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The Third National Sculpture Casting Conference was
excellently attended. Not only was our most distant
state, Hawaii, represented, but several countries as
well, the most distant of which was the Philippines.

As a result of this foreign participation, the next con-
ference has been planned as an international event.

The value of the papers supplied for publication
coupled with the international development has encouraged

aspirations for a more complete Proceedings of the next
conference.

The excellent cooperation of those supplying papers
was greatly appreciated. Prof. Schnier gave permission
for the removal of slide indications from his paper,
however, since it was felt they could serve future tech-
nical reference, they were retained. Prof., Sigerfoos
condensed his presentation for easy reference while Mr.
Colton, to avoid similarity to his paper prepared for
the last conference, edited the transcription of his
presentation. Mr. Gadberry not only supplied us with
stencils of his paper, but copies printed by the Midwest
Research Institute in sufficient number to supply most
of those who attended the conference.

For a more complete account of the proceedings,
copies of the tapes recorded at the conference may be
obtained from the Bureau of Visual Instruction, 6 Bailey
Hall, The University of Kansas, Lawrence, Kansas 660LlL.

Elden C. Tefft, Chairman

Third National Sculpture
Casting Conference
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ithout splash coat, ajyp
L ; 3 around a vax pattern Wi y
But when 1nvestzlenta;: z::;;: 4 on the surface of the wax aﬁd lJa-pI')ea;- on the
bl.lbt.)les ﬁeqzeisliaisea nodules or beads. Since ceramlcC S ed ;;O u}l’c up
:;‘.‘;s?z;egagy thin layer OVeTr the wax pattern, surface reproduction is
i

usually excellent.

in the use of ceramic shell molds

Perhaps the greatest advantage of a‘:lll-:jl'.-I'Ed to prepare them for casting,
is the remarkably short time that is req
The wax melt-out and burn-out time for these molds may be as short as twenty
minutes. This, of course, results in a great saving of 1.;J.me jand especially
of fuel. It is possible to prepare these mc?lds ?or casting, 1.e. to d?—wa.x
and burn out the residue, while the bronze 1s being melted in the crucible
furnace. And because of their high resistance to thermal shock small molds
can be cast unsupported on a bed of sand. Larger molds only require dry
sand or shot poured around them for support. Removal of the mold from the
casting is simply a matter of a few light blows with a hammer. WWhere under-
cuts and depressions occur in the cast it is more difficult to remove the
hard ceramic material than it is to remove the softer investment used in
solid molds. But by using sharp points the material can be eventually
picked out.

There are various types of ceramic shell materials on the market.*

They are not all the same. Some can be thought of as representing different

}G)rocesss_es: In one process, an agueous solution of colloidal silca, referred

f° s silica sol, is the binder which when mixed with a powdered refractory

SO:I;rslkil_ne dipping slurry. Dipping the wax pattern in the slurry and then

tﬁe m;‘?gllt with refractory grains of coarse mesh makes a single layer of

R i :i u:ﬁze'ed gera.mc shell mold. The refractory grains used for stucco-

that th °s should have a very low coefficient of thermal expansion so

e mold is not cracked in firing or pouri

a fused silica for st : A pouring. One company manufactures

gel or dry the slurr;uzgztnﬁ thCh-ls chemically treated so as to instantly
Pon which it is sprinkled, This results in &

considerable reduction of tim i i full
ness. Where untreated fused :iiig:%:d A e onoaL T o

i 2 used £ i 313
slurry coat, the drying time varieg from tyo gg g:gcﬁéunfison g

shell slurries. With this bindes ;}sgsu,;gd 2s @ binder for making ceranic
ceramic Ly SS1ble to accelerate the gelling
most imlfl?diate]y, coat so that Succeeding coats can be appligd al-
use & silics sol binder to hi T accelerating the drvin ti Py
when added to the silica W, 1gh alcohol hag been added L %

to COp gas, But I shall 51(0)% :;il also cause fast dry?.ng uls)ggl E?izll;f;o:ed
AT processes or 131'0‘131';3.;021J any time to go into the exactgchemisrttry

Ty materials 3 3
des . « The literature available
ample information on this mattert: B

* 1. Nalco Chemi.
cal Co
2. Ranco-Sil, The Baﬁ’;if;"g gilli West 66th Place. gug
°lph Co,, 32 Chéstmlﬂ?aggrzgé Iﬁi?ﬁif Ohio
5




representatives, if any are present, for the sculptor's unorthodox applica-
tion of the manufacturers' carefully formulated technique., Although the
directions for the use of proprietary ceramic shell materials may state that
so many ml, of this liquid and so many grams of that solid are mixed togeth-
er at such and such temperature, I have seldom observed a sculptor who
followed such directions. Many of them do not have a scale, a measuring
container or a thermometer in their studio. The reason for this is that the
artist's objective differs from that of the man in industry. However, it is
no better nor worse; just different.

Whereas the foundry man may think in terms of shrinkage tolerance and
impermeability to gas or hydrostatic pressures, the sculptor is primarily
interested in visual appearances., What might be considered a flaw in in-
dustry, mey be considered a "find" in art. In industry, the emphasis is
on developing techniques that can be taught to any one of fifty or more men.
In art, the sculptor is more likely to develop a technique that suits just
his own temperament and just his own type of work.

(SLIDE 1) Now, I will start with a description of the process as ap-
plied to simple wax sculpture patterns without cores. The molding of hollow
patterns will be taken up later. No matter what the surface of the wax--
smooth or textured--it is essential that it is thoroughly cleaned with alco-
hol or other cleaning fluid. The surface of the wax must be free of all oil
and grease in order for the slurry to adhere to it. The wetting property of
the glurry may be increased by the addition of a wetting agent such as Ultra
Wet. But since this wetting causes foaming of the slurry, it should be
used sparingly. (SLIDE 2) Because a fired ceramic shell is extremely dur-
able and resistive to thermal shock it can withstand a flooding of heavy
molten metal without erosion or cracking. Pouring, therefore, can be done
readily and safely through the mold. This results in a drastic reduction in
the spruing and gating system. Usually the pour cup with a short sprue can
be attached directly to the top of the pattern. In other instances, where
it is necessary to have molten metal flow quickly over a large area, a heavy
runner with several gates may be required,

Since ceramic shell molds are highly permeable, it is not necessary to
provide for the escape of air or gases that might be trapped in the cavity.
Venting is thus eliminated and this again simplifies the gating system.

Pouring funnels may be of wax, styrafoam cups, or prefired ceramic.
Styrafoam cups have little strength and where used, must be carefully handled
to prevent breaking away from the sprue. However, when the ceramic shell
reaches full thickness on the cup and sprue this feature is no longer criti-
cal. Where the configuration of the pattern is such that wax does not read-
ily run out of certain sections during the melt-out, separate drains running
from these pockets to the pouring cups are installed. These drains also
act as supports for the wax pattern during dipping and stuccoing and prevent
it from breaking off at the sprue or cup. Risers are not critical in
the pouring of sculpture patterns of uniform thickness. Frequently, an

* Ultrawet 60-L; 0il Products & Chemical Co., (Division of Nako Chemical Co,)
9165 South Harbor Avenue, Chicago, Illinois 60617. )




na runner is sufficient to provide the ex.

- up a
ouring C dkage of the carabn

ired by shri

o oidal silica solution (silica soOl) is useq
(SLIDE 3) Where liquid COIltory powder {8 added to it to make the slurry,

as the binder, a very fine refrad or with an electric mixer. The flour is

ixing is done either by han i
Zﬁirﬁﬁgfﬁe, 75% passing through 325 mesh and B oD

microns. Stainless steel is advisable foz_' the contailner zs Eh: :ﬁur?{ causes
unprotected steel to rust. Plastic containers may be used, tu 4 e flexing
of walls causes hard insoluable pieces of thcf: cer:.amn.,c shell. o. rop.o;?f into
the slurry. The bench life of slurry made with silica sol is indefinite,
That made of an ethyl silicate base is about seven days.

increase in size of p
tra molten metal regu

(SLIDE 4) Patterns for industrial castings are made of extremely hard
and strong wax formed in an injector machine. Such patterns can receive
rough handling while being dipped without danger of breaking. (SLIDE 5) On
the other hand, sculpture wax patterns are usually softer and less strong,
and consequently must be handled carefully, especially until the shell coats
are sufficiently thick to withstand the strain produced by the weight of the
mold over the wax.

(SLIDE'6) Each dip or layer of slurry is sprinkled or stuccoed with
fused gilica grains. Final coats may be built up thicker, faster and more
economically by using a very coarse refractory such as grog. Although some
ma'mufactl:lrers specify the use of tWo'different grades of stucco graing--a
fine grain for the first two coats ‘and a coarse grain for the remainder--
some sculptors are obtaining quite éatisfactory results using the 'coarSter 4
grained fused silica throughout. Others use the coarse grain for the first
two coatg and grog of even a much coarser grain from there on.

. '

beforgs}cﬁEnzn)ct bach layer or coat of ceramic shell mst be thoroughly dry
moist layer, th Eo epplied. (SLIDE 8) 1f a coating is applied to 2
celeratez tr’xe df- ?aterlal WilL slough off. A good circulation of air ac-
also used. But Xang ep blovers, through which heated air passes, are
othervise crackinér;aﬁu (S,ECEE. gzlzefclomt to heat up the wax of the pattern,
lyzed f s ! Jue Wax expansion, e
sg.,nce Eﬁzyia::i;:itisl:eﬁ‘egeii-a binder, air circule(lilili:gEig)noi;lhiiit?ggio
i "o=iNg. In order for a gj a
> the ent;re pattern is wetteg R

ayer from trapping air bubbles. -

Pendent upon t} . mold o . .
of the m.efal zhe Slze and nature of the wax ztthe number of coats, is de- .
BRDCRCaZt fug: Hux pPatterns with ?a °rn and the melting point

require thicker molds ty ~Ong thin
Steels which melt " hig;ntShort compact patterns, (sgggpﬁ?_;‘tegﬁiszgnts

SL '
(. IDE 12) The latter may -I'€ more coats than aluminum.



steel wire midwgy between the first and last coats will be shown later.
Ayother method is to use thin mats of fiberglas dipped in slurry and
fitted over the mold. Both these methods will be referred to again later.

(SLIDE 13) Because wax used for patterns expands up to 12% in pass-
ing from a solid to a liquid state (or from 75° F. to about 125° BN
conveptional burn-out--that is gradual melting of the wax--results in
cracking of the thin molds. Therefore, de-waxing with heat is accomplished
by shock melting the pattern at a high temperature so that an outer thin
film of wax melts almost instantly before the mass of wax can expand and
exert pressure on the shell. (SLIDE 14) The nature of the gates and run-
ners can play an important role at this point in the process. By inserting
a heated rod through the hollow cup into the sprue a hollow channel can be
established to take care of some of the wax expansion.

(SLIDE 15) This is a home-made de-waxing and burn-out furnace made by
Mr. Donald Haskin, a member of the sculpture faculty at the University of
California. It is constructed from a 55 gallon oil drum lined with refrac-
tory brick, supported on three legs, and with a bottom that moves up and
down. The burner is made of 2" pipe with a salvaged vacuum cleaner blower
fastened to the end. Fuel is supplied from a tank of propane gas which
enters the two-inch pipe between the blower and the furnace. A thermo-
couple from the interior passes through the wall of the furnace where it is
attached to a pyrometer to check temperatures.

The cup of the mold is placed directly over a hole in the floor of the
bottom plate, then the bottom is moved up into the hot furnace. Different
pattern waxes may require different optimum temperatures in order to quickly
relieve the stresses caused by the expanding wax. Thermal shock alone will
not crack the shell even if temperatures upto 2000  F. are used.

(SLIDE 16) Shock melt-out must be carried out in an oxidizing atmos-
phere. A standard closed bottom hearth which does not permit draining of
wax without burning it is not recommended. Waxes burn so furiously in
closed furnaces that the oxygen supply becomes deficient and much carbon is
deposited within the pores of mold. This carbon may be very slow to burn
later and may interfere with the mold's permeability. A furnace with an
open grill or a hole in the bottom so that melted wax drains out, without
burning or decomposing, into a bucket of water, reduces the possibility of
carbon deposit and results in white clean molds.

(SLIDE 17) Following de-waxing, the temperature is raised and the
shell refired to completely burn away any residual wax. Here again, it is
important that the shell be in a truly oxydizing atmosphere, (SLIDE 18)

In such an atmosphere the carbon burns away as rapidly as it forms from the
decomposing waxes. The combination of black wax with a poorly oxydizing
furnace atmosphere can result in quite sooty looking shells. With propeg
atmosphere and heat, the burn-out may be completed in 15 minutes at 1400° F.,
or in less time at higher temperatures. (SLIDE 19) The temperature need
never exceed 2000o F. as all carbon is burned out in 15 to 20 minutes be-
tween 1.0000 and 1600 F., if plenty of oxygen is present. However, if the
shell has deep recesses Or intricate passageways it may take considerably

longer to burn it completely free of carbon.
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= 1y resistant to thermal shock 5
(SLDE'Zl)maiiraﬁ]c.l nothrack oven if poured unsupported on a bed o
therefore, 1fhzld ir,1 the pouring tongs.

sand or when
nave seen the application of this shell process to rather
u

So far yoO i @ for hollow waxes such as heag

; £ can also be use
gl patgg%l;-ﬁf This is a hollow shape molded.and cast by Donalg
shape forms. ( essure of expanding waxes, slits, not more thap,

paskin. To relieve 17 prt through the completed shell and then sealed

; i i may be cu st - .
p;le:e;(ilrﬂgm;n By € ide the pattern is inverted; the projection at the
:op “orresponds to the neck. (SLIDE 34) The hollow pour cup 1S attached to,

the top of the head-like form. (SLIDE 35) The cup is placed mouth down over
the hole in the bottom plate of the furnace, flash melted, and then burnt o,
(SLIDE 36) The finished purnt-out mold is now ready for pouring. (SLIDE 37)
There are actually two shells to this mold, an outer and an inner hollow core.
No core pins were used to support the inner shell. The only support was pro-
vided by (SLIDE 38) the thin edge where the inner and outer shells meet
(SLIDE 39). The hollow shell was packed with sand to take the pressure of
the molten metal striking it from the top. (SLIDE 40) The hollow casting
as it came from the mold required only a very light cleaning with the wire
brush. (SLIDE L1) The thinness of the wax pattern indicated by the thick-
ness of the metal at the neck was no more than +" and it was the bottom of
the neck that supported the core and kept it in position during the melt-out
and pour. (§LIDE 42) Here is an example of my own sculpture--my first cast-
;zgtlg ceramic shell. In the absence of a burn-out kiln, a single oxy-
inveztzgecﬁor:h "’as used. By working from the bottom upwards, i.e. from the
A tﬁe gwrir‘ : : the mold was de-waxed without cracking. It was then
el Thec: ur?‘ furnace before the bronze was melted, and brought WP
that it was possible tzc;azin?;e Ca_«St was so clean upon removal of the'mOld
casting this piece convinced e without fu:?tl}er treatment. The experience
certain sizes and shapes of me of the possibilities of ceramic shell for
sculpture compositions. 38

(SLIDE 43) & :
mic shell moldin great surprise in connection with the application of ceré”

(e} N 7

Foundry* in Soutiei{xrciiﬁpm?e was my discovery of Mr. Lynn Smith's Pi¢¢
this technique. The ip ifornia, Here, life size sculptures are cast using
to sizes adaptable tolfﬁortant variation is that the comp]_e'ted waxes are cu

are velded together yith Plant's equipment. After casting, these piece®
tuelve foot tall statl h ?he heliarc, (SLIDE 44) This h ga i £410
1s cut in two beloy tges_ls too large to mold in o - ea(SLIDE 45) s0 it
: © Jaw and along a line easy :sli g:igeand chase. (SLIE
n the eq oating patterns: Is used (SLIDE b
edge ofda vibrating table to remove %

the st A s done either with a small screé
“°?°hg§§ms suspended i mug rC [TOW the bottom of a container keep®
gates in gpg € or tvo gates, ( alr, (SLIDE L9) sSmall solid waxes ar

er to get SLIDE 50) Large h =

Ttiple in the omvi ge hollow shells have cime:
Ple gates g15¢ assist § vity in the shortest possibleé 1
St 1n the de-waxing process by PI‘OVidl

- S of (SLIDE
fluldlzlng bed in whicﬁeli

L Piceo Ing;
lls’tries, 7
1729 § rth 0
§ . vénue, E1 Monte, California
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more outlets through which the melting wax can escape. They also help pre-
vent hot spots. To reinforce these large shells, Mr. Smith uses thin stain-
less steel wire wound around the mold midway between the first and last
coats. (SLIDE 52) To assist in the building up of the hollow cores in
large sculpture patterns having only one opening,a large door (SLIDE 53) is
cut through the wax at the closed end. The door is invested and cast sepa-
rately and then welded in place. (SLIDE 54) Mr. Smith believes in generous
spruing and gating (four gates are used here) and this may partly account
for the high success he is having with his ceramic shell castings. (SLIDE
55) Other patterns, as in the case of standing animals, he may open along
the back, cast separately and then weld together (SLIDE 56). (SLIDE 57) In
melting, the Picco foundry uses crucible as well as portable electric fur-
naces. Here a small electric furnace is carried to the molds and these
molds are poured directly from the furnace. (SLIDE 58) After the cast has
cooled, the outside ceramic shell is easily cracked off. The core requires
more time to remove. It is interesting to note that on this industrial
casting the pouring cup,vhich also acts as a riser, is about the same
volume as that of the cast itself.

(SLIDE 59) This shows the number of pieces in which a 30" simple ver-
tical sculpture composition is cast. (SLIDE 60) The round holes are core
extensions connecting the inside with the outside shell. These serve the
same function as core pins in holding the core in place after the wax has
been melted., The surface of the bronze has been given a light sandblast
to remove the fire seal.

(SLIDE 61) The leg of a twelve foot figure has also been cast in
three separate parts. (SLIDE 62) 1In casting the waxes of large hollow
sculpture sections, a very hard wax is used so as to avoid warping of the
pattern when it is cut into sections for making the ceramic shell. (SLIDE
63) After the sections are welded, grinding levels down the joints and at
the same time, removes the gate stubs which are left high when the sprue
and runners are removed.

