



[image: frn_fig_001]










Hot Metal











Hot Metal







	{

	A Complete Guide to the Metal Casting of Sculpture


	}







Wayne E. Potratz


6th Edition


[image: frn_fig_002]


An Imprint of Globe Pequot
A division of the Rowman & Littlefield
Publishing Group, Inc.









[image: frn_fig_003]


An Imprint of Globe Pequot
A division of the Rowman & Littlefield
Publishing Group, Inc.
4501 Forbes Blvd., Ste. 200
Lanham, MD 20706
www.rowman.com


Distributed by NATIONAL BOOK NETWORK


Copyright © 2019 Wayne E. Potratz


Original Copyright © 1992


All images courtesy of the author unless otherwise noted.


All rights reserved. No part of this book may be reproduced in any form or by any electronic or mechanical means, including information storage and retrieval systems, without written permission from the publisher, except by a reviewer who may quote passages in a review.


British Library Cataloguing in Publication Information available


Library of Congress Cataloging-in-Publication Data available


ISBN 978-1-879535-31-2 (paperback)


ISBN 978-1-879535-33-6 (electronic)


[image: frn_fig_004] The paper used in this publication meets the minimum requirements of American National Standard for Information Sciences—Permanence of Paper for Printed Library Materials, ANSI/ NISO Z39.48-1992










ACKNOWLEDGMENT AND AUTHOR INFORMATION



Special thanks to Virginia L. Potratz, without whose love and support, my work would not be possible.


Thanks and acknowledgment to my teachers Anthony Caponi, Harold Paris, and Richard Randall. Thanks also to the following friends and colleagues: George Beasley, Bart Cuderman, Steven Daly, Chris Dashke, Kurt Dyrhaug, Thomas Gipe, Meridith Jack, Alan Kraning, William Malo, Paul McMahill, John Poole, Julius Schmidt, James Stewart, James Swartz, Cliff Prokop, and Norman Taylor.


Wayne E. Potratz is a sculptor and Professor Emeritus and Scholar of the College Emeritus of the University of Minnesota, Twin Cities, where he did creative research in metal casting and taught sculpture from 1969–2014. His studio is in Minneapolis; his work can be seen at www.ironwain.com


“The artist is nothing without the gift, but the gift is nothing without work.”


— Emile Zola


“Where the mind goes, the tongue does not necessarily follow.”


— Unknown


“First learn to be a craftsman; it won’t keep you from being a genius.”


— Eugene Delacroix
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“The nobility of an art depends on the purity of the desire that gives rise to it, and the artist’s uncertainty as to the happy outcome of his activity. The more uncertain he is of the results of his efforts, on account of the nature of the material he wrestles with and the means he employs for subjugating it, the purer his desire and the more evident his worth.


Among all the arts, I know of none more hazardous, none less certain of the outcome and consequently more noble, than those which call for the use of Fire. By their nature they exclude or punish any negligence; allow no relaxation or respite, no fluctuations of thought, courage, or temper. They emphasize, in its most dramatic aspect, the close combat between man and form. Fire, their essential agent, is also their greatest enemy... All the fire worker’s admirable vigilance and all the foresight learned from experience... still leave immense scope for the noble element of uncertainty. They can never abolish Chance. Risk remains the dominating and, as it were, the sanctifying element of this great art.”


— Paul Valéry, “On the Preeminent Dignity of the Arts of Fire”


Welcome to the discipline of the metal casting of sculpture. By practicing this art technology, you are participating in a human tradition that is at least 8,000 years old. Your task, and that of all of us who choose to follow this way, is to expand this tradition in a context of reverence and respect while seeking to make innovations and new imagery. This tradition makes use of the five essential elements: Earth, Air, Fire, Water, and Light.


Earth Metals are the body of the earth: iron is the earth’s flesh, copper is the earth’s blood, clay and sand are the bones of the earth and the “mother of the casting.” The earth also is the source of the fuels that melt metal. These materials, from “our Mother Earth,” are not unlimited. They should be used with care, conservation, and respect. It is not surprising that metals have been associated with ritual and magic tradition—the transformation of metals into sculptural form is indeed a magical process.


Air The air which combusts the fuel to make the fire which melts the metal is also the air of your respiration—the breathing in and the breathing out of action, that reminds us that the mind extends throughout the body. The whole body is also the whole mind. Air is the breath of life for the artist and the artist’s creation in metal.


