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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 660UU.

Elden C. Tefft, Chairman

Third National Sculpture
Casting Conference
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the material can be eventually

bronze is being melted in the crucible
resistance to thermal shock small molds
sand. Larger molds only require dry
support. Removal of the mold from the
light blows with a hammer. Where under-

There are various types of ceramic
They are not all the same. Some can be
processes. In one process

forms the dipping slurry.

the multi-layered ceramic shell mold.

is the 
The wax
minutes.
of fuel. _
and burn out the residue, while the
furnace.

a bed of
them for
of a few
in the cast it is more difficult to remove the
it is to remove the softer investment used in
sharp points

shell materials on the market.*
thought of as representing different

processes. In one process, an aqueous solution of colloidal silica, referred
to as silica sol, is the binder which when mixed with a powdered refractory
forms the dipping slurry. Dipping the wax pattern in the slurry and then
sprinkling it with refractory grains of coarse mesh makes a single layer of
ine Hip aeramic shell mold. The refractory grains used for stucco-
that the moltf1^ S + d 8 coefficient of thermal expansion so
a fused silica , crac^ed ln firing or pouring. One company manufactures
ge?” aS the WhiCtiS Seated so a? to instantly
eonsideXe redSn o? WhlOh ? iS ^inkled. This results in a
ness. Where untreated fused to build UP the shell to full thick-
slurry eoat, the drying tS

Hydrolyzed ethyl silicate H
shell slurries. With this binder -i4-S° 1186(1 a binder for making ceramic
or drying of the ceramic coat so +hn4-1S ■possi^)le bo accelerate the gelling
mos Immediately. Another method for succaedin6 coats can be applied al-

a ^’L1C8' 801 binder to which al the drying time is. to
o? w 5Bth not taS S'wT*  upo^i^g^osed

»■ --“xa-i;?, ■'»“ S.S',s“'"
«58 s-ss X : ”■ ,pare the professional fnnL * P phases of the process, I
■-------------- foundry men and manufacturers'

* t rSco-SU^ RCOmPan^ 6212 West 6fitk
°“ 4 Randolph Co. 30^!’ 38, Illinois

3 Chestnut Street, Toledo, Ohi°

, around a wax pattern without splash coat, air
But when investment is We surface of the wax and appear on the
bubbles frequently are trapp beads> Since ceramic shell is built up
finished cast as raisednodules surfaoe reproduction U
thin layer by thin layer uv
usually excellent.

, + oa^n+aee of all in the use of ceramic shell molds
Perhaps the greatest a required to prepare them for casting.

is the nenartebly shorty int*  these moias my be as short as t
“ms of coSC, results in a great saving of tine and especially

It is possible to prepare these molds for casting, i.e. to de-wax

And because of their high
can be cast unsupported on
sand or shot poured around
casting is simply a matter
cuts and depressions occur
hard ceramic material than
solid molds. But by using
picked out.
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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 cp-ramin she "11 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, may 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 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 slurry 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 a]iminated 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; Oil Products & Chemical Co.-, (Division of Nako Chemical Co.)
9165 South Harbor Avenue, Chicago, Illinois 60617.



4

up thicker, faster and more
r- Although some

a

■ . „ and runner is sufficient to provide the ex­
increase in size of Pour“® “hrinkage of the cast.
tra molten metal required by shrink

'A oniioidal silica solution (silica sol) is used
(SLIDE 3) Where liquid powder ds added to it to make the slurry.

as the binder, a very fine refr V electric mixer. The flour is
The mixing is done either by han and heing smaU_er than 10
extremely fine, 75$ paS^Advi?abie for the container as the slurry causes
herons Stainless steel is X^ontalners be used, but the flexing
unprotected steel to rust. £ias f th ceramic shell to drop off into
of walls causes hard insoluable pieces oi une cer indefinite
the slurry. The bench life of slurry made with silica sol is indefinite.
That made of an ethyl silicate base is about seven days.

(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 silica grains. Final coats may be built i '
economically by using a very coarse refractory such as grog. Ali/LvugL o
manufacturers specify the use of trip-.different grades of stucco grains—
fine grain for the first two coats .‘^nd a coarse grain for the remainder-

obtaining quite satisfactory results using the coarser •<
fwo cotf“and rilca?hrou8hout- Others use the coarse grain for the first
two coats and grog of even a much coarser grain from there on. :?■

beforeStSEnlL coat i^IpplLr^SUDrsr^611 thoroughly dry
moist layer, the material will sloulh^f8 A ? J- applied to a
celerates the drying cycle- and Ma? A good circulation of air ac-
also used. But care must be taken not^n^0?611 WhiCh heated air Passes, are
otherwise cracking may occur dnn beab UP the wax of the pattern,lyzed ethyl silicas us” as a biX eXpansion- (SLIDE 9) Where hydro-
since the material is self-gelid no- t ’ air circulation is not critical
previously dried coat, the entire °rder for a bip coat to adhere to a
sol. This also prevents the subsequent1'^.1 S WTfcted with straight silica

a u layer from trapping air bubbles. • r
(SLIDE 10) The final ,

of^heV?0? ?e SiZe and na^r?ofSthe w^ the nUffiber of coats> is de" ‘
require t^V° be Cast’ Patterns^ ?atte™ a*d the melting point '
steels wh- u er modds than short comnaof , ,ong thin unsupported elements(SLIDE high te^t™eqXernS- (SLmE ID Alloyed
ginning it mavV tter be cast in a mo^d f m°re coats than aluminum.
for anf teaXhr/1^ t0 mke the mold se^e C°ats thick‘ In the be-

learn through experience how far tZ i C°ats thicker than called
One method of reduoi <- • CU bSCk’ °n later molds*

Slides showing how thickness of
ls is achieved by wrannfn to reinforce them.

apping the mold with thin stainless 



steel wire midway between the first and last eoats will be shown later.
Another 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.
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(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° F.),
conventional burn-out--that is gradual melting of the wax--resuits 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 ih-) 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. QThermal 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 proper
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 2000° F as all carbon is burned out in 15 to 20 minutes be­
tween 1000° and 1600d 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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,, is extremely resistant to thermal shock and

(SLIDE 21) Ceramic shel crack even if poured unsupported on a bed of
^he^n "the pouring tongs.

. b a-onlication of this shell process to rather
So far you have seen tne ayy used for hollow waxes such as head

small solid patterns. It ca h011Ow shape molded and cast by Donald
shape forms. (SLIDE 331 in of expanding waxes, slits, not more thana
Haskin. To relieve the pr the coraple-ted shell and then sealed
pin head in size W?8 ®attern is inverted; the projection at the
after firing. In this  The holloM pour Cup is attached to,
S tmrofPtheShead^like fora. (SLIDE 35) The cup is placed mouth down over
?he hole in the bottom plate of the furnace, flash melted, and then burnt out.
(SLIDE 36) The finished burnt-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 UO) The hollow casting
as it came from the mold required only a very light cleaning with the wire
brush. (SLIDE Hl) 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. (SLIDE 42) Here is an example of my own sculpture—my first cast­
ing in ceramic shell. In the absence of a burn-out kiln, a single oxy-
acetylene torch was used. By working from the bottom upwards, i.e. from the
invested cup upwards, the mold was de-waxed without cracking. It was then

ihe ^rucible f^nace before the bronze was melted, and brought up
that it mA e surface of the cast was so clean upon removal of the mold
casting thisPni!lble to.patinate without further treatment. The experience
certain s^es^nd me °f the Possibilities of ceramic shell for

sizes and shapes of sculpture compositions. •

®ic shell moldinKAfSe^~,?UfI'I'ise in c°nnection with the application of cert
Foundry*  in Southern CaliPn Was disc°very of Mr. Lynn Smith’s Picco
this technique. The imnortfn^’ ?er?’ life size sculptures are cast using
bo sizes adaptable to the -ni yariabi°n is that the completed waxes are c
t«®/elded t0Se*her  with the equip*ent- After casting, these pieces
twelve foot tall statues is +n (SLWE This head from on? t
to “I, “two below the jaw and t0 m01d in one Piece (SLIDE H5)
the f?hexdippinB and pourins a line easy to weld and chase. (SE .
bum X°Oat belng BhSe^on f C°ating Patteme is "sed (SLIDE W),
a fluids^ air- (SLIDE IfB) Inn dge.of a vibrating table to remove all
the stucco136 Ead in which air T>rP^01ng ds done either with a small screen
sprued with8rains susPended in fr?m the bottom of a container keep

th °rd n'° gat« m smau soiid waxe^
(slide 51) J b° Bet the metal in fl50) Large hollow shells have multif
—Staple gates also assist “ the shortest I>0SSiW^
* ln "the de-waxing process by pro^i

iCC° ^ustries, 170Q kt

* V29 North Chi
venue, El 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 mi dway 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 5U) 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,which 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) In 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 6U) 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 which 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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Nov? to summarize.

ZQ- QJ X ------- uxvuo ux Uicuax -Lil iid.il> uvmjjwo x—
^SLIDE «4) All of his castings, made in ceramic shell molds to date,

solid.

. In
manufacturer’s

section of a wax pattern from
flexible mold. It represents

surface,
grains.
more and
from the
from the
ered with a first layer or coat. ( . ,
(SLIDE 77) With the spray technique it is not necessary to wait for the pro-
ceeding coat to completely dry. (,
after another until the necessary thickness is obtained.
wax pattern which rests on the support will be sprayed last after full
thickness is obtained on the exposed section of the pattern. (SLIDE 79) As
soon as spraying is completed, or the metal mixing container is emptied, the
spray gun must immediately be cleaned by running a gallon or more of water
through it. Failure to do so will cause the binder--the silica sol---to
harden in the very small apertures and ruin the gun.*  (SLIDE 80) To pre­
vent the mold from cracking and.also to reinforce thin sections, fiberglas
matting can be dipped into the slurry and then laid over the surface of the
ceramic shell. Another method to reinforce the mold is to wrap it with thin
stainless steel wire as was shown in the slides of work in progress at the
Picco Foundry. (SLIDE 81) Where a burn-out kiln is not available, or where
the kiln is not large enough to accommodate large shells, a substitute ar­
rangement can be made with a group of adjustable gas burners. By working
from the bottom upwards it is possible to provide space for the expanding
wax of the pattern. After the wax has run out, the temperature is raised
and the mold completely burned out. (SLIDE 82) Here are a few examples of
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 composi­tions. (CT TTMP .. -c
are 

* The R-2 spray gun, obtainable from Plastov c™ . „
Chicago so, Illinois, my reauce problem of c?±ingUSe> B°X

its m01a’ because of its high resistance to thermal shock,
of sSSe’forL OJtrmeab^-ity has aefinite applications to the casting
is very much higher tha^thos113 °a bollow- Although the cost of materials
Quires^ea?Tai fcTth^er ™C
is negligible. Then there i<, latter. The amount of mold refuse
tail and texture. But perhaps the mo^n+f lt^.hlgh fideHty to surface de-
tremely short de-waxing and burn-out + • att£active feature of all is the ex-
between making the mold and pouring\h^metalCh practicaUy closes the gap

 tdf 6q) The viscosity of the mix is tested by feel.
silica sol. (SLIDE b?) me v  'ortiong as listed m the manuf
this case mixing according to the proportions asj.^
book is not practical. (SLIDE 70) This is a
an edition of six which Mr. Beas ey thin projectingjust the central section ofthe co^osxtxonasatelyP SLIDES
nr?h: XtTt“f ^^ h^been sprayed over a portion of the wax
7 Ld (SLIDE 72) is now being followed by a spray of refractory

("ttDF 73) By slowly turning the pattern on a revolvxng stand,
more of ^he surface Is coated. (SLIDE 7U) Another spray of slurry
gun in the right hand is followed by a spray of fused silica grains
gun in the left hand. (SLIDE 75) Soon the entire surface is cov-

(SLIDE 76) The second coat is then started.

(SLIDE 78) Layers can be sprayed on one
The surface of the
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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 1950-5^-
While present data obtained indicate that in some areas of work activity
with silicic dust (lead-zinc mining) there has been a reduction of itf) 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, SiOg, 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 few 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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. the likelihood of a case of silicosis. First
Four factors det9r air which gets into the lungs. Second,

Is the fraction °f * ® * ln tbe dust. Third, is the duration of expo.
X^FShIs tC degree of individuai susceptibility.