(SLIDE 6L4) The ceramic shell process can also be used for making molds
of compositions in styrafoam such as this design which is the work of Bruce
Beasley, a very talented sculptor of the West. (SLIDE 65) Because foam
plastic is extremely light-weight, it lends itself readily to thin elongated
and cantilevered forms. (SLIDE 66) Statues in styrafoam may be covered
with a thin coating of wax to smooth the rough cellular surface of the ma-
terial. (SLIDE 67) Or the foam plastic statue may be used as a master
pattern from vhich an edition of waxes is made in a flexible mold.

Styrafoam, like wax, can cause cracking of the ceramic shell and must
therefore be dissolved before the mold is de-waxed. This is accomplished
by pouring acetone into the cup. Small holes drilled through the low points
of the mold allow the solvent to drain off and thus prevent build-up of
pressure in the mold cavity.

(SLIDE 68) My main purpose in showing you the next group of slides is

to acquaint you with the spraying technique for applying the slurry and
building up the mold. Here the fine refractory powder is mixed with the
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. i is tested by feel., 1In
The viscosity of.the mix }S S0 the waritaer

silica sol. §SLIDEC§2£1ng to the proportions as l}stegf R froms
T i 1. (SLIDE 70) This is a section 1d. It represents
book is not pragtlca,-h Mr. Beasley made in a flexible mo %hin el
an edition of six whic of the composition, as all of the e D (SLIDEg
just the central section 4 are to be shell molded separately.
elements have been cut off &n been sprayed over a portion of the wax
71) The first coat of slurry o followed by a spray of refractory
surface, and (SLIDE 72) is now belngn the pattern on a revolving stand,
grains. (SLIDE 73) By slowly t“mteg (SLIDE 74) Another spray of slurry
more and more of the surface is coa 1léwed by a spray of fused silica grains
fromithe gun inthe right hard 1p i?DE 75) Soon the entire surface is cov-
from the gun in the left hand. (S(sLIDE 76) The second coat is then started,
ered with a first layer or coat.. it is mot necessary to wait for the pro-
(SLIDE 77) With the spray techleueI;E ;8) Layers can be sprayed on one
ceeding coat to completely dry. (SL. kness is obtained. The surface of the
after another until the necessary thli T eoiarter 200
wax pattern which rests on the suppor ioiaet thiensathern. £ (51.I0E 0 aNAs
e T obtained onltzedexg;siﬁesigtzl mixing container is emptied, the
soon as spraying is completed, . or more of water
S T e e R g R
through it. Failure to do ; 0) To pre-
e e
vent the mold from cra?klng and . also L R RIS R L.
matting can be dipped into the slurry an T L R
ceramic shell. Another method to ?elnforce.the wold is ¢ Ao Ty o
stainless steel wire as was shown in the sllde§ of.work in progr e
Picco Foundry., (SLIDE 81) Where a burn-out kiln is not available, or
the kiln is not large enough to accommodgte large shells, a substltutii:r- _
rangement can be made with a group of adaustab}e gas burners. By word. g
from the bottom upwards it is possible to provide space for the gxpan_lng
wax of the pattern. After the wax has run out, the temperature is raise z
and the mold completely burned out. (SLIDE 82) Here are a few examples O
unfinished castings made in ceramic shell by Bruce Beasley. (SLIDE 83)
Since he casts in aluminum he is not too much concerned with weight and

therefore does not hesitate to use thick sections of metal in his composi-

tions. (SLIDE 84) All of his castings, made in ceramic shell molds to date,
are solid.

Now to summarize,

The ceramic shell mold, because of its high resistance to thermal shock,
its strength, and its permeab

ility has definite applications to the casting
of sculpture forms, e

: s, either solid or hollow. Although the cost of materials
1s very much higher than those used for solid investment, ceramic shell re-

guires a great deal less than does the latter. The amount of mold refuse
1s negligible. Then there is the matter of its high fidelity to surface de-
tail and texture. But rerhaps the most attractive feature of all is the ex-

tremely short de-waxing angd burn-out time which practically closes the gap
between making the mold ang pouring the metal,

* The R-2 spray gun, obtainable from Plaster Supply House Box 551
Chicago 90, I1linois, may reduce proble el : %

m of clogging.



HEALTH HAZARDS IN THE FOUNDRY. .. . .

Jeremiah R. Lynch¥

The title of my talk is 'Health Hazards in the Foundry" since I felt it
would be wise to concentrate on the principal health hazards encountered in
general industrial foundry operations rather than to try to anticipate the
variety of materials and techniques that would be used in the art and science
of sculpture casting. After I have covered these basic hazards, which are
common to almost all foundries, I will open the matter to discussion so that
I may be able to help with some of the specific problems that may be causing
some concern. '

Silicosis is the principal occupational disease of founders. This con-
tinues to be true even though we have been working on the problem for over
35 years. In a recent survey made by the U, S. Public Health Service it was
found that there were over 1600 new cases in 20 States in the period 1950-5k.
Vhile present data obtained indicate that in some areas of work activity
with silicic dust (lead-zinc mining) there has been a reduction of 4O percent
in silicosis prevalence in the past 25 years, the disease is not exactly
vanishing, However, its significance is due not only to its incidence but
also to its severity. Silicosis is an incurable disease and is frequently
a major contributing cause of death.

The nature and causes of the disease are fairly well known. The cul-
prit, of course, is free silica, SiOp, as a dust inhaled into the lungs.
Free silica.occurs most commonly as the mineral quartz and is found in a
variety of rocks and sands. Free silica is the most toxic of the mineral
dusts. According to a recent theory the fine particles of silica which
penetrate deep into the lungs are caught by the phagocytes, the organisms
which keep the lungs clean. However, instead of removing the particle of
silica as it would an-inert dust particle, the phagocyte dies; probably
killed by some toxic property of the silica particle. This leads to the
formation of scar tissue down in the air sacs and the ability of that sac
to transfer oxygen is impaired. When enough of this destruction occurs,
hard nodular masses of fibrotic tissue develop and impair pulmonary func-
tion. This is slow and it may take from 10 to 30 years before the disease
is detectable. Once this fibrosis has developed it cannot be removed. In
later stages it doesn't even help to change to non-dusty work. If the ori-
ginal dust exposure is large enough, the disease may continue to develop
even after the exposure has ceased.

The first outward symptom is shortness of breath. This gets worse un-
til the individual is unable to climb a feu steps without stopping to catch
his breath. Death frequently occurs as a result of some secondary infection

such as tuberculosis.

*U, S. Department of Health, Education, and Welfare

Public Health Service
Division of Occupational Health
Cincinnati, Ohio
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d of a case of silicosis. Firgy
factors determine the likelihoo
is thzogiac:ion of the dust in the air which gets into the lungs. Second,
the percentage of free gilica in the dust. Third, 1s the duration of expn.
sure and fourth is the degree of individual susceptibility.

Several of these factors should be commented on. The amount of dust
entering the lungs is not the seme 8§ the amount in the alr breathed. The
body has very efficient mechanisms for protecting the lung from dust. Practi.
cally all of the dust larger than 3 u (1/10,000 of an inch) is caught in the
respiratory tract and never f£inds 1ts way deep into the lung. To give you
an idea how small that 1s; the finest 400 mesh screen has & hole size of
gbout 50 u. Particles in the micron size range teke hours to settle out of
the air and thus will remain in a room for long after they are generated
unless removed by exhaust ventilation.

Another factor to consider is duration of exposure. There obviously is
s difference between a gray iron foundry in Detroit turning out an engine
block every few minutes, and a foundry meking only a few castings a day. In
all long term chronic exposures, the levels which are considered safe are
based on the emount a person may withstand without injury for eight hours &
dey for a working lifetime. In estimating the effect of these hazards we use
a time-weighted average which considers the frequency and duraetion of exposures.
Consequently, where operations are intermittent and exposures of short duration
less of a problem may exist than in a production line industry using the same
processes. This line of reasoning should be considered in developing health
hazard controls in the sculpture casting foundry.

All of these factors which determine the likelihood of silicosis give
us indications of the methods of control which may be successful, If we use
only new weshed sand without any fines, and handle it so as not to produce
fines we can reduce the concentration of very smeall particles in the air.
Sheking out of a sand coating and reuse of the sand increases the hazard. If
sand low in free silica can be used it will reduce the hazard. Local exhaust
ventilation can capture and remove the dust as it is generated and thus reduce
exposure. This is probably the dominant method of control in industry.

Metal fume fever 1s in many respects t
silicosis 1s slow in develo y pects the apposite of silicosis. Where

: Ping end chroni
acute. While silicosis of c, metal fume fever is sudden and

ten leads to 4
It might seem therefore th eath, metal fume fever never does.

at we could ignore it., However, I am
A sure that
once you have had it you would never want to go through i% again

copper, dzon: segmne, S5 Of metal fune fever is zinc oxide, although
very small p;rtiiles um end tin oxide fumes can also cause it. When the
lungs it is though:stgfta freshly generated fume are inhaled deep into the
modiried protein in the bibey react with the wall of the lung, liberating &
of the body to a forejen ood, which then causes the characteristic response
high as 102° F nause;g— Protein. The symptoms include chills and fever &8
This illness bégins wi%hzzaknzss and general aching of the head and body.
never been known to be fatai_ ew hours of exposure, lasts about g day and hes

processe Control conmsists of loc
8 and possibly the use of resplratory protectigi.ventilation mpREt
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A word of philosophy on the use of face masks and other kinds of res-
pirators. For the long term control of exposure to a chronic persistent
dust they are not recommended. It is practically impossible to get some-
one to wear one for eight hours a day. Few masks are designed for the
wearer to talk, so most interfere with voice commnication and would be a
handicap in a teaching situation. Further, the control of the dust or fume
hazard can be better accomplished with local exhaust ventilation. However,
in a certain few instances where it is desired to avoid a brief exposure
to a toxic contaminant where local exhaust would be difficult, as may be
the case in pouring a casting, an approved face mask respirator may be the
answer.

A more serious problem from metal fume involves the casting of toxic
metals such as beryllium, lead and other heavy metals. The fumes of these
metals can lead to serious chronic poisoning and when they are used special
precautions are necessary, including local exhaust of known effectiveness,
pre-employment and periodic physical examinations, and regular surveillance
of the environment.

I have referred several times to control by local exhaust ventilation,
This is probably the most effective means of controlling health hazards in
foundries, While general ventilation means removal of a contaminant after
it has been disseminated throughout the general room air, local exhaust
ventilation captures the contaminant before it gets to the worker's breath-
ing zone. By means of hoods and enclosures which control the movement of
air we are able to generate capture velocities in the vicinity of the
source of the contaminant and remove it before it can do any harm., The
Precise engineering details of a variety of designs of such hoods are con-
tained in several references which are listed in the bibliography.

As a stimulus to discussion, I would like to mention briefly several
other possible hazards. Before I begin, I should emphasize that not all
of these would be expected to exist in any single foundry.

Wherever metal is.being cast there will be heat and if certain limits
are exceeded, heat stress may be a problem, Ventilation and heat shields
may be used for control.

Noise is a problem where mechanical equipment such as shakeouts are.
used. Excessive exposure can cause traumatic hearing loss. Esr protection
can reduce the likelihood of damage.

Acrolein sometimes occurs from the decomposition of core oil. It is
toxic and very irritating so that you could not be able to tolerate it for
more than a few minutes. Ventilation would control the hazard.

Chlorine gas is sometimes used to volatilize impurities in aluminum.
This is a very dangerous operation and must be controlled with properly
designed local exhaust hood.

Nickel carbonyl is sometimes used to coat patterns and models to im-
prove surface finish. Not only is nickel carbonyl toxic itself but it
decomposes rapidly to yield carbon monoxide, These coating operations
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should be totally enclosed in a chamber kept under a negative pressure by
an exhaust system.

Phosphorus used in making phosphor copper is a chronic poison. The
fumes should be controlled by local ventilation.

Resins of the thermo-setting type are occasionally used in shell molding,
In addition to toxic fumes produced on thermal decom:pos:id.:ion3 some of them
are capable of producing dermatitis. Local exhaust ventilation and protective

creams may be required,

Solvents used for cleaning castings vary as to toxicity. Some like kero-
sene are relatively harmless while others, such as carbon tetrachloride are
extremely dangerous. The best method of control is to substitute a less
toxic solvent wherever it will do the job. When this is not possible enclo-
sure of the solvent cleaning operation is frequently practical.

Carbon monoxide, as a result of incomplete combustion of carbon fuels
may occur whenever a flame touches a surface that is cooler than the ignition
temperature of the gas. Thus the heating of a cold crucible can be a serious
source of exposure if it is not properly vented.

This completes the prepared portion of my talk. I will be happy to try
to answer any questions you may have on foundry health hazards.
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MEXICAN AND CENTRAL AMERICAN FOUNDRIES

Elden C, Tefft

This investigation not only included Mexico and Central America, but
extended to Panama and Colombia in South America.

The primary purpose of my return to Mexico was to obtain photographs to
visually align my previous work there with the report which I presented at
the last conference on European foundries, I also wished to cover more
thoroughly the foundries of Mexico and to check recent developments and
trends.

Secondly, I wished to initiate a search for evidence of a continuation
or carry-over of pre-Colombian lost wax techniques into contemporary casting.

I found the greatest activity in contemporary sculpture founding cen-
tered in Mexico City. However, I encountered intense interest in Costa Rica
and Nicaragua and what may be the beginning of a rebirth of sculpture found-
ing in Guatemala.

Although time was too short to carry the search far beyond the found-
ries, there are a few areas in which (because of the comparatively primitive
techniques presently in use) further study should prove interesting regard-
less of a possible link to pre-Colombian cultures.

As to technical development, while there is still a division in the use
of coke and oil for melt, almost all of the foundries use oil for at least
part of their burn-out. The furnaces used for this are of the traditional
brick build-up type. However, from foundry to foundry there are many inter-
esting minor variations, especially in the burners used.

There seems to be a trend in investing toward the use of metal in
place of the earlier brick flasks of Mexico or the hand-built molds of the
European or older foundries of the United States,

A development that seems almost universally accepted in Mexico is the
use of carbon arc for repairs and joining and, of course, a notable increase

in the use of power hand tools.

The following is presented by countries in order of investigation. The
non-foundry references are included to indicate the breadth of investigation

as well as to point out fringe interest areas.

Mexico

In the Saltillo and Taxco areas where no sculpture casting was found,
I surveyed the silver establishments., Although most of them maintain small
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o-called silver factory areé of Mexico City I
However, in Oaxaca the reproduction of
the region's ancient gold castings has almost become an industry. Although
the equipment is simple, their techniques are considerably removed.from that
used to produce the originals. Perhaps closer to.ancestral traditions are
the procedures used by the smiths in the copper villege of Santa Clara near
Patzcuaro. They produce wrought rather than cast ware; hoyever, I found
their hand-powered primitive bellows forges of particular interest.

melt furnaces, &s in the s
found no casting of significance.

I also found that some industrial foundries welcome the opportunity and
take pride in making bells when the occasion arises. One such foundry is
Pizzuto foundry in San Luils Potosi,

Perhaps the high point of the out-of-foundry research in Mexico was
my opportunity to visit again with Luis Alberrén y Pliego in his home and
studio, Linares 42, Mexico D.F. Sr. Albarran, at an eerly date, became
interested in sculpture casting. He traveled through Europe examining the
techniques of the foundries, then returned to Mexico to share his experi-
ences by teaching., I have found no foundry or foundryman in Mexico who
has not directly or at least indirectly profited from his teaching. Thus,
the or%gin of sculpture casting in Mexico can be traced primarily through
Albarran to its European origin,

Rodolfo Gonzalez, Plaza de Lapaz 63, (Casa & Taller), Pastita k49,
Guanajuato, Guanajuato. Gonzalez, a sculptor who does some casting for
others, ?mploys traditional equipment, a buried forced-draft melt furnece
fueled with coke and & built-up brick burn-out furnace which contrary to
recent trends in Mexico, is fueled with wood alone. The coméonents of the
sp;:e system.used are large, but limited in number. Investments utilize a
refractory mined locally and are poured in metal flasks, Perhaps of most

interest is Gonzalez's i
S P, use of narrow triangular shapes or wedges of brass

D.F.-fgizzndg Diaz, Calle Rancho de Santa Cruz 142, Colonia Jamaica, Mexico
» owner-manager, teaches at the San Carlos Academy of Art, His y

foundry, experienced and
perhaps at its best doin
much heroic work, especially for Ignacio Asﬁnsolog = )Y

Evide :
in = Y. aving s : 3
the paest, I wag well acquainted with presiogzn;rggzgigzzable i

gﬁfing-l Since the mold ig on & prior visit may have encouraged this devel-
—out, the flask is remov
Pleted by extending the perimeter wisy o, oLt SIO0s the Ao
c stege. investment which has r }
eached the
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Vicente Barron, Av. Ramos Millan, 115 "C", Mexico, D.F.--The Barron
foundry recommended by Miguel Miramontes of Guadalajara is perhaps the
least permanent of installations visited. It may be for this reason their
burn-out was of particular interest. It employed an eliptical version of
the traditional built-up furnace. An extremely simple natural draft gravity
oil burner constructed of a few feet of standard pipe, fittings and a tinned
can, was alternated between the ports centered in each end. These burners,
because of their very portable nature, were used for many purposes, Simply
propped or staked into position, they were used for heating and melting of
wax, gelatin, etc.’ :

Eugenio Ortiz Torres, Calle Maria 177, Colonia Nativitas, Parado Lago,
Mexico, D,F.-~The Ortiz foundry is a comparatively small operation which
enjoys an excellent technical reputation. For control during early stages
of burn-out, which is accomplished in single port built-up brick furnaces,
the burn-out is by policy always initiated with wood, even though it is
often completed with oil. Their burners are a version of the traditional
forced draft, dripped oil burner. In spite of this use of oil for burn-out,
the melt is by coke,

Fundicion Artistica, S,A., Pablo Portilla Osio, Gerente, Bahia de
Chachalacas 7, (Colonia de la Veronica), Mexico 17, D.F.--Fundicion Artistica
is one of the older establishments which does industrial work as well as a
great amount of very large government sculpture castings, much of it in
sand, The number of large projects in progress facilitated observation of
their bolted strap iron tie technique used for assemblying large sections
of sculpture for joining.

Here again the oil burn-out burner wes interestingly varied and slight-
1y refined by taking advantage of a central compressed-air system. Con-
sistent with normal practice, many uses were found for this burner, includ-
ing heat for patination.

