to the surface of the mold, they are not visible at the 
surface. They function as reservoirs of metal to feed internal shrir~r-t~e. On 
a styrofoam piece you should have a pouring cup at either end and a s -~ies 
of blind risers under the surface. 

MlXING AND MULLINC INSTRUCTIONS FOR BONDED-SAND PROCESS: 

TYPES: 1. 

4. 

Air-Set 

Heat-Set 

2. Self-Cure 3. Machine-Set 

5. CO2 Bonded-Sand 
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:_; 0 . 
MIXING AND MULLING INSTRUCTIONS FOR BONDED-SAND (CONT,) 

All of the before mentioned types require the use of a two part recipe con­
sisting of resin additive and catalyst binder. In the case of the Heat-Set 
type the mold must be cured in a kiln to set the binders. In the case of the 
CO2 Carbon Dioxide gas supplies the catalyst for setting all the others use 
a chemical action catalyst, 

ADDITIVE AND CATALYST RATIO: 

(Instructions pertain to the muller capacity at 
Milwaukee) 
FOR MIXING 50 lbs, OF SAND THE RATIO IS: 
RESIN; 3/4 lb. 
CATALYST: 4 oz/ 

the University of lisconsin-

foR... /OD'-JS. /~,:J-~· Ru,,i 

Voz.. C "'Tt4"'j1T" 

-The above ration is according to Delta Oil Products chemicals: 

-Delta Machine set 309-6X-O, 309-6X-B and Delta Machine set 217-6X, 
(Resin) (Resin) (Catalyst) 

MUU.ING INSTRUCTIONS: 

1, Weigh out 50 lbs, of sand, 3/4 lb, resin and 4 oz. catalyst, 
2, Pour the sand into the muller bed. 
3, Turn on the muller and add all of the resin, mull for one minute. 
4, Add the catalyst and mull for an additional minute, 
5. Stop muller and empty into bucket, scrape as much sand off the sides of 

the muller as possible. 
6. Repeat the above procedure for as many times as it takes to finish the 

mold. 
7. Clean muller completely after final mix. 

It is a wise practice on large molds to weigh out additional sand, chemicals 
during each mulling cycle to save time, 

ADVAWfA(ES AND DISADVANTAGES TO BONDED-SAND CASTINC : 

ADVANTAGES: 
1. Relatively inexpensive 
2. Can cast large pieces in one section 
3. It is relatively fast. 
4. Relatively flexible in terms of possibilities and effects obtainable, 
5, Molds will receive nearly any metal, except brass (Too much gas). 
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21. 
CHEMICALLY BONDED-SAND (CONT.): 

DISADVANTAGES: 
1, It is a cold mold process. 
2, Molds can become extremely heavy. (One cubic ft. sand 100 lbs.) 
3, Cas problems, resin additives contain a lot of organic materials; 

cause hydrocarbons, 

CERAMIC SHELL CASTING : 
Ceramic shell is an industrial casting process developed in 1920 and used 
exclusively in the industrial foundires until sculptors began tapping into the 
possibilities of casting their sculpture using this method; this didn't 
happen until 1950. Ceramic shell is a very precision ~ethod of casting and 
affords very excellent detail production. 

Ceramic shell is a two part process involving a liquid slurry and a dry stucco. 
All of the ingredients are based on a fused silica sand formula either in 
the dry state or suspended in solution. Preparation of the wax pattern is 
about the same as in the Traditional casting method; once the wax model is 
made the wax sprues are attached and a styrofoam cup is attached to act as 
the pouring cup and main feeder to the sculpture. After the cup and sprues 
are attached you then paint the surface of the wax and sprues (NOT THE STY­
ROFOAM CUP) with a solution of 50% alcohol and 50% Chlorothene, Let air dry, 
then paint once again with one coat of straight alcohol and let air dry. 
This procedure cleans surface of all oil or dust from handling. Allow the 
wax to completely dry before applying the first coat of slurry . 

\','hen the wax is dry. weigh the wax to determine the expected metal weight; a 
pound scale works fine. The weight should now be recorded with the weight of 
the wax, the weight of the metal needed and a diagram of the piece in the 
pouring position, labeling wax, sprues and cup . Casting sheets are kept as a 
complete record of the entire wax weight, metal weight, type of metal to 
be poured, type of mold to be poured, diagram of the sculpture, and the cost 
of mold material and metal per pound. All of this material and information 
is later used to compute the casting cost for materials. 