Several of these factors should be commented on. The amountof dust
entering the lungs is not the same as the amount in the air breathed. The
bodv has very efficient mechanisms for protecting the lung from ust. Practi-
cally all oZthe dust larger than 3 P (1/10,000 of an inch) is caught in the
respiratory tract and never finds its way deep into the lung. To give you
an idea how small that is; the finest U00 mesh screen has a hole size of
about 50 p. Particles in the micron size range take hours to settle out of
the air and thus will remain in a room for long after they are generated
uni ass removed by exhaust ventilation.

Another factor to consider is duration of exposure. There obviously is
a difference between a gray iron foundry in Detroit turning out an engine
block every few minutes, and a foundry making only a few castings a day. In
all long term chronic exposures, the levels which are considered safe are
based on the amount a person may withstand without injury for eight hours a
day for a working lifetime. In estimating the effect of these hazards we use
a time-weighted average which considers the frequency and duration 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 washed sand without any fines, and handle it so as not to produce
fines we can reduce the concentration of very small particles in the air.
Shaking 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.

fever is in

seem

The
copper, iron,

Metal fume  
silicosis is slow in developing and chronic, metal fume fever is sudden and
acute. ’ •' •
It might

many respects the opposite of silicosis. Where
—-------------x--“e> vuxwuxv, rneutix xume xever is suaaen and

while silicosis often leads to death, metal fume fever never does.
once vtJ that We C0Uld ignore it. However, I am sure that

y have had it you would never want to go through it again.

cor>-ner^eirnn^ frequeat cause of metal fume fever is zinc oxide, although
very small tlQ OXide fumes can als0 oause it. When the
lungs it is thought\hata+hreShly 6enerated fume are inhaled deep into the
modified protein in t^at they react with the wall of the lung, liberating a
of the body to a foreign 00 ,wllich then causes the characteristic response
high as 102° F nausea6 vpTein* symPtoms include chills and fever as
This illness begins within'Tfev Sen®ral achin® of the head and body.
never been known to be fatal °f exposure> lasts about a day and has
processes and possibly the ura ntrol consists of local ventilation of fuming

jjossioxy the use of respiratory protection.
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A word, of philosophy on the use of face masks and other kindp 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 communication 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. • I

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. Ear 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 decomposition, 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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melt furnaces, as in the so-called ^e^factor^ar^of

found no casting cartings has almost become an industry. Although
the region s ancient go techniques are considerably removed from that
Sed^rproduce^he^riginals. Perhaps closer t0.*̂*™ 1 ^aditions are
the procedures used by the smiths in the copper village of Santa Clara nearPatzcuarof They produce wrought rather than cast ware; however I found
their hand-powered primitive bellows forges of particular interest.

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 Luis Potosi,

Perhaps the high point of the out-of-foundry research in Mexico was
my opportunity to visit again with Luis Albarran y Pliego in his home and
studio, Linares h2, Mexico D.F. Sr. Albarran, at an early date, became
interested in rc.uI pture 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 origin of sculpture casting in Mexico can be traced primarily through
Albarran to its European origin.

Rodolfo Gonzalez, Plaza de Lapaz 63, (Casa & Taller), Pastita U9,
Guanajuato, Guanajuato. Gonzalez, a sculptor who does some casting for
others, employs traditional equipment, a buried forced-draft melt furnace
fueled with coke and a built—tip brick burn-out furnace which, contrary to
recent trends in Mexico, is fueled with wood alone. The components of the
sprue 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 use of narrow triangular shapes or wedges of brass
for core anchors.

for me most
time there

Art. His
has done

ynandQ Diaz_, Calle Rancho de Santa Cruz lb2, Colonia Jamaica, Mexico,
fou^d^ a’ °™er-m*na8er> teaches at the San Carlos Academy of
foundry, experienced and perhaps at its best doing large works
much heroic work, especially for Ignacio Asunsolof ’

easil^obse^edfatetheiDiazdfVelaPmentnand Ch&nge in Mexico was
in the past, I was well an™ ?u?d^y*.  HavinS spent considerable

P ’ 1 Was wel1 ac<iuamted with previous procedures.

tion, but of eve^greate^interest and rePair was my first observa-
Guanajuato) was the use of the th°Ugh 1 had noted
previously constructed for containing < ? replac? the bric* cylinder
me to wonder if my comments on a nrig inYe^ments« (This momentarily caused
opment.) Since the mold is poured in T1Slt haVe encouraged this devel-
turn-out. Also when the flask^rt^ is remov^ before
pleted by extending the perimeter ^1+^° be * hit Ehort> the “old is com-
plastic stage. P rlmeter with investment which has reached 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 drafts dripped oil burner. In spite of this use of oil for burn-out,
the melt is by coke,

Fundicion Artistica, S.A,, Pablo Portilia 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 was interestingly varied and slight­
ly 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 Zuniga for small
work, the foundry also does larger work.

Guatemala

A very pleasant conference was enjoyed with the officials of the
National Museum especially Grajeda Mena. However, my chief informant was
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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Honduras

An equestrian bronze, located Q  x
only bronze I located in the count™ aT P* 3* in Tegucigalpa, was the
art school and conferred with nTn^y* xC Vlsiied a rather pleasant national
cultural official, but found Ao^Xn^^’ R°bert° SancheZ> a former

°f even planned casting activity*

Costa Rica,

gold, only M occasional'8 hist°ry is ri h •
X “"V sSB°aSting of'ttVT61*.l° St ™ casting °f

• By deffionstrat1 se ^eeling to b s ^one in the government shop
Uons and teits on\ reuiitiating the process in

n local materials, I laid the

 +omflia In his own studio, he is beginning to
of sculpture casting in ua s*arOund the corner to the small Aguilar
prepare molds which he transpor thing most interested me in
foundry for burn-out using pubUcation, Sculpture Casting

their procedure.

cists he uses a lt-to-1 local volcanic sand, plaster investment which is
toned lit with charcoal, but has done little sculpture casting m recent
years because of costs of labor and materials in Guatemala.

Nicaragua

A considerable amount nf e
very great interest -ir k f sculpture activity
Gron, Parque San q xlnx^50nze casting was found in Managua and a
person of pe:rnand!^aStidn’ 7a Av. in the studio of Edith
niques available TrTla' B°th expressfd^’ and at the School in the
are complete at the TTn^aCt Miss Gron asked +an eagerness to have the tech­

ie University of Costa rL be info™d when installations

El 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, El Salvador,
--This foundry was introduced to me by Professor Valentin Estrade of the
National Art School. The Alas foundry is a sand foundry which undertakes
i™SakPrOjeCtf Wbfn they are needed’ including sculpture casting. I en-
p^edXZt?o£tO °bSerVe Shake-°Ut °f a heU which had been
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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

Jos£ Domingo Rodriguez, the sculptor of the School of Fine Arts in
Bogota, 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 Bogota.

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 Bogota.
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Transcription

NONFERROUS METALS

R. A, Colton
Federated Metals Division

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 don’t
know your business as well as you do. The most important thing to me in
this meeting is that you get the opportunity to discuss your problems and
ask me questions. Interrupt me freely, at any time. This is your meeting.
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 like first to take up the particular phase of the casting operation
that involves the materials that go into the molds that you’ve made. Let’s
take 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 up
this mold. And now you’re going to cast it. What do you do from that point
on? We can talk about that for a little while. Something useful may come
out of it.

You have a variety of materials available for casting. You can cast
with iron, as was so capably described yesterday. I understand that one of
the problems with using iron is that when you expose the iron sculpture to
the weather you can’t be sure of- what will happen to it. It may corrode or
rust severely, and so far no one has come up with a coating to protect the
surface. As a consequence, most of the materials that are used for casting
sculpture (with the exception of stainless steel which is probably as diffi­
cult to handle as any material we could cast) are nonferrous—that is, they
are of the copper-base, aluminum or lead families.

I

The first group I’d like to mention is lead which is a traditional
material for use in sculpture casting--one of the easiest metals to handle
because of its low melting point. Lead normally is soft; the color may not
be attractive but lead does have the advantage of being relatively easy to
handle, readily available and does not require special equipment. You can
harden lead by adding antimony to lead, or by adding tin. Hardening lead
will improve its durability. There is a family of special alloys of lead
that I would like to tell you about because they may be of some value to you
in your work. I think the people that cast jewelry may know about these
alloys. They are called by a variety of names—Asarco-Lo, Cerro, fusible,
or Just low melting alloys. This is a group of materials that have very low
melting points—from 100° F. and up. I don't know what this suggests to you.
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able is that in use by the print shops and is known as

They are used industrially
There is one alloy called jewel metal1

beacast&satisfactorily into rubber molds, and made
It has the ’’feel" of gold or of bronze

know, such as Rose

One very common alloy of this general family--one that is readily avail­
able is that in use by the print shops and is known as type metal. With
castings of type metal it is possible to obtain very fine sharp detail, 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 make their wax impressions, because they produce
sharp details. This may suggest something to you.

• 4-u nnh vou work can be much easier to use because
It means that materials wi * are alloys of bismuth, lead, tin,
of their low melting temperature can be cast into rubber molds
cadmium and indium. These are the tcmperature of the metal when

% water-which could be very helpful to you.

These are intrinsically “P^^^^a^f^ralloy^^ey^rrcllled"^
to make anything very large from this kind of an all
fusible because they melt at low temperature ;
and they are used in Jewelry, casting.
--an alloy of tin which can
into jewelry quite satisfactorily.
but is quite easy to cast. Some of the alloys you may
Metal or Woods Metal.

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 lead,
be sure you wash your hands, before you eat because you can literally "eat"
lead and this is one way that may build up lead in your system.

soldered raost these alloys. They can all be
they weld beautifully, which^ be^XX^tS VOTdS

alloy^of^S! ^rhave^orked^h aiSCUSS W“h y0U ±S
because of the relative ease of castin/an.™, uminum> and its use may grow
alloys of aluminum that I would cnnR-Mg al^num- There are basically two
have questions about others we canal™ ®atisfactory for your work; if you
requirements of aluminum alloys would be fhTfu them’ As 1 see your
such as white rather than the dark p-pv ^ey have satisfactory color
Also, you would need alloys which have^a?1^ W?lch 8ome of the alloys have.
because aluminum does corrode Portn^o-t- ,a .3®^ ®ood corrosion resistance
may remain in place so the materials da oorr°sion products of aluminum*mge fte third requirement woSd be Xd^erlorate, but the color may
repairable. be that the material be weldable or
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Of the alloys of aluminum that fit these requirements there are real 1 y
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 is 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$ magnesium. 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 take
chances with the material cast into the mold. Scrap materials may not al­
ways 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: Is 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, if one is needed. * Most casting alloys of aluminum can­
not be bent very much, however.

Audience: What are the properties of 319?