Moises del Aguila, Av. de Las Americas 75, Colonia Moderna, Mexico,
D.F,~-The Aguila foundry is a residential foundry situation similar to, but
larger than, the Ortiz foundry. It is owned and, with the aid of his son,
operated by Senor Aguila who was trained as a sculptor as was Diaz and
most of the others. Although recommended by Francisco Zuiliga for small
work, the foundry also does larger work,

|
Guatemals !
|

A very pleasant éonference was enjoyed with the officials of the
National Museum especially Grajeda Mena. However, my c@ief informapt vas
Rodolfo Galeotti Torres, a sculptor whom I met at the Diaz foundry in
Mexico.,

Rodolfo Galeotti Torres, (Taller), 33 Av. "A" 29, 22, Zone 5, Guatemala
City, Guatemala, and Luis F. Aguilar, 33 Av. 29, 77, Zone 5, Guatemala City,.

Guatemala-~Galeotti, by following our example of the sculptor participating °
in the actual casting of his own work, may well be initiating a renaissance
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i : is beginni
In his own studio, he 1is mg .
orts around the corner to tl.le small Aguilay
: The one thing that most interested me i
ing my publication, Sculpture Casting

of sculpture casting in Guatemala.

olds which he trans
prepare I ot and pouTs

foundry for burn-o e us
; ion was that they Wer
this operati de for their procedure.

in Mexico, as a gui
i Guatemala,--Lopez re
: oion. Fernando Lopez Lopez, Mixco, {
‘vegaﬁ:rizs%cﬁaimng in Guatemala from an Ita]..ian founder. ; th.an he
ce:ts he uses a 4=to-1 local volcanic sand, plaster 1nvestm§nt Ythch is
- g done little sculpture casting in recent

burned out with charcoal, but ha :
years because of costs of labor and materials in Guatemala.,

E1l Salvador

The director of El Salvador's new museum, Tomas Jidias Jiminez, was
most cooperative in arranging for me to photograph a number of small sculp-
tural ceramic forms, however, their collection included no gold or other
lost wax castings.

Marcelino Alas Fundicion, Calle Mexico 1021, San Salvador, E1 Salvador,
--Tl_:is foundry was introduced to me by Professor Valentin Estrade of the
National Art School. The Alas foundry is a sand foundry which undertakes
special projects when they are needed, including sculpture casting. I en-

joyed the opportunity to observe the shake-o 2
poured the day before, e-out of a bell which had been

Honduras -

An equestrian bronze lo
cate C
only bronze I located in éhe counirin R
art school and conferred with e
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groundwork for sculpture founding to be included in the program of the

Escuela Bellas Artes as they expand into their new quarters on the main
University campus.

The National Museum has an excellent exhibit of pre-Colombian tech-
niques which is part of their fine collection of gold, but it is small com-
pared to the collection at the National Bank.

Colombia

José Domingo Rodriguez, the sculptor of the School of Fine Arts in
Bogotd, showed me the school's foundry which has been converted into a
carving studio. This is approximately the story of contemporary casting
in Colombia, however, their pre-Colombian gold is tremendous in quantity
and quality. Since my visit, the National Bank Collection under Luis
Barriga has been moved to new quarters, a new building of its own. Perhaps
as exciting, however, was the opportunity to handle, as well as view, the
private collection of Martha Bauer who is also of Bogoté.

Panama

The director of the National Museum in Panama City, Alejandro Mendez P.,
allowed their collection of castings to be removed from the vault and be
laid on the front step of the museum for photographing., Though the col-
lection is small, this intimacy made it an experience more satisfying than
even the grand collection in Bogotd.
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Transcription
NONFERROUS METALS

R. A. Colton
Federated Metals Divisisn
American Smelting and Refining Company
Houston, Texas

Colton: Thank you, Mr. Tefft, Ladies and Gentlemen:

I would like first to point out to you that I'm not a sculptor. I
have never made a sculpture casting in my life. I know something about'
metals--not too much. I want to be sure that you understand.that I gon't
know your buslness as well as you do. The most important thing to me ind
this meeting is that you get the opportunity to discuss your problems ag
ask me questions. Interrupt me freely, at any time. This is your meet ngé
It will be successful only if you chip in and help me. As a matter of fact,
I cannot talk very long about what I know; I would prefer this to be your
meeting.

I'd 1like first to take up the particular phase of the casting operat}on
that involves the materials that go into the molds that you've made. ILet's
teke a set of circumstances. You've now spent considerable time making up
a mold--and I have great regards for the energy that you put into making :pt
this mold. And now you're going to cast it. What do you do frcm that poin
on? We can talk about that for a little while., Something useful msy come
out of it, : :

You have a variety of materials available for caesting. You can cast
with iron, as was so cZ§ably described yesterday. I understand thaz ozetgf
the problems with using iron is that when you expose the iron sculp uide >
the weather you can't be sure of what will happen to it. It may cgrrt S
rust severely, and so far no one has come up with a coating to protec el
surface. As a consequence, most of the materials that are usedb{or cadiffi-
sculpture (with the exception .of stainless steel which is proba { is -
cult to handle as any material we could cast) are nonferrous--that is, ;
are of the copper-base, aluminum or lead families.

The first group I'd like to mention is lead which 1s a traditioE:idle
material for use in sculpture casting--one of the easiest metals to e
because of its low melting point. Lead normelly is soft; the color may o
be attractive but lead does have the advantage of being relatively ;asycan
handle, readily available and does not require special equipmegt.in olead
harden lead by adding antimony to lead, or by adding tin. Hai en ? T
will improve its durability. There is a family of special alloys ; Syl
that I would like to tell you about because they may be of scme v: zhese
in your work. I think the people that cast jewelry may know abou e
alloys. They are called by a variety of names--Asarco-Lo, Cerrg, euiery o
or just low melting allogs. This is a group of materials that avt ik 4
melting points--from 100° F.and up. I don't know what this suggests you.
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.+1 which you work can be much easier to use becayg

% mle]a?.s ;hztml:itiz;aisem;:;:ture. These are alloys of bismuth, lead, tin,
of their lo

bber molg
that can be cast into ru 1
cadmiun and indium. These are the za.llos(se e ot s metall

tisfactorily, with th
(lji sﬁi;:;zwmzﬁzsbgiling point of water--which could be very helpful to you,
qu

1gls; - bably wouldn't want
e intrinsically expensive materials; you Pro

to maggezgytaiing very large from this kind of an Tzllogl.‘e Eg:g izzugzi‘.]i.:ily
fusible because they melt at low temperatures. ey % g i
and they are used in jewelry casting. There is one alloy = el ; a
--an alloy of tin which can be cast satisfactor‘il.ly irll'to ru gr mo 2 {) and made
into jewelry quite satisfactorily. It has the feel o]i; gol Zzhoas gggze
but is quite easy to cast. Some of the alloys you may Xnow, 5

Metal or Woods Metal.

One very common alloy of this general family--one that is readlly avail-
gble is that in use by the print shops and is: known as type metal, With
castings of type metal it is possible to obtaln very fine sharp detall, partly
because these materials expand slightly on solidification. This means that if
you want fine detail in a small casting you may obtain it by using type metal.

’ Some of these low melting alloys are used in industrial investment cast-
ing techniques in order to meke their wax impressions, because they produce
sharp details. This may suggest something to you.

I want to mention something about handling lead alloys. Any alloy that
has lead or bismuth in it should be handled very carefully in melting. The
fumes are toxic. Keep this in mind. - If you work with lead for any length
of time without some protection or good ventilation, you may pick up lead
in your system. Lead poisoning is accumulative in humans and can be dangerous.
If for any reason you are going to work with lead be sure that you observe the
following: do not breathe the fumes; and » after you. have worked with lesad,
be sure you wash your hands before you eat because you can literally "eat"
lead and this is one way that mey build up lead in your system.

One other thing about lead--and most of these alloys, They can all be

soldered, brazed or as we.say in the 1
: ead business, - burned-- s
they weld beautifully, which may be an advantage t’o you e o

The next group of metals that I
would
alloys of aluminum. Many have worked with
because of the relative eage of casting al
ii‘lrzys ofttja:luminum that I vould consider satisfactory for if you
requig::z:nt:ncs)fabclmt others, we can also discuss them Asy(;uiewo?é, oui
such as whit thop un 1loys vould be that they ha.\.r t i
i T El gather than the dark grey color which e satisfactory color
becal,z Blef alz:linumnceid alloys which have relatively gogg.mior i ce
e oes corrode, Fortunately the corrosi rosion resistan i
P-ace 80 the materials do pot 5-on products of alum
change. The third re .o 30t deteriorate, b
repairable,

likeA.to discuss with you is the
aluminum, and its use mey grow
uminum. There are basically two
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Of the alloys of aluminum that fit these requirements there are really
only three. The first is commercial number 43, which is a traditional
aluminum alloy containing 95% aluminum and 5% silicon. This would be an
excellent alloy for casting since it has very good castability or fluidity.
It also has fairly good shrinkage characteristics. It has a white color
and 1s among the most weldable of all aluminum alloys. In fact, most
aluminum welding rods that you buy will be made from this alloy. The next
alloy is in somewhat the same family and is known commercially as No. 356,
containing essentially 7% silicon and 93% aluminum. It also has a white
color, very good casting properties, and can be welded and repaired. The
third alloy has the whitest color of the three. The others are closer to
blue-white in color. The alloy that has the whitest color of all and the
best corrosion resistance is an alloy called No. 214, It is essentially
96% aluminum and 4% megnesium. It is quite difficult to cast, being slug-
gish. I don't know much about its welding characteristics. I think it
probably can be welded but with some difficulty.

These three materials are all readily available, and if you are going
to cast aluminum you would be wise to choose one of these three alloys. It
came out at the last conference in which we participated that a good many
sculptors were buying up scrap aluminum, melting and pouring it into cast-
ings; this is also true of scrap bronze. I can't understand how, after
you've spent all the time that you do putting a mold together, you can teke
chances with the material cast into the mold. Scrap materials may not al-
weys be compatible. The castings may be brittle, the color may be unex-
pected, and the-shrinkage characteristics undesirable. It seems to me that
this is a risk not worth taking. You are far better off to cast only known

materials.

Audience: 1Is it possible to do much working or bending of these alloys
after casting?

Colton: Most of the cast materials of aluminum have very low ductility.
They have, on the average, what we call 3% elongation which means you may be
able to bend them once but probably cannot bend them back. Cast materials
generally behave in this fashion. All three alloys described have good
ductility and can be bent. There is a special aluminum alloy that can be
bent more severely, 1f one is needed. ' Most casting alloys of aluminum can-

not be bent very much, however.
Audience: What are the properties of 3197

Colton; 319 contains 4% of copper, 6% silicon, and balance alumi-
num, Alloy 319 is very castable. It has good shrinkage characteristics
but, like all copper conteining alloys, will turn grey with exposure to the
atmosphere, If the color isn't important to you then this might be a very
satisfactory alloy since it is a good general purpose foundry alloy that
1s used extensively by foundries. It does not anodize as well as other
aluminum alloys. The three alloys already mentioned can be anodized fairly
well. No. 214 alloy takes the best anodized coating of any aluminum alloy.
For anodizing the alloy should be silicon and copper free. There are several
proprietory alloys of aluminum containing zinc that anodize very well. No.
214 can be anodized and color dyed very satisfactorily. However, when you
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, t be sound or they may get stain, because i
anodizesﬁiizi-:g: ;gsgsl:zllg; under the surface the dye will seep into the gggs
1oy and then cause staining. If you %€ el b T

. sgeinst the weather, you can use almost any aluminom oy. If you are 8ol

hite finish or color dye the casting, you must select yq,
o are unfamiliar with 1%, anodizing i

to anodize for W th of you wh
fully. For those
alloy carefully oxide coating is deliberately put on aluminum, upge,

a technique whereby an

controlled conditions. It can then be dyed a varilety of colors. You've

probably seen some Of the most common exemples such as beverage glasses mage
red, pink, etc. They are anodizej

from sheet aluminum that come in green,
aluminum. Anodizing is relatively simple; to get a clear white finish yoy

bave to have the correct alloy.

~ Audience: 'You say that alloy 319 will anodize grey; for aesthetic
ressons this seems to offer -the best possibility because I don't want white
anodized surfaces. This would be the worst. Is there anything that can be
done available by the way of toning this grey so that we might have for in-
stance” a pewter type of grey because this seems to me to offer the best pos-
sibilities. I'm ready to write off the white."

izingc—fg—%’}iqug think this s something that might be adjusted in the e
of the alloy, I beliege g%’azuzgs grey partly because of the copper content
R o e e thickness of the anodized film will affect
run into {;his I wgildpeome who anodize do not want the grey color we rarely
ized by en industrial ansgfge“ thet if you are going to have the metel anod-
o i wouJ_:i) zer it might be left in the bath a little longer.
for something dark you be to color or dye it because if you are looking
cult to cont;Oi' angth ey get 1t more easily, Light color diffi-
5 er difficulty is non-uniform anodizinz et B
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Audience: I think posgibly you want to think of the worst possible

aluminum from your point of view and that
us the best (laugh). would probably seem to most of

Colton: As far as the color, yes, but you might have casting problems.
If you want an alloy that gives a dark’colorf No. %2 is probably %hz best.
No. 12 is T% copper and 2% silicon. This will come out dark, but there are
other requirements. I set up three requirements: castability, color and
weldability. No. 12 is castable, but it doesn't weld very well; if you
mak? all your castings so that they require no welding or repairing, then
you've got it made, but it will come out dark after casting. Any alloy with

silicon and copper in fairly gross amounts will be dark. This is a good
general rule.

Audience: (inaudible) Is the grey color permanent?

Colton: Permanent for exposure to outdoor atmosphere? Yes, 1t gets
derker, The surface is principally sluminum oxide which is an interesting
material. None of us have ever seen aluminum because aluminum itself
oxlidizes on exposure to the air. The oxide film that you see is very
thin, tight, hard, and ebrasive. It is also known as the corundum or car-
borundum which are abrasive materials. The oxide film in a moist atmos-
phere becomes a partial hydroxide and beccmes a grey coating. This will
get darker, as it is exposed outdoors. This would be an aluminum that is
exposed to the weather other than being exposed to salt air, Salt air will
cause pitting which I don't think any of you would want, but perhaps --(large
laugh) ...maybe you would---bring it down to Houston (more laughter). If
any of you have driven your car along the Gulf Coast in the summertime, you
may have had the experience of having aluminum trim on the car corrode and
pit.

Audience: How can you hasten the pitting?

Colton: Bring it down to the Gulf Coast! Or expose the casting to a
salt spray. Find some laboratory in your area that has a salt spray testing
mechine and put the castings in the cabinet, which artificially generates
a salt merine atmosphere. The humidity is controlled and the temperature,
too. It should be a spray rather than just salt water since there is an
oxygen requirement that is essential.

Audience: How can you induce electrolysis in aluminum?

Colton: You can induce it by putting aluminum in contact with another
material. Aluminum will corrode to protect a more noble material. Place
a plece of copper next to aluminum and the aluminum will pit next to or
around the ares where the copper is in contact. This is relatively simple
to do. It requires a fairly corrosive atmosphere or put the metals in a

3% salt solution, which is a good electrolyte.
Audience: Can aluminum alloys be electroplated?

Colton: Yes, you can plate aluminum with almost enything. The trick
in plating aluminum is that first you have to put a chemical zinc coating
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Audience: Is there e method of removing snodizing?

Colton: You would have to teke a layer of metal off. The anodizing
coating is relatively thin. You would have to remove that, which can be done
chemically. You could get below it. It scratches fairly easily, as you mey
know. Most anodized coatings are not hard by conventional standards, They
are hard for aluminum, but not compared to steel or to bronze.

Audience: How would you anodize sluminum if you didn't want to send to
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Audience; What kind of welding should be used with aluminum alloys?

Colton: With electric welding and gas welding, the silicon containing
alloys are highly weldable. The welding rod most commonly used 1is also
alloy 43 (95 and 5), The original welding technique was, of course, with
gas. You will f£find these alloys are very fluid, and they work well.

Audience: One more question about the shrinkage. Is there any parti-
cular difference in the shrinkage rate of these different metals?

Colton: They are all much the same for practical purposes. There are
some differences, but I dont think they are in order of magnitude. No. 319
is a good general purpose alloy and 356 is, too. I don't think you would
have any difficulty with shrinkage using either one.

Audience: What alloys cast well, have the best malleability for chas-
ing off sprues, vents, etc,?

Colton: Of the three we are mentioning here, No. 43 is probebly the
best. In the aluminum industry everything is a compromise. Those alloys
that cast well usually do not have the other requirements. I could say
43 is probably your best bet, although the other alloys can also be used.
When we run into industrial requirements for bending the casting, we
usually recommend No. 43.

I'd like to describe now copper base materiasls. Now we are going back
into antiqulty because copper alloys have been cast into art work probably
as long as copper alloys have been cast. I suppose the first castings were
weapons; after that, cast art work. The first casting was probably some
kind of a weapon; then a statue cast of the warrior who used the bronze
weapon., Wars may have been good for artists. Over a period of thousands
of years, a limited group of alloys have evolved that serve your purposes.
Today there are two alloys commerclally available that I would recommend
to you. Before I write them down, may I point out again that you are very
foolish to melt down scrap to pour into bronze castings because you are
"mixing apples and oranges," and you don't want "fruit salad" in your
casting. Buy ingots which cost you very little more than scrap. They are
of a guaranteed composition; if something goes wrong, which it may, you
would at least have the feeling that what you poured into your mold was
satisfactory. You wouldn't want to have a casting that was otherwise satis-
factory which would break apart because it was brittle. This is exactly

what can happen if you mix the wrong alloys.

The alloy that probably is best for your purpose today because it 1is
most readily availeble is 85-5-5-5. It contains 85% copper, 5% tin, 5% lead
and 5% zinc., This alloy isn't exactly something that metallurgists sat down
and worked out. If we took all of the copper base scrap or castings that
have been made since the year one or before, and had a furnace blg enough
to melt them down, we would end up with an alloy pretty close to this in
composition. This alloy evolved over the ages, and it turns out to be
failrly close to an ideal casting material. It is the easlest alloy to buy
and is relatively inexpensive because of its comparatively low tin content.
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metal. For this reeson, the cesting bronzes used by artis?s historically
was closer to "M" than to "85." This alloy can be used quite satisfacto-

rily, but it is more expensive.

Over a period of some 20 years that I've been in this busigess, we
have made up many alloys for sculptors. They usually come in with some
varistion of these two alloys, and they pay a premium for having it made
up. Sometimes they want very little lead, although the lead is what makes
the material workable. With lead in the alloy it can be chased, tooled,
and machined. Tin is what gives the alloy strength and color, and zinc is
vhat mekes it castable, If you left the zinc out of these alloys, they
would be very difficult to cast. They would be very sluggish. As far as
tin bronzes are concerned, these two materials are pretty much what you
ought to 1limit yourself to.