You are now ready to start the ceramic shell mold, 

SLURRY PREPARATION: 
A plastic or stainless steel bucket must be used, mild steel cannot be used 
because the .oxidation of the surface would contaminate the slurry. 

Step 1. 
Step 2, 

Step 3. 

Pour in a quantity of the Nalcoag #1030 liquid. 
Slowly sift in the Pi-W powder and gradually stir with either a 
stainless steel spoon or a wooden spoon (it can also be done by hand, 
you may want to use a rubber glove). Pi-W should be added until you 
reach a heavy cream consistancy of smooth texture. To be accurate 
use a #5 Zahn Cup and you want a 30-40-second slurry, 
While agitating the slurry put in about 1 Tbls. of Ultra-wet 60L 
wetting agent, make sure you are agigating the slurry when it is added, 



38

SLURRY PROCEDURES (CONT.): 
Mix the ingredients thoroughly and all particles must be suspended in your 
slurry. Every time you mix a new batch or a previously made batch, make 
sure all ingredients from the bottom of the bucket are mixed into your slurry. 
if you do not have all the ingredients off the bottom mixed in, you do not 
have the proper mixture of materials resulting in a very weak shell, Follow 
this procedure EVERY TIME you come in to mix the slurry, The Nalcoag #1030 
will evaporate quickly so ALWAYS COVER THE CONTAINER WITH SOME SORT OF COVER, 
EITHER A PRE-MADE COVER OR A SHEET OF PLASTIC OR A PLASTIC BAG. \~henever 
you finish coating your mold, unless someone is immediately following, you cover 
the slurry up tight, THIS IS VERY IMPORTANT! 

To check the proper viscosity of your slurry, take a piece of clean wax and dip 
it into the slurry, let it drain. It should leave a smooth consistant coating 
over the wax. If the slurry beads up or separates, you need to add a little 
more Ultra-wet 60L. Add moderately because too much Ultra-wet GOL causes ex­
riessive foam, consequently it will give you a foamy surface on your wax and a 
weak shell. 

Now that the slurry is mixed and ready, you can now begin investing your pattern. 
You may spray the slurry onto your pattern, dip it into the slurry or pour the 
slurry over it, Be sure to cover the entire surface of your wax inside and out 
(if it is a core piece) and cover all sprues and the outside of the styrofoam 
cup. Allow the slurry to very adequately drain out of all recesses and evenly 
off the surface leaving a very consistant smooth coating over your pattern. Im­
proper draining will give you all kinds of problems later, so do it carefully, 
During the ivesting procedure, hold the pattern firmly but with as few fingers 
as possible because wherever you hold the slurry will be sparse (don't worry 

about bare spots after the first coat, hold the piece differently on the second 
coat, and the bare spots will be covered). 

After proper draining move over to the stucco (and) area and lightly dust the 
entire slurried surface, sprues and cup with the Nalcast S-1 stucco, DO NOr 
_SET THE \',AX PIECE IN THE SAND ON THE FIRST T\"0 OR THREE COATS. The first two 
coats are done with the S-1 stucco to insure good surface detail as the S-1 is 
very fine. Set the piece on a table to air dry at room temperature. Avoid a 
humid or hot area on these initial coats, DO Nar FAN DRY FIRST TWO COATS, If 
it is at all possible you should try to get at least three coats on the pattern 
the first day, however, each previous coat HAS TO BE COMPLETELY DRY TO A WHITE 
SUCAR-LIKE APPEARANCE, IF THERE ARE GREY SPOTS, IT IS STILL \'1ET! Core pieces will 
require longer drying time and may take several days to completely dry, especially 
on the first and second coats, starting with the third coat, you can focus on 
a fan right into the core and that will speed the process. 