Fire Fire is a useful and respected friend, but it can also be a dangerous and deadly enemy. To do metal casting is to understand, respect, and befriend fire. Fire is the catalyst of air and earth that transforms solid metal to liquid metal enabling the mold to do its work. Fire is the force of chance in the fire arts. Fire warms our body while also providing the spark of imagination to light our vision.


Water As the antithesis of fire, water is the catalyst which makes the molding of form possible. As the material of life, it makes up most of your body and carries with it the process of growth and discovery, balancing the fire in the harmony of life.


Light Light from the material realm of earth, air, fire, and water illuminates form and reveals the concepts embedded in the form (vision), while light from the metaphysical realm forms and nourishes those concepts (vision). Both lights reveal the weightless and metaphysical aspect of art . . . “Where there is no vision, the people perish”— Proverbs 29:18


In the foundry, we respectfully dance with all these materials and transform them according to our vision and our vision. Do not disregard any of these materials, get to know them and treat them as trusted friends, think none of them as being insignificant and unimportant, cast none of them aside.


This tradition uses tools. Tools are an extension of your self. They are the helpmates in the process. They enable and they give us power. They are the “Kraft”—the power to make your vision visible. To abuse and misuse tools is to abuse and diminish your own strength, and because of the collective nature of the foundry, the abuse of tools, abuses and diminishes the collective users, since we all share in the power.


This tradition expands and honors process. Process is the collective experience of a tradition and the methodology whereby material is transformed by concept into art. To disregard process results in the waste and dishonoring of materials, the abuse of tools, and the production of “cast-aways” rather than “castings.” One should follow on this path of process with both eyes on the path and the third eye on the horizon of innovation. One neither blindly follows this tradition (the craftsman) nor blindly ignores this tradition (the fool), but rather walks along the path with an awareness of where it has come from and where it might lead (the Artist).


This tradition works through enantiamorphs. As molds, enantiamorphs are the three-dimensional mirror opposites of your formal and conceptual desires. They are the space that is “To Be.” They are the inverse relationships of what “Can Be.” Just as space and time are the inverse of each other, yet relate to form the “now” which we experience as reality, the mold and the metal are the inverse of each other in the form of art which we take as relevant and necessary. The anticipation of the consummation of this relationship in the moment before the liquid metal is poured into the enantiamorphic space of the mold, accounts for the existential angst you will feel. This feeling is both the fear and the joy of what might be. Be kind to you mold!


This tradition combines dance and magic, ritual and knowledge, action and thought, strength and guile to make an art that is always changing, yet always the same. For it is precisely art, which differentiates human beings from all other life forms on this planet, makes us truly human, and connects us to the spiritual realm. Welcome to the path—may your journey be filled with discovery.


“Nor do I doubt that whoever considers this art well will fail to recognize a certain brutishness in it, for the founder is always like a chimney sweep, covered with charcoal and distasteful sooty smoke, his clothing dusty and half burned by the fire, his hands and face all plastered with soft muddy earth. To this is added the fact that for this work a violent and continuous straining of all a man’s strength is required which brings great harm to his body and holds many definite dangers to his life. In addition, this art holds the mind of the artificer in suspense and fear regarding its outcome and keeps his spirit disturbed and continually anxious. For this reason they are called fanatics and are despised as fools. But, with all of this, it is a profitable and skillful art and in a large part delightful.”


— Vannoccio Biringuccio, Pirotechnia [1540]















	


RECOMMENDED TOOLS AND EQUIPMENT





	