There is one other alloy that I would like to suggest. I brought it
up two years ago. I'll mention it again. It is the general family of sili-
con bronzes. These are essentially alloys of copper and silicon. Their
color is more on the yellow side--the golden side--than bronze. The silicon
bronzes are very fluid. They will cast into thin sections very easily. They
are good foundry alloys--the best of all copper base foundry alloys. For an
intricate casting they would probably be easier to handle than either of
the other two materials. Silicon bronzes are known by a group of trade
sizeigjgvegdur: Herculoy, Tombasil. Everdur, if you are interested, is
b a;tei ma:erial that you can bend back on itself, It will take a 180%"
Ber i v:gs ingé Tombasil is acFually a silicon brass. It has a yellow
= Y 8ood casting properties; one other thing, these materieals
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Audience: What'about using bell metal?

Colton: It is a difficult alloy to cast for one thing, and it is very
expensive. Tin today is $1.80 a pound, which greatly increases the cost of
the material. I suppose other than that, I would like some zinc in it to
meke it castable,

Audience: We've been adding into the crucible little strips of lead
to increase the flowability of 85. How far can we go along that route
before we reach a critical point?

Colton: Why are you adding the lead? Or what for?
Audience: For a fluidizer--the pouring was sluggish.
Colton: That's not the way to improve it!

Audience: OK then, but it did help.

Colton: Only to this extent. If you build up the lead content of the
alloy, it ultimately becomes a so-called "leaded bronze" which may be very
fluid, but has other undesirable characteristics. There is the risk of get-
ting what we call "lead sweat," or lead coming out on the surface of the
casting., In a few minutes I'll tell you scmething else that you can put in
the alloy that will greatly improve the fluidity.

Audience: What is the composition of silicon bronze?

Colton: It is essentially copper with 4% silicon and may contain zinc.
Everdur has 4% silicon, 1% manganese. Herculoy has 4% zinc, 4% silicon.
Tombasil has 4% silicon and about 12% zinc. These are trade names for sili-
con bronzes, any of which will behave very well.

Audience: Are there differences in the characteristics of the different
alloys?

Colton: 'Yes, to this extent. Everdur is the most malleable of all.
Tombasil is the strongest. All flow about the same.

Audience: What is the pouring temperature?

Colton: 1I'll tell you what I tell foundrymen. There is no such thing
as a ”pouring temperature ," It depends on what you are pouring. These al-
loys can be poured at lower temperatures, however, than other alloys such
as tin bronzes. I believe a range of 1900° to 2100° would probably be satis-
factory--about the same as used for tin bronzes. At the same temperature,
however, they are more fluid. You can tell when they are molten in the
crucible. They are lively. And they are clean on top which is important.

Audience: There is one feature connected with silicon bronze that I
think would be interesting to the group if you tell them about-~-the alloys
do not require much degassing. They are clean.
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difficult to cast.

Audience: Is there any tin at gll in silicon bronze?

Colton:; Herculoy has about l%, principally for patent purposes.
Audience: Do you lose silicon bronze when you remelt silicon bronze?

Colton: No, as long as you melt the same metal all the time 1t will be
essentially the same in composition. The only thing that you may lose in any
of these alloys would be zinc. It is a good practice on remelting these
alloys to replace zinc. '’

Audience: Is there any difference in shrinkage in silicon bronze?
Colton: They are much alike so that you can use the same pattern equip-
ment. We frequently do in the foundry.

Audience: Do you lose much lead in the alloys?

A gc;ltzn:thNo.l 'Iﬂ;e' order in which metals oxidize out is that the zinc
oes first, en lead; as long as you have zinc present ou wi
little lead. Lead is easily replaced. £ 2 Bt b
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oxygen which forms water or steam. As the metal solidifies, the hydrogen
and oxygen come out of the metal and form steam and this is what forms

the gas bubbles. Hydrogen and oxygen come from the water vapor in the
air. At the temperature of the molten metal, water vapor bresks down into
hydrogen and oxygen. The moisture comes from the air, and also from the
products of combustion of fuel fired furnaces.

Audience: What about yellow brass?

Colton: This is used for color. When you use an alloy like 70/30
brass, you are looking for a pure brass color. You have no gas problem,
you have minimum shrinkage problems, but you have others. They are dirty
alloys. Zinc forms oxides which may end up on the casting surface. There
is enough zinc in these alloys to make sure there is no gas in the metal.

Audience: The hotter you get the more smoke you have in your foundry.
Is that right?

Colton: Yes. That may be your biggest problem. The trick is to
throw in about one ounce of aluminum per one hundred pounds of yellow brass
Just before you pour it. Skim the pot first and throw in the aluminum.
This will form a film of aluminum over the top of the melt, and it will
cut down the smoke somewhat., It also makes the metal more fluid.

Audience: How about putting in some charcoasl and antimony? "

Colton: This came up once before. We never add antimony to anything.
In fact, we spend a great deal of our time taking antimony out of these
alloys. Antimony is an impurity. I think this is one of those traditions
that have no bearing on the fact at all.

Audience: It was over 30 years ago.

- Colton: Yes, that's true. At one time it was thought that antimony
was beneficial. However, we know now that antimony affects the physical
properties.

Audience: What about charcoal?

Colton: If you would save that question I would like to talk about
melting practice a little later.

Audience: I visited a foundry once that poured white bronzes. Some-
one told me it was magnesium.

Colton: I think he was kidding you or misleading you. We have what
we call white bronze which is nickel bronze, or nickel silver, or as it was
called before 1918, Germen silver. This is an alloy of copper, nickel, and
zinc, You can change the color from white to various stages of yellow
depending on the nickel and zinc content. This is high melting point, re-~
fractory material which probably would be beautiful in some kinds of art
work because it's very durable. The principal uses are in fountain hardware
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Audience: What about using covers in melting?

Colton: I don't think it's essential. This is a matter of persona)
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Audience: What kind of a castable alloy is the 60% copper-40% zinc?

Colton: This is a yellow brass alloy which gives you an off-yelloyw
color, It's a little less castable than the brass of antiquity, since it
is quite smokey, If you don't have a well~-ventilated foundry, melting it
may drive you out. Other than that there is no particular problem, It
doesn't gas. Shrinkage characteristics are not too bad, and it machines
fairly well. But it's difficult to work with all this smoke, and keeping
the casting clean could be a problem, L

Audience: Do you anticipate any developments in metallurgy which will
combat shrinkage?
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Colton: You ere talking about copper, not bronze. In copper manufac-
turing they control the sulphur and the oxygen content in order to get what

we call level-set copper. This is not the same as bronze. R
: : : . emember there
is no tin, lead or zinc in the alloys. They do pole. This is a very spec-

tacular thing. They tske trees and plunge them into a copper furnace. This
is the way they have been doing it for hundreds of years and it's very spec- !
tacular. The purpose of it is to control the set. Whether it shrinks or

not. This 1s not so in bronze. All you are doing is introducing gas. You

are working with 99.9% copper. So it just isn't the same thing.

Audience: Why does it eliminate the gas problem?

Colton: It doesn't. They are looking for a level set when they pour
wire bars, which is the end product. They want them to be level on the top
which requires a certain amount of gas in them so that the gas would com-
pensate for the shrinkage. The shrinkage is internal; when you take a wire
bar which is shaped something like a boat and draw it into wire the shrink-
age is internal and welded together. They are looking for a level set.
They want to control the amount of gas, which is what you want, too, but
you can't get it by poling. Not in bronze.

Audience: I recently got a hold of some ingots. How can I find out
what they are composed of?

Colton: The only way you could tell would be to take drillings or
sawings and send it to a laboratory. There is no way of knowing otherwise.
If you bought it from a smelter, just cut it with a saw or take a drill and
get yourself about an ounce of turnings or sawings. Keep them clean and
free of iron., Put them in an envelope and send them to be analyzed.

Audience: No coding like on steel. What about coding?

Colton: There are numbers but I wouldn't want to start on that be-
cause they are not uniform as they are in steel or in aluminum. However,
Just so you will know, if you ever see these numbers, this is called No.
115 ("85"), this is called alloy 245 ("M"). This is a complicated num-
bering system. If you bave a group of ingots and you want to know what
they are, teke a sample from each and mix it together and that sample, when
analyzed, will give you an idea as to what to expect when all the ingot is

melted down together.

Audience: What is the machining quality of nickel bronze?

Colton: It has lead in it so it can be machined. Normally, in a com-
mercial alloy it has about 1% or 2% tin and it may have 5% lead in it.
Therefore, it will maechine. Monel, of course, is more difficult to handle
in the average foundry. With roughly 70% nickel and 30% copper, it requires
high temperatures for melting and is usually out of the province of most
people in the bronze casting business though some handle it. Monel has
very high shrinkage. It has a great tendency to pick up gas which may or
may not be a problem to you. The high temperatures, however, are usually
what discourage foundrymen. Youere almost up to the temperature of cast
iron. The color is not greatly different than that of nickel bronze. I

don't know if there is any real advantage to using monel.
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Audience: How far can you go with lead, how much can you add before
the bronze becomes hot caught short?

Colton: Probably over 1% and you'd be in some trouble. Actually, we
don't know because we try and keep the lead out of these metals. Hot short-
ness is a peculiar characteristic and you can't project it from one material
to another.

Audience: What is the formula for silicon bronze?

Colton: Essentially silicon bronzes are copper plus 4% silicon plus
zinc. Everdur is 4% silicon, 1% manganese, and Herculoy is 4% silicon, 4%
-zinc, and Tombasil is 4% silicon and 12% zinc.

Audience: What quality of the silicon bronzes mekes it flow?

Colton: I can only give you my theory. Silicon doesn't form a stable
oxide at the temperatures involved here. I have a theory which I've never
been able to teke time to prove; i.e., what effects the castability in
bronzes .is the oxide present. Tin oxide, for instance, which forms very
readily, will impede the flow of the metal. Silicon forms no stable oxide;
therefore, you have a relatively clean metal when you pour.

Audijfzqce: ~How do you add silicon to meke silicon bronze?

Colﬁc;n: How do we add it? As elect
_ it rolytic silicon. You can buy it
in several forms--chunks, little Platelets. Low iron silicon is whatywe
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the foundry, Manage to get two, one for aluminum and the other for brass.
What a lot of foundries do is use the brass crucible until it gets thiau and
then use it for aluminum. There is a one to three weight ratio end a #60
crucible will hold 60 pounds of aluminum and 180 pounds of brass. But don't
get me wrong. I'm not advising using thin walled crucibles that may break.
What I'm going to tell you about melting are general rules that we have
found work pretty well. Our problems in making industrial castings are to
keep them gas free, to keep them clean and to get maximum strength properties.
I don't think strength as such is important to you in a casting. We are
required to meet specifications on mechanical properties such as the tensile
strength and elongation, which may not be important to you as long as the
casting has adequate strength for what you are doing.

Your problem in melting may be a lot simpler than those of an industrial
foundry. We will assume for the moment that all of you are melting in cruci-
bles and all of you are using gas or oil. Coke is a great melting medium.
We had far less problems in the foundry when we used coke for melting. Coke
requires somebody to stand with a shovel and put coke in the furnace, and
you just can't find people with a shovel any more! With the exception, per-
haps, of a few places in the country that still use coke, most foundries are
using oil or gas. These two have their advantages. Gas is the best fuel of
all. If you have natural gas available, it is by far the cleanest fuel you
can use. 0il has some problems, The residual products of burning oil are
dirty. Oil itself is rather messy. So, I would advise in general to use
gas if you have a choice, but oil will burn hot and it is a good fuel. We
will assume that you are going to melt in a typical crucible furnace which
is gas or oil fired. These are the general rules: The first one has to do
with what you put into the crucible. Start with clean, dry, known material.
Why clean or dry? For a number of reasons. Once again we get back to gas
in the metal. We'll have to explore that a little more before we finish
here, because I would like to know how serious gas in metal is for you. If
it isn't, we can disregard some of these rules., We say, put in clean mate-
rials, dry materials, free of oil, moisture or foreign materials. Much of
the contamination may be organic, and as they burn they create gas. The
gas may then get into the metal as it is melted so we say use clean, dry,
known materials. When you cut off spues and leaders from your castings,
take a drum or box, mark on the side what alloy is used and make sure the
scrap is properly segregated. Don't mix up your materials. You don't im-
prove metals by mixing them. Sometimes you can get away with this. If for
instance you mix up 85~5-5-5 and "M" alloy, you have done no serious damage
to the material. They are compatible. However, "M" metal is worth about
5¢ a pound more than 85, and you may have lowered the quality of "M" and
changed its characteristics as far as color is concerned. Keep your mate-
rials separate. Good housekeeping is very important in a foundry. Inciden-
tally, I was very impressed by the pictures of the foundries that are on ex-
hibit here. As I looked at them last night, I thought I have no business talk-
ing to people who run such well-designed and well-equipped foundries. I'm
amazed and pleased. We have commercial foundries that don't look as good

as these,

To return to the subject of melting practice. Melt quickly. The
reason we say melt quickly is that we want to avoid exposure of the liquid
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girl::l:tgtlzttof an alloy, 1t may become sluggish and will not cast well. In addi.
tion, if you pour a metal at a higher temperature than you should be pouring, it
may “"burn-in" a sand mold. This could be importent. In an investment mold it
is not as likely. But in a sand mold you can make a lot more work for yourself
in finishing the casting. I'm assuming for the moment you don't want a rough
Pinish on the casting. But, if you do, Just pour at a high temperature and
you cen get "burn-in" in a sand mold.

Controlling the temperature is important. Keep the metal exposed to the
high temperature as little as possible. Normally we have no problem. In the
casting of copper base alloys in general, there is very little to be gained
by using fluxes or covers on top of the metal. You get very little advantage
and you run the risk that anything you put on top of the metal may end up in
the casting. I'm sure you would be greatly embarrassed to open up the mold
that you have spent so much time on and find slag instead of metal. There is
very little benefit to be derived from melting copper base alloys with fluxes,
igcluding bottles, glass or sand; sand 1s one of the worst things you can
przlc;:b;; thg top of the molten metal because if it goes in the mold it will
e 32ryu§ i;rr}ithi casting. Sand in the casting is a problem! It mekes
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Audience: How about using fluxes with aluminum bronze?

Colton; dYes. Alum?num bronzes cast much like aluminum alloys. They
have about 10% aluminum in them, but you have a lot of other problems with
them. They are difficult alloys to handle.

Audience: I have a book put out by the Americen Foundrymen's Society.
They recommend not only a cover flux but also a 1id.

Colton: I see no value to using a cover flux. You understand that
somebody else may have a different point of view. A 1id on the furnace is
highly desirable.

Audience: The book also recommends not preheating eny heated or metal
scrap on the top of the furnace.

Colton: This book must be quite old. Preheating is good practice. In
foundries we always have a 1lid on the furnace because it helps control the
combustion. We always put our ingots on top to preheat them for two rea-
sons: one, to make sure they are dry--remove the moisture and burn off the
oil, and secondly, to preheat the metal so it melts more quickly. By all
means I would preheat metal. Solid metal will not absorb gas, for all
practical purposes.

Audience: Does melting by induction methods have an advantage?

Colton: Yes, it gives good mixing and as far as the gas problem is
concerned you are not producing moisture over the bath. It is probably the
best way there is of melting metal. But most foundries don't have induction
furnaces, They are quite expensive., A small commercial installation in
this country would probably cost $25,000 or more plus rather high power
costs. It's a great way to melt if you have it available and very flexible.

You could melt steel.

Audience: Instead of pouring metal from the crucible we teke it from
the bottom of the pot.

Colton: Yes, you use what is called a "tea~pot" crucible. Essentially
what it consists of is a built-in barrier; metal comes from the bottom
rather than off the top. It is very good pouring, but they are expensive
crucibles. Not many people use them.

T

Audience: Some people bore a hole in the bottom.

I would be afraid of weakening the crucible. There is another
Take a crucible, teke a block of graphite, or take a block
ible and make a cover with a hinge on the side. It is
more or less just laying a block on the top. We make a cover and hinge it
S0 the cover is free to move. You get the same effect as a bottom pour
crucible, but I wouldn't cut a hole in the crucible. I'd be afraid of that.

Colton:
way to do this.
.out of an old cruc

What about a plug in the bottom of the furnace?

Audience:
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1arge furnaces. They pull the plug
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work without adequate eye protection.

Let's talk a bit about adding fluxes, For aluminum there really isn't
anything that you can add to the metal that will change its pouring character-.
istics. There are no "fluidizers" or "de-oxidizers.” In com'fxerc:i'.al work we
mey add a little bit of titanium to sluminum to get finer grain size which
helps with certain shrinkage problems. We de-gas aluminum. Gas could be a
problem to you. The gas in aluminum can come out in such a fashion that it
leaves the whole surface full of pin-holes. Maybe this is what you are look-
ing for--we are not. We can't live with it. Gas comes out of aluminum as it
solidifies., It may distribute itself so that by the time you polish down the
surface it has fine pores over it. Now, meybe this is what you went. If you
do it is fairly easy to obtain. If you want to get rid of this fine porosity,
you probably have to get rid of the gas in the aluminum. One way we do it is
by bubbling chlorine or nitrogen through the molten metal. I don't reccmmend
using chlorine to anyone here; it is a nuisance. Chlorine is a noxious ges.
It will drive you out of the foundry. You can accomplish the same thing by
bubbling dry nitrogen through the molten metal; take a long piece of pipe,
drill some holes at the end, coat it if you can with a refractory metal, and

you bubble nitrogen from a tank through the pipe at as slow a rate as possible.

i\;etgeb‘g;bble comes up through the metal it presumably has zero pressure in
g :r es;? lThe gases are attracted to the bubbles and they migrate inside
i e:nos o;-z pressure and are carried out of the metal. It works. There
e mbeimg er vay to de-gas aluminum, if this is a problem. There are
S ot b;e;k sg.uu chlorine pills" of hexachlorethane. It's a solid mate-
et smilugvigc:z\r:om‘ temperature. When you plunge these "pills"

cks) 1o the bottom of the pot of metal, they give off
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Audience; you' -
gnce: Do you put these in after you have melted the metal?