Starting with your third coat and previous to mixing your slurry pre-soak the shell 
mold by pouring a wash of straight Nalcoag #1030 over the pattern and set aside 
to soak in while you mix your slurry, 1 allow this pricedure prior to every coat 
from the third to the eigth. From the third coat to the seventh you follow this 
procedure . . Pre-soak with Nalcoag #1030, LET SOAK \'iHILE MIXING SLURRY, SLURRY THE 
SHELL, DRAIN, DUST WITH NALCAST S-2 (coarse stucco). ON THE EI<;TH COAT, you 
pre-wet, soak, slurry and let dry, (YOU DO NOr ADD STUCCO TO THE LAST COAT, 
Large castings often require more than eitht coats (it all depends on the volume 
of metal to be poured into the mold), Whatever number of coats you determine 
the mold should be, the procedure is the same except that on your final coat, 
whatever number that my be will only be slurrv. 
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23. 
CERAMIC SHELL MOLDS: 

An eight coat shell generally measures about 1/~' when it is completed. 
BEGINNING WITH THE THIRD COAT THROUCH THE EICHT A FAN MAY BE USED TO SPEED UP 
THE DRYING PROCESS BUT NEVER USE ANY HEAT SOURCE! 

When the ceramic shell has been completed the next step is to very carefully 
grind off about 1/4" off the bottom of the cup exposing the styrofoam edge of 
the cup. This if cone for several reasons, it allows you to measure the 
thickness of your shell mold and it allows you a channel to burn out the 
styrofoam cup with the aid of an oxy-acetylene torch to open a free channel 
for the interior wax to be evacuated late by a larger immersion burner, 

then the cup area is free of overflow shell and styrofoam place the shell cup 
down on a gate mounted above a bucket of cold water and slowly heat the out­
side surface of the min sprue area leading from the cup to the pattern, try to 
heat the . piece evenly on all sides and melt out about 3/4 of the sprue lead­
ing to the pattern. When this is completed put the shell cup down on a larger 
grate over a tub of col• water and starting at the cup and using a gas/air 
immersion burner gradually and slowly work the burner up and down the surface 
of the entire shell (it may be necessary to rotate the position of the mold 
from time to time). 

Melted wax will slowly drain out of the cup, continue this burn-out procedure 
until wax ceases to drip from the mold and only after you have advanced the 
burner all the way up to the top of the mold it is a good idea to work your 
way back down the mold from the top to the cup again. Ceramic shell molds 
have to be flash burned out in a fast method otherwise the slower methods allow 
the wax to expand and too much pressure is exerted on the 1/4" shell and it 
will crack, this is generally a problem with large or complex molds, however, 
the cracks are easily patched and generally the surface shows only a very 
minimal fin. 

Once the wax has stopped let the mold cool and then weigh it on a pound scale 
to determine the weight of the investment, record the weight on your casting 
sheet for later fee assessment. After weighing, place the mold into the kiln 
for the final carbon burn-out (because of the rapid burn-out with tre immersion 
burner and the nature of the wax, a black carbon is generally left inside and 
outsid~ of the shell), this carbon must be eliminated . 

The kiln can be set immediately for 1500 F . and the shells brought up to that 
temperature as soon as possible, the shells are totally immuned to thermol 
shoe~ but must not be heated beyond 1850 F. The shells need only remain at 
1500 F, for 15 minutes unless some sort of combustable material such as wood 
or plastics have been incorporated into the mold. Prior to pouring (about one 
hour before pouring) adjust the kiln down to 1000 F, (only necessary because we 
remove the shells with asbestos gloves). The hotter the molds the better, 
flowability is increased with hotter molds. Allows your metal to be poured a 
little cooler eliminating some of the gas and shrinkage problems. 



40

24. 
CERAMIC SHELL MOLDS (CONT.) 

~hen metal is ready to be poured turn off the kiln and remove the shells as 
fast as possible as they tend to cool fast once removed from the kiln. 
Bury the shells in sand up to the cup to support shell and to insulate the 
heat inside. 

Pour the molds steadily, consistantly and position the crucible low to the lip 
of the shell mold, remember, you only have a 1. 4" mold, undue turbulance may 
break the shell. 

After the molds have set for about 45 minutes to an hour generally you will 
note the shells will begin to crack and breakdown of their own accord, this 
is due to internal contraction of the metal and the failure of the mold to 
expand or contract. Aluminum pieces should be allowed to set much longer than 
bronze pieces because of its crystalline structure. Also larger, heavier 
pieces should be allowed to set much longer than smaller pieces. 

The longer you let a piece cool down the easier it is to remove the shell 
because the metal will shrink away from the surface of the inner shell leaving 
a hollow air space between the metal and the shell, plus it will crack by 
itself by contraction. Having this air space makes it easy later to just rap 
it with a hammer and it will fall right off. A good practice is to leave it 
overnight making the next days devesting very simple. 