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 containing 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
is 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 al 1 oy 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 ancxlized and color dyed very satisfactorily. However, when you
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v naf be sound or they may get stain, because if

anodize castings they must b surfaoe the dye will seep into the por
is any shrinkage por you are gOdng to anodize Just for Protection
ity and then cause stain g. any aluminuB alloy. If you are ‘ »

. against the weather, you castlngj you mUBt select "8
to anodize for white h unfamiliar with it, anodizing is
alloy carefully. F b° coating is deliberately put on aluminum, under
S T^coSons It can ?hen be dyed a variety of colors. Yoi’ve
rrobtolv^een some of‘the most common examples such as beverage glasses Me
from sheet aluminum that come in green, red, pink, etc. They are anodized
aluminum. Anodizing is relatively simple; to get a clear white finish you
have to have the correct alloy,

Audience: "You say that alloy 319 will anodize grey; for aesthetic
reasons 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 he
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.”

adjustedbolt on: I think this is something that might be adjusted in the anod-
izing technique. The alloy turns grey partly because of the copper content

' I believe that the thickness of the anodized film will affect
Since most people who anodize do not want the grey color we. rarely

I would suggest that if you are going to have the metal anod-

Colton: I think this is something that might be

of the alloy.
the color. f*
run into this.
toother St^n«ttv» “ might be left in the bath a longer'
for something anri. W° be b° co^or or ^ye it because if you are looking
cult to control; anothe^diffLStv°is easily: Light colors are more diffi-

, uuotner aifficulty is non-uniform anodizing.

the blue-grey? d-ble that the amount of copper might take us toward

tbe alloy again?

content.
ThereSfi^oPI>er and silicon in them will

11 give you a mot-M^^6 variety of such alloy6"
®Ottled color because of the copper

. •» . J-* ♦ • •

ese alloys. They are rarelv nnna-? ^ave very little experience anodizing
ecause I haven’t seen enough of i+ ZeT+ 1 canno‘t answer you authoritatively
lue-grey, I couldn’t say. Tt vil1 be dark. Whether it’s grey or

Audience: To ppf Q -ui
Colton- Th ue-8rey is the end as far as I am concerned.
vox uon* Thon von

such^alioy^ali^ copper anOncreasFth Silicon °ontent; you take an al­
bas a bl^ey^r0, 38°> Is usedV1U°0D “P t0 Tbere is

8 y aPPearance. ls used for die casting. It normally
“ience: What was

Colton: anv nf*  +u319d a blus-gJey !^°ys Wbich
• 31?> 108> 380, etc °°lorlng.

the silicon M1 w111
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Audience: I think possibly you want to think of the worst possible
aluminum from your point of view and that would probably seem to most of
us the best (laugh).

Colton: As far as the color, yes, but you might have casting problems.
If you want an alloy that gives a dark color, No. 12 is probably the best.
No. 12 is 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
make all your castings so that they require no welding or repa-iring, then
you’ve got it made, but it will come out dark after casting. Any a.11 oy 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, it gets
darker. The surface is principally aluminum oxide which is an interesting
material. None of us have ever seen aluminum because aluminum itself
oxidizes on exposure to the air. The oxide film that you see is very
thin, tight, hard, and abrasive. 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 becomes 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
machine and put the castings in the cabinet, which artificially generates
a salt marine 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 piece of copper next to aluminum and the aluminum will pit next to or
around the area 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 anything. The trick
in plating "aluminum is that first you have to put a chemical zinc coating
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toe there means of patinating aluminum?

aluminum, such_as chronl°J^ other chemicai techniques that are available.
, J-'’ * copy would

coating pro-

i c onit it's relatively simple to plate
tod once you have the zinc , platers today have ha(J

- - - chrome on the 

52112“ w Tronic acid w^ich produces a yellow film.
Aluminum, such as chronic  . -H-ie-h
popular now. ®>ere are some otner^u-^ —A
^hS^he^ai^in the University library. The commonest

cess, of course, is anodizing.

Audience: Is there a method of removing anodizing?

on it.copper, nickel or chrome uu.
perience plating on aluminum.

Audience:

Colton: You would have to take 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 may
know. Most anodized coatings are not hard by conventional standards. They
are hard for aluminum, but not compared to steel or to bronze.

Audience:
a regular shop?

How would you anodize aluminum if you didn’t want to send to

I think it’s used industrially

Are thesealloys come under?

of such
to clean

aluminum6 won,-t burt^it^ S°*-n.^ e Y* brations usually are

cannot give you the necessary conditions briefly. It involves
sulfuric acid bath, and an electric current, which, under

. ... , ' - ------------  —O.J.U1UXUU1U, This is then
n o water. There is a great deal more to the process than this

Some of the people here may do their own anodizing.

There are ASIN speci“

Any-

AS® specifications? heaSing do these aluminum

“e the garden variety

Colton: I
use of a dilute  __ ^x^u
controlled conditions, puts an anodic coating on the aluminum.
sealed in hot water. r

.brief description, rTherA x U'x’* — i>"w?xc UCfe may qo weir own anodizing.
Anodizing is a natentpr]11 this and Patented processes for anodizing.
There are a number of teohnin eveloped by on® of the aluminum companies.

i. i— w w by ultrijmlo cl!„lng.

names.
b°dy that prod^cesn^De^?, they vill'knnt^ aluminum foundry business,
about. There are rnnnv5^? bbe materials 4?^ you 8X6 talking about. *-•
oldest and best known^ °^hef nuffibers I couldwbat you are talking
available either from‘VnIn^identally, al] Ve you> but these are the
them. from Your local fo^l of these materials are commonly

someone in the business who ®
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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 is alrq

alloy 43 (95 and 5). The original welding technique was, of course, with
gas. You will 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 don’t 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 probably 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 materials. Now we are going back
into antiquity 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 commercially 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 is
most readily available 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 big 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
fairly close to an ideal casting material. It is the easiest alloy to buy
and is relatively inexpensive because of its comparatively low tin content.
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ch linkage characteristics are no better or no
It casts quite well. Its shrl"7slt takes aU. kinds of color. In addition,
worse than most other alloys^ a d weU> You can work

This is called "85? to the industry.

 4-^o-r aiinv is called M metal, Navy M, which has a composition of
grf ti^ Jead zinc, and roughly 87?. copper. The difference here is
ligeJy in the lead content which my affect what you are doing with the
metal 7 For this reason, the casting bronzes used by artists historically
ws closer to "M" than to "85." This alloy can be used quite satlsfaoto-
rfly, but it is more expensive.

Over a period of some 20 years that I’ve been in this business, we
have made up many alloys for sculptors. They usually come in.with some
variation 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
what makes 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 limit yourself to.

There is one other alloy that I would like to suggest. I brought it
mention it again. It is the general family of sili-
essentially alloys of copper and silicon. Their

___  _____ , The silicon
They will cast into thin sections very easily. They

i. For an

up two years ago. I’ll
con bronzes. These are
color is more on the yellow side--the golden side--than bronze.
bronzes are very fluid. 7
are good foundry alloys--the best of all copper base foundry alloys. Pb.
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
names--Everdur, Herculoy, Tombasil. “

bend after casting.

tuueb--averaur herculoy, Tombasil. Everdur, if you are interested, is
^Lk^Lff_material that y?u can bend back on itself. It will take a 180°
rnini, Tombasil is actually a silicon brass. It has a yellow
are hichlv ca^ins properties; one other thing, these materials
best Rroun e’ you re goin® bo do any repair work this is the

Colton: This I didn’t know.

Audience:
chase. It'S harto^o^orrthan^in'bronze^117 “ iS difflcult t0

mote difficult to and’ “

results' ' Can'vou recommend silicon bronze. I have had great
Can you melt silicon bronze in a silicon carbide crucible?

Colton. Yes. Can you color silicon bronze? Satisfactorily?

Audience: Yes.
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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
make 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 something 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 h°/o 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: I'll tell you what I tell foundrymen. There is no such thing
as a Tipouring 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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~ nf words confuses me a bit™= Younrv^^ •*>  thavor mos:ait—such as degassing. I came w . industrial casting is not as acute.

work the gas problem that we h^ 1 A ■ castings,. but it may be more
Gas porosity is not very seri b d0 not form much slag or dross
so in your aluminum castings. j^Xtals, and they are fluid. Alloys that
forasmuch slag and dross on the “°“®n “^copper and9$ titTw^ild

difficult to cast.

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

Colton: Herculoy has about 1$, 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 it 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?

Colton: No. The order in which metals oxidize out is that the zinc
goes first, then lead; -as long as you have zinc present, you will lose very
little lead. Lead is easily replaced.

Audience: What is the effect of temperature? We often overheat a little
bit during melting.

Colton: The nFi^ol anfwer your 4uestion exactly, but I will? say this.
p “nthatweobject to overheating bronze is that we pick up

comes out when the
j, in art casting.

ges. This is the gas that dissolves in the metal and cor
metal freezes. This is not a serious problem, I believe,

Audience: We had bad gas bubblp<? •in 4-1-1 a
inate those by using a green aspen stick in thXonle wSrTp^ng?

would wonder whethe^th^ga^bubblea^thu-130 in*roduce Bas into the bronze. I
air. Trapped air. The problem of tricedtalked about were really gas’ or
pouring art castings you haveXenuenSvhe very infusing. In
be necessary to pour as high as 2400? | “ sections to pour. It may
sure in my own mind that it is, the hiehpr f S&S ±S a Problem—and I’m not
out o?r+b ? you are t0 Plc* up gas h ^^“pera*ure y°u take the metal.

f the metal once you have It^hT ’ihe asn * an easy way to get it
id- The gas is principally hydrogen and 
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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 breaks 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 charcoal 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.

I

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, German 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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Iron
Iron

h^ause it matches stainless steel in color, it is
'’and dairy hardware, because^ less expenslve. Magnesium *

easier to cast than 1 1 tical purposes. There is an alloy called nan,
not alloy «lth f * muoh like yellow brass in color.. It is e3senti
ganese bronze which is ry ig aUoy. as bron2e.
ly brass with I70 aluminum.

Audience: What about using covers in melting?

roiton*  I don't think it’s essential. This is a matter of personal
oninion-It may be that in the foundries in which you are working smoke is
a problem and a cover might be helpful. Other than that I do not believe in
using covers.

Audience; What kind of a castable alloy is the 60$ copper-l|0$ zinc?

Colton: This is a yellow brass alloy which gives you an off-yellow
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.

Audience: Do you anticipate any developments in metallurgy which will
combat shrinkage ?

the castine’inanc,?’6 ?°ing ^he other direction. What we are trying to do in
get better ■Dhvsicfli^r:1^ c°ntrol gas in metals and make stronger castings,LI X 0^e SrS^165;. We depend on the ^s in the metals to over­

wrong direction for vou 8 • S° Our developments are going in the
than by the way vou (T Uere 1S no way 'to eliminate shrinkage other
a special art. Metal haq n W°rd advisedly) "gate" the casting. This is

•- This is built in. You can»+ &nge v°iume changing from liquid to solid.
problem. The fact is that whZnCape ^his is the principal shrinkage

ttle B°lid metal ocmi? mo-^d with liquid metal, and it
nd there is no good way of ov^16- a smaller volume than the liquid metal

A y overcoming that behavior.
Audience? There

blt Of areenio to get a^lack^on  ̂°f formulae that call for iron and a little

CoTton, No! bronzes?
is a^i^^^’^^there1^^’ ?nd canIt change the color-

that can be dissM^’'^' ®le solubilit be aron in all of these alloys.
it doesn't disso?ve* 4“ ’ Uquid a^al-X*?° n\as We Oal1 it"the “TU

» it ends up as «1S ^lznitedo If you put in more
Audience*  t n inclusions.

ln Ch^le~that’+v1f Was told by a fft11
copne1^ *he cLcibl’d vSe a iittl^sno0 USed t0 work in a c0PPe?
level1*’ sank in th ^fore they -non on end of a rod which they

°n the top and did6|?iddle it needed’ and observe this spoonful °
dl^‘t sink in the ml??re P°linS- Then> when * w

middle, it had been poled enough.
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Colson: You are 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. Remember there
is no tin, lead or zinc in the alloys. They do pole. This is a very spec­
tacular thing. They take 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 is 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 2^5 ("M"). This is a complicated num­
bering system. If you have a group of ingots and you want to know what
they rta, take 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-
merciaTalloy it has about 1$ or 2$ tin and it may have % lead in it.
Therefore it will machine. Monel, of course, is more difficult to handle
in the average foundry. With roughly 70$ nickel and 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. You are almost up to the temperature of cast
iron The color is not greatly different than that of nickel bronze. Idon-i kX £ there is any real advantage to using monel.
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Colton

Audience: What is the formula for silicon bronze?

Audience: Would it be possible to add lead to silicon bronze alloys!

Colton: Yes, you could add lead to ^^XTthXta!
bility"of-getting a surface condition, a^eactio
mold material. Some of the inv recommend adding lead to
speaking, for investment casting ^not r^
any silicon bronze alloys. P sulfide on the surface which maya reaCtiOtn he^elnm (£°h sitate to^say tta? to this group.') If you^ant
£ ^thi^fceiJ £ the w of Surface finish, then add lead to

one of these alloys and you may get it.

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.