Colton: After the nmetal
2 LD, is ¢
ready to pour, Normally in g founa}&en Then T the furnace when it's sliking

Ei‘ereo:t zf the furnace and put it dry, when readyUto pour, we take the cruci-
- (o) r&nSfe ***** sual -

are added, Yourhg:mtgneazet Of tongs to another. Thig :ﬁet}'l‘gt e yﬁl '
ges to slowly bubble up = Tﬁea Plunger to hold the Pills down arelgasserilz th:
£loat up. You do this prioy to ooy oVe tO be held down; otherwise they will

or to pour
and effective way of de-gassing_p Thi-gg-ig‘l'his 1s & relatively inexpensive

Perhaps the y 8 no
%o keep 1t out. oy 2SR OF getting all the gy oo or L KNOW other than

+ The degasser pillg BE—aVae 8as out of metal, It is better

out ;
an alloy that contains tin, Thgt is phos;ﬁoto use.r
r coppe

IR



37

which is commercially available, as 15% phosphorus copper, and which is
either cast into a waffle which is brittle end breaks up into pieces or it
is cast into shot form which makes it very easy to handle. Phosphorus has

a very high affinity for oxygen. Therefore, keep in mind what I said be-
fore about the effect on fluidity or castability of tin bronzes of oxide
formation. When you add phosphor copper to your bronze, you do & number

of things. One is to help de-gas it. This is one reason we use it in the
commercial foundry. But we also improve its fluidity or castability; to
demonstrate this, take a pot of bronze that you have taken out of the furnace,
skim it clean to remove slag and oxides off the molten metal surface; it
will then form a slag over the top very quickly; take a handful of phos-
copper and throw it on the top of the metal bath. The phos-copper will melt
and will clean up the surface of the metal. What it does principally is to
reduce the tin oxide, At the same time it forms a protective coating on
the surface--a phosphorus compound--that is either a vapor or a liquid at
these temperatures. The gentleman said yesterday that bronze pours with
more difficulty than does cast iron. If you add enough phosphorus to bronze,
you can meke it pour almost like water. In fact, in sand castings if you
want a rough surface, this is one way to get it. Add about 1% phosphorus
to any bronze and you will get all kinds of unusual effects, some of which
you may want, others you may not. I would suggest to you that if you are
caesting tin bronze, by all measns use phosphor copper.

Audience: ©Should we stir in the phos-copper?

Colton: You don't have to stir it. We have found over a period of
years that if you put it on the top of the bath, the metal is in constant
motion anyway and the phosphorus goes through the entire metal bath, dif-
fuses throughout the metal very quickly. I would not stir bronzes ever,
aluminum never. We usually add 2 ounces of phosphor copper per 100 pounds
of metal, However, if I were casting sculpture bronze I would add at least
double that amount. Since you need high castability, you want maximum
fluidity.

Audience: Do you have any problems with excess phos-copper?

Colton: Only to the extent that it improves fluidity or causes metal-
mold reactions which affect the surface of the casting. This is principally

investment or sand molds.

Audience: What about plaster?

Colton: You might have some problems. Phosphorus could form some
compounds--I don't know, Four ounces of phos-copper won't bother you, 6

ounces, I don't know.

Audience: You didn't mention phosphor bronze to begin with.

What we call phosphor
It is an English

ing 10% tin, 89% copper, and approximately 1% phos-
more often they

Colton: Phosphor bronze is a kind of a misnoger.
bronze in this country has very little phosphorus in it.

neme for an alloy contain
phorus. They do not always pour the alloys into sand molds;
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1 horus. However,
un und 1% PhosP o
e bz;nze(szoigit zverazs‘gme of the other alloys, and phosphor bronzes may be
other than ’

more difficult to cast,

pour it into metal molds.

i nze?
Audience: How about adding phos-cOpper to silicon bro

‘ it, You don't need
reat harm, not much benefit. 't
e 1lbok a.;: the surfacej you will see it is
by adding phos-copper.

Colton{ It is done.
jt. Melt down silicon bronze and
clean. There is not much to be gained

Audience: How much above the pouring temperature should the metal be

heated?

: is is limited by how much time you need to prepare to cast
the mggﬁfn.i‘hg:si:n’t any rulz on this other than if it is going to take
longer to take the metal from the furnace to the mold, you have to heat the
metal higher., It is desirable to have everything arranged so that the dglay
is minimum., Then you don't have to overheat the metal, However, there is
no rule because it depends on how far you have to walk, or how much changing
of equipment you have to do to pick up the pot.

Audience: After you have added phos-copper, how long should you wait
before you are ready to pour?

Colton: By the time that you add the phos-copper, pick up the bale or

use the crane, and pour, you are ready to go. Everything that is going to
heppen, happens in a matter of seconds. You don't have to stir,

Audience: Should we stir after Phosphor copper has been added?

Colton: No, generally you don't hs ;
——— ve to.
want o, it doesn't do any k,larm, to. However, if you feel you

Audience: What about adding an ounce of aluminum?

Colton: ;
yes, b“—ui ,‘IZverN;’g to red metals, no. You may add aluminum to yellow brass,
not get any bad efiﬂﬁihl“g WAth tin and lead in it., What happens is you may
It is possible to ta.kesé5but 15 can cause very severe shrinkage problems.
by 8dding alurtnun, Other than e, SF, V67V 9%ep shrimks in castings
eluminum only to yellow brass. don't think it would be serious. Add

Audience: ! i
e: I've been using super brass flux on mine

Colton; 1P You think

think youneed it, pu if you get good resyl

3 tS.With it, use it. I don't

one other thj You are happie 5 .
elumi num bat;?g here about s‘tirring.pp T With it, use it. I want to mention

C r stir alumi
disturb the supfaee LoU D8V melted down. grin < -olifum, never touch the
¢¢, because yhen tpe 1iq1’1i<sikx]£t;§ ggf very gently_ Dznrt
exposed to the air,
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you are making dross and oxide. Aluminum oxide has a specific gravit

falrly close ?o that of aluminum, Vhen you stir you arg mixinggthe oiide
into the glumlnum and it may end up in the casting, This is one thing, even
as an a?tlst, you wouldn't want in your castings, because it interferes with
t@e gating or feeding of the casting and may cause severe shrinkage. Don't
disturb the surface of aluminum, never stir. Don't stir bronze either--
although you don't get into as much trouble if you do!

.Audience: On you; first point about keeping the bronze clean, you
mentloneq grease and oil. What about our old sprues and pouring cups that
have residue of investment? Should we sandblast them first?

Cothn: I suspect the residue will float to the top of the metal and
can be skimmed off. There is no danger,

Audience: Is the same thing true if you are casting 002 sand?

Colton: The only difficulty here is that anything that is on top of
the metal may end up in the casting. There is no real harm to the metal
itself, but if you don't get the sand or slag off the surface, then you may
get some into the mold, ’

Audience: How about harm to crucibles?

Colton: Sand will flux crucibles, too. Sand is a great material for
fluxing the top of the crucible which means that it will cut into or erode
the wall of the crucible,

Audience: You were talking about not using glass. What happens to the
glass? Does it float on top? : .

Colton: It floats on top, fluxes some of the crucible by dissolving
a ridge around the inside of the crucible; you may have to thicken the glass
to remove it, It is difficult to remove since it is viscous.

Audience: What's the best way to clean the crucible of bronze so that
you might be able to use it for aluminum?

Colton: Elbow grease; take a metal rod that has been flattened out at
the end so it will scrape and be sure you get every bit of the bronze.

Audience: As a cover flux for aluminum is Rasorite satisfactory?

Colton: No. We use Rasorite industrially in melting bronze. For
aluminum Rasorite has too high a melting point and it won’t become f}uld.
Most aluminum fluxes are a combination of chlorides--potassium chloride,

sodium chloride and a little cryolite.

Will impurities settle to the bottom of the crucible?

Audience:
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do not h .
« No, normally we i< relative
mightcoizznthe SI,Jecific gravity of :;:nzziﬁ §1oat.
materials involved are lighter, SO y
dries you will see the foundrymen touch the syr.

i : At some foun : ot .
face g‘f{d:;:c;ta?. with a pine stick and a flame Jumps. What purp does

this serve?
Colton: I can't see any at all.
Audience: Was he burning off excess gas?

Colton: No, I don't know what he's doing. He learned that from some
old fOundryz;lan wﬁo also learned it from some old foundryman and.none of them
know what they are doing, This is the story of the foundry business.

Audiences Do you recommend putting fluxes in a crucible before charging
it?

Colton: Is this aluminum or brass melting?
Audience: It is brass.

Colton: It doesn't make much difference, if you are going to use fluxes
whether you put them in the bottom or not. Most flux materials melt before
the metal does, and they will-float on top of the metal. If you feel you

need flux it is just as good on the bottom as on the top. You see, .I don't
really care much about using fluxes,
Audience: What about wax on lead?

Colton: The wax will ,bﬁrn up?

Audience: Will it flux the: lead?

Colton: You don't have tg 15
forms an oxide which is very fluidux lead.

There is no need for it. Lead

This isn't a serious problem.
Alidiences i
udlence: What is the alloy content of yellow brass?
Colton:

Yellow b i
ress is roughly 70% copper and 30% zinc.

= Tﬁ'hOles in your castings--if you
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coated with aluminum oxide. Aluminum oxide ig a very tough material. It

coats these air bubbles which R
somewhere in the casting prope:?enwgzﬁ s ca§t1ng anq bt
§oody bl you beginto york you tage the casting out it may look
: the surface. Right under the surface you ma
find bubbles. These are always on the top side. We call it the "eone” side
The air bubbles are trying to get out., This is very common. Tt isogerhaps .
the larg?st source of defects in aluminum casting. This coﬁes largely from
bad pouring practices, which means that you are aspirating air. In brass
cgstlng you can also have air bubbles, It is possible, but for a somewhat
different reason. In your molds you Probably have a very serious venting
problem, It.ls p9ssible to trap air in the mold because it can't get out.
If you can visualize a cushion of air against which you are trying to push
m?tal, there may exist a place where the metal may enclose that cushion of
air, and, as a result, you may get an air bubble inside the casting. This
is not a common defect, In brass it is less common than in aluminum because
of the great specific gravity difference between the metal and the air. And
the fact that you don't get a tight film around the bubbles in with most
brass alloys. ;

We get gas holes in bronze castings because the molten metal will dis-
solve gases which will come out as the metal freezes. The liquid metal has
a high solubility for gas. As the temperature falls and as the metal freezes,
the metal tries to give up this dissolved gas. At that point the gas has no
place to go but to make a gas hole in the casting. The gases that are in-
volved are always hydrogen and oxygen--the only two gases we worry about.
Gas holes in aluminum are less of & problem in the sense that we only have
one gas--hydrogen~-to worry about; as a second source of holes in castings
the gas comes out as the metal freezes and may appear as well distributed
holes throughout the casting. In bronze gas holes are usually in the center
of the casting where they may not give you too much trouble.

Trapped air and dissolved gas are the first two ways that we get poros-
ity in castings. The third source is the one that you probably experience
most of the time-~shrinkage, What you frequently are calling gas holes I

believe is probably due to shrinkage.
Audience: Don't shrink holes have dendrites?

Colton: There is no one who has been able, in bronze alloys, ?o satis-
factorily distinguish a shrinkage hole from a gas hole. What we think may
happen is that a shrinkage condition existed flrsF and then gas got in tpe
shrink hole and expanded it. You had to have shrinkage first, however, in
most bronze alloys. You cannot tell the d%fference }ooklng at the holes
through a microscope. Gas in metal is a mixed blessing. If we could con-
trol it we would have a valuable tool in overcoming shrinkage problems.

Audiences Could not a shrinkage condition also be compensated for by
gating?
But this is sometimes & very dif-

- > A Y a. 3 esS .
Colton: This is the right way, ¥ ot always do what you

ficult problem since with a complex casting you cann
want in the way of gating.
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buttons by dippin.g out sma)y

Would it be advisable to make
and then pour?

Audience: v
obtain a level one,

ladles of metal until you
thing that is wrong here is that you are: not comparg
that probably has a variety of section ng
you will have the same volume of
And this test workg

Colton: The only
like things. You have a casting
thicknesses. You can't be certain that
metal in the button, or the same section thicknesses.
well only for pure copper.

Audience: You mentioned not to melt down scrap metal. Do you incluge

the precious metals?

Colton: I see nothing wrong with melting scrap if you know what it j
You certainly have to melt your own produced scrap. If you are going to ‘;S' '
gold and silver and melt it down, I would be very careful because thgre N 3
many alloys of silver and of gold., How do you know what you are meltingtire |

Audience: Before you pour the molte
ST ; n metal you imbed ;
+ 5 a plece of
tzr bg pax:t of th(:: final piece. Should the molten metal be hiph R
e than otherwise? gher 1in tempera-

Colton: It may have to be, In
o ; . general the rule tha i
i Whighuia:_were_:?oz Ic):il;]];lbor any'plece of metal in the moldi.; w;o&f'etgstﬁgath¥;;
P 'bemperatur: lyIvaon t have any problem, you won't have to ra.i.:e1 ‘
T B you pour over the chill, you may cool th
compensate by using a higher pouring zemperatu;emlten
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UNIVERSITY OF KANSAS
Third National Sculpture Conference

Summary of Remarks of C, C, Sigerfoos at Consultation Session,
8:30 A.M., Saturday, March 28, 1964

(Professor Sigerfoos preceded his technical remarks with a brief
showing of foundry pictures taken while he was on leave from
Michigan State University and working on U.S. Agency for Inter-
national Development projects in Costa Rica and Guatemala.)

CONSULTATION SESSION

In starting the discussion in this consultation session, I should
first explain that my foundry experience has been in the commercial and
technical areas. Of course, I have an appreciation for the luster of cast
metal surfaces and the beautiful artistic shapes seen here at the Conference
and elsewhere, However, I must confess that my appreciition for many art
castings is often in terms of the casting techniques 7ur I often find myself
more interested in the gate system or furnace or tne wmold materials that
were used in meking the artistic casting,

So far in this Conference, the more or less conventional investment
and dry sand molding materials heve been discussed ior art casting work.
Some of the procedures for beking or burning out expendable patterns have
also been covered, I would, therefore, like to begin my discussion by
calling to your attention some of the new developments in mold or core
meterials. For example, materials or processes such as oil bonded sand,
'cold-set! bonded sand and sodium silicate bonded sand. These, in my opin-
ion, appear to deserve more attention in the art casting field. Actually
considerable information on these molding materials such as their chemical
compositions and physical properties has been available for meny years.
However, their introduction into the foundry and some of the development of

techniques for their use is quite recent.

It should be pointed out that these newly developed materials are best
suited to the making of molds in sections! that is, where the sculptured
patterns are used nonexpendable and the mold sections are separated to re-

move the patterns.

The mold material referred to as oil bonded sand, could be referred to
as a waterless, green molding sand for it has the molding characteristics of
common green sand, but it can be rammed or packed to a much higher degree of
density without the danger of blow hole defects §uch as often occur when
using common green molding sand. This type of oil bonded sand is.therefore
an ideal molding material for the beginning student for, in addition to
good moldability, this sand does not dry out and it can be easily recondi-
tioned for repeated use, A small amount of the oil burns and smokes when
the molds are poured. However, the volume of smoke is small when casting
bronze and aluminum pieces and will not be found especially objectioneble

in a properly ventilated casting area,
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ommercial foundry is usually done
d is washed and dried silica sang
i i ¢ about 130 grain fineness number,
aluminum it should be.ox a :
a?d ioriszisznge and activated bentonite clay, called eentone,hzr; ?ixeﬁ
F}rs : d. .After thoroughly mixing these dry materials, a g as .
e talyst are added. As the mixing

i ostal oil and a commercial alcohol ca st : :
Egzﬁznse: the sand develops strength and moldability. Thlz b}endtﬁg i?
(or at 1e;st should be) done in a ventilated area because, during the mix-

ing, transfer and storage, the alcohol will eventually evaporate.

1 bonded sand in a ¢

ixing of an oi
EHeRIL e The base sand use

in a miller type machine.

the durability of this oil bonded sand is good --
i i 1loys. It does not require

especially when used for brass and aluminum a . .

rebonding or remixing with each use. In fact, riddling the eand between

each use will usually suffice for a number of casting operatlons: Hovever,

when this type of sand does become weak, it is easily rebonded with 011_

alone or with oil plus a little bentone. The alcohol is often not required

for the rebonding operation.

As mentioned before,

The second process I wish to describe is the 'cold-set' or'air-set'
process. This process is very useful when a hard mold or core is desired.
Two to four percent of a commercial brand of 'cold-set' core oil is mixed
with a fine, dry, clay-free sand. In the final stage of mixing, one or two
tablespoons of powdered sodium perborate are added per 100 1lbs. of sand.

The action of a batch of this sand is similar to ordinary cement in that it
eventually hardens without.oven baking. The time for working the sand into
the qesired shape can vary from a few minutes to an hour or longer. This
worglng time or 'bench-life! is controlled by the amount of the chemical
aetlvator (sodium perborate) that is added. The temperature of the sand and
911.a}so has an influence on 'bench-life'! so normally less activator is used
in this type of sand during the summer months.

'COldfgegernzzﬁss and alu@inum foundry in East Lansing, Michigan, we use the
process extensively. The molds or cores are usually made in the

afternoon, The patterns are drawn from the sand the following morning. We

eliminate the oven baki 5
torch, aking, but usually skin dry the mold cavities with a

The last moldin method i i g
gas process, ; I wish to mention is the sodium silicate -- CO,

Sodium silicate hag
compound is used in a fou
sugar invert to Promote t
-made. I, therefore, reco
of sodium silicate be use

a variable composition,
ndry sand it usually cont
he collapsibility of the
mrend that one of the fo

Fgrthermore, when this
alns a small amount of

About three o
clay-free sand. ;hgozz
mold to harden the sang
the bottom of 2 rub ;
In other set-ups °

One rather
Or cores ig to
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z;g ::ngrragie:dggt?ffici;nt1Y aistribute the CO, gas and also reinforce
c ion ey also i

B the/ pouring ope;ation. Serje as vents for escaping mold gases

QUESTION: Vhat is the time required for gasing?

ANSWER: The tim? ?GQuired is usually between 10 and 30 seconds.

QUESTION: How'l?ng can the mixture of sodium silicate and sand be

kept in storage?
ANSWER: The mixture can be stored in a closed container for several

days or longer. For short periods it is conveniently
stored under a wet cloth, The mixture will gradually dry
out and harden when exposed to the atmosphere.

My conclusion to this discussion of mold materials is that they are
?ecommenqed for more art casting applications because they are relatively
inexpensive and the formulas and mixing procedures are easy to obtain
through foundry supply agents or, possibly, at a local commercial foundry.
Furthermore, molds constructed of these materials can be poured soon and do
not require lengthy high temperature drying or burning-out procedures.