CERAMIC SHELL: 
ADVANTAGES: 1. Sprueing system simpler, all ceramic shell pieces can be 

poured with a direct pour. 
2. Better surface reprojuction 
3. Mold very light , easily handled, especially hot. 
4. Totally immuned to thermal shock. 
5 Shell porosity good for gas evacuation, no need for excess 

venting. (as venting is done right through the walls of the 
shell. 

G. Easy evacuation of carbon. 
7. Molds can be poured extremely hot. Can be as high as 1850 F. 
8. Shells do not expand of contract or change physically with 

heat exposure. 
9. Carbon can be evacuated at 1300 F., generally take kiln to 

1500 F. to be sure. 
10. When the molds are poured hot i t eliminates chilling the metal 

and increases flowability. 
11. Non-wax materials can be used to an extent incorporated i n 

your piece if they are combustable a nd don't have a high rate 
of expansion such as Nylon, Paper, Soft woods (balsa, thin 
dowelling, toothpicks), Cloth, String,Thread, Styrene a nd low 
expanding plastics)!! 

-FOR ALL NON-V.'AX MATERIALS INCREASE YOUR IMMERSION BURN-OUT PROCEDURE AND EXTEND 
YOUR CARBON BURN-OUT TIME, IT ALSO HELPS TO VACCUMM OUT OR BLOW OUT THE MOLDS 
PRIOR TO BURN INC THEM FOR POUR INC! 
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25. 
CERAMIC SHELL CAST ING (CONT.) 
DISADVANTAGES: 1, 1:.ax expansion is very critical to the sheil molds, 

\',hen the mold is complete, the wax should be evacuated as 
soon as possible, Increased room temperature in the early 
stages of the shells (first or second coats) could expand 
the wax enough to crack the thin surface of the mold. NEVER 
UNDER ANY CIRCUMSTANCES OR CONDITIONS LEAVE A CERAMIC SHELL 
MOLD WITH LESS THAN FIVE COATS IN THE FOUNDRY ROOM DURING KIIIN 

BURN-OUTS OR POURING DAYS. 

ONCE THE SHELL MOLD IS VOID OF WAX IT CAN BE STORED INDEFIN­
ITELY AND POURED AT A LATER DATE, JUST PUT A SMALL PLASTIC 
BAC OVER THE OPEN CUP WITH A RUBBSR BAND. 

~. Size of the wax piece can be an inhibiting factor due to flex­
ing of long wax sections or bending in investing process, this 
causes cracking of the shell especially on the early coars. 
Also the handling of the wax sections during the investing 
process is often difficult. The bending problem can be some­
what eliminated by adding parafin to your wax to make it more 
rigid. 

3, Cracks often occur in the immersion burn-out of large pieces 
due to the fact that your burner is moving up the piece 
slowly from the bottom· to the top, however, seeing as heat 
rise~, the deflected heat from the bottom will reach the top 
of your mold before your burner does causing early wax ex­
pansion and crackin~. The cracks are nothing serious but will 
need patching before pouring can take place, 

REPAIR OF CERAMIC SHELL MOLDS: 
If by some accident a cup or sprue or even a part of the piece should break 
off at any stage in the investing period it can be salvaged and successfully 
repaired, If it is a simple crack from burn-out or just during the investing 
process and the piece doesn't completely break off, clean off the immediate 
area removing the broken shell and wash the area with alcohol and allow to dry . 
then the alcohol is dry, seal the broken wax part with a hot knife or hot wax 
tool sealing and welding the wax joint back together fusing both sections 
securely, Clean again with~cohol and · let dry, then start re-investing as though 
it never happened, usi ng slurry and S-1 for two coats then pre-soak with 
tfalcoag on the third coat, slurry, and S-2 until the section has caught up with 
the coat you were doing when the break occurred. If the section is exception­
ally delicate or a joint bearing alot of pressure after three coats of slurry 
and sand on the fourth coat take a small quantity of slurry out of your batch and 
out a patch of fiberglass cloth big enough to wrap the area and dip into the 
amall quantity of slurry and let it soak a few seconds while you pre-soak and 
slurry the weak area on the mold, squeeze the cloth out ani' wrap ;it gently 
around the weak spot, next dust S-2 over it and model it to the contour of the 
piece by hand. Let dry longer because the cloth will hold the moisture much 
longer than the normal drying time of your shell. On your fifth coat and 
through your seventh invest over the patch normally as you would the rest of the 
shell, 
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26. 
REPAIRINC. CERAMIC SHELL MOLDS (CONT.) 