Colton: Essentially silicon bronzes are copper plus h^o silicon plus
zinc. Everdur is 4$ silicon, 1$ manganese, and Herculoy is h°/o silicon, 4$
zinc, and Tombasil is 4$ silicon and 12$ zinc. ’

Audience: What quality of the silicon bronzes makes 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

take time to prove; i.e., what effects the castability in
readiiv ^n%°X1Ae Resent. Tin oxide, for instance, which forms very"
therefore vou e he fp?w of ’fche metal. Silicon forms no stable oxide;
therefore, you have a relatively clean metal when you pour.

Audience: How do you add silicon to make silicon bronze?

in several forms—chudks^littie ni ®1®c^rolytic silicon. You can buy it
usually specify, it’s not easv tn Low iron silicon is what we
silicon to copper since it has tn k 4 ^ave careful when adding
high melting point, and you mus^ be SiliCOn has a
would hesitate to make up the allov in mixing it in properly. I
enough heat to work with. v°lume since you may not have

Let’s go on now and talk about
know more about these materials I h«v Incidentally, if you want to
grass and Bronze Casting Alloys*  t+ I another booklet. This is called±ertTed a^5?^^addnio:SSiKeS &U the Aerials th^tCe
properties and also on foundry to-o+J011 Xt has a section on the casting
pos^ ihe alU"lnUm and a°?Per base’al^ meltin8 Praatioe of these

' he same"exoePt that it's not XSab?e’tOan be’ for P^atical pur-
able to use the same crucible in 
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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 thin and
then use it for aluminum. There is a one to three weight ratio and 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 nilp.q 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. Oil 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 material s, free of oil, moisture or foreign materials. Much of
the contain5nation 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,
taka 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 metalr 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, nM” 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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in time reduce

the metal exposed to the
have no problem. In the

_____ This could be important. In an investment mold it
But in a sand mold you can make a lot more work for yourself

I’m assuming for the moment you don’t want a rough
a high temperature and

Controlling the temperature is important. Keep
high temperature as little as possible. Normally we
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
including bottles, glass or sand; sand is one of the worst things you can

mo^en metal because if it goes in the mold it will
Sand in the casting is a problem! It makes

You have to take the point of view that anything
the mold, even though

probably end up in the casting.
cleaning very difficult. *

in

form aluminum oxictevery3 quickly5 ^hen^1''51^ sltuatlon- A1:L aluminum alloys
bath what you see is a7almS™‘ox«! ?°U 100k.at the top of the aluminum
undisturbed it will stay intact and it °^+ yoa leave ’bhe surfacestir the metal or disturb surface *P t0° heav11^ If y0U
over and in the process of dolne so fn™ I‘!aks the 0x1,3e which heals
metal at all you are probably going to b! •“ addltiooal film. If you stir the
“ides. The oxide film Of alulinu^ is =Vs trou'ble- You will be creating

“ dlfflcu11 to clean ttem or and Bets 1010 your castings»“ “a," —« »-since wet salt is S fluxes available. Don't in«+ cover flux- 0161,6
sell for as lifjL T? llttle value. TheL P°ur salt on the metal .
of them. But^hev T a pound which you cL co™iercial fluxes which
you can skim thei/ofe f6}5 keep the toP of the and you don't need much
Pieces Of “umlnl v rly W611- » you arZ “ re£>s°nably clean, and
helpful in Cleaning thX,^1 f°™ a ^more oxide^n^baCk a lot of sma11

UP*  This could be SbenenILiberi be

. +V1A nossibility of picking up gas
metal to the hot gases ^J^^of^h^e^tSroxidize at elevated temper.
from the furnace. In addition, a pbssible to bdrn away all metal
atures and form slag and r0^s* . |n morning with a pot full of
that you have melted. If Y° pqQOo or 2400° temperature all day, you will
bronze and keep it exP0S^0^_^bie metal considerably. This is a problem
in time reduce the volume ^astab 1 iQ the furnace until
in your operation. ?he metal and hope to finish the mold
the mold is ready. Don t start m 1 © standing. Melt quickly. How
in time because these metals d°va°SOTiePpreaetyrmined level to which you are
many of you use P^°“6p mg ig important in that the temperature affects
three or X X of’consequence including the gas content and the amount
of metal that burns out. Zinc will burn out; tin will burn out. If zinc
burns out of an alloy, it 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 important. "" «*
is not as likely. 2— —
in finishing the casting.
finish on the casting. But, if you do, Just pour at
you can get "burn-in” in a sand mold.
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Audience: How about using fluxes with aluminum bronze?

nf^QS‘ bronzes cast much like aluminum al 1 ays. They
have about 10p 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 American Foundrymen’s Society.
They recommend not only a cover flux but also a lid.

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

Audience: The book also recommends not preheating any 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 lid 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 take 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.

Audience: Some people bore a hole in the bottom.

Colton- I would be afraid of weakening the crucible. There is another
way to"do this Take a crucible, take a block of graphite, or take a block

■ out of an old crucible 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
so the cover is free to move. You get the same effect as a bottom pourcrucible° but I wouldn't cut a bole In the crucible. I'd be afraid of that.

Audience: What about a plug in the bottom of the furnace?
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—lenC'! 1,0 y°U PUt the6e iQ a«er you have melted the metal?

ready to pour.^HranSly’l^a foundry” °f the furnace when it's sitting
ble out of the furnace and put it on^+.hn 2 ready to P0Qr, we take the cruel-
have to transfer from one set of tongs to USUally at that you
are added. You have to make a pi±f® J° an^ha5' ^an the "Degasser Pills"
gas to slowly bubble up. The pills have tn°i pills down and Permit the
Sd eff^tlv°U 40 thiS prior to po^i: ? d d0Wnj °therwise they will
nerhaors tu Ve Way °f de-gassing. There in s a relatively inexpensiveto keen ETont® °Lvacuum <*  getting 21 the „W that 1 know other than

ir- .»....... _
• That is phosphor copper

____ For aluminum there really isn’t
add'to'the'metal that will change its pouring character.

„„„  "fluidizers" or "de-oxidizers." In commercial work we
little bit of titanium to aluminum to get finer gram size which

xv larae furnaces. They pull the plug
Colton: This is the way they han 8^ lt in a small furnace<

from the bottom and the meta! runs o . caution you, molten metals
I'm afraid it is dangerous. Inciaen •*, the proper safety equipment.
are extremely dangerous to work around without^ clothing.
The heat alone makes it desirabl s-nlash: protect your eyes, not with
you never know when hot metal g d orPreguiar safety glasses. Never
just ordinary glasses; use a face shield or regux
work without adequate eye protection.

Let’s talk a bit about adding fluxes.
anything that you can
istics. There are no

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 piq'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, maybe this is what you want. 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 recommend
using chlorine to anyone here; it is a nuisance. Chlorine is a noxious gas.
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.
As the bubble comes up through the metal it presumably has zero pressure in
the bubbles. The gases are attracted to the bubbles and they migrate inside
this area of low pressure and are carried out of the metal. It works. There
on Xe21Sim?'le?,Jayv't0 de-gas aluminum, if this is a problem. There are
°“ W E? chlorine pills" of hexachlorethane. It's a solid mate-
fwhich Le 2212^2°“ *en®eratUre’ When you plunge these
chlorine Kas The^M® °f the pot of metal, they give off
the gas. ChiorSe 12™™® ~ 22 UP through the metal and will help remove
unpleasant to°use? affective in degassing than nitrogen, but more
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which is commercially available, as 15% phosphorus copper, and which is
either cast into a waffle which is brittle and 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 a number
of things. One is to help de-gas it. This is one reason we use it in the
commercial foundry0 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 batho 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 make 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
casting tin bronze, by all means 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.

Colton- Phosphor bronze is a kind of a misnomer# What we call phosphor
bronze in this country has very little phosphorus in it. It is an English
name for an alloy containing 10? tin, 89? copper, and approximately 1? phos­
phorus. They do not always pour the alloys into sand molds; more often they
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heated?

super brass flux on mine.

Colton: This is limited Dy now mucn ----
There isn’t any rule on this other than if it is going to take

It is desirable to have everything arranged so that the delay
minimum. Then you don’t have to overheat the metal. However, there is
rule because it depends on how far you have to walk, or how much changing
equipment you have to do to pick up the pot.

Colton: This is limited by how much time you need to prepare to cast
the metal! There isn’t any rule 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.
is
no
of

> no. You may add aluminum to yellow brass,
in and lead in it. What happens is you may

can cause very severe shrinkage problems.
t ?e^ very deep shrinks in castings

a don think it would be serious. Add

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
happen, happens in a matter of seconds. You don’t have to stir,

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

of the alloy is that it has very
pour it into metal molds. The one phosphoruS to Americas
good mechanical properties. We never d0 Engiand. We make phos-
Loys because we cast “^rus. However, I see no advantage
phorbronzes that run aroundphosph and phosphor bronzes may be
other than color, over some of the other
more difficult to cast.

Audience: How about adding phos-copper to silicon bronze?

CQltQhi It is done. Wo gfeat harm not
clean^raerenisinot°muchOtoebengained IK^PPhr.

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

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

want y°U dont'b have bo. However, if you feel youwant to, it doesn’t do any harm. 9 °

—■■nce-! flhat about ^ing an ounce of aluminum?

Colton; Not to red metals
yes, but never to anything with
not get any bad effects, but it
It is possible to take 85-5-5-5
by adding aluminum, other than
aluminum only to yellow brass.

I've been using

one^Cl^’^^m11airhtppier^-t^ Use 1 dOn,t ■

aluminum bath S Ono^ ab°Ut stirring. Never s+i^t,TUSa lt* 1 want to mentl°n
disturb the sirf^e her nielted down, skim it1^nUm> never touch

e, because when the liquid °ff Very gently. Don’t
4 u metal is exposed to the air,
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you are making dross and oxide. Aluminum oxide has a specific gravity
fairly close to that of aluminum. When you stir you are mixi ng the oxide
into the aluminum and it may end up in the casting. This is one thing, even
as an artist, you wouldn’t want in your castings, because it interferes with
the 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 your first point about keeping the bronze clean, you
mentioned grease and oil. What about our old sprues and pouring cups that
have residue of investment? Should we sandblast them first?

Colton: 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 CO^ 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 fluid.
Most aluminum fluxes are a combination of chlorides--potassium chloride,
sodium chloride and a little cryolite.

Audience: Will impurities settle to the bottom of the crucible?
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+ uairo this problem. Large chunks of iron
Colton: No, normally we do is reiatively high and most of the

might, but the sP®01^0®^/ so they will fl°at-
materials involved are light ,

nn will see the foundrymen touch the sur-Audience: At some foundries yo purpose does
face of th~etal with a pine stick and a
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 foundryman who also learned it from some old foundryman and none of them
know what they are doing. This is the story of the foundry business.

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

Colton: Is this aluminum or brass melting?

Audience: It is brass.

Lead

is

you
don’t

Audience: Will it

Colton: You don’t
------1 is There is no need for it.

isn’t a serious problem.

of yellow brass?

c°pper and 30% zinc.

'Q',4*ir.  V holes in your castings—if y°u
of reasons that -lr^1S1_Dlay be of general interest.

i, enf.^n^„^aVe holes in your castings.

Colton: It doesn’t make much difference, if you are going to use fluxes
Most flux materials melt before

of the metal. If you feel
as on the top. You see, I

forms an oxide which

Audience: What

Colton: Yellow

Let’s g '__ vw .
have holes in aluminum
mi---------

whether you put them in the bottom or not.
the metal does, and they will float on top
need flux it is just as good on the bottom
really care much about using fluxes.

• • • . J

Audience; What about wax on lead?

