
























































































































































~49-

(28) The furnace is started. The remainder of the metal is added through
the port of the 1lid with tongs. Some scraps and ingots are preheating on the

edge of the kiln.

Plate 29

(29) As the melt progresses, the last ingots are carefully added; they should

not be dropped into the crucible.
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Plate 30

(30) The melt takes about one hour. During this time the molds have been

packed and are ready to pour.

Plate 31



S

(31) After an hour has gone by, the temperature is checked with a pyrometer.
Insert the bottom part (below the weld mark) of the pyrometer into the metal.

Before it is put directly into the molten mass, allow the temperature to

rise to 500 degrees F.

S
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Plate 32

(32) The 1id of the kiln is opened and the crucible tongs used to 1lift

out the crucible, which is then placed in the pouringvshank. Each member of
the pouring crew wears safety gear - a long sleeved shirt, an apron, asbestos
éloves, leggings and a face viser. Because of the extreme weight, the hoist

is used in this pouring. The slag is being skimmed off of the metal. (33)



Plate 33

Plate

34
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(34) The crucible is guided to the mold and the metal poured at a moderate speed.
One should try not to spill and keep the pouring cup full until the metal
can be seen to rise out of the air vents. If any metal is left in the
crucible after the casting, it is poured into an ingot mold, or pocket

made in the sand.

Plate 35

(35) Before placing the crucible back into the furnace, the slag is scraped

from its walls and bottom.
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Plate 36

(36) The crucible is placed back into the furnace and allowed to slowly cool
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Plate 37

(37) After about 15 minutes
the molds can be removed. All
of the sand is remoistened,
cleaned of investment and

placed back into the pit.
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Plate 38

(38) The wire on the mold is cut and pulled off. The investment usually breaks

away.

Plate 39
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(39) The bronze can be tapped with a hammer to knock off any remaining

materials, then cooled in water which further cleans the metal.
PATINATION

Bronze has been gilded with gold, notably by the Greeks, silvered.
embellished by the use of enamels, and inlaid with other metals by the
Egyptians, Assyrians, Greeks, and Persians. It has been electroplated and
camouflaged by patination. Some sculptors even attempted to use the clean,

golden color of the metal itself.

We have a long historical tradition of placing immense value on items
from antiquity. Many bronzes from the past have obtained a rich patina through
their aging. The natural aging process of bronze has resulted in the
practice. of making sculptures look old, of antiquing them. One should not
dismiss the worth of this endeavor. A sculptor is not just antiquing,
but recalling the long and rich heritage of bronze work. Emulating or

reiterating the past is much a part of contemporary sculpture.

Another approach to patination is the technical one. Here the sculptor
can explore three different surfaces. TFirst, a surface could remain just as
it came from the casting, usually being covered by a brownmottled fire scale.
After the sprues are cut off bright spots are on the surface. The surface
would remain this way. A second approach would be to tone down the bright
spots to match the fire scale. A third method would be to brighten up the
whole surface until none of the ''clean up" blemishes showed. The technical

approach is simple, direct and expresses the ''cast' character of the metal.
P P

The last approach involves a patina, or any surface that best integrates
the form and context of the sculpture. Seeminglv, this is the most

pragmatic approach.



~58-

The choice of final color or surface treatment remains with the
sculptor. A purist would have no ground to stand on, because the color and
appearance of the bronze is in a constant state of change through oxidation.
Therefore, it is misleading to assume that there is a color or surface that the

metal should have.

To seek integrity for the surface of the sculpture then, is not to decide
if there should be a patina or not, but rather what the sculptor feels to be
the adequate, integrating patina that will harmonize with his sculptural

form.

Patina Application

When applying a patina, it should be kept in mind that some of the
gases released are toxic especially if the chemcial contains a chloride
which can break down into chlorine gas. One should make sure that the area is

well vented.

There are three methods of fatina application - cold and hot application
with a brush, or dipping and by fuming the surface with chemical vapors. The
same chemicals can react quite differently in each case. Fuming‘can be very
time consuming and at the mercy of many variables, so discussion here will

mainly pursue the direct application methods.

Before patination, the surface of the bronze should be cleaned with a
mild solution of nitric acid. It should then be wire brushed under running water
to further clean the surface and remove any acid residue. Sand blasting the

surface works well also, but may tend to mute some of the surface detail.

The patina solution is brushed over the entire surface and allowed to dry.
Faster drying and more stable colors can be facilitated by use of a torch.
As the bronze gets hotter and more applications of the solution are made, the

patina becomes more substantial and opaque. The application process can be
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stopped at any time depending, upon the desired patina. After the

application is complete and the bronze has cooled, the surface can be rubbed
with paste wax, or a beeswax— kerosene solution. This applicatiocn will bring
out the color and protect the surface from undergoing any further change through

oxidation.

Ferric nitrate and ammonium sulphide are common compounds that are readily
available and easy to work with. Once applied they are fairly stable and

will produce a wide range of colors.

Ferric, or iron nitrate can easily be made with nitric écid and nails.
Place about a pound of nails in a two quart glass jar. Add to this
about a one inch depth of full strength nitric acid. ©No severe reactions
will occur in the absence of water. Then add two cups of water. Be sure
to do this outside in an open area, as noxious ,gases are given off in the chemical
reaction. After the bubbling and fuming have stopped, fill the jar with water and
let stand for 24 hours. The nails can then be removed and the remaining brown
sludge used as ferric nitrate. For use, the sludge is again diluted with 5

to 10 parts more water, or unitl one finds the solution working to satisfaction.