If a cup or wax section completely breaks off, first clean off the broken 
area with alcohol and let it dry. Next imbed a wooden toothpick or match­
stick into one half of t he broken section then insert the sections back 
together. Paint the seam with alcohol and let dry then resume the slurry, 
sand procedure with the S-1 for two coats, pre-soak with Nalcoag #1030 on the 
third coat, slurry and S-2, Fiberglass cloth patches can now be used as was 
before mentioned, complete the shell with the pre-soak and slurry on the last 
coat. 

IMPORTANT! 

If you break off a piece, sprue or cup AFTER the wax is burn-out take a secton 
of wax and fashion a plug (Roman joint) to join both segments back together. 
Squeeq the sections back together until they again match and join each other 
(actually the wax being soft acts as an adhesive). Once joined DO NOT PRE-\'cET 
AT ANY TIME ONCE THE \',AX HAS BEEN BURNED-OUT \'rITH NAl.COAC #1030 BUT SI !\1PLY 
APPLY A HEAVY SLURRY MIXTURE (MAKE IT A SMALL BATCH AT A TIME AND SOMEi',HAT THICK.ER 
THAN THE. NORMAL SLURRY) AND STUCCO HEAVILY '.'! ITH 1TIE S-2,REPEAT THIS AT LEAST 
THREE TIMES (MORE FOR LARGE PIECES). 

PRE-1,\'ETTING WITH NALOAG #1030 AFTER THE WAX IS EVACUATED ' '! ILL TEND TO SOFTEN 
THE INTERIOR SURFACE OF YOUR SHELL AND THE DETAIL MAY BE DESTROYED! 

C OH C '- U6, o t-i '. 
eeN~s-tert: 

Certainly I have just barely scrat ched the surface of all of the many , many 
wayx sculpture can be made and processes that can be used and techniques 
employed and innumberable brands of materials t hat can be f ound . Hopefully 
for the beginning casting s t udent this will offer a basic grasp of some of the 
more simpler techniques of casting a metal sculpture. There always are and 
hopefully always will be artists, technicians, experts that will argue "that 
can't be done" or "that could be done better or faster" and it is with knowled ge 
fully in mind that i offer this meager text compared to the vast resource of 
knowledge available if you are willing to look further which I hope this 
beginning will inspire artists first experiencing casting to seek out. 

Charles A. Kraus 
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'::7. 
KILN OPERATINC PROCEDURES FOR TRADITIONAL AND CERAMIC SHELL MOLDS: 
KILN CONTROL SE(UENCE: (Instructions only for kiln at the University of 

~'.'isconsin-Milwaukee) 
Step 1. Turn "on-off" switch to the on position (Black 110 Volt button). 

Step 2. Set desired starting or maximum temperature figure with small grey 
knob below numerical dial window. YOU MUST HOLD THE SMALL GREY KNOW 
IN \1iHI LE AT THE SAME TI ME YOU TURN IT TO ADJUST DES IRED TEMP. 

Step 3. Press two top (Black) buttons in marked "Blower" and "Exhaust". 

Step 4. l~ait for the small Red light marked "Purge" to come on. 

Step 5. Wait until the second small Red light comes or (far left button), 
then turn on the button marked "Ignition" (lower left blacl;. button). 

Step 6. r:ait for the third small Red light to go on marked "Pilot". 

Step 7. Now step to the rear of the kiln and you will see a silver lever 
with a black knob on it and a sign saying "shut-off", raise this 
lever up as high as it will go then put it in the "DO\'JN" position 
and leave it there, This is the gas release lever. 

FIRST: 
SECOND: 

-The kiln controls are totally electronic and once set need not be 
tampered with unless in the case of traditional molds where as the 
temperature will be raised or lowered periodically. 