QUESTION: Can we get a smooth casting finish with the oil bonded,
cold-set or CO2 processes?

ANSVIER: The formulas for these sand mixtures as used in the regular
production foundries will probably not give a satisfactory
surface finish for art castings. However, very smooth sur-
face finishes are obtainable by adding from 5 to possibly
20 percent of silica flour plus some extra bonding material
to these mixtures. Liquid mold coating materials applied
on the mold cavities are also very effective in improving

casting surface finish.

In concluding this consulting session, I wish to briefly discuss the
subject of gating. This subject will be presented as the viewpoint of a
commercial foundryman. No doubt a number of these ideas are now being used
in your mold gating systems in art casting projects. The use of the com-

plete system shown in the sketch may be impractical or even impossible in

the casting of a certain complicated sculptured work because of the size of

the piece or the limited space available for the gate system. In any case,

certain fundamental principles apply to the gating of all pieces and a com-
parison of this recommended gate system to the one you use should be inter-

esting.

s system is to provide a quiet flow of metal

The main purpose of thi .
e vent such common defects as dirt and slag in-

into the mold cavity and pre
clusions, gas holes, misruns, etc.

R i I A should be rectangular (not
Referring to the sketch, the down sprue
round) in cross section. It should taper to the choked area at B. The
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RECOMMENDED GATE SYSTEM

Mold Cavity
S

~

A==

T
Parting ' ’\ 5

rectangular sprue reduces the swirl and the possibility of aspirating air

into the metal in its downward flow. This is an especially helpful ides

when casting light metal such as aluminum. The small choked area at B con-
trols the metal flow. Some foundrymen use metal or mica screens or strainer
cores to control the flow at this point. These screens do not screen out

the dirt in the usual sense. Their main purpose is considered to be to slow
the metal flow and thus trap the dirt elsewhere in the gate system. At the
point C (below the sprue) the gate should be enlarged., This also slows the
metal flow and prevents the metal from cutting into the mold material as it
turns the corner. The horizontal runner D should have two to four times the

This provides a slow horizontal flow of the metal
for some distance vhich gives the dirt and sla

i . unner. This provides
roditional trep for dirt-that may be in the gate or in the first metal

fl :
isogogﬁiﬁza%aie‘l'erse 1tself before entering the mold cavity. Whenever it
the gate system sceaa:;atniingusui&l 8ating systems) the aim is to design
mold cavity, § completely full before any metal gets into the

It was @ Pleasure for me t

material, © appear before thig group and present this
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SCULPTURE FOUNDRY DESIGN

Elden C. Tefft
Copyright, 196k

Successful sculpture foundry design requires the cooperation of the

sculptor, architect and industrial hygienist. It is hoped th i
T . » . at this paper
will assist the sculptor in his portion of the task. 4 e

The following sketches prepared as a schematic study to serve as a
basis for foundry design were prompted by the many requests received for
such information. Although the study is based upon the lost wax process,
it was assumed that in practice the plan would be expanded by additions
to meet special interests such as sand casting, experimental research,
etc., as well as expanded by multiplication or reduced by overlapping to
meet capacity and space requirements.

The plan was arrived at through careful examination of efficient
operational movements in each staging area as well as the relationships
" and work flow between the areas. The bridge crane system designed to
_facilitate work flow provides almost total hoist coverage except perhaps
in the area between the founding and the prefounding and post founding
wings where elevators may be necessary if the founding crane is raised to
accommodate special metal handling equipment,

Storage for other than immediate use materials has not been indicated,
however, reserve storage which could be out of the area should handle ap-
proximately two tons of refractories, one ton of plaster, one half ton of
blast grain and perhaps one fourth to one half ton of ingot metal.

The total foundry as sketched is designed to function as part of a
greater sculpture studio complex. However, it would acchmodate approxi-
mately twenty individuals working simultaneously if thelr work could be
so scheduled. The molding, pattern making, and chasing areas have been
doubled because of the greater working time required in these stages.,

MOLDING

Area 88 square feet per unit; 44 square feet adjoining traffic way.

f the fixed bench, as well as the splash.wall behigd
it, izeggggsconzgiuzzzdoof a durable smooth mater?al §uch as polished granite.
The adjustable height portable molding stand and its 1nterchangea:1;-tg§§
which are stored beneath the stationary bench allow for convenlen lanh ing
of work between bench and floor sizes. In mQSt cases a portab%e splas
curtain will be used with the stand to contain over-throw plaster.

stored above work level, is fed either

Plaster Storage The plaster, ; ; terial lost in
: i s into dip trays which limit materia
MBI machETIon m.eemtl?he placement of the tray opening at bowl lip

case of work contamination. |
work level reduces plaster handling.
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Mix mix i 10w waste plaster to drop into

i i helf is grated to al ‘

i 2h§lﬁbelz€e Theshose-type water faucet cogtroiiig by a dial tempers.
r e N = . )

Eﬁiesselectog allows the plaster bowl to be filled 1n P

cinks are placed at levels to facilitate worg

- . d- by swing mixer faucetg

e q erations. The sinks are serve y ‘
i G c;:anlgﬁeo€0w1 sink is designed to overflow into ?he bucket sink
and a spray unit. verflow drain. The mix shelf sink is designed only

i i uipped with an © k ; :
gg;cgvzifiEW,pznd, as mentioned above, equipped with a tray g Sl

plaster, All sinks require plaster traps.

Sinks The bowl and bucket

' i 1d gas burners is set low as
t Source The level of both electric an :
a safgz; factor in the handling of hot mold msterials. When.not in use, covers
not only protect the burners, but make the area usable for other purposes.
Large electric heating pots could be stored beneath the bench.

Outlets Outlets are supplied not only for electricity but for compressed
air which is used particularly for plaster spray guas.

Floor The use of oiled sawdust to assist in dust control as well as
help prevent floor build-up necessitates a slightly recessed floor and a
grated trap at the traffic way. The floor drain should be equipped with a
cover as Well as a plaster trap.

Ventilation The exhgust vent slot placed above dip tray openings is
for removing air-borne plaster resulting from dipping and mix sifting. The

burner area exhaust (not indicated) is for removing fumes and oxidized mold
material,

PATTERN MAKING

Area 88 square feet per unit; bk §qg§ré.feqt adjoining traffic way.

Benches The top and splash wall
plaster area, be of a durable material.
as well as vigorous cleaning and be cons
flooding, The portable rattern stand
in construction to the portable moldi

of the fixed bench should, as in the
However, it must withstand solvents
tructed with a slight edge to allow

» Sstored beneath the bench, is identical
ng stand.

Sinks The soak sink and the bath si
ks . sink are
system similar to that of the molding sinks,

swing mixer faucet and share a
two units, 2R,

equipped with an overflow
Each sink is equipped with a
One large waste trap serves the

The adjustable height units
Note, tool rack detail. Simi-

may be stored undér the bench.
cated) may also be stored under the bench.

4L ets ctric outlets g .
able tool heaters ang flameless tgigigsbe Provided for electric tools, port-

for gas air torches, 5 and compressed air angd gas outlets




Ventilation The exhaust in the
the removal of fumes generateqd by the
larly oxidized wax). However, it may
fumes from the bench area,

pattgrn area is intended primsrily for
heatlng.of pattern materials (particu-
be required to remove plastic or other

INVESTMENT PREPARATION
Area 72 square feet; 36 square feet adjoining traffic way.

Bgnch , The batching bench is designed with a recessed bagging shelf
which is adjustable for various sizes of bags and batches,

Materials Storage Four important investment materials are to be
stored and handled in the same manner as plaster in the molding area.
However, the dip trays open onto a weighing shelf.

Weighing Shelf The scales platform is surrounded by a grill which
allows waste materials to drop into a tray below. The face of the scales
is placed above the shelf at eye level on the plaster bins.

Investment Storage The batched investment storage shelf unit is
-portable not only so that use may be made of more than one unit, but so
that the batched investment can be moved to another area for use or storage.
If for some reason the use of a simple graded track is considered infeasible,
rocking double casters would facilitate movement of the shelf units over

sawdust retaining ledges-

Floor As in the plaster area, oiled sawdust is used to assist in
dust comtrol. This will, of course, necessitate a recessed floor, a
grated trap at the traffic way and a covered floor drain,

i i i is placed
Ventilation The exhaust slot, as in the molding area, :
above the dip trays. However, in addition a down draft vgntllgtion Ylélf
be provided in the weighing shelf. The exhaust for blending, installed for

use above the bagging shelf, could be a flexible unit.

INVESTING

Area 80 square feet; 4O square feet adjoining traffic way.

i and set low to accept buckets, while

Sin leaning sink is deep anc : : : :
the mzzgﬁiinngini is especially shallow for its prlgiry iﬁ;g?lgg ;5Ot:pray
handle overflo one swing mixer faucet will serve the S Iy 1 e, o
type unil'.rsr onz-long enough to fill the investment bucket while P

’ .
on the mixer, are provided. |
j the bucket to be at a convenient
i i .5 set high allowing the :
fillig;xerd pggjiﬁ;xizvzl The casters allow it to be easily moved to the
an . :

burn-out area for in-place investing.
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- mhig’ portable shelf unit is the same and/or

nt Storage S
id nt?;:;szﬂgt as described in Investment Prepara
ide

i )i endent, should be of the same
Floor The investing floor, if indep 3

type described in INVESTMENT PREPARATION.,

i i important in this area, should
i The exhaust which is very 1 :
b opzsztiilagigz above the levél of the bucket. Tt is recommended that it be
e

flexible if the mixer is to be moved.
BURN-OUT
Area 207 square feet; T2 square feet adjoining traffic way.
Fixed Furnace A fixed dimension furnace can be, not only convenient

for the burn-out of small molds, but when program controlled, very important
for research. Most stendard furnaces require special loading devices,

Flexible Furnaces Fire brick aprons constructed at floor level on both
sides of the fixed furnace at the traffic way serve as bases upon which to
erect the flexible furnaces. Each apron is serviced by "under the floor" gas,
air, electric, and control lines with outlets located at the front and back
outside corners. Controls for each furnace should be installed for easy ac-
cess on the walls at the traffic way.

Storage A small cabinet provided for each of the furnaées will serve
as storage space for burners, hoses, and other accessories. The flexible
furnace closure components are to be stacked to the rear along the walls.

Ventilation Since the stack is not asg R e s Polit i on Tor the

:xhs :ﬁ:t;r;g gf combustion .and oxidized wax fumes from the flexible furnace
xed furnace, ceiling exh =l
should be provided, . g exhausts or swing-type adjustable level hoods

This is not only because of the flexible nature of the

furnace, but also due to the Ccrane movement in the area.
FOUNDING
Area |4
30 square feet; 80 Square feet adjoining traffic way.
Furnace

The crucible fur
to the indicateqd operationsl org&il::s‘éf‘#eo T #60’ S rpe nent

the founders, o the covers '
be installeg inA:hzdg;‘:iogal furnace, larger t ilti’nzpz;‘;zrzitzu;gggs ,cgnugd
work. The furnaces gre sei ;mpliying one-man tongs for the small furnace
thereby reducing riskg, D Pits to lower the hot metal handling level

Splash Pit
0£ other spillage,
6 to 10" deep =
metal travel area,

Designed t '
the gra.teg. z;::ig the metal in case of equipment failure
h & sand covereg florm)lgh or shallow pit (approximately

‘ °r) is located in the complete molten
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To facilitate the handling of the sand i
. A e t i : o
which are adjustable in their height as weli agelgzZtiinseCtloned 2 SRR

Since usually at the moment of initiati
3 ng the pour fro i
the mos} c?nvgnlent mold level is above the floor agout t;emhiizﬁilogrtgzble
crucible, it is recommended that a flexible flask (interlocking plates) be
used to extend the retaining sand to the top of the mold,

The sectional grate used to cover the pit when not in use allows free
movement over the pit around the mold during the pour.

" Ready Room The ready room provides storage particularly for personel
safety equipment and a minimal area for its fitting and adjustment. The top
of it is to serve as a charging deck if a cupola is installed.

Galleries The observation gallery is designed to prevent congestion
~ 1in the foundry which could prove disastrous to both the founder and observer.
Shielding glass observation windows and ventilation are vital, because at
the raised level where observation may best be accomplished is also where
heat and fumes are most seriously concentrated.

Ventilation Ventilation of founding, one of the most hazardous stages
of the entire process, may be accomplished in a number o? ways. The 9e111ng
exhaust, mechanized or natural draft, is the most convenient because it pro-
duces no barriers to the activity. The localized hood is more positive gnd
secure, However, it presents problems of attending the melt as well a:hlg
the usé of the hoist upon completion of the melt. Regardless of the me o'bl
employed, masks rated for fumes should be worn when working over the crucible.

Ventilation in the galleries has been noted above.

DEVESTING

Area 64 square feet; 32 square feet adjoining traffic way.

i the
on of the devesting ragk allows
gh into the disposal pit below, as well
The rods are cushioned to.prevgnt
hould be adjustable 1n height

Bench The open-bar constructi
broken-away investment to drop throu
8s allows the dust to be drawn downwaﬁd- v
scarring of the new bronze surface. The rac
to accommodate molds of various S1Z€S.

which is located
ible from the ou

under and in the imme-

Disposal Pit The grated Pit, tgide for convenient

diate vicinity of the bench, is 8CCESS
clearing,

i umatic
Py S e ahoula be, provided £ox PO IRER Caiiss”
utiets e
€quipment,
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. i d to draw the dust
ilation is designe
: : own-draft ventila ; a collector. Free
Vegtlla;lgzom 2&: gace of the founder, gerhzls):i;i:oby a trapped passage-
down and &awsg the area is made POSS :
e t}};_i;;anesznhzzu%;is can be integrated into the vent system for
way at the cel .

make-up air, no seal is necessary.

SANDBLAST

Area 56 square feet; 2k square feet adjoining traffic way.

gloves and other protective equipment

Equipment  Air supplied helmets, O iost equipment, generator, nozzles,

is as important in this area as the bas
ete.

Walls The walls must be lined with rubber or other rgsilien‘t materials
which wEll resist erosion by the blast. Screen-protec.:ted wire glass observa-
tion windows are recommended for purposes of instruction and for safety checks.

. Floor The blast grain will drop through the grated flo?r in.to a c_glleg_-
tion pit which is accessible both from the interior and exterior.

Ventilation As in devesting, down-draft ventilation is important.. The
two areas could perhaps make use of a common dust collector. At the ceiling,
trepped passageways allow passage of the crane also, as in the devesting.

WELDING

Area 64 sguare feet; 32 square feet adjoining traffic way.
is inégghixsrrelielghi Enclosing or shielding the area for use of arc equipment
. S can, howeve " e

resistant curtains. . r, be accomplished even by the use of fire

. Denches” “The welding stands Fo : e
able height are intended for~inde‘p‘con8tru°ted with fire brick tops and adjust

works. endent use or to be used together for larger

EquiEment The oxyacet .
haps not be permanently fmeg}egﬁtarc and shielded arc equipment should per-

it to the larger s e rather Provision should be made for moving

Ventilation The exn
—~nvtlation A
nature allowing the slot tou;:‘ can be local, but shoulg be of a flexible

Positioned to the height and locale of the work:
CHAS TG
Area 128 gquaye o
Teet; 6L square Teet adjoing :
Benchesg : ng trafflc way.

top) and ; are to p
P) equipped with hea ~duty Ssis‘:lhiivyck construction (1" steel plate
Vises,
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Safety Shield By placing two

¥ sible to avoid duplication of some 1gg;§£esgh§s in a single area, it is pos-
: L T equipment such as the floor grinder

and flexible shaft grinder indicated, 7o make this feasible, a safety shield

or screen should be installed between th
terials especially from power tools, SRt ctad e

Tool Rail To allow free movement of the foun i
counter balancing and storage of heavy hand tools cgizdciiniﬁszgilzgl%eig:
the crane level, However, to allow the hoist to be moved to the bench. the
balancing portion of the rail in front of the bench would necessarily e
designed to disengage and swing out of the way. At this time the tools

could be moved to the storage portion of the rail slong the sides of the
YO0o0m.

Ventilation Small flexible vacuum uwnits to be used at the work are
recommended for removal of particles formed by grinding and other operations.

PATINA
Area 80 square feet; LO square feet adjoining traffic way.

Storage The cabinet storage for chemicals above the bench are in part
to be lined with acid resistant materials.,

Bench The acid resistant bench top is designed to drain into the
bench sink.

Heat Source The gas and electric burners for heating chemilcals are
positioned low for convenience and safety. They are placed between the
acid bench and the floor sink so they may serve both areas.

Torch gas and air outlets (not indicated) are to be situated so torches
may be easily used in the floor sink and drain area, as well as in the bench

area,

Sinks The sinks, as well as the plumbing, for both the bench agd
floor sinks are to be constructed of acid resistant materials and equipped
with mixer faucets and sprays.

The acid resistant work grill over the floor sink is adjustable from

near floor level to bench level. To control the acid splash, shie%ds may
be extended into place in front of the sink and the grill from their storage

slots in the bench.

The recessed area under the grated floor, which is to accommodgte large
work drains into the floor sink. The spray used here should be equipped
with an extra long hose.

The extended slot wall vent is for exhausting fumes in
d bench sink areas. However, because of the flexibility
in area require a less localized exhaust.

Ventilation
the burner, bench, an
possible, the floor sink and dra
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UNCONVENTIONAL AND EXPERIMENTAT, SCULPTURE CASTIN
~ASTING*

A i

by
H. M. Gadberry

Senior Advisor for Technology
Midwest Research Institute

INTRODUCTION

This report on experimental casting brings together a variety of
sculpture developments and activities since the last conference, and also
touches upon some exciting trends and possibilities for future experimentation.
The aim of this potpourri is to draw out discussion from all the conferees.

Many artists and industry men have contributed information, slides
and ideas to stimulate our final colloquy. I want to thank them all personally.

For several months we have been collecting information about uncon-
ventional and experimental sculpture activities throughout the United States
and in several foreign countries. One thing we learned for certain is that
more changes can be expected. When you scratch a sculptor, you uncover an
inventor - an innovator.

A1l during the time this information was being assembled two questions
continually presented themselves:

What exactly is unconventional?

Why do we experiment?

ere found about why we engage in ex?erlmental
35 hed as to what was unconventional, or

h to the production of sculpture.