Colton: The wax will burn up?

flux the' lead?

have to flux lead.
very fluid. This

the alloy content

brass is roughly 70%

t0 the reason — _
There are a liMtZd'Xbe?^8 castings.
Porosity (holes) may be cauca/i u — —
the molds. When von 61 bY Sas, entra-n^xi < xu yum- wihuxub-
ably came from one of +h&k °Pen a casting i?P, d a?;r and shrinkage. Forget
bubbles get trapped L ^Se.three ^g^con J? haVe holes in ib> ib
the metal has a tendency ^nwn VerY easily aluminum first; air
You can’t help yourself a r°tate or spin * Y°u pour down the sprue,
aspirates air. The air’is^ J*  ^tates^he you pour to one side*

air taken in with Stream sucks in air. It
aluminum. Air bubbles are then
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between the metal and. the air.. And
around the bubbles in with most

coated with aluminum oxide. Aluminum ,•
coats these air bubbles which then may go throui/tbP °U? raate^lai- xt

in  s° through the casting and end upsomewhere in the casting proper. V/hen you take the casting out it may look
?ina\nhblpq tHpc ° W°r^ surface. Right under the surface you may
find bubbles. These are always on the top side. We call it the "cope" side.

air- bubbles are trying to get out. This is very common. It is perhaps
the largest source of defects in aluminum casting. This comes largely from
bad pouring practices, which means that you are aspirating air. In brass
casting 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 is possible 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
metal, 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
the fact that you don’t get a tight film
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 a 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.

not

Colton: This is the
ficult problem since with
want in the way of gating.

risht wav, yes. But this is sometimes a very dif-
a complex casting you cannot always do what you

Audience: Don’t shrink holes have dendrites?

Colton: There is no one who has been able, in ^ronz® S^S”
factorily distinguish a shrinkage hole from a gas 0 • , .
happen is that a shrinkage condition existed f^st ^d thenJhs got in the
shrink hole and expanded it. You hadjo ^shrinkage Jirst, however.^
most bronze alloys.
through a microscope.
trol it we would have

ucu j-u You had to have shrinkage first, however, —
You cannot tell the difference looking at the holes

Gas in metal is a nixed blessing. If we could con-
a valuable tool in overcoming shrinkage problems.

a shrinkage condition also be compensated for byAudience: Could
gating?



Audience: Would it be advisable to make buttons by dipping out smainladles of metal until you obtain a level one, and then pour? 1

Colton: The only thing that is wrong here is that you are not compa •
like things. You have a casting that probably has a variety of section
thicknesses. You can’t be certain that you will have the same volume of
metal in the button, or the same section thicknesses. And this test wo kwell only for pure copper. r^s

Audience; You mentioned not to melt down scrap metal. Do you include
the precious metals?

Colton: I see nothing wrong with melting scrap if you know what it is.
You certainly have to melt your own produced scrap. If you are going to buy
gold and silver and melt it down, I would be very careful because there are
many alloys of silver and of gold. How do you know what you are melting?

Audience: Before you pour the molten metal you imbed a piece of metal
to be part of the final piece. Should the molten metal be higher in tempera­
ture than otherwise? *

we use is that you
Pour to the chill

any problem, you won’t have to raise

Colton: It may have to be. In general the rule that
never pour over a chill or any piece of metal in the mold.
in which case you probably won’t have r \  11 , „
the pouring temperature. If you pour over the chill, you may cool the molten
metal down and have to compensate by using a higher pouring temperature.
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(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 ejq>lain 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 appreciation for many art
castings is often in terms of the casting techniques for I often find myself
more interested in the gate system or furnace or tne mold materials that
were used in making the artistic casting.

So far in this Conference, the more or less conventional investment
and dry sand molding materials have been discussed for art casting work.
Some of the procedures for baking 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
materials. 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 many years.
However, their introduction into the foundry and some of the development of
techniques for their use is quite fecent.

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 such 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 objectionable
in a properly ventilated casting area.
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use the

gas ”°lding methOd 1 Wish t0 is the sodium silicate - CO, 

compo^a1™ used°ineahfound^rsandeit°uTB^iOn’ ^rthermore, when this

i^ver't 'fco Promote the coliapsibiicontains a small amount of
- e* therefore, recommend that one p san<^ after the casting is
f sodium silicate be used. f the foundry supply house brands

About "thireo ox*  f*oi
mold toehardenatheTsandand 15 ’“^^“^the^CO11^3^ “iXed ”ith 3 fiM’
the bottom of a rnh^ d‘ 1116 gas W be annli n d2>,8 SdS force<i through the
In other set-uns and then holding JX>±taching a gas hose to

set ups, a small metal tube is usfd ™bber °Up against the mold.

One rather unique ide int° the
01 C°reS U t0 Smali pXaMe^ pSf!r.and/°r complicated molds

P P s in the sand. These pipes

HnnHpd sand in a commercial foundry is usually doneThe mixing of an oil bond d d washed and dried slli sand
in a muller type machine. The b grain fineness number.
and for brass or aluminum it should be Of bentonej are
First, iron oxide and activat these dry materials, a high flash

^his blending ^ing
fnTv^t^^ - mix-

ing, transfer and storage, the alcohol will eventual y evap r

As mentioned before, the durability of this oil bonded sand is good —
especially when used for brass and aluminum alloys. It does not require
rebonding or remixing with each use. In fact, riddling the sand between
each use will usually suffice for a number of casting operations. However,
when this type of sand does become weak, it is easily rebonded with oil
alone or with oil plus a little bentone. The alcohol is often not required
for the rebonding operation.

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 lbs. 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 worki ng the sand into
the desired shape can vary from a few minutes to an hour or longer. This
working time or ‘bench-life*  is controlled by the amount of the chemical
activator (sodium perborate) that is added. The temperature of the sand and
01 a so has an influence on ‘bench-life1 so normally less activator is used
m tnis type of sand during the sumnipr months.

■cold?sevrT1rnnpta»d+alUmln?1” foundry in East Lansing, Michigan, we use the
afternoon, “°lds °r COres are “^aliy “ade in the
eliminate the oven bakine rhn+raWn ii™ tbe sand the f°ll°wing morning. We
torch. lng’ but usually skin dry the mold cavities with a 
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can be arranged to efficiently distribute tho rn j+ho Qond Tn a/ia-it4en 4-u ua-bljriDute the CO gas and also reinforceisiic sand*  xxi addition• uhev 3.1so satvp • n j . . * , . J serve as vents for escaping mold gasesduring the pouring operation. p & s^C£>

QUESTION: What is the time required for gasing?

ANSWER: The time required is usually between 10 and 30 seconds.

QUESTION; How long 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
recommended 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:

ANSWER:

Can we get a smooth casting finish with the oil bonded,
cold-set or CO^ processes?

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 s o
esting.

a quiet flow of metalThe main purpose of this system is to provide
into the mold cavity and prevent such common defects as dirt and slag m
elusions, gas holes, misruns, etc.
 . , .. cirofnh the down sprue A should be rectangular (not

rinS °JtLn It"should taper to the choked area at B. Theround) in cross section, rc snouxa



recommended gate system
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Mold
Parting

It was a pleasure for +
material. I0r me appear before 4-w* De1ore this group and present this

v v XU.C& tx s±ow nfor some distance which gives the dirt and slag
from the metal before the metal enters the
this gate system is the extension E
an additional trap for dirt-that. Hay ue in xne (
poured. The ingates at F are often situated at r ~
flow of metal reverse itself before entering the mo
is possible (at least in industrial gating systems) '
the gate system so that it is completely full before
mold cavity.

rectangular sprue reduces the swirl and the possibility of aspirating air
into the metal in its downward flow. This is an especially helpful idea
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

el°^ the sprue) the 8ate should be enlarged. This also slows the
tllJ^ and PreV^tS th? metal from cutting into the mold material as it
area of the°chnkA ho^?ontal gunner D should have two to four times the
for some aiRtBnr» ?,r0V^es a slow horizontal flow of the metal

g a.good chance to separate
ingat,es F. Another feature of

on the end of the runner. This provides
’"the gnte or in the first metal

a reverse angle to make the
entering the mold cavity. Whenever itcrn + 4 ----u. - x , i1 .the aim is to design

: any metal gets into the
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SCULPTURE FOUNDRY DESIGN

Elden C. Tefft
Copyright, 1964

Successful sculpture foundry design requires the cooperation of the
sculptor, architect and industrial hygienist. It is hoped that this paper
will assist the sculptor m his portion of the task.

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 accommodate approxi­
mately twenty individuals working simultaneously if their 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; 1+4 square feet adjoining traffic way.

Benches The top of the fixed bench, as well as the splash wall behind
it, is" best constructed of a durable smooth material such as polished granite.
The adjustable height portable molding stand and its interchangeable topswhich arfXd bfnea?h the stationary bench allow for convenient handling
of work between bench and floor sizes. In most cases a portable spl
curtain will be used with the stand to contain over-throw plaster.

Plaster Jester ^ahove -^e^i^fed^ither
Son!^ placed of the tray opening at howl lip

work level reduces plaster handling.
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set low as
in use, covers
purposes.

™. • .w.nf is erated to allow waste plaster to drop into
Mi*  Shelf The ““ sb®“ ® water faucet controlled by a dial tempera.

the sink tray below. The h typ filled place,
ture selector allows the plaster dowx

, , < j. sink*?  are placed at leVels to facilitate work
Sinfe Tbe b?wl “p-^ions The sinks are served-by swing mixer faucets

particularly cleaning operations. overflow into the bucket sink
and a spray unit. The bowl*ain  mix shelf sink is designed only

plaster*  All sinks require plaster traps.

Heat Source The level of both electric and gas burners is
a safety factor in the handling of hot mold materials. When not
not only protect the burners, but make the area usable for other
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 guns.

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 exhaust vent slot placed above dip tray openings is
for removing air-borne piaster resulting from, dipping and mix sifting. The
burner area exhaust (not indicated) is for removing fumes and oxidized mold
material.

Area

Benches

Heat Sources

PATTERN MAKING
* . u

88 square feet per unit; Ml square, feet adjoining traffic way.

plaster area wal1 Of the fixed bench should, as in the
as well as vigorous “±rial* However> “ withstand solvents
flooding SHorteMeT^ 5e construoted «bbb a slight edge to allow
in construction to the portlb™ mo^'stand?6116^11 henOh’ 18 identical

system similar to that ofkthe'1moldinp'th ■ SilnlC equiPPed witb an overflow
swing mixer faucet and sha^e a Sra^uni’ J%Ch Sink is ^ippedwith a
two units. pray One large waste trap serves the 

low for safety in handling hot pattern mat x?d burners in the rear are set
in front are designed for the heatin/z of The adJustable height units
lar adjustable heaters for portable^™ °°ls* Note> tool rack detail. Simi-
Oas air torches (not indicaWw

able ^Maters^d1^^® torSes^ Pb0Vided for electric tools, port-

f r gas air torches. hes> and compressed air and gas outlets



U9

Floor__ A plastic seal,, prevents thp ++•'
the floor and a drain facilitates cleans n?; !rn m?'!;erial from penetrating

g and soaking of large plaster molds.
Ventilation The exhaust in fha

the removal of fumes generated bv the Lan™ a£ea 1S irrfcended primarily for
larly oxidized wax). However, i? ± ^a^ng.of materials (particu-
fumes from the bench area. ’ W be reqUlred to remove Plastic

INVESTMENT PREPARATION

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

Bench 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 control. This will, of course, necessitate a recessed floor, a
grated trap at the traffic way and a covered floor drain.

Ventilation The exhaust slot, as in the molding area, is placed
above the dip trays. However, in addition a down draft ventilation will
be provided in the weighing shelf. The exhaust for blending, installed for
use above the bagging shelf, could be a flexible uni

INVESTING

Area 80 square feet; to square feet adjoining traffic way.

. , . ond set low to accept buckets, while
Links. The cleaning shallow for its primary function is to

the measuring sink is especial y wilq serve the sinks; if two spray
handle overflow. One swing mixer f investment bucket while in place
type units, one long enough to fill tne mv
on the mixer, are provided.

+ -h-iffh al lowing the bucket to be at a convenientMixer The mixer xs set h tQ fee easily moved t0 the
filling and pouring level. Th
burn-out area for in-place investing.
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Storage A small cabinet provided for each of the furnaces 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 as feasible a solution for the
exhausting of combustion ,and oxidized wax fumes from the flexible furnace
as the fixed furnace, ceiling exhausts or swing-type adjustable level hoods
should be provided. This is not only because of the flexible nature of the
furnace, but also due to the crane movement in the area.