-THERE IS A BUZZER \':ARNING SYSTEM CONNECTED TO THE KILN AND SHOULD 
THE SEC'UENCE NOT BE FOLLOWED PROPERLY OR IF THERE IS A MALFUNCTION 
THE BUZZER \'.'ILL SOOND. IF THIS SHOULD HAPPEN, TURN OFF ALL CONTROLS 
IN THE FOLLOW INC ORDER: 
HNITION SWITCH. 
"ON-OFF S1.' ITCH" 

-At this point you must repeat the entire sequence from the very begining 
- l F THE BUZZER CONTINUES TO GO OFF AFTER REPEATINC THE SEG'UEi·lCE, TURN 

OFF THE KILN ACCORDIN( TO THE ABOVE PROPER SE0UENCE AND CET HELP FROM 
A SCULPTURE FACULTY MEMBER. 

For traditional molds follow the posted kiln schedule exactly and all tem­
perature adjustments are made in +50 F. or -50 F, movements and that is adjusted 
at the small grey knob below the numerical temperature scale seen through the 
small glass window at the top of the control panel, 

For Ceramic shell the initial setting of the temperature will be for the 
maximum desired temperature (1500 F.) and needs no further adjustment until 
pouring time when it is lowered to 1000 F. 

For Ceramic shell molds the molds only need to remain at maximum temperature 
for 15 minutes unless combustable materials have been used, then the time 
should be extended depending upon the extent of the interior material. 

It is adviseable to lower the kiln to 1000 F. about one hour prior to 
pouring, 
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::·s. 

PATINATION RECIPES: 

-Patina, surface oxidation of the base metal caused by natural or artifically 
applied acids to form a coloration on the surface of your casting, Oxidation 
takes place with the interaction of water, acid, heat and air. Acids and heat 
speed up the patination process. Very difficult to achieve on Aluminum 
alloys but very good results with copper base alloys such as copper, brass, 
and bronze. 

ALUMINUM: Color range very limited (Gray to black) 

-1:riiBtfttffek '-'41'1f 6 I. A .;.ff.. 
-Stove Polish 
-Enamels 
-Anodizing 
-Plating 

CHEMICAL treatment 

Gray: Rub the metal with a soft cloth moistened with a diluted solution of 
muriatic acid. A few drops of linseed oil is then applied after 
which you rub with steel wool. Result is a dull gray finish. 

Black: Make a bath consisting of: 

CAV)rt(.. 

.~ .... ~*~ Soda 1 oz. 
Calcium Chloride I oz. 
water 1 qt. 

Water should be heated in an earthenware container. The caustic ~Jda 
should be dissolved in heated water and the solution should be stirred 
after which the calcium chloride is added. The temperature of the solu­
tion bath should be kept at 200 F. Immerse the aluminum piece for 15 
minutes, remove, rinse with clean water and immerse for a few seconds 
in a second solution of: 

Hydrochloric Acid 1 qt. 
\'ihi te Arsenic 
Iron Sulphate 
\\•a ter 

4 oz. 
4 oz. 
1 qt, 

AFTER REMOVING THE PIECE THOROUGHLY RINSE WITH CLEAN HOT WATER 
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30. 
PATINATION RECIPES FOR COPPER ALLOYS (CONr,) 
7, Black 

Copper Carbonate 
Ammonium Carbonate 
Sodium Carbonate 
\'iater 

2 parts 
4 parts 
l parts 

32 parts 

Heat the solution to a boil, the bronze should be immersed, The solution 
should be stirred occasionally. 

8, Green 
Cupric Nitrate 
v:ater 

1 tsp. 
1'2 qt, 

Heat the bronze and apply the solution, 

J O, Antique ~bite 
Bismuth Hi trate 
\' ater 

2 tsp. 
1/2 pt. 

Heat the bronze and apply the solution, 

11, 

Parts by weight. Immerse the bronze into the solution until dull green 
appears. 

12. Blue 
Potassium Sulphide 
Ammonium Chloride 
Water 

Brush on surface. 

13. Blue-Creen 
Copper Sulphate 

15 grams 
::oo Grams 

l qt. 

5 oz., Cupric Acetate 
~ater 128 parts 

5 oz., Copper Carbonate 5 oz, 

Dip the bronze into the solution. Parts by weight. 

14, Black-Creen 
Potassium Sulphide 
Ammonium Chloride 
Water 

Brush on surface cold. 

15 grams 
roo grams 

5 oz. 
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31. 
PATINATION RECIPES FOR COPPER ALLOYS (CONT.) 