Satisfactory answer
“asting, but no agreement could be reac
¥hat constituted an experimental approac

sting Conference, March 28, 1964,

\

. Presented at Third National Sculpture Ca
LaWrence, Kansas.

futhors note: In response to man
€rences for further study,
and references not possible
Will attempt to answer any

i ref-
y requests for detailed jnformation and

' i tnotes
nnotated with foo
g paper has been a 2
:21 rzsent at the conference- ngni:
ddigibhal questions in correspon
a
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trouble with a word like "ynconventional® is that the existip,
The trou 8 WC : ELisinat b

sculptural conventions are fairly elusive.. The verXOt:on i ‘.l,li:nc’;s‘ o)
continually exi;erimenting progressively changes our S

process” for the production of cast metal sculpture.

Let us, therefore, take as our point Of departure, that the Process
of modeling a work in a plastic medium, replication inlwizax ,dp;olaer SII:I‘Ulng
and venting, investment in a solid refractory body, followed by wax burnout,
and metal casting represents the standard sculptural process. Th\.ls » 8ny sub-
stantial modification, change or elimination of thesc: steps cOnStltt‘J',tes an
essay into experimental technique. The real key to unco?ventional actually
lies more with the artist's intentions than with his technigues.

Examining the question -- "Why do we bother to experiment?" -- ig
more productive. Grant at the outset that the standard lost wax process will
permit us to cast anything that we desire. Why look for new methods?

Reasons cited by sculptors for their experimentation all seem to fall
into two general classes -- artistic reasons -- and practical reasons.

Among the more important artistic reasons are:

- To allow more direct work by the artist, that is, closer to
finished casting.

- To add new expressiveness to their vocabularies.

- To experience the excitement of exploiting new materials, textures
and effects.

2 To Permit making large or complex pleces with minimum compromisé
in the design.

- To permit the artist to s

Pend more time on i nd less OB
the casting craft. creation an




thus increasiﬂé pro-
€ more Pieces),

A]—l Of these seem t
© be valig
fran the classic ) and Satisfactor
i methods of Cellinj. Among the exampleg zeasons for departing
¥5 1n which sculptors have approached these vario hat follow we can see
us aims,

I suspe
pect, however » that none of these logical reasons is as power

eak

I. SCULPTURAL USES OF PLASTIC FOAM

technique Sszift de;relopments and lflodif’ications in the foam vaporization casting
ARt 3 nue to clz.aim ai::ten1.;10n in experimental casting. Perhaps the most
o S :Zel?pment in this f1.e1d since the 1962 Casting Conference has not
B8 6P art field aE all, but in industry. The growing industrial accept-
e Py Full-Mould casting process is certain to be of great significance
ptor. You are familiar with the history of the process -- starting

wi
Du:h the Shroyerl experimenys in the middle '50's; the development work of
8, Flemings ang Taylorg 3 at M.I.T., and the eventual acceptance by sculptors

r?;:lhe Coersand process for the direct casting of styrofoam sculpture through
wittmmporizgt;ion. It took, however, the energy and persuasiveness of Professor
nol osser=22/ of the Department of Foundry Science at the Institute of Tech-

ogy, Aachen, Germany, to obtain serious consideration of the process by
Commercig) foundrymen.
: I vividly recall my first experiences with the pro?ess in 1959 ;whfn
Oam casting was truly considered experimental. It was difficult to get de
tails op working techniques. We had to work out our own techniques for gatin?;
I‘isering and surfacing the styrofoam. And when we discussed foam with coinnzi'
cigl foundrymen or suppliers, the situation got even worse. There was :onf
dency to treat foam casting as a freak or a joke not worthy of serious
Slderation by the foundry trade.
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,is f;ertainly due to change. Professor Wittmosser hag
undries to use the technique on large casi'-,j_ngs. The
was introduced at last year's British foundrymen's society
Lt Proceﬁs it of & nine-day wonder." The Pressed Steel Company ig
IR e ccording to Professor Wittmosser, over

; a
busy licensing the Full-Mould process, '
15,2)(00 tons of steel were cast last year by the Full-Mould process. Running
true to form, American foundries adopted the process after it had been thor.

2

oughly tested in Europe, and the largest single casting by this process, tota).
ing over 15 tons, has been poured by one of the three Detroit licensees.

That situation
. persuaded many European fo

The principal applications thus far have been primarily limited to
"one-off" castings used in automotive tooling and stamping dies. But foundry-
men now view the process as attractive for limited run production where the
cost of patterns and complex core boxes would greatly increase the cost. There
is also a great deal of interest in adapting the foam process to production
casting using expanded polystyrene beads to form the expendable pattern.

Another siéhificént'dévél,bpment i,s the use of spherical blind risers
for conventional foundry casting‘.-sj Found¥ymen.have long realized that the
best shape for -a blind riser was a modified sphHere. This shape combines
maximum volume with minimum surface area. Blind spherical risers have not been
used to any extent because of the difficulty of pulling them. The German
foundry society is promoting a standard for spherical blind risers formed from
expanded polystyrt?ne. These can be placed over the pattern in any foundry
process and left in place to function as riser and shrink bulb.

Simply tha:hiz 2:3 :ll this industrial activity got to do with sculpture?
Possibly foams bettefp ect much more technical information to be forthcoming.
Better refractory wash:zl?d for pattern shaping. Improved surface treatments:
more suited for polystyre or foam, and investment sands with greater flovabill¥
vhen I can take a pq o panl"Jf"‘Ern Packing. I am looking forward to the time
Palystyrene piece to g commercial foundry and have it accepted

for casting with no
more N
ate. COmment than if it were a wooden pattern or a match

In the meantime » all

PPeara
Suffolk, Geoffrey Clarke contin::z: lc:f vy isieaias fopucyarrla, 42
S Work with very lar 1
ge architectura
at work in hig Bury St. Edmunds studio-

» bigh sculpture in cast aluminum which

Clarke descrip I Y6les Block at Ki
PR s deac g ol 0 ¢ 88 0aLlege, Newcastle.l/ Geoffrey

i .
21’ the Physicg Building andc aye oo, e deliberate suater ok
€& of swirling nebula, the S8ys that it is an abstract derived
» LNe burning Concentrations of gaseous mab

"from the i
ter

-4_
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in space.  The piece has
castings are bolted. Overat$EtilliZEd steel frame
4 o s i
the pouring. This piece may be ‘:nu of aluminum supti-Wthh the aluminum
on public display. he largest foam Vaio;id :Y Alcan was used for
zation scul
pture castin
g

Looking at this
work it i
in foam casting strongl is obvious th
B ibing to th gly interact with the sculat the methods and materials used
/ e expressiveness of the fi ptor in shaping his ideas duse
finished work. .

cannot conceive of an
yone starting out to do a el o Try as I might I
e

methOd . If they di d i v i bhe ax

y t Ould pI Obably en(i up l Oij y IOSt W
ng COnSiderably d i
Lf hi eren’t -

It can be argued that
a sculptural
intention of the arti plece should o
-t . comm!
ployed should not Sho: ; and that the methods, techniqu:ate Ty Sox binel
says "foam" just up. Nonetheless, this very exci s, and materials ea-
Just as clearly as it says "modern ph iXC1ﬁlng ma jor piece to me
ysics.

I had assumed th
at all the :
too well known to , endless variations of fo :
ommended PraCtices§72:lre c?mment. However, a brief recapitu?:tzzzt;:gr:ire
y be in order. These are the rules-- you'll need to—kn
i aow

them so that .
you can go
o go into your foundry and ruthlessly break every one of

1. Give the foam whatever surface you wish.*
2. Apply a good refractory mold wash on the pattern.§/

2. Vent the sand well either with rods or textile venting.g

4. VUse blind risers.

5. Feed from the bottom; let the metal rise. FPour quickly.

6. Don't just partially burn O nelt out the exposed foam.

¥ ¥ ¥ ¥ ¥

neer OVEIr fabricated sand core

foam as & venees
ted in Petro-bond

Jacques Schnier uses thin
ntly with wax,** inves

armatures. The foam 18 surfaced 1ig
sand and cast.

ace treated styrofoam vere exhibited.

per surfaced foam, and c) commercial
s cast March 21, 1964, by

ast from surf

b) tissue pa
Test specimen

turing Company:

¥*
Specimens of aluminum C

a) Wax surfaced foam,
expanded "pead-board” packaging-

Y Don Galbreath of Grandviev Manufac
Both brushed-on melted WaX and a paste composed+of
sene (charcoal igniter gluid) that can pe spatulate

of foam surfaces.

wax in deodorized kero-
d onto the underside



'1o's'e cbn’éfdl of this method in the
; surfécé detail, Professor Schnier
n -

You can see. the‘ versatility and
next work. By using core block wlniow:e; a
creates "More He Heard, Less He Spoke.

After a few design changes
, ""The Space Observa-

= ,
Here we see the start of a composition.

j have
the foam is applied. Through Petro-bond"castlng we
tory." Another work --'"The Watch Tower.

: 3 raw, rough

th who work with smaller more delicate pleC(.?S th:rorke ;s haie

For those lem. Various
i to be a prob
of styrofoam continues . : : ax, Glad-Wra

sﬁiai:il:re:?llzzd thisyproblem by the judicious apPllcatm;’u:fazd ; pplied 1i§;
1ojr thin tissue paper dipped in diluted polyVinylacei.:ateig AT
gold leaf -- plus endless other variations and combination
ments including burlap, feathers and gravel.

One of tﬁe most interesting new variants comes fz-'om tx;zi]]?ie:};zlzyfoam
graduate students. The surface is first develop?d in z.alumlnumllent e P
backing applied. This permits casting thin sections with exc; AR
tail. 1In this technique, the composition (which is usually o e-x r. "
1s developed in thin aluminum foil. The back surface.of the foil is sg CZ
with a binder, and pre-expanded styrene beads are sprlnl.{led on the sx;r ? -or
This process is repeated until a layer of foam pellets is built up 1/4 in. i
more in thickness. The pattern is then packed in sand and cast. Further e ?
ments are planned using thin brass or bronze foil for castings in ‘?ronze: f’ A
both sides of the design are important, the back is also covered with thin foil.

This methoed is contrary to the theory of foam casting, but it has been quite
successful.

IT. URETHANE FOAM

The use of polyurethane foam has come into much wider acceptance for

sculptural purposes within the Past two years. At the University of Manchestel,
considerable castip

& has been done using polyurethane foams of 2 1b/cu £t den-
sity. These low density urethane foams have much finer pores than styrofoaml;
Si uisthane Toan cuts, sands, ang shapes better with sharp-edged tools then
does styrofoam, Urethane is not Sénsitive to solvents and can be glued with
solvent-based g

dhesives, but is g1 tly harder t i t wire cutters
or hot tipped tools., ghtly 0 work with ho

FoamEd ure

thanes are obtai
nearly 15 1b/cu gy,

nable in densities ran ing from 1.5 t0

ity foams, say 6-10 1v/cu £t densities,
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rovide an excellent carvin .

port that 7 1b. urethane foimmi:lum- Studentg at the Upj i

wood, but is superior since it h:ionds to their carving ;’z;iltybof Montreal re-
no g S a out like balsa

pg characteristi rain
:8;";’2 ?:e]_l ) sandirtl;cs c?nd excellent details:;;mzure Lo cause splitting. (oog
an s e : g .
P texturing Processes. I hajghleved and the foams re-
samples of 4 1p, g
. and 10

1b. urethane foam here for tho
5e
after the session. Bo would 1ike

The low densit

aluminum. Because the fgal‘;r;zhane foams cast quite well ip s
pouring temperature is indi FoRRCS ?Ollame as readily as styrené SR
fractory mold coating to mic?t?d. This, in turn, requires the use c,>fa Sezer
use a_special Kemwell coat‘nlmz? burn-on or metal penetration. The Biizi-h
55-M.=/ Others have used ;}r:g Wl.llch T Judge is equivalent to our Terra-Paist
Way that it is used € 2zircon washes such as Mold Coat 30-Z in th

over styrofoam. e same

The principal iaterest i
i in the urethane f i
that it can be foamed and shaped in place PRSNAR LS AMTSE GacRiait

B e i o e
used is Cook e ; e e foem pouring pz-‘ocess: The material
BRE Do e £ et : I-Jany S Coro?oam No. 460. The foam is designed to have
e tIlll.ni't‘,la'l::l.on t?.me wh%ch permits thorough mixing before placing
foam, heatin the mold. This timing can be altered somewhat by cooling the
available ing e I.nold or other techniques. Many other urethane foams are

& variety of densities.

One of the limitations of direct styrofoam sculpture has been that

t i . =
e pattern is destroyed with the first casting. If you are interested in rep-
cing editions of your works,

i;:atmg a particular sculptural element or in produ Sy
‘Urethane foams may be an answer. Alfred Duca at M.I.T. reports=/ that an
::J-.lmited number of reproductions with smooth surface finisht?s can be made.by

‘Ng a silicone rubber impression and foaming polyurethane into the negat:u'fe
mOJ.'d' I was unable to discover any sculptor in this part of the c@try using
thig Process so I have prepared one example of a urethane foam m?ldlng. One s
Cution here. If you don't use silicone rubber impression material, excellen

ur rubber molds.

s .
®Parators are needed or the urethane will stick to yo
e of the urethane

ST 5
£ One of the most exciting possibilities N This process known
Cams jg that they can be sprayed in place onto surface;l.s‘t-l S e o
% the spray-up method is used industrially foz, malind 1.sd to a vertical wall
buildings. Here is a sample of sprayed-on i 1; /> in. thickness each-
Su:fQCe in four almost uniform coatings of approzaiztgi;}{’u/sa;g .cores followed

= =
hought this would be ideal for spmyingwxc:‘irle.e +this may be possible within a

b .
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igh yet. The equipment for the propey
SRRIE to;yh;?gh; $2-3,000 will get }efgﬁa:t;g:d-
comes Ve his use is som
foams for t tions that
; ur-in-place best sugges at
Current work on adaptlngiizerested in this pro?ess;itzefoams; do not use self-
encouraging. To anyon: are: use long initiation t :horougle; mix quickly byt
can offer at the momegf foam; chill both components e-built core which has
SRR gradis as rapidly as possible over a prered with Saran wrap will
i i Z 135°F. Battens of styrofoam cOVis not neat, since it
been warmeg to ::z;’l the foam thickness. The processlarge core; and the foam
contain and con in order to cover a is further
al batches in tend to explore this
requires mixing sever ] Nonetheless, I inten .
LICE imented with it.
s thatlis Ob:?ljrn::g\gtstions from those who have experimen
and would welcome

o)
few years, don't get your h
application of these foam

ITI. DRY SAND INVESTMENT

rimarily since
One of the novel departures which has been ge:::ﬁ:.r) The history
we last assembled in 1962 is the area of unbonded san e e 1o
of the dry sand process is somewhat beclouded. As neareymade by Tom Smith,
covered, the first successful castings of this type wer 14/ e Hrocess: seems
Director of Research for the Maytag Company, Newton, I?wa. ed by Professor
to have been independently and almost simultaneously discover e
* Wittmosser in Germany and by Henning Dieter in Austin, Texasot ofoam process,
some prototype aluminum castings were being made by the CO,-s y; thedstyrofoan
Tom Smith asked the caster vhy he needed te use a bonded sand i e e
was going to be left in place? The next step was obvious. T{ley g0 s
sand and set to work. Here we see a test plate with the cri'tlcal SurAfter
given a smooth finish by the application of Mylar draftsman's tape. e
pouring, the surface of the styrofoam is accurately reproduced, and the

ied
‘ e applié
surface of the Mylar tape minimizes machining. Tom Smith says they hav
for patents on the dr

o
It was necessary for Maytag to.mge
send them along with their revise
If the patent office exami

; hat
“ner for foundry casting believed t
uld not Wwork, this wag co

9 on
nvincing evidence that the innovati
US to anyone skilleg in the art.

the procegg WO
¥Was not obvig

he
rable controversy among sculptors as to Whether:
dry sand Process ig sultable for art casting. Dale Eldred at Kansas City AT .
Institute reports failure in 2 out op 3 unbonded sang castings. Jacques Scho
reports th

aa
Alfred Duca at M.I.T. hae
ound jt necessary to produc
ve .15/




Henning Dieter of Austin
J

as thoroughly as anyone i : Texas, has
y in this COuntry.lé/h S probably investigated the
Process

pyrex plate to watch the He h

o e has u
Process when casting with zizi StTY:;Oanm seancil

: is slide shows h

ow

the dry sand process wo
rks.
vaporizes partly-depolymeriz ghe molten metal advanci
form & temporary bond. As t; styrene out into the ;Zidinto the styrene pattern
styrene is driven farther outeim:tal cools and liberates Wgzie it condenses to
nto the sand additional heat, t
(] > he

is a clean casting in When
g an unconsolidated sand with nzr‘:;perly-done , the result
urn-on, little meta
1

penetration, and no need for "shak :
eEoutnt
Thus, for the first time to my knowl

edge, We have available
a
R . process which lends itself to the complet
a mplete automation

The greatest ad
vantage for th

vestment does not e sculptor is the f
undercuts and detazi:da:; bi iammad or packed. The unbondzgts:l;?ltfiry Sind ol

f os ike a liqui . ) ows into
This flowability mini ) quid. Vibration is a consi
s pluc Zf cnlmiour zes bc.andlng and distortion of thin sectrilcs);c:ezzbl: R
o equipz;ent se, doing away with the relatively expensive uli YEEDS
e , ete. A second advantage is the lack R o) oy

. Longer runs are possible in dry sand than i chqotqebilin ighondel
an in, say, green sand.

The process is ideally suited for aluminum cesti i :
gf‘oz:: (S::r::‘.and ?luminum is not too dissimilar. Mr. Di:z:?‘gr:;z:'i %etz::sil"g
higher dens:.zg ’hﬁ i bei.?n.m::ceSSary to go to a zircon sand which with its
thus far seem: to ]l:s Ky mmlmlze.sand floating. The principal source of trouble
o e L T e at the pouring cup and principal sprue. The styrene vapor
a refract ‘e pour goes out the pouring cup, not into the sand. By using

ory casting cup and a large choked spruing system, washing of the sand

tan largely be eliminated.

ess that Geoffrey clarke cast, in

Tt was with this dry sand proc
lptural screens for the Guards' Chapel

Oc
attfPer 1963, the two 30 ft. x 9 ft. scu
the Wellington Military Barracks.18 Each screen was cast in 15 pieces and

I;:dtz,tc’tal welght in aluminum of 2 tons: Clarke sent Mr. Dieter & description
Ge()ffls process and the difficulties which he encountered. "I:wo excerpts fx.'om
fluidrey Clarke's chronicle are particularly illuminating. The research into
Our sand casting is really something. T tried 1t yesterday afternoon . -« °*
th hearts sank when the first pour took what jooked like a pint of sand down

% e feeder with it. Next pour W€ in 1ock of styrofoam at the
iQP. This helped. Finally We used refr . I think the answer
§ a greater choke. Will tr¥ this today- I'm going to try @
tatch plate at the bottom." _ _ - and later, ast, on 8 small scale.