Chapter 2















For sand molding


1. Assorted 1/4" shank mounted abrasive stones


2. Assorted old drill bits or masonry bits


3. Used 1" wide hacksaw blade for sawing sand and scoring part lines


4. Used carborundum wheels for dressing molds


5. Cotton bag or old cotton sock for parting compound


6. Ketchup or honey squeeze bottle for core paste


7. Electric drill


8. Paint mixer with 1/4" shank


9. 1" natural bristle brush


10. Coffee can with lid or jar with lid for mixing mold wash


11. Claw hammer, old screwdriver


12. Slick and spoon


13. Toolbox for sand tools




For wax working


1. Coffee cans or old kettles for wax mixtures


2. Sharp pocket knife or carpet knife


3. Cheap electric soldering iron or old-style soldering iron


4. Old table knives, grapefruit knife, painting knife (thin blades)


5. 1" wide putty knife


6. Cheap 1" wide natural bristle brushes for painting hot wax


7. Meat thermometer


8. Old pantyhose or sandpaper for smoothing wax


9. Mineral spirits


10. Used dental tools


11. Cloth or leather gloves





For metal chasing and finishing



1. Ball-peen hammer


2. Several files with handles (half-round bastard file recommended)


3. Cold chisels (1/4"–1" wide)


4. Chasing tools made from old files


5. Rotary files (1/4" shank)


6. Emery cloth, 5" sanding disks to fit hand-held grinder


7. Flap wheels and grinding wheels




For patina


1. Plastic spray bottles with spray nozzles


2. Glass or plastic jars with lids for storing and mixing patinas


3. Old tablespoon


4. Funnel
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Perhaps the first person to discover cast metal was a woman potter tending a kiln near a site rich with copper and tin ores. She had used the ores thickly as rough glazes on her pots. In the morning, while raking away the ash from the firing, she found a bright button of metal on the floor of the kiln near her vessels. The Bronze Age was born.


The earliest evidence of metal casting activity now dates from before 5,000 BCE in the Carpathian Mountain area of Eurasia. The development of ceramic pottery and the ability to master fire in kilns transferred easily to the rise of metal casting technology. From Eurasia it spread with amazing speed as the superiority of tools and weapons made with copper and bronze enabled the human imagination to begin to build civilized societies. The discovery of the eutectic property of tin produced the first bronze—harder than copper, but with a lower melting point. Other alloying metals such as lead and zinc brought new properties. Bronze helped forge the great civilizations of Egypt and Mesopotamia and helped usher in the twin civilizers of agriculture and animal husbandry. In China, as early as 1700 BCE., during the Shang dynasty, metal casters were making works of incredible intricacy, amazing thinness (less than 4–6 mm thick), and great beauty. In the history of metal casting, the theory that aesthetics is the driving force of technological and social development makes itself clear.


The gradual development of sand molding coupled with the demand for cast iron firebacks, cast iron pipe, cannons, and the development of the stove, spurred technological advances in cast iron. The box stove was invented in Germany that coincidentally was also an area known for fine woodcuts. Woodcut dies were used in the ornamentation of firebacks and stove parts and developed into the wooden pattern, used so extensively in sand casting. Metal patterns were also used at this time. The intricate and delicate castings in iron produced in Berlin between 1776 and 1825 are wonderful examples of cast iron produced from these wooden patterns. The Lamprecht Collection in the Birmingham Museum of Art [Alabama] has many examples of these cast iron works.
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Catalan Forge


Early castings were made in permanent stone molds, clay molds, and also in sand. Many examples of stone molds can be found in museums; knives, axe-heads, spear points, and other tools are the predominant forms found cast from these molds. The first furnaces were most likely built on the sides of hills to take advantage of the wind. From primitive clay lined pits to standing furnaces made of clay and fired with the aid of animal skin bellows and tuyeres (openings from the air source to the interior of the furnace) at the firebox level, furnace development progressed steadily. By 2000 BCE furnaces were hot enough to smelt iron. As with other metals, iron, in its native form (meteorite iron) and in its earliest smeltings, was regarded as a precious object.


Around 500 BCE, due to the development of double chambered bellows, the Chinese were casting iron. The box bellows, made of wood, enabled the Chinese to produce a steady stream of air, since it “blew” on both the push and the pull stroke. This invention coupled with the discovery that when iron is heated and held at a high heat in contact with carbon, its melting point drops from 2786° F [1530° C] to 2138° F [1170° C], enabled the Chinese to take the forefront of metal casting technology. Chinese advances in metallurgy produced a high phosphorous iron (6–7% P) that is very fluid and can be cast at 1796° F [980° C] that is below the melting point of bronze. The presence of low sulfur coal near iron ore deposits in China also contributed to the rapid development of cast iron. Cast iron objects became common household items in China centuries before iron was cast in Europe. Iron was even used architecturally to roof pagodas! The use of iron sculpturally is dated as early as 502 BCE. A large cast lion in Hopei province was cast about 953 CE. It is 16 feet long, 20 feet high, and has a metal thickness ranging from 2"–8" [5–20 cm.].


In Japan, the use of bronze dates from the introduction of Buddhism from China around 500 CE. Many large scale castings also exist in Japan. The great temple bell at Nara is 13 feet high and 9 feet in diameter. Also in Nara at the Todaji Temple is the Diabutsu of Nara, first cast in 752 CE. This colossal sculpture is 52 feet high [15 meters] without pedestal and weighs 250 tons [226,796 kilos]. At Kamakura, another Diabutsu was cast around 1252 CE. This huge bronze sculpture of the seated Buddha is 97 feet in circumference and 42 feet high [Roughly 11.3 meters in height; 13.35 meters with pedestal] and weighs 125 tons [113,398 kilos].