15. Black ---
Copper Nitrate 50 grams 
Water 100 cc. 

Followed by: 

Potassium Sulphide 50 grams 
Hydrochloric Acid 25 cc. 
\'.'a ter :::oo cc. 

Brush on surface hot or cold. 

16. Black-Creen 
Copper Hitrate 30 grams J 
Ammonia 15 cc. 
Water 00 cc. 

Brush on surface. 

17. Light Brown 
Ferric Chloride :,DO grams 
Water :;oo cc. 

Brush on surface. 

18, Brown to Black 
Sodium Thiosulphage 5 grams 
Ferric Nitrate 40 grams 
Water 640 cc, 

Brush on the surface. 

19. Antique Creen 
\'.'hi te Vinegar 1 qt 
Ammonium Chloride 15 grams 
Table Salt 15 grams 
Ammonia 1/z oz. 

Brush on the surface cold, 

20. Light Blue -(.reen 
Copper Nitrate 15 grams 
Sodium Chloride 95 grams 
\',ater 16 oz. 

Brush on the surface, 
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J2 •• 

PATINATI ON RECIPES FOR COPPER ALLOYS (CONT.) 

21 , Green 
Cupric Nitrate 
Water 

1 tsp. 
1 qt , 

Brush on t he surface . 

,. ,.. 
L ,{. • Apple Creen 

Sodium Chloride 
Ammonium Hydroxide (Aqua Ammonium) 
Ammonium Chloride 

5 
4 
5 

Water 32 
Clacial Acid 4 

Brush on the surface. Parts by weight. 

23. Russet (l;reen) 
Copper Nitrate l part 
Ammonium Chloride 1 part 
Ca l c ium Chloride 1 part 
Water 32 parts 

Parts by weight, Brush on surface cold. 

29 Umber Brown 
Ferric Chloride 70 grams 
Water l qt. 

Brush on the surface. 

2.5. Black 
Potassium Sulphide ½ crystal 
Water 1 qt, 

parts 
part s 
parts 
parts 
parts 

Heat bronze with a torch and brush on the surface while piece is hot . 
Dissolve crystal in container of hot water. Boil water with crystal in it 
and immerse the piece in the solution. 

26. Turquoise 
Ammonia 
Sno-Bowl Toilet Cleaner 

½ qt. 
½ qt. 
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33. 
SOURCES FOR CASTING SUPPLIES : 
(Companies and brand names may vary by area) 

CERAMIC SHELL MATERIALS: 

Nalco Chemical Company 
Metal Industries Division 
9165 South Harbor Avenue 
Chicago, Illinois 60617 
'.J!I/.C: 312-731-3020 
,~L : 

CHEMICAL BONDED-SAND SUPPLIES : 

Delta Oil Products 
6263 No. Teutonia Ave. 
Milwaukee, ~isconsin 
Tel: 414-462-1200 

Materials Needed 
Nalcoai:; #1030 
Nalcast Pi-W 
Nalcast S-1 
Nalcast S-!: 
Ultra-wet 60L 

Materials Needed: 

(J Cals, or 55 Gal. Drums) 
(50 lb. bags) 
(50 lb. Bags) 
(50 lb. bags) 
(Qts. or gals.) 

Resin: Delta Machine Set 309-6X-0 
Catalyst: Delta Machine Set 217-6X 
(Delta Machine Set 309-6X-B Resin can 
also be used with tbe Delta 217-6XO 
Liquid Pyrokoat Mold Wash (Cts., Cals.) 
Core Adhesive ((ts., Gals.) 

FLUXES, DE-OXIDANTS, HOT TOPPINCS AND BINDERS: 

Foseco, Inc. 
P.O, Box 8728 
Cleveland, Ohio 
Tel: 216-234-3551 

\'iELDING SUPPLIES: 

Bentley ~elding Supply 
200 S, Hawley Rd. 
~ilwaukee, tisconsin 
Tel: 414-~76-1222 

or 
Linneban Welding Supply Corp. 
6533 N. Teutonia Ave, 
Milwaukee, Wisconsin 
Tel: 414-352-4600 

(Minimum Order of $25.00) 
DE-OXIDANT: DE-GASSER 190 (Tablet form) 

2 oz. & 4 oz. tablets. 
EXOTHERMIC HOT TOPPINCS: Feedol #9 
100 lb. kegs 

Materials Needed: 
Silicon Bronze Welding Rods (varying 

Diameters) 
Silicon Aluminum Welding Rods (varying 

Diameters) 
General All-Purpose Brazing Flux 
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SOURCES FOR SUPPLIES (CONT.) 