: . vapor
Perfect results! Practically no jgnition wit ise polystyrene P
choke t worked, then had
system. We tried 1 t feed sY®

; A

Poug 1 differen
out of five absolutely perfe

troduced & large b
actory sleeves -
If this fails,
nguccess at 1
h this long T
tems pefore 1

1
ct casts.
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. by

. asstme that the use of room temperature

{vely. new area, 1 think we car'1 agree thet "
‘14 . We don't
i s and certain distinct llexitationst o I‘esultknow enougy
has certain advantage +o control it and obtaln predic.a 5. Surel,
about it yet to be able tent to which this new process can pe

the ex
ithi ars we will learn Bery toc
Mt:ln Z ii:?; foe production Of sculpture. P.Jatch fg(z)' a assiig hat cop.
;‘:P :yzry pourable sand investment and bonding by COo &
ne .

In summarizing this relat

"IV.'. UNCONVENTIONAL METHODS OF PATTERN MAKING

b

the various techniques of producing sculp-
le attention in the past few years. I
vulcanizing silicone rubber and the pre-

cision agar moulage process are too well known to warrant discussion here.

Leaving the area of foams,
ture patterns have received ‘considerab

A. Polysulfide Rubber Molding

The search fo¥ the perfect flexible molding compound continues. Re-
cent entries in this field are the Thiokol type polysulfide rubber compounds
derived from solid propellint rockets ‘and industrial sealants.

George Kratina haé'_been a principal user of ‘this technique.ggl-e—l/ ;
We have an almost self-expl'a'natory series of slides showing the molding of this
heroic-sized "Pioneer." The cold setting polysulfide rubber compounds made by

Smooth-On Manufacturing Company were used and Mr. Morse of Smooth-On furnished
these photos. YR e

. "I
.y
teth 0.
ot et
k3

The advantages of polysulfide compounds over latex become particulsfly

important when working with sculpture of this size. Latex shrinkage, which

' The front of
was in Pive Beparate se
compressed air gun es

the flexible mold was ma The pack

ctions.,

de in a single piece.

The mold compounds were sprayed on, us%gs % 4

a coat of FMC-100, 2 light tg slgned to handle these viscous resins & Fir,

line. When this layer ger . . rou0d, Vas sprayed directly onto the plasts

BUn. A total of four iy ® second coat of black FMC-201 was applied Wit! ©

Pounds. Fach layey cur d"‘s develpution; alternating light and dark colof o
¢ 1n an hour or less. The déepest undercuts and ed

* A detaileg
descri t .
pPtion of mold Preparation isg given in References 01 and 22

=k 1Ok~




ready cured. >
al y Another layer of the light tanc:lel)g‘ad Sl P e ol
compound was sprayed over

the entire figure £ A

covered with jufiHZEdczzzrig rélnforcing vas embedded in the com

ric. The plaster jacket was ire\rent the plaster case fro;adherli)zunz 5

rods and pipes. Strategicall ast over the rubber mold apd I‘einfori dob‘che fab-

blowing compressed air betw Y placed holes were left in the 'jacketet y stz::el

in separating the two. Theee:n ;he Fuober JoRuend fhis plaster'.jacketotge:z:icst

the Pioneer has been ski By is pulled. The flexible mold rolls off, and
inned. Back into the plaster case -- the molding Jéba:s

done. The finished piece w i
as commissi :
Tennessee . oned for the Pioneer Bank of Chattanooga,

B. Roll-0ff Plaster Molds

s hav?oizbzg; k;lew V%C+T:meerman during his stay at the University of

158 P y been introduced to the plaster roll-off mold. This process
originated by Poco Frazer many years ago, so impressed Vic that he has indoc-
trinated many others who are equally delighted with the technique. This is an
elegant, thin-wall version of the plaster waste mold and can be particularly
recomnended for producing large pleces with deep undercuts. The process uses
only small amounts of plaster, and one person can handle quite large molds.

ane he developed the technique further

When Jim Clover went to Tul
teaching it in his classes. In

and has used it to cast many large pieces, plus
essence the plaster roll-off technique works best over a piece modeled in water

clay. The piece is usually chimmed into only two sections. Then the thinnest
possible coat of a strong hard gypsum plaster such as art casting plaster is
splashed or sprayed onto the surface, and squares of burlap are dipped in-thin
Plaster and applied as a reinforcing patchwork all over the surface of the
DPiece. The edges near the shims are reinforced with sisal rope or twisted bur-
lap to provide strength. The case can be str,engthez_led with bent.Copper tube

or lead pipe held with plaster ties. When cured the piece is sliced in two and

most of the clay scooped out. The remaining clay is washed out gently with
is then painted or slush cast in the mold halves.

streams of water, and the wax 1 .
The wax coated s;xell mold is next immersed in cold water 1.mt11 the p%fa‘s:zr :asx
thoroughly soaked. Then, starting at one edge, the mold 1st§ol-t;c.1 lc:n R zf o
like the skin off a rabbit. If care has peen used to keep the thic :

mold under 1/4 in. and to overlap the purlap sections, the i?g}d ch_:n be stripped
Off over the contour of deeply recessed portion-s with no d : jculty.

— 1 e



C. Wax Steam-Qut Process

dditional detp;:
leans area, Gary Hreenar Siﬁiz :rocess from Jiﬁz
Also from the New Or :Ie heard something abouz e oot s A
on the wax steam-out P1‘0f3‘ass"ears ago. Since that tima;d Gary Freeman they hay
Strupeck and Mr. Leach fO;—ZwZomb,. Between Jim ClOV;E:'is teaching it successful]y
thoroughly teStedoou:eizs of all sizes; and Strupec
cast well over 100 p

to girls in his advanced classes.

uniform wax shell
ing and lining the investment with a
Steam dewaxing B s
ffers great advantages to those who work in
0

. a grate in
. . tment is placed on
i partial lnves Exposure to
x piece encased in a as burner. Exp
| Th:v‘;’i wzter, and the unit 1s heated by a : R i e
a container relatively brief period dewaxes the.Plec e e o
:zeal? i:Zt;ent has cooled to room temperature, it can
e 1in in.
with wax to & uniform thickness of 3/16 to 1/4 i

' of core pins.

The most interesting variation involves FreemaTze:eui:ils are closely
He employs wooden boat building nails made of bronze't.: R R
ribbed which helps them to stay in the wall of a ca: innovation lies in applying
snip them off and chase the pin in place. The chie 1:n R
the core pins from the inside after the wax shell has bee e el
process the nails are pushed point first through the pax un. 5 thal cor
the surface of the investment shell. By using many nail P°1n§s :her cote
Places, the core is adequately supported just as Chapl')let:-s an fothrough e
supports are used in steel casting. Sometimes a combination o

s t
‘ ins is tha
and surface pins are employed. The major advantage of the surface P :
it leaves almost nothing to be chased off the cast surface.

D. Foam as g Transitional Armature or Core

e
7 e oY co
A number of sculptors report use of foam as a working armatur

e
Professor Schnier's use of this technique. The C:E
d with about l/ 4 in. of wax. One wazhrouéh
to melt i7x on the surface of 3 Pan of water and repeatedly dip the foem ace-
. After detailing the wax .surface, the foam is removed by using and
The vax shell is thep gated, sprued, invested ed
fner. The "Little Space Prober” is also proseg

tone or Ferchloroethylene.
cast in a

"conventional" ma

using a temporary foam armeture,

- 12 -




B i P oYer the styrofoam core
€ reinforced investment .

Then came
the mome
=iy nt of truth! i
: razzygofoam core was set on fiZ:th A
i fzifped out into the catch éasiz
owed by slush-waxing, coring‘
>

core pins were inserted and

. ah X .

appll?d over the entire outer si:i Vi i

the piece supported over a catch bac§.

it burned, most of the wax and allas;n,
of th

The final dewaxing was a
ccompli :
burn-out and casting. Sy B

E. Vacuum Thermo-Formed Plastic Patterns

The final patte i
rn-maeking t i
¢ ] g technique
woilsgul'-pture but is being applied for prgcis?as R SR S B e Lo
f: h? industrial castings.gé/ Briefly the prozzswi?d tunnel models and thin-
pa:tlonei by the thermoforming process over the 05.12V°1Ves Y
ern has been formed, it i S e
’ is treated just lik i
process. The fo . : ike wax in the investment i
i dv o2 biio:i?g slides from NASA ‘s Ames Aeronaﬁtical Laboratgryozzz:ng
N, i e i ium bronze wind tunnel models with walls only 0.010 in
e = - ps ial advantages of the process are simpliqify, directness ané
oy 3 Yy mooth.as-cast surface of the piece. I have here several pieces
een cast in beryllium bronze by this technique.'

s, oo N;w th?t thermoforming machines of large size are évailable, there is
S W y.tﬁls technique cannot be applied to making molds ever clay or
ne originals, after which the thin plastic can be lined with wax and

handled in a conventional manner.
s prepared by pinning the body on a

thermoforming sheet plastic over the
jsker and the scales on the tail.

T This plastic replica of a rat wa
5 en block, freezing the rat and vacuum
ozen body. The plastic has ceptured every wh

V. WAX PATTERNS TN BONDED SAND MOLDS

ded sand molds is being em-
h grovides great

3/ others are
having much

n bon
ing COo sand whic
er temperatures .
finer detail and

t of wax patterns i

Some are us
the wax at high
able of

Direct investmen

Ployed by a number of sculptors:

EOYOSitY and permits baking out

sing furfuryl alcohol bonded sands caP
greater flowability than COp sands.

- 13 -




I 4

. sand cores and inve
Schnier builds wax Over DA
At Berkeley Jacques 4 with refractory mold wash to minimize gy,

-treate q
COp sand. The cores are Ppre X polyVinyl alcohol solution can be ygeq in

i wit
absorption of wax. A treatment . -
a similar way; it is highly resistant to oils and waxes. Melt-out is accop.
) (@ Om

plished at 400°F for 18 hr. Cores are held in place with bronze pins.

Foamglas as the core. The grooved channelg
Since Foamglas has closed cells it cannot

absorb any wax. However, glass foam cannot withstand bronze Or 1ron casting

temperatures. Core pins are of aluminum; and wax melt-out from COpy sand is
performed in the oven at 400°F. Here is the finished hollow aluminum piece.

A novel variation uses
are to aid the flow of the metal.

While I have had good results using wax in COo sand on small pieces,
I'm afraid to trust it on larger works. Somehow I'm uneasy with a pouring
ladle full of bronze-- and a mold that I know has 9 lb. of wax absorbed in it
somewhere. Tell us-- what results have you had with wax in sand? ’

It is for this reason that we have just started some work with fur-
furyl alcohol bonded sand and solvent vapor dewaxing. ©Small wax test patterns
have been satisfactorily tucked in furfuryl sand and a good bond obtained with
the gentlest possible hand packing. ' Dewaxing has been accomplished with per-
chlorethylene vapor in a homemade vapor degreaser formed from a 55 gallon drum.
With these small samples, dewaxing has been completed in about 1 hr. The mold
is'then Placed in a circulating oven which is vented to the outside air and
dried of all perchlorethylene vapor. No castings have been made yet, and I

wouI.Ld like to hear from anyone who has had experience with the hot solvent de-
waxing process.

VI. METALS AND ALLOYS

N
ewer metals and alloys are being exploited by many sculptors either

for their int i i
rinsic properties or for casting expediencies which they contri-

bute.

Low melting alloys seem

2
at Iowa City has developed a ¢ e enjoying a resurgence. Mr. Leiserom;

omplete system for zinc and zinc alloy casting./

- 1l4 -




This permits setting up a zine it

capacity furnace and burn-out ovoundr i

molds, Lelserowitz has obtaineg zz-tiu
stin

$100 including 150 1b.

Sprued
gs of excellent detailand vented plaster

The attractive i
combi i
molding and pouring; and the nation of low initial invest
S ' use of a perm stment; Pfast, simpl
pound is hard to resist. anent metal costing about é 1 it
u .10 per

Similarly, sculptors from Montreal re

e and Kirksite. port excellent results casting

Zamac No. 2 i :

cal properties, for instance 2 in particular looks promising. I

e cent c) : » excel those of 80-10-10 b g. Its physi-
elongation). It casts at about 800°F e S

Calvin Albert of P
ratt Instit
of s = . "o ute has devel .
s 5:2Zn§35tlng in low melting alloys.26-28 Crafzpzirigzther his technique
i n
Professor Ag:erzhe only new idea found at the recent cast sculziziztlg 557"
€ sent along some slides of his recent efforts L

l 1 [} . n
R gzrs;Z? ‘1962‘Spray cast, life size, in lead alloy. Sprayed in-
exhibited in Albert's 1964 one-man show at the Stable Gallery.

2. Untitled Relief, 3
& - y 3 x 5 feet. Spray cast i &
To be exhibited at 1964 one-man show. o A R

1t = :
- 3: Monument in Revolt” Combination technique using Modalloy plus
ct casting with spray cast lead alloy.

v 4. "Attack In The Wind" Direct cast lead alloy, 34 in. high. Ex-
ited at one-man show, Grace Borgenicht Gallery.

5. "Figure In The Wind" Lead alloy spray, 34 in. high, built up on

t
op of a core. Shown Grace Borgenicht Gallery.
ainly demonstrate that the technique has possibili-

These pieces cert
thought .

ties far beyond the limitations generally

spray guns because the

own metal
Here is

Calvin Albert has developed his
commercial metallizing guns w7re not suitable, and were too expensive.

the new low cost, Fiore gunSO useful for spraying a-i%y
11v heated "solder-pot

600°F. The gun uses an electrically

Spraying. Spraying can only be done in a generally downwa
the gun is conveniently supported from overhead. Alloys S
or Cerro-Cast reproduce the finest detail imaginable.

1loys melting up to about
and.pompressed air
rd direction -- 8O
uch as Cerro-True

- 15 -




VII. PATINIZATION OF METALS OTHER THAN BRONZE

The final step in metal sculpture is patinization. With so many
alloys in use, patinas are needed for metals other than bronze. Most sculptors
seem to agree that the appearance of age or decay 1is not an essential require-

ment for a patina. What we want is:
- to pull the surface together;
- to give the piece life and suitable color;

- to passivate the surface and make it stable against change,

corrosion and deterioration.
Here are examples of a few recent patina experiments.

Dale Eldred finishes his steel pieces with a zinc coating applied
with paint brush or spray. The 3 mil coating is 95 per cent by weight metallic
zinc, which protects steel as well as would hot-dip galvanizing. About 12 to
15 years outdoor exposure should be obtained before touch up is needed. The
dour color complements the work, and the zinc surface weathers gracefully. If
you desire, the metal coating can be burnished by rubbing or brushing with
soft wire brushes to give bright zinc highlights. ,

Jacques Schnier's patina for cast iron gives the "Cenotaph" a somber
}ook of inevitability. Or the ruddy glow of rust also is appropriate on cast
iron. In this case it is held in check by proper phosphating. Many iron sculp-
tures in the Kansas City area are protected and finished with Ospho,32 a rust |
remover and heavy phosphate treatment.

g At t?e 1962 Cﬁsting Conference heated discussion turned on whether
2bu?1num was a 'hopeless" metal for the sculptor. It casts well and has other

vious attractions, but the raw surface of aluminum is nearly as bad as that
of sandpapered plaster!

e anoagzehzizzozza;t sculp?or is pursuing under a grant, the use of air-
heaviest fomm. mesn .o, Srchitectural sculptures in cast aluminum.3%/ In 389
sion resistan;e Hcoat%ng PrOba?ly offers the ultimate in durability and abré-
onsETile scratchés SRS 15 a specimen of aluminum, partly hardcoated. A knif€
as hard a o Tylintosthe aluminum, but slides over the oxide which is
S a sapphire. The color is entirely developed by optical interferenﬁ

- 16 -




-

-
“f

within the oxide layer -- there ig no d&"e .’used. So the
ever -- even when exposed to sunlight. color won't fade --

Where extreme abrasion resistance is n

hardcoating gives most attractive colors. Alcoa has provided the
their Duranodic 300 process applied to two common casting allovgsz e)éimples of
to what was reported at the last conference, the al ~~v8.=~ lontrary

x uminum alloys y ; _
ture can be anodized; colors other than the "candy-apple" shadZs o:egyzg :g;zlp
dizing can be achieved; and fading is not a problem.

ot necessary, thinner anodic

There are now about six hardcoat processes » but they are so new that
only a few sculptors will be able to find a local anodizer capable of treating
their castings. Cost is a problem too -- about equal to chrome plating.

An opportunity exists to develop simple, low cost, durable, attractive
patinas for aluminum castings. Some graduate student could do a fine thesis on
this subject. I have been experimenting with conversion coatings, lustre-washes,
dyed chemical oxide treatments, zincate dips, antimony and arsenic stains, molyb-
date blacks and the so-called universal permanganate stains.>> The last slide
shows one of these 356 aluminum works treated with a very brief permenganate
stain. By varying the time of treatment, colors ranging from light straw to
a deep warm coffee-black have been achieved. The color is due to manganese
dioxide in the oxide skin and is not subject to fading. Other colors developed
on 356 cast chips are displayed for your examination.

An excellent final sealing treatment for any patina, involve;.tlfzhing
use of the relatively new thermosetting acrylic coatings fptended; o :,:;es +
architectural aluminum work; a coating far more durable than i
plastic treatments.

: i more about
In closing Jjust a few developments you will be hearing

soon.

sél/ that make possible & com-

! nd demonstration
1t's a great teaching é a7
And there are times

just by lighting the fuse.

- The new Kernwell exothermic crucible
plete portable foundry in a suitcase. -
unit for schools that don't have found?les-
melt and pour 20 1lb. of bronze in 15 min.

: wability and
e ethers:.”-g/ to give fl0 parti-

i ulos

- The Swedish use cf Cell iy

plasticity to sands bonded with refractory cez:;eap.
cular looks good-- quite refractory and very

The oxysulfste in

~a
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d, but uses no zas.39/ It

- The N-process from Japan is like COp-san
ntages to sculptors.

is too new to tell whether it can be of special adva

Thank you.

i
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