Japanese cast iron, especially teapots for the tea ceremony, achieved a high level of aesthetic beauty. Teapots are traditionally cast with a method called “Sogata” which employs clay molds and metal sweeps to produce the form.


The Japanese “tatara” furnace is a peculiar kind of rectangular, low shaft blast furnace which produced both pig iron and the high-carbon steel, known as “Tamahagane” used to forge Japanese swords. This furnace is made of fire clay and has two rows of 18–20 tuyeres on each side. The furnace is supported by an elaborate foundation more than 6 meters deep that was completely insulated and moisture free. The tatara is fired with charcoal and magnetic iron sand is melted to obtain both the iron and the steel. It takes 72 straight hours to produce 2,250 kg. of pig iron or a 2,900 kg. bloom of wrought steel. The tatara furnace is still being operated in the village of Izumo Yakota, Shimane Prefecture [“NITTHO Tatara”, a division of the Hitachi Steel Company] and is unique in its ability to produce high quality steel directly from ore.
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Japanese Tatara Furnace


In India, metalcasting of copper and bronze was well known by 3000 BCE. The lost wax casting of figures in copper, tin, gold, silver, and lead also flourished. While iron forging is recorded as early as 1000 BCE., iron casting lagged behind the Chinese. The Indians did, however, develop cementation or “blister” steel by heating wrought iron in a charcoal fire and also produced the first cast crucible steel around 500 CE. However, this process of “wootz” steel production became extinct and it was not until the 18th century. that a reproducible cast steel process was developed.


The development of foundry practice seems to go hand in hand with the development of ceramics. Both crucibles and clay molds depended upon the potter’s technology. Egyptian tomb paintings clearly depict the production of crucibles and the casting process. Other groups such as the Phoenicians spread the technology of cast metals through their extended trading network and commerce in metal ores. In fact, the legendary Hiram of Tyre, was a Phoenician founder whose works for Solomon are the first castings connected with a historical figure. “King Solomon’s Pool,” cast about 1066 BCE, was a bronze bowl 15 feet in diameter and 7.5 feet high [4.5 meters deep and 2.3 meters high] and stood on eight cast bronze oxen. Hiram of Tyre also cast other works for Solomon including the massive pillars for a temple in the Jordan River valley, but no trace of these works, other than the historical record, exists today.


The presence of copper ore on Cyprus gave rise to the metal casting traditions of the Minoans and Greeks. In fact the word “copper” derives from “Cyprium,” which the Romans called “coprum.” The beginnings of alchemy produced other alloys of bronze as zinc was alloyed with copper to produce the first brasses.


The Greeks developed techniques for casting bronze figures, many of which can be seen today in museums; drawings depicting Greek foundry practice can be seen on Greek ceramic vessels. The most famous casting of antiquity was the Colossus of Rhodes. This 105-foot-high [32 meters] sculpture of Apollo was cast and erected around 290 BCE. The figure held a torch, which served as a beacon as it straddled the harbor at Rhodes. The figure was destroyed by an earthquake in 224 BCE and, like so many cast works, was no doubt, remelted into the form of other works.


The Greeks also advanced the metallurgy of iron. By 850 BCE, they had developed a technique for tempering iron by heating it and quenching it in oil. There is evidence that the Greeks knew how to cast iron through the works of Theodomus the Samian, who is credited with casting an iron throne and two figure sculptures in iron.


While the Roman author, Pliny the Elder, describes something of the metallurgy of his time, it wasn’t until the 11th century, when the monk Theophilus wrote Schedula Diversarium Artium, that foundry information was codified in a text. It was not until the 16th century that anything else about metal casting technology was written down when texts by Biringuccio and Agricola (see Bibliography ) appeared.


The so-called Dark Ages and the Middle Ages in Europe were marked by slow developments in furnace technology for the production of iron. From the early Catalan furnace to the German furnaces and then to furnaces such as the Swiss furnace and the Swedish Osmond furnace, higher and higher temperatures began to be achieved. With the invention of the water-driven bellows system around 1300 ACE and taller furnaces, the production of molten iron directly from a blast furnace was realized. The fuel for these furnaces was charcoal, and furnace sites were often located in areas where ore and forest was plentiful. From 1300 to 1700 ACE, cast iron was, in the most part, produced directly from ore in these large blast furnaces.


