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Foreword

The names of three archaeological eras are described by their dominant
structural materials: the stone age, the bronze age, and the iron age. While the
metals in the bronze age were obtained by smelting, early use of iron relied on
finding the metallic form, mostly from meteorites. Its scarcity, together with
its softness and tendency to corrode, limited its application. With time, how-
ever, extraction methods from ores and techniques such as surface hardening
to improve the properties, broadened the application of iron. The first steel
was made in the early iron ages but did not become a significant commodity
until the middle of the nineteenth century when Henry Bessemer invented a
new steelmaking process, which started the second phase of the industrial
revolution. Around the same time, the introduction of microscopic investiga-
tion of materials led to a better understanding of steel properties and soon
thereafter books on the metallography of steel were being published.

Metallography has a long tradition in Brazil going back to the early twenti-
eth century. Metallography became a pillar in quality control of the construc-
tion materials used in the rapid expansion of the Brazilian railway system in
the late 1920s. At this time, Hubertus Colpaert, at the Institute of Technologi-
cal Research in Sdo Paulo, began systematic work on the study of the metal-
lographic characteristics of ferrous metals. In 1951, this work resulted in the
publication of the book Macrographic and Micrographic Metallography of Com-
mon Steel Products. This book offered a unique combination of a metallogra-
phy atlas, manual of metallographic techniques, and introduction to the fun-
damentals of phase transformations and thermal treatment of these alloys,
and quickly became the most important Brazilian reference book for those
working on processing and treatment of ferrous alloys. A second and third
editions of this book was published in 1959 and 1969, respectively.

Since the publication of the third edition, advanced microscopy techniques
became widely available and a significant number of new steel products have
been developed. These developments are reflected in the fourth edition of
the book while maintaining the spirit of the original edition, being a unique
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combination of a metallography atlas, manual and textbook. For publication
of the English edition, the title of the book was changed from the Portuguese
original Metallography of Common Steel Products to Metallography of Steels:
Interpretation of Structure and the Effect of Processing. Although this title bet-
terindicates that the book offers much more than metallography alone, it still
does not fully reflect the rich content of the book.

The editor of the fourth edition, André Costa e Silva, is a professor at the
Universidade Federal Fluminense in the Rio de Janeiro area, Brazil. He is an
expert in the processing-properties-performance relations in steel with a
focus on computational thermodynamics and its applications to steelmaking
and advanced steel processing. He is also experienced in specification, in-
spection and failure analysis of metallic materials.

Ursula R. Kattner

National Institute of Standards and Technology
Materials Science and Engineering Division,
Thermodynamics and Kinetics Group
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Preface to the Fourth Edition

During one semesterin 1975, my Tuesday mornings were devoted to pre-
paring, observing, and recording macrographs and micrographs of steels and
cast irons under the guidance of Edil Patury Monteiro, with support of the
book Metalografia dos produtos sidertrgicos comuns by Hubertus Colpaert. At
the same time, | was being exposed to the theory of the kinetics of phase
transformations with José Roberto Costa Guimaraes. From this time on, Col-
paert’s book became to me—as to many Brazilian students, technicians, and
engineers—a fundamental reference in academic and professional life. A very
well-balanced mix of textbook and atlas of metallographic structures, for de-
cades the book has been the companion of Brazilian metallographers, metal-
lurgists, and steelmakers. At the end of 2006, when Paulo Mei and | concluded
the second edition of Steels and Specialty Alloys, | was honored by the invita-
tion from our editor, Edgard Bliicher, to consider updating the text and im-
ages of the Colpaert’s book. The opportunity to collaborate on incorporating
technological developments to this outstanding book was an irresistible
challenge.

Globally the steel industry is enjoying a time of rare expansion and vigor,
with more than 1,400 Mt of steel produced each year and several years of sig-
nificant increases in production. Furthermore, the production and process-
ing of these iron-based alloys has reached an admirable degree of sophistica-
tion and control. In average quality steels, many elements are controlled to
the level of parts per million in mass (1 ppm in mass is 1 gin 1 mt!) and the
structure of the steels is controlled to a degree of precision never before
experienced.

Metallography is one of the essential tools that made it possible to attain
this degree of sophistication. Itis a tool widely used in the whole field of met-
allurgy, in particular, for the whole spectrum of iron and steel products, from
steel used in nails, springs, nuclear reactors and packaging and to cast irons
used in engines, fittings, railroad parts, and so on. Metallographic techniques
have evolved along with the steel industry. Besides the use of visible light,
techniques that use other types of interactions with matter and in special in-
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teractions between electrons and matter have become common. Techniques
aimed at quantifying structural features have also greatly evolved, and the
past decade has seen a dramatic advance in the techniques of three-
dimensional reconstruction of material structures. If during Colpaert’s time
the breadth of knowledge and experience needed to write such a book were
already rare—this being one reason for my respect for his work—in these days
itis almostimpossible for a single person to have all of the knowledge needed
to bring this work up to date. Thus, the help and collaboration of many have
been essential to creating an updated version with a depth and breadth com-
parable to the original work. Luckily the same fascination Colpaert’s work
exerted over me is present in a whole generation of renowned metallurgists
in our country. | met enthusiastic collaboration in companies, universities,
and laboratories where people volunteered to help. This has certainly been
one of the most interesting technical experiences of my career. A remarkable
brotherhood of people interested in steel seems to exist all over the world;
indeed, the willingness of people to help me, in Brazil and abroad, was
outstanding.