BURN-OUT

Area 20? square feet; 72 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 standard 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.

FOUNDING
Area U30 square feet; 80 square feet adJoining

Pum&cs THp oy'ho-Ph
to the indicated operational orbit^oZ+k are located in reference
the founders. An additional furnap a /he cov?rs> appropriate tongs, and
be installed in the area by emnlovin*  ar^er tilting type or cupola, couldwork The furnaces are set ^Mts tongs for the small furnace
thereby reducing risks. P S to lower the hot metal handling level

Splash Pit Designed +
6" toh10"SdpllaS^’ the 6rated splash trou^* 1 CSSe of e<luiPment failure
metal trav^arZa h " Cov^d noor?is°? Sh+allow P^ (approximately

el area. . is located in the complete molten

., unit is the same and/or«••• This -portable shelf unites
Investment Storage Investment Preparation.identi^r^nra^cribed in Inve

• floor if independent, should be of the same
vioat The investing floor, ■LX

type described in INVESTMENT PREPARATIO .
u + wh-ioh is very important in this area, should.

Ventilation The exhaust, bucket. It is recommended that it be
be operated "just above the level of the bucket.
flexible if the mixer is to be moved.
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Founding Pit The primary function

the mold to be set at a safe and conven-Un+ the foundinS is to allow
also acts as a container for the sand which ?°Uring ^evel‘ However, it
assist it in withstanding the weight of s rammed around the mold toas a container for the metal i^se £ and> °£ — >

To facilitate the handling of thp qnnri -
which are adjustable in their height as well as location? 1Oned dlviders

Since usually at the moment of initiating the pour from a full crucible
the most convenient mold level is above the floor about the height of the
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 personal
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
in 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 of ways. The ceiling
exhaust, mechanized or natural draft, is the most convenient because it pro­
duces no barriers to the activity. The localized hood is more positive and
secure, However, it presents problems of attending the melt as well as in
the use of the hoist upon completion of the melt. Regardless o e me °
employed, masks rated for fumes should be worn when working over the cru
Ventilation in the galleries has been noted above.

devesting

Area

Bench

u -id be provided for both electric and pneumatic
Outlets Outlets should be pr

equipment.

6U square feet; 32 square feet adjoining traffic way.

____ _ The open-bar construction of the devesting«ek allows the^
broken-away investment to drop throug in are cushioned to prevent
as allows the dust to be drawn downwar . shouid be adjustable in height
scarring of the new bronze surface, me ra
to accommodate molds of various sizes.

. , which is located under and in the imme-
Disposal Pit The grated pit, ™ from the outeide for convenient

diate vicinity of the bench, is acces
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1s designed to draw the dust

Ventilation The perhaps into a collector. Free
down and away from the face flrea is made possible by a trapped passage-
cement of the crane through the a .ntegratea into the vent system for’
way at the ceiling. Since thi
make-up air, no seal is necessary.

SANDBLAST

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

Equipment Air supplied helmets, gloves and other protective equipment
is as important in this area as the basic blast equipment, generat r, nozzles,
etc.

Wa 11 s The walls must be lined with rubber or other resilient materials
which will resist erosion by the blast. Screen-protected wire glass observa­
tion windows are recommended for purposes of instruction and for safety checks.

-. Floor The blast grain will drop through the grated floor into a collec­
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,
trapped passageways allow passage of the crane also, as in the devesting.

use of arc
by the use

equipment
of fire-

WELDING

Area square feet; 32 square feet adjoining traffic way

is Enclos?;nS or shielding the area for
resistant curtains. CaU’ owever’ be accomplished even 

able height are intended for^inda-nC°?S^fUC^ed fire brick tops and adjust­
works. for ^Pendent use or to be used together for larger

haps not be Permanent l^f^ed^but^ath^ shie:J-d®d arc equipment should per-
0 the larger in-place works. Provision should be made for moving

Ventilation The exha^-t-
nature allowing the slot to be but should be of a flexible

to the height and locale of the work.

chasing
Area 128 square feet-

j-eex, 64 square feet •
Benches The benches » x * J°ming traffic way.

top) and equipped with h are bo he of hnm
eavy-duty swivel l0^ ^°^sbruchion (Ju steel plate
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Safety Shieldsible to avoid duplicatio^of^omeVar^* 2^5 ln.a slnBle area> it is pos-
and flexible shaft grinder indicated ^To Juch.as the floor sri^er
or screen should be installed between the hPn\ feasable’ a safe-by shield
terials especially from power tools. GS ° contro1 $ro3ecW ma-

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

Tool Rail, To allow free movement of the foundry crane, the rail for
counter balancing and storage of heavy hand tools could be installed below
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 be
designed to disengage and swing out of the way. At this time the tools
could be moved to the storage portion of the rail along the sides of the
room.

PATINA

Area 80 square feet; ^40 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 chemicals 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.

Sirtks The sinks, as well as the plumbing, for both the bench and
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, shields 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 accommodate large
worl; drains into the floor sink. The spray used here should be equipped
with an extra long hose.

Ventilation
the burner, bench,
possible, the floor

The extended slot wall vent is for exhausting fumes in
and bench sink areas. However, because of the flexibility
sink and drain area require a less localized exhaust.
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UNCONVENTIONAL AND EXPERQEW^ SCULPT^

H. M. Gadterry
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 experimenfat.ion.
The aim of this potpourri is to draw out discussion from all the conferees.

Many artists and industry men have contributed information, sii<V>r

and ideas to stimulate our final colloquy. I want to thank them nl 1. 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.

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

What exactly is unconventional?

Why do we experiment?

Satisfactory answers were found about wh^X-

vasting, but no agreement could be reache as njnc+ion of sculpture.**t constituted an experimental, approach to the production of sculp

ented at Third National Sculpture Casting Conference, March 28, 1964,

te« In response to many requests for detailed information and ref-
QCes for further study, this paper has been annotated with footnotes

n references not possible to present at the conference. The author
1 attempt to answer any additional questions in correspondence.

1



 a word like '’unconventional" is that the existing
The trouble very fact that sculptors X

sculptural cqnven ion . __o x ely changes our notion of the "standard.
continually experimenting progressive y 6
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 in wax, proper spruinj
and venting, investment in a solid refractory body, followed hy wax burnout,
and metal casting represents the standard sculptural process. Thus, any sub-
stantial modification, change or elimination of these steps constitutes an
essay into experimental technique. The real key to "unconventional ’ actually
lies more with the artist’s intentions than with his techniques.

Examining the question — "Why do we bother to experiment?" — is
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.

To permit making large or complex pieces with mi nimum compromise
in the design.

To permit the artist to
the casting craft. spend more time on creation and less 013

Equally—important are the purelv nran+H i
exy practical reasons cited:

- To simplify the technical process
process of casting sculpture.

- To minimize the handling n
pieces can be cast iTT 7 investments so that • larger

u a given foundry.

- 2 -
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or commercial foundries

All of

ways in which sculptors have

ful
are

Z* SCULPTURAL USES OF PLASTIC FOAM

venting and to eliminate Ch» •
e chasing as much

To shorten the time r
ductivity (or allowin,

To
as

required fot casting, thus increasing pro­
ng students to complete more pierp«=^

minimize spruing and
possible.

Recent developments and modifications
technique continue to claim attention m experimen a Conference has not
significant development in this field since e rowing industrial accept-
been in the art field at all, but in indus be of significance
ance of the "Full-Mould" casting process is ce the process — starting
to the sculptor. You are familiar with t e ® development work of
with the Shroyeri/ experiments in the mi e evantuai acceptance by sculptors
Duca, Flemings and Taylor^at M.I.T., an styrofoam sculpture through
of the COg-sand process for the direc ^aS and persuasiveness of e
foam vaporization. It took, however, the ^titute of Tech-
Wittmosser^/ of the Department. of Foun yconsideration of the process y

nol°gy, Aachen, Germany, to obtain serio
commercial foundrymen. . ig59 vhen

I vividly recall ^ ^^^Sental" It daf^^es°fortgating,foam casting was truly conside PQ work out our own te 1 comoer-
tails of working techniques. when we aiscusse wa6 a teD-
risering and surfacing the styrof ^tion got even worse. o™seriou6 con-
dal foundrymen or suppliers, k or a Joke not worthy
iency to treat foam casting as a r
sideration by the foundry trade.

utilize existing foundry facilities
for production of sculptural castings.

these seem to be valid and satisfactory reasons for depart.-ing
frcm the classic methods of Cellini. Among the examples that fol 1 ow we can see
the ways in which sculptors have approached these various aims.

I suspect, however, that none of these logical reasons is as power-
a motivation as the one pointed out by an earlier speaker-- that sculptors
a contrary lot, and "Mother, they’d rather do it themselves!"



: certainly due to change. Professor Wittmosser has
That situation d.s ce y tbe technique on large castings. ae

...persuaded many European foun British foundrymen’s society
Full-Mould process was “Y? wonder." The Pressed Steel Company is
meeting and was a bit o a according to Professor Wittmosser, over
busy licensing the Full^ld esa, ncco. R^r
15,000 tons of steel were cast last year
oughly’tested iT^e/^d the largest single casting by this process, total-
i^ over 15 tons, has been poured by one of the three Detroit licensees.

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 significant development is the use of spherical blind risers
for conventional foundry casting.^/ Foundrymen /have long realized that the
best shape for-a blind riser was a modified sphere. This shape combines
maximum volume with minimum surface area. Blind spherical risers have not been
used to any extent because of the difficulty of pul 1 i ng them. The German
foundry society is promoting a standard for spherical blind risers formed from
expanded polystyrene. These can be placed over the pattern in any foundry
process and left in place to function as riser and shrink bulb.

Q-? i 4-u i/hat haS a11 thiS industria1 activity got to do with sculpture?
eXPeCt mUCh more tech^eal information to be forthcoming.

Better refr^t ^er suited for pattern shaping. Improved surface treatments.
more suited for^rV3 fOa“J and iQvest“ent sands with greater flowaMlM
more suited for polystyrene pattern packing.
when I can take a polystyrene piece to a
or Casting with no more comment than if

P-LH uC •

Improved surface treatments*

I am looking forward to the time
commercial foundry and have it accept^
it were a wooden pattern or a match

If} "the zlttia 8*11 *■
influence the shape and annea-r around 'the world, foam casting continues to
Suffolk, Geoffrey Clarke conti sculp'tural design. For example, in
sculptures. Here we see the artw iS WOrk wi’th very large architectural

S at work in his Bury St. Edmunds studio*
c. a This slide shows the 3s -p+

an s outside the new Physics Bln v*  lgh sculPture in cast aluminum whicb
Clarke describes his idea as an or*  K1D8S CoUeSe> Newcastle.!/ Geoff^
"fromath a°f Phyai^ Building fOil t0 the deliberate austerity of

he Wea of ^ling nebula th "ayS.that “ an abstract derived
’ e urning concentrations of gaseous mat 



Looking at this work it is obvious that the methods and materials used
in foam casting strongly interact with the sculptor in shaping his ideas and
contributing to the expressiveness of the finished work. Try as I might I
cannot conceive of anyone starting out to do a piece like this by the lost-wax
method*  If they did, it would probably end up looking considerably flifferent.
It can be argued that a sculptural piece should communicate only the original
intention of the artist; and that the methods, techniques, and materials em­
ployed should not show up. Nonetheless, this very exciting major piece to me
says "foam" just as clearly as it says "modern physics."

in space." The piece has a metallized « ,
castings are bolted. Over two tone eel frame to which th« ■>
the pouring. This piece may be the ? aluminum supplied by AlcaZ 1111111111111
on public display. gest foam vaporization sculpture

I had assumed that all the endless variations of foam casting were
too well known to require comment. However, a brief recapitulation of rec­
ommended practices^/may be in order. These are the rules-- you'll need to know
them so that you can go into your foundry and ruthlessly break every one of
them.

1. Give the foam whatever surface you wish.*

2. Apply a good refractory mold wash on the pattern.®/
9/

3. Vent the sand well either with rods or textile venting.

Use blind risers.

5. Feed from the bottom; let

6. Don’t just partially burn

the metal rise. Pour quickly.

or melt out the exposed foam.