The Renaissance sparked a revival in the casting of bronze sculpture. Many of the sculptors were also founders. The great bronze doors of the Baptistery in Florence by Lorenzo Ghiberti were cast during this time. Young Leonardo da Vinci, as an apprentice of Verrocchio, is reputed to have worked on the large horse and rider in Venice, known as the “Colleoni Monument.” For an interesting (and amusing) tale of the hazards of metal casting in the 1500s, read “Vita” by Benvenuto Cellini, which describes, among many other aspects of Renaissance life, the casting of the “Perseus” in 1540 ACE. Whether cast in loam molds or with the lost wax process, these sculptures stand as some of the finest expressions of both technological and aesthetic achievement.


The destruction of large tracts of European forests to fuel the increasing demand for iron, spurred the search for an alternative fuel. Around 1619, Dud Dudley, an English iron founder invented a furnace that was fired with coal, but he was driven out of business by the charcoal mongers. He wrote a book on his procedures in 1665 called Metallum Martis, which influenced later iron founders. Abraham Darby of Coalbrookdale, England, was the first to reduce coal to produce coke (made in the same manner as wood is reduced to make charcoal) and built the first coking ovens. His ability to produce iron at much less cost than the charcoal melters changed the face of the foundry industry and helped usher in the “Industrial Revolution.” Darby is also credited with inventing the foundry flask, which freed founders from having to mold in pits or on the floor. The famous “Iron Bridge” near Telford, Shropshire, England, was made possible by the Darby’s developments and was the first structural use of cast iron.


The 18th and 19th centuries brought tremendous advancements: From the French remelt furnaces and the annealing process invented by Rene Antoine de Reaumur to the development of the cupola by John Wilkinson in 1794 and the rediscovery of crucible steel by Benjamin Huntsman, the technology of metal casting matched the tremendous industrial growth of the period. These advances aided the development of the steam engine and the railroad and a myriad of other machines and inventions that forever changed the face of human civilization.


The great Meso-American civilizations of South and Central America also produced metal castings. Gold and silver were the predominant metals cast; there’s no evidence of iron casting, but cast bronze artifacts, made using wax patterns and cast in clay/ charcoal molds have been found, especially in Panama. Copper, traded from sources of native copper around the Great Lakes, is also found in many North American and Central American indigenous cultures.


The Saugus Iron Works near Lynn, Massachusetts, founded in 1642, was the first foundry in colonial America. The first casting from this works is known as the “Saugus pot” and is a small cooking pot with tripod legs. A typical 18th-century “iron plantation” is preserved by the National Parks Service (see Bibliography) at Hopewell Village near Birdsboro, Pennsylvania. This area near Valley Forge is rich in American casting history and was the source of much of the colonial arsenal during the American Revolutionary War.


By the late 19th century, iron was used for everything from toys to architectural facades, while bronze and brass predominated in sculpture and decorative objects. Aluminum had been smelted from bauxite ore, but was not yet a metal of importance. Further refinements in melting techniques such as Bessemer’s converter for steel production, open hearth furnaces, and carbon arc electric furnace contributed to the industrial growth into the 20th century. Today high-frequency induction furnaces seem to be the predominant way that massive amounts of cast metal are produced. For the sculptor, the 20th century with its shift from naturalistic sculpture to abstraction brought a move away from such traditional materials as bronze. Although sculpture in bronze continued to be made, its use by “avant garde” sculptors in the 1950s, 60s, and 70s greatly diminished. Iron, with its strong connection to the industrial image, was never a particularly popular metal for sculpture. In the 1960s, a revival of metal casting by artists who wanted to control their own casting began in universities and art schools. As a result, several generations of sculptors with extensive metal casting ability are now working in cast bronze, cast aluminum, and cast iron; many have supported themselves by developing casting facilities and casting the work of other artists. The present mood in the art world seems to be a return to traditional materials such as stone and bronze. The durability of cast metal, its ability to assume such a wide variety of forms, and its potential for beautiful color makes it a material which artists will use far, far into the future. Artists have not only adopted and adapted technological developments, but, as in the past, aesthetic innovation will also bring technological innovation. Your own imagination and creativity may be the key to just such a development and change.















	


SAFETY AND RIGHT TO KNOW
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Safety First! The foundry is a potentially dangerous place. This discussion is intended to familiarize you with the potential hazards and risks so that your experience will be an enjoyable and healthy one. The key to a healthy and profitable experience is the knowledge of correct technical procedures and an enlightened adherence to those procedures. This is not intended to discourage experimentation, but because the foundry is often a communal studio any violation of correct technical procedure to produce an aesthetic effect should be discussed with an experienced founder prior to any experimentation.
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