To all of these collaborators, who have given essential contributions to this
project, | offer my thanks in the next section.

Due to the difficult decision that had to be made regarding which images of
the previous editions should be replaced or removed, Editora Blucher kept all
of the old images available at their website.

I hope this revised and updated edition may be as useful to today’s metal-
lurgists as the previous editions have been to me, and to a whole generation
of enthusiasts of steel and cast iron development.
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Preface to the Second Edition

Published in mid-1951 by the Instituto de Pesquisas Tecnoldgias (IPT-SP)
[Technological Research Institute of Sdo Paulo State], Bulletin no. 40 about
the metallography of common iron and steel products has helped fulfill an
important demand in the mechanical and metallurgical sectors, which
needed a technical book that could serve as a manual for solving problems
related to the properties and applications of iron and steel products.

Notwithstanding the fact that it has been solely distributed by IPT-SP, the
first edition went out of stock in a few years, due to its high technical and sci-
entific quality and the excellent documentation, all in a very didactic presen-
tation format.

Although the guidelines to be adopted for the second edition had already
been defined, the sudden passing away of the author in January 1957 ren-
dered impossible the satisfactory conclusion of the revised work.

Having had the opportunity to collaborate with Colpaert for more than 12
years, having followed the lecture notes prepared by him that led to Bulletin
no. 40, and being familiar with the use of this publication as a textbook, | was
honored with the task of performing the revisions needed for this second
edition.

In the first edition, some of the fundamental principles were presented in
a simplified manner or even omitted. During use as a textbook, it was noted
that this simplification in some chapters, such as the one on micrography and
heat treatment, ended up creating barriers to the best understanding. This
classroom experience suggested a complete revision of these chapters, par-
ticularly the one focused on heat treatments. The simplified presentation of
transformation diagrams in the austenite decomposition processes that in
the first edition was made in the form of a “critical segment” was replaced
with the presentation of isothermal and continuous cooling transformation
diagrams. The atomic mechanisms involved in these processes were dis-
cussed in more detail so that the changes observed by the metallographic
examination could be better understood.

The chapter on cast irons could not be further improved because due to
the complexity of the subject, from a didactic point of view, a simplified pre-
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sentation that would offer a first view acting as a basis for further studies was
preferred to a detailed discussion of the graphitization processes, which
could make the text almost inaccessible to those being introduced to the
subject.

Alberto Albuquerque Arantes
Sao Paulo, November 1959
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Preface to the First Edition

During the recent and solemn commemoration of the 50th anniversary
of this Instituto de Pesquisas Tecnoloégicas [Technological Research Institute],
the beginning and the further development of various technological sectors
of the institute were remembered. Among these, the field of microscopic me-
tallography has received deserved attention; having started almost at the
same time as this field was developed in Europe, it is one of the oldest in the
institute.

It is an important fact that in 1910, the head of the Office of Strength of
Materials, Hippolyto Pujol Jr., was already teaching and applying in the coun-
try such a novel science, far in advance of our industrial development. In
1926, it was up to Ary Frederico Torres to give further drive to these studies,
creating strong interest and promoting the specialization of many students
from the Polytechnic School [today the Polytechnic School of the University
of Sdo Paulo]. The author of this volume was among those and in 1928 was
raised to the position of head of the Metallography Section.

In the past 25 years, the application and research work performed in
the Metallography Section of IPT has resulted in a very refined technique
and precise documentation with more than 10,000 macrographs and
micrographs.

In addition to these activities, focused on the industrial segment, the Me-
tallography Section has paid special attention to education, either teaching
the students in various courses of the Polytechnic School or opening oppor-
tunities for interns who come here in search of deeper knowledge.

Among the educational resources, one that has been extremely successful
is the distribution of illustrated pamphlets condensing the subjects pre-
sented in class. The simple and accessible presentation, not only of the me-
tallographic technique but also of the laws and basic metallurgical facts—in-
dispensable to the understanding of metallography and useful to the steel
industry—quickly garnered great interest. This intertwining of steelmaking
and processing concepts with specialized metallographic concepts may seem
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strange at first, but at least in our community and for the time being, this is
the orientation that has proven most efficient for the desired objectives.

After various successive editions of these pamphlets, and faced with an
ever-increasing demand and the growing collection of experiments, the insti-
tute has decided to publish its material in a more permanent form and in
more copies, asking the author himself to collect them, after revision and
considerable expansion of the illustrations, in a printed volume that came to
be the present bulletin.

Maintaining the initial aim, certain theoretical concepts are presented in a
simplified way while others are omitted, not because