Slowly brush the ferric nitrate on the cool bronze surface. It will
begin to yellow the metal. As heat and more applications of the solution are
made, the patina will build up and intensity, going through color stages of
tan to brown. When more heat is applied, the brown will turn to a cordovan
red. Even shop dust can be collected and applied with the solution to change

and mottle the color.

Ammonium sulphide can be used in conjunction with ferric nitrate to achieve
blacks or shaded areas on the bronze. The ammonium sulphide should be diluted

with water to change its color intensity.

The previous technic tepresents only a minute portion of the vast multitude
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of combinations and intricacies of patination. Following are 21 basic
formulae for patination.8 Most can be applied cold or built ,up through the
addition of heat.

21 Patina Formula

1. Blue
Sodium Hyposulphite 60 Grams
Nitric Acid 4 Grams
Water 1 Quart

The Metal should be dipped into the solution.

2. Yellow Green
Parts By Wt.

Sodium Thiosulphate L
Iron Nitrate 8
Water 128

The solution is brushed on clean surface until a crusty green appears. (An
inexpensive Pa@ilntbrush is recommended since it will have to be discarded after use.
A fterwards dip the bronze for six minutes in diluted nitric acid. Remove the
bronze, wash and dry.

3. Brown

The recipe is the same as the former, the only difference being the length
of time brushing the solution on. In this case, brush until brown appears.

4., Antique Green

One Quart of Water 40 Grams
Cupric Nitrate 40 Grams -
Ammonium Choloride 40 Grams
Calcium Chloride 40 Grams

5. Matte Brown

Barrium Sulphide 1 ounce
Potassium Sulphide Y% ounce
Ammonia 2 Fluid ounces
Water 4 to 5 Quarts

6. Yellow Green
Parts by Weight.

Ammonium Chloride 7
Copper Acetate 4
Water 8

Brush on to surface.
7. Light to Dark Brown

Ferric Nitrate 1 Teaspocnful
Water % Quart.
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(7 Continued)
Heat the Bronze and apply the liquid.

8. Brown to Black
Antimony Sulphide
Sodium Hydroxide
Water

Heat the liquid and apply.

9. Brown to Black

Potassium Sulphide
Water

Heat the liquid and apply.

Parts by Weight
2

4

255

A few crystals
% Quart

10. Early Stage of the following recipe is purple.

11. Additional application and chemical action turns the bronze light green.

Sodium Chloride
Ammonia

Ammonium Chloride
Glacial Acid
Water

Brush to surface

12, Antique Green

C Copper Sulphate
Ammonium Chloride
Water

13. RBlaek

Copper Carbonate
Ammonium Carbonate
Sodium Carbonate
Water

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

be stirred.
14. Green

Cupric Nitrate
Water

Heat the bronze and apply the solution

Parts by Weight
5
4
5
4
32

Parts by Weight
12

2

125

Parts by Weight
2
4
1
32

1 teaspoonful
% Quart

The solution should



15. Brown to Black

Ammonium Sulphide
Water

Heat the bronze and apply the solution.

16. Antique White

Bismuth Nitrate
Water

Heat the bronze and apply the solution.

17. Verde

Copper Nitrate
Ammonium Chloride
Calcium Chloride
Water

1 Teaspoonful
% Quart

2 Teaspoonfuls
% Pint

Parts by Weight
1
1
32

Immerse the bronze into solution until dull green appears.

18. Golden Yellow

Sodium Thiosulphate
Ferric Nitrate
Water

Heat solution to a boil. Dip bronze object.

v19. Blue

Potassium Sulphide
Ammonium Chloride
Water

Brush to surface.
20. Deep Rust Red

Copper Nitrate
Sal Ammoniac
Calcium Chloride
Copper Sulfate
Oxalic Acid
Water

15 Grams
200 Grams
1 Quart

48 Grams -
48 Grams
20 Grams
10 Grams
10 Grams
4 Fluid Ounces

Brush to surface for the color. Then dip into diluted nitric acid solutions
(one part acid to 8 parts water) for one half hour, remove wash and dry. In
t he above, the wrong combinations will give a deep dark green.

21. Blue Green

Copper Sulfate
Cupric Acetate
Copper Carbonate
Water

Dip the bronze into the solution.

Parts by Weight.
5 Ounces

5 Ounces

5 Qunces

128
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SUMMARY

I hope this paper will aid the begiﬁning student and introduce him to the
possibilities of bronze casting by the lost-wax method.

There are numerous books and publications on the methods of bronze casting.
Many of them are conflicting and out of date. This paper draws upon their
concurrencies, and tries to simplify their conflicting ideas. The chapters
dealing with the sprue system and types of investment should be regarded as
experimental on my part. There are many ways to approach these technics; they
can be further explored through reading and experimentation.

Most of my experience has not come through reading, but from working in
a foundry. For that experieﬁce I wish to thank Paul Granlund, sculptor, with
whom I worked for a year; and Boyd Christensen, sculptor and instructor at

the University of Minnesota in ‘Duluth.
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- FOOTNOTES -
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(New York: Praeger, 1970), p.1l.

21bid.
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(Kansas, 1960), p.l4.

4Jules Struppeck, The Creation of Sculpture
(New York: Holt, 1952), p. 89.

SThird Casting Conference (1964), p. 28.

6Ccarl Clarke, Molding and Casting
(Maryland: Standard Arts Press, 1946), p. 47.

’1bid., p.57.

8 John Brzostosk, "The Patination of Bronzes,'" Craft Horizonms,
(Nov./Dec., 1965), p. 34.
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