* Specimens of aluminum
a,
expanded
Don Galbreath of Grandview ste coi

** Both brushed-on melted wax an can
sene (charcoal igniter
of foam surfaces.

cimens oi ai  cast from surface treated styrofoam were exhibited,
) Wax surfaced foam, b) tissue paper surfaced foam, and c) commercial

'bead-board" packaging. Test specimens cast March 21, 1964, by

Manufacturing Company.imposed of wax in deodorized kero-
—„+,,iAted onto the underside

,   vpnppr over fabricated sand core
Jacques Schnier uses thin foam as Petro-bondarmatures. The foam is surfaced lightly with wax,**  invested in Petro

sand and cast.
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You can see the versatility and close control of this method in the
next work. By using core block windows and surface detail, Professor Schnier
creates ’’More He Heard, Less He Spoke.

Here we see the start of a composition. . After a few design changes,
the foam is applied. Through Petro-bond casting we have The Space Observa­
tory." Another work --"The Watch Tower.

For those who work with smaller more delicate pieces the raw, rough
surface texture of styrofoam continues to be a problem. Various workers have
partially solved this problem by the judicious application of wax, Glad-Wrap,
or thin tissue paper dipped in diluted polyvinylacetate glue and applied like
gold leaf — plus endless other variations and combinations of surfacing treat­
ments including burlap, feathers and gravel.

One of the most interesting new variants comes from two Berkeley
graduate students. The surface is first developed in aluminum foil and a foam
backing applied. This permits casting thin sections with excellent surface de­
tail. In this technique, the composition (which is usually of a relief nature)
is developed in thin aluminum foil. The back surface of the foil is sprayed
with a binder, and pre-expanded styrene beads are sprinkled on the surface.
This process is repeated until a layer of foam pellets is built up 1/4 in. or
more in. thickness. The pattern is then packed in sand and cast. Further experi­
ments are planned using thin brass or bronze foil for castings in bronze. If
both sides of the design are important, the back is also covered with thin foil.
This method is contrary to the theory of foam casting, but it has been quite
successful.

• URETHANE FOAM

sculptural purposes within the 1135 C°me irrfco much wider acceptance for
considerable casting has been done years’ 'tlle University of Manchester,

low density urethane fg P°lyUreth“o fams of 2 lb/cu ft den-
and urethane foam cut6* L “ "UCh finer than styrofoam;
E°lvent-ba°3eTadherethane 16 sensitive to^ol sharP-edSed tools than
- »ot tlPpea tools.™’ is harder to^^XfXX

nearly is Ib^^^1168 are obtainable in do
. • higher densitv fn nsi‘fcies ranging from 1.5 to

y say 6-10 lb/cu ft densities,
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foam springs from the fact

One

CQution here.
separators are

process of foaming urethane
. pouring process. The material

The foam is designed to have

The principal interest in the urethane
that it can he foamed and shaped in place.

iron and
_ v--- - — 2 V*  UX^LLGl'

, in turn, requires the use of a re-
_.i or metal penetration. The British

is equivalent to our Terra-Paint
i as Mold Coat 30-Z in the same

provide an excellent carving medium <«. „
port that 7 lb. urethane foam resume “dents at the Universe. ,
wood, but is superior since it has no t0 their carving tools a °f M°ntreal re­
carving characteristics and excell» f Faln structure to b Ut llke balsa
spend veil to sanding and tex^X X be G°°d
lb. urethane foam here for those who would \ Samples <*  4 1 X M
after the session. llke to try their pocket toife X

For those of you not familiar with the
resins I’ll take a moment to demonstrate the foai
used is Cook Paint Company's Corofoam No. 460. mixing before placing
a 60 sec. foam initiation time which permits ° somewhat by cooling the
the foam' into the mold. This timing can e other urethane foams are
foam, heating the mold or other techniques. Many
available in a variety of densities.

..inhire has been thatOne of the limitations of direct you are interested in rep-
the pattern is destroyed with the fproducing editions of your^
Heating a particular sculptural ^erae^lfred Duca at M-I-T- reP°an\e made by
the urethane foams may be an answ • surface finis es negative
unlimited number of reproductions ng polyurethane i try using
^ing a silicone rubber impression wis part
ttold- I was unable to discover any P f a urethane excellent
this process so I have prepared ^uWer impress ion ria

If you don’t use silicone tQ your rubber
needed or the urethane urethane

nssibilitles i» th® use process known
of the most excit^®ip place onto su^^sulated tanks a"d

be sprayed in P f making in vertical wall
urethane thictaess each-

’oximately V2 . ___
be possible within a

The low density urethane foams cast nm+o n -
aluminum. Because the foam does not collate Wel1 ln bronze> -----
pouring temperature is indicated. This, readily as styrene, a higher
ffactory mold coating to minimize burn-on cr
use a^special Kemwell coating which I judge i-
55-M—/ Others have used the zircon washes such
way that it is used over styrofoam.

foams is that they can indu8trially for
the spray-up method is use sprayed-on u_ — followed

tuildings. Here is a samp coatings of &PP d„puilt san within a
Wace in four almost uni o spraying may be P°sS
1 thought this would be ideal pasting- ^ile
ty shaping and surfacing be

7



interested in this process, the best suggestions that I
: use long initiation time foams; do not use self­

Battens of styrofoam covered with Saran wrap will
it

encouraging. To anyone ----
can offer at the moment are.  . .
extinguishing grades of foam; chill both components thoroughly, mix quickly but
thoroughly and apply as rapidly as possible oyer a pre'b^Llbi°°  ̂Jblcb_bas.„
been warmed to about 135°F. --------
contain and control the foam thickness. The process is not neat, since
requires mixing several batches in order to cover a large core; and the foam
density that is obtained varies. Nonetheless, I intend to explore this further
and would welcome any suggestions from those who have experimented with it.

III. DRY SAND INVESTMENT

8 -

ve last assembled in 1962 is the e developed primarily since
of the dry sand W Srea °f 111111011(16(1 sand casting. The history
=overedX“irst 'eSS bacl°adad- As nearly as it can be dis-
Director of Research for^h ’ castlnBs of this type were made by Tom Smith,
to have been independent! S ayt&S ComPanYj Newton, Iowa .11/ The process seems

' Wittmosser in Ge“SiVIe™discovered by Professor
some prototype aluminum castlL^® “ Austin' Texas- At Maytag, while
Tom Smith asked the caster wh h eiD^ made t»y ‘the COg-styrofoam process,
was going to be left in place? 0 needed to use a bonded sand if the styrofoam
sand and set to work. Here we SteP WaS obvlous* They got fine white
given a smooth finish by the a besb Plate with the critical surfaces
Pouring, the surface of the stS^ °f Mylar ^^n’s tape. After
surface of the Mylar tape 13 ^urately reproduced, and the smooth
intere^t^8 °" the dry sand Process and 1D1DS' Tom Smith says they have appHed
citaW 8 6ideliSht is that the them to issue yery shortly' An
additionalPrOCeSE SS bein§ inoPerable Q ®Xamner, in reviewing the application,

. application kT Ihot^phs a^d 0^1^^
the mnnme If the patent office eYnnH hem alonS with their revised
was not obOOt °Ot W°rk’ this was con^inci°r f0Undry casting believed that

o anyone skilled in +k ng evidence that the innovationin the ar.|..

There is ■“» ..» ».»««■
reports that the to/1’*1’® *“ 2 out °f 3 unbn’a Eldred at Kansas City Art
Perfect Casting on hi^f"hiShly ““reliable6" castlnSs- Jacques Schnier

®°re consecutive casts + attempt aad then foun^fr4 DUCa at M-KT* h3<1 8
to satisfy the doubtLrM Qecessary to produce



first time to my knowl-
the complete automation

Henning Dieter of Austin, Texas h
as thoroughly as anyone in this country ll/T y°bably investigated the process
pyrex plate to watch the process when casting L" styrof«“ against a
the dry sand process works. The molten meta! "a, ^Q°’ 1,115 slide £hows how
vaporizes partly-depolymerized styrene out int th* 10 int° the styrene pattern
form a temporary bond. As the metal cool« , v Sand wbere “ condenses to
styrene is driven farther out into the sand lherates additional heat, the
is a clean casting in an unconsolidated X XT*
penetration, and no need for "shake out." Thus, for th/'”1’ lltUe metal

edge, we have available a process which lends itself to
of the foundry.

The greatest advantage for the sculptor is the fact that dry sand in­
vestment does not need to he rammed or packed. The unbonded sand flows into
undercuts and details almost like a liquid. Vibration is a considerable help.
This flowability minimizes bending and distortion of thin sections of styrene
patterns plus, of course, doing away with the relatively expensive muller,
gassing equipment, etc. A second advantage is the lack of chill in unbonded
sand. Longer runs are possible in dry sand than in, say, green sand.

of the
bronze
higher density helps to minimize sand floating
thus far seems to be at the pouring cup and principal sprue.
at the start of the pour goes
a refractory casting cup and a
can largely be eliminated.

of this process and the difficult
Geoffrey Clarke’s chronicle are
fluid sand casting is really some
Gur hearts sank when the first p
the feeder with it.
top. This helped.
is a greater choke u
catch plate at the bottom-
Perfect results! Practical

M-L --------------__

out the pouring cup, not into the sand.
large choked spruing system, washing of

The process is ideally suited for aluminum casting since the density
sand and aluminum is not too dissimilar. Mr. Dieter report sll/that for
casting, it has been necessary to go to a zircon sand which with its

. The principal source of trouble
The styrene vapor

By using
the sand

sand process that Geoffrey Clarke cast, in
9 ft. sculptural screens for the Guards’ Chapel

.18/ Each screen was cast in 15 pieces and
" . Dieter a description

October 19« Wlth thiS dry
at x. 1863, the two 30 ft. X
had a\^ellingtori Military Barracks.otal weight in aluminum of 2 tons. Clarke sent Mr.: which he encountered. Two excerpts from

.icularly illuminating. "The research into
I tried it yesterday afternoon . . .

took what looked like a pint of sand down
Next pour we introduced a large block of styrofoam at the

Finally we used refractory sleeves ... I think the answer
. Will try this today. If this fails, I'm going to try a

- - and later, "Success at last, on a small scale.
ch ic&u4.ot>.  no ignition with this long rise polystyrene vapor

system. We tried 11 different feed systems before it worked, then had

°ut of five absolutely perfect casts."
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• IV

In summarizing this'relatively-new area, I think we can agree th
has certain advantages and certain distinct limitations. We don’t knowabout it yet to be able to control it and obtain predictable results. geQ°Ugil
within a few years we will learn the extent to which this new process eiy
employed for the production of sculpture. Watch for a new process that811
bines dry pourable sand investment and bonding by COg gassing.i^/ C0In“

Leaving the area of foams, the various techniques of producing sculp-
ture patterns have received’considerable attention in.the past few years. I

. asstime that the use of room temperature vulcanizing silicone rubber and the pre­
cision agar moulage process are too well known to warrant discussion here.

A. Polysulfide Rubber Molding

The search foH the perfect flexible molding compound continues, de­
cent entries in this field are the Thiokol type polysulfide rubber compounds
derived from solid propellent rockets and industrial sealants.

•• •’ • . 20,21/*
George Kratina has been a principal user of this technique.