Aluminum Alloys: 

Lawran Foundry 
4700 w. Electric Ave. 
Milwaukee, Wisconsin 
Tel: 414-645-4070 

COPPER BASE ALLOYS: 

Bronze: 

R, Lavin & Sons 
3426 s. Kedzie Ave. 
Chicago, Illinois 
Tel: 312-laJ-1800 

'i'll 

CRUCIBLES: 

Carpenter Brothers, Inc. 
606 w. "isconsin Ave. 
Milwaukee, Wisconsin 
Tel: 414-276-0140 

or 
Milchap Products Inc. 
8656 w. National Ave. 
Milwaukee, Wisconsin 
Tel: 414-321-3111 

FURNACE REFRACTORIES: 

Crichton Corp, 
4080 N, Port Yashington Rd. 
Tel: 414-964-6222 

~4. 

Material Needed: 

Silicon Aluminum Ingots Alloy #43 

Material Needed: 

Alloy Se #12-A Silicon Bronze 

Materials Needed: 

Clay-Craphite Crucibles (Various) 
no.: 10, 20, 30, 40, 50, 60, 80, 100, 

180 

Silicon-Carbide Crucibles (Various) 
no.: 10, 16, 20, 30, 40, 50, 60, 80, 

100, 180, 

Material Needed: 
Brikcast 3100 (100 lb. bags) 
(used for relining or repairing inside 
of pit furnace). 
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TRADITIONAL CASTING SUPPLIES: 

Tews Lime and Cement Co. 
2826 ~. Silver Spring Dr. 
Milwaukee, tisconsin 
Tel: 414-466-4300 

or 
Firebrick Engineers Co. 
2400 S. 43rd St. 
Milwaukee, Wisconsin 
Tel : 414-383-6000 

35. 

Materials Needed: 
2.5 Expanded Steel Mesh (By the bundle) 
Black Tar Roofing Paper (By the roll) 
No. 1 Art Moulding Plaster (By the ton) 

Fine Mesh (200 Mesh) Silica Flour (by the 
bag or ton) 

Medium and coarse grog (By the bag or ton) 

SAND FOR CHEMICALLY-BONDED SAND PROCESS: 

Firebrick Engineers Co. 
2400 S. 43rd St. 
Milwaukee, Wisconsin 
Te~: 414-383-6000 

FURNACES: 

MC Englevan Heat Treating and .Mfg. Co. 
700-708 Griggs St. 
Danville, Illinois 

(~rite for Free Catalog) 

TONCS, SHANKS, ti.. SAFETY E( UI PMENT: 

Voell Machinery Co. 
21925 Doral Rd, 
Milwaukee, lisconsin 
Tel: 414-786-6640 

Materials Needed: 

Natural Grain Flint Silica Sand (By the 
ton or bag) 

(Write or Call for a Free Very Inclusive Catalog) 

PYROMETER: 

Pyro-Matic Industries Inc. 
12555 Lisbon Rd. 
Milwaukee, Wisconsin 
Tel: 414-781-~222 

Pyro-Lance Type Pyrometer 
(0 F. - 2500 F,) 
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SOURCES FOR SUPPLIES: 

i'A.XES: 

Petrolite Corp./Bar~co Division 
40~ Oakbrook Profession Bldg. 
Oakbrook, Illinois 60521 
Tel: 312-✓- 42-1963 

Main Office: 6910 East 14th St. 
P.O. Drawer K. 
Tulsa Okla. 74115 

3~ . 

Material Needed: 

Victory Brown, rnicrocrystalline casting 
wax. 

(Melting Point 165 F.) 

Best for sculpture casting, good for direct modelling and is suitable for 
fabrication. Vaseline can be added when the wax is in a melted state to add 
plasticity to wax once solidification has re-occurred. Parafin can be 
added in small amounts also to add stiffness if desire, especially good 
if the wax is to be used for fabrication or pouring into a plaster mold, 

2.lbs, Parafin to 10 lbs. of wax 

1 lb, Parafin to 5 lbs. of wax. • 