We have an almost self-explanatory 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. ’■ •

The advantages of polysulfide compounds over latex become particular
important when working with sculpture of this size. Latex shrinkage, which
could be tolerated on a smaller piece, becomes quite a serious problem. The
polysulfide compounds can be applied directly over clay or plasteline witbo^
a v^rse effect on the rubber compound and without requiring lacquer sealing
of the plasteline original.

was in five separate sect6 exible mold was made in a single piece. The baC
compressed air gun The mold compounds were sprayed on, using a
a coat of PMC-100 a light designed to handle these viscous resins.
line. When this layer ft C°mpound> was sprayed directly onto the plaste'
sun> A total of four coats 3 Seoond coat of black FMC-201 was applied wit
pounds. Each layer cured in'T^ °n' alte™ating light and dark color
___ ________ hour or less. The deepest undercuts and edg
* A detailed de • ''

"'Pt100 °f E01d Potion is given ln References 21 *
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and has used it to
essence the plaster

□f the seams were filled with a puttv-ldkp
Cab-O-Sil, a thixotropic agent and containing rUbl:’er thickened with
already cured. Another layer of the light tan noij6 compound batches that had
the entire figure and fabric reinforcing was embedtdT°^ SV™yei°VeT
covered with a final coat to prevent the plaster case from adhering to the fab­
ric. The plaster jacket was cast over the rubber mold and reinforced by steel
rods and pipes. Strategically placed holes were left in the' jacket to permit
blowing compressed air between the rubber mold and the plaster'jacket to assist
in separating the two. The jacket is pulled. The flexible mold rolls off, and
the Pioneer has been skinned. Back into the plaster case -- the mol di ng job is
done. The finished piece was commissioned for the Pioneer Bank of Chattanooga,
Tennessee.

B. Roll-Off Plaster Molds

Kansas hav^nrohaMViC/inme™an d^ing his stay at the University of
originated by Poco Frazer manv^vear3 thS PlaSter roll-offl “old- This process
trinated nrnnv rrf-h a Y V ag0’ S° imI)ressed Vic that he has indoc­
elegant ttin are eQUally delighted wlth the technique. Ibis is an
rec!Z»n?a S versloa the plaster waste mold and can be particularly
ecomended for producing large pieces with deep undercuts. The process uses

y sma amounts of plaster, and one person can handle quite large molds.

When Jim Clover went to Tulane he developed the technique further
cast many large pieces, plus teaching it in his classes. In
roll-off technique works best over a piece modeled in water

clay, piece is usually shimmed 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
Piece. The edges near the shims are reinforced with sisal rope or twisted bur­
lap to provide strength. The case can be strengthened with bent Copper tube
or lead pipe held with plaster ties. When cured the piece is sliced in two and
aost of the clay scooped out. The remaining clay is washed out gently with
streams of water, and the wax is then painted or slush cast in the mold halves.

wax coated shell mold is next immersed in cold water until the plaster is
thoroughly soaked. Then, starting at one edge, the mold is rolled off the wax

the skin off a rabbit. If care has been used to keep the thickness of he
ffiold under 1/4 in. and to overlap the burlap sections, the mold can be stripped

over the contour of deeply recessed portions with no difficulty.

- 11



,c . Wax Steam-Out Process.
Also from the New Orleans area, Gary Freeman sends additional details

on the wax steam-out process. We heard something about this process from Jules
Strupeck and Mr. Leach four years ago. Since that time, the process has been
thoroughly tested out at Newcomb-. Between Jim Clover and Gary Freeman they have
cast well over 100 pieces of all sizes; and Strupeck is teaching it successfully

to girls in his advanced classes.

Steam dewaxing and lining the investment with a uniform wax shell
offers great advantages to those who work in direct wax.

The wax piece encased in a partial investment is placed on a grate in
a container over water, and the unit is heated by a gas burner. Exposure to
steam for a relatively brief period dewaxes the piece quite thoroughly. After
the investment has cooled to room temperature, it can be shelled by slushing
with wax to a uniform thickness of 3/16 to 1/4 in.

The most interesting variation involves Freeman’s use of core pins.
He employs wooden boat building nails made of bronze. These nails are closely
ribbed which helps them to stay in the wall of a cast bronze if you wish to
snip them off and chase the pin in place. The chief innovation lies in applying
the core pins from the inside after the wax shell has been achieved. In this
process the nails are pushed point first through the wax until they just touch
the surface of the investment shell. By using many nail points at the correct
places, the core is adequately supported just as Chapplets and other core
supports are used in steel casting. Sometimes a combinat.ion of through pins
., sur^ace Pins are employed. The major advantage of the surface pins is that
it leaves almost nothing to be chased off the cast surface.

Foam as a Transitional Armature or Core

A number of sculptors report use of
The following slides show Professor Schnier's
is shaped in styrofoam and then < „.uvu. <
•*"'  —v on surface of a pan of -water

After detailing the
perchloroethylene. The
a "conventional" manner.

—i armature.

to melt wi
the wax
tone or
cast in —u
using a temporary foam

Oam as a working armature or core<
coated with abnn! ?/ thiS techniiue. The core

out 1/4 in< of wax. j6
surface +k rePeatedly dip the foam through

Wax shell is the 1S removed by using ace-
The "Little Qy? gate(V sprued, invested and

sPace Prober" is also produced
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A more dramatic Use of foam as
cent work of Nick Koolis assisted by Dale^ia^^6 ** represetrted by the re­
in this case a large figure was built in wax a j , Kansas cltV Art Institute.
Core pins were inserted and a hand-built chi k C1°th' over the styrofoam core.
applied over the entire outer surface ThP Wlre reinforced investment

X":X" •** '2~“ -xx
E. Vacuum Thermo-Formed Plastic Patterns

The final pattern-making technique has not been used so far as I know
for sculpture but is being applied for precision wind tunnel models and thin­
walled industrial castings.^4/ Briefly the process involves using sheet plastic
fashioned by the thermoforming process over the original model. Once the
pattern has been formed, it is treated just like wax in the investment casting
process. The following slides from NASA s Ames Aeronautical Laboratory show
the casting of beryl 1 ium bronze wind tunnel models with walls only 0.010 in.
thick. The special advantages of the process are simplicity, directness and
the extremely smooth as-cast surface of the piece. I have here several pieces
that have been cast in beryllium bronze by this technique.

Now that thermoforming machines of large size are available, there is
no reason why this technique cannot be applied to making molds over clay or
plasteline originals, after which the thin plastic can be lined wi w
handled in a conventional manner.

This plastic replica of a rat was prepared by
wooden block, freezing the rat and vacuum the™°£orm^
frozen body. The plastic has captured every w is

pinning the body on a
sheet plastic over the
the scales on the tail.

V. WAX PAOTERNS^QO^gD^NDJjO^

Direct investment of wax
Ployed by a number of sculptors. Some h. temperatures.-/ Others ar
Porosity and permits baking out the f finer detail and having muc
using furfuryl alcohol bonded sands capable
greater flowability than C02 sands.

- 13



Here is the finished hollow aluminum piece.

----- , The grooved channels
Since Foamglas has closed cells it cannot

foam cannot withstand bronze or iron casting

sctaier builds wax over sand cores and lnvests ln
vre-treated with refractory mold wash to minimize the

A treatment with polyvinyl alcohol solution can be used t„
it’is highly resistant to oils and waxes. Melt-out is accon-
it is hign y held place wlth bronze plns.

At Berkeley Jacques
C02 sand. The cores are pre-
absorption of wax
a similar way; --
plished at 400°F for 18 hr.

A novel variation uses FDamgias^s thecore.
are to aid the flow of the metal, i--------- . .
absorb any wax. However, glass i------------ .• num • And wax TTisl't"put from COp sand istemperatures. Core pins are of aluminum, anawa m I ...
performed in the oven at 400°F• 1----

While I have had good results using wax in C02 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
would like to hear from anyone who has had experience with the hot solvent de­
waxing process.

VI. METALS AND ALLOYS

for their “etalS and alloys are belng exploited by many sculptors either
bute. msic properties or for casting expediencies which they contri-

Ohio, PennsylvaST-^wherever ductil^16 iS.S°lng °D ln AlabaEa’
know of no sculntor a . lron ls being used industrially —' 1-
sium sandwich ladle process couL^be

aaapted to almost any cupola.

at Iowa City has developed^ coT/*  en‘3°yinS a resurgence. Mr. Leisero^
a complete system for zinc and zinc alloy casting-^
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molding and pouring; and the use of
pound is hard to resist.

Montreal report excellent results casting
in particular looks promising. Its physi-
those of 80-10-10 brass (52,000 psi tensile

Similarly, sculptors from
in Zamac and Kirksite. Zamac No. 2
cal properties, for instance, excel
and 8 per cent elongation). It casts at about 800°F.

This permits setting up a -zinc foundry for A
capacity furnace and burn-out oven. Usin ‘ S.- n ^00 including 150 lb.
molds, Leiserowitz has obtained castinrrJ^/PeClaUy sprued and vented plaster

ings of excellent detail.

The attractive combination of low ind+ini <----- ... xow initial investment; fast, simple
a permanent metal costing about $.10 per

Calvin Albert of Pratt Institute has developed further his technique
of spray-casting in low melting a Hoys. _ Craft Horizon recently called
this technique the only new idea found at the recent cast sculpture show.-^-/
Professor Albert sent along some slides of his recent efforts.

1. "Torsion" 1962 Spray cast, life size, in lead alloy. Sprayed in­
to mold. Will be exhibited in Albert’s 1964 one-man show at the Stable Gallery.

These

e

5.
top of a core.

Relief, 3x5 feet. Spray cast in pewter-like alloy.
one-man show.

2. Untitled.
To be exhibited at 1964

600°F. The gun uses an
spraying.
the gun is
°r Cerro-Cast reproduce

3. "Monument in Revolt" Combination technique using Modalloy plus
direct casting with spray cast lead alloy.

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

"Figure In The Wind" Lead alloy spray, 34 in. high, built up on
Shown Grace Borgenicht Gallery.
pieces certainly demonstrate that the technique has possibili­

ties far beyond the limitations generally though .
qnrav guns because the

Calvin Albert has developed his own expenslve. Here is
commercial metallizing guns were not sui a ' alloys melting up to about
the new low cost, Fiore gun-—/ useful or n lder_pOt" and -compressed air

 1  :°°rtnerany downward direction -- so
Spraying can only he ^no*e®head. Alloys such as Cerro-True
conveniently imaginable.
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VII. PATINIZATION OF METALS OTHEB THAN BRONZE

The final step in metal Most sculptors
alloys in use, patinas are nee e or m essential require-
seem to agree that the appearance of age or decay xs
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, I

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
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 neede .
dour color complements the work, and the zinc surface weathers gracefully.
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
look 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^ih°n scU P
tures in the Kansas City area are protected and finished with Ospho, a rus
remover and heavy phosphate treatment.

At the 1962 Casting Conference heated discussion turned on whether
aluminum was a'hopeless" metal for the sculptor. It casts well and has other
obvious attractions, but the raw surface of aluminum is nearly as bad as that
of sandpapered plaster!

One West Coast sculptor is pursuing under a grant, the use of air­
craft anodic hardcoat for architectural sculptures in cast aluminum.^/
heaviest form, hardcoating probably offers the ultimate in durability and abra
sion resistance. Here is a specimen of aluminum, partly hardcoated. A knife
or file scratches easily into the aluminum, but slides over the oxide which is
as hard as a sapphire. The color is entirely developed by optical interference 
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s

within the oxide layer -- there is no dye used. So
ever -- even when exposed to sunlight. ' the color w°n‘t fade --

aiinv.c.^/ contrary
---- in sculp-

shades of dyed ano-

Where extreme abrasion resistance is not necessarv
hardcoating gives most attractive colors. Alcoa h . ’ thlnner anodic
their Duranodic 300 process applied to two common °f
to what was reported at the last conference, the aluminum alloysused^n
ture can be anodized; colors other than the "candy-apple” d
dizing can be achieved; and fading is not a problem.

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 .5^/ The last slide
shows one of these 356 alumi num works treated with a very brief permanganate
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, involves e
use of the relatively new thermosetting acrylic coatings intended or Qr
architectural aluminum work; a coating far more durable than lacq ?
plastic treatments.^/

- The new Kernwell exothermic =™c“^at tea^ing and demonstration
plete portable foundry in a suitcase. I S +bpre are times I'd like to
unit for schools that don’t have foundries. An the fuse.
melt and pour 20 lb. of bronze in 15 min. Just by lighting

38/ +n give flowability and
- The Swedish use of Cellulose ethers-/ 8 oxysulfate in parti-

plasticity to sands bonded with refractory
cular looks good- quite refractory and very ch

In closing just a few developments you will be hearing mo
soon.

17



- The N-process from Japan is like CO2-sand, but uses no gas.-2/ It
is too new to tell whether it can be of special advantages to sc ptors.

Thank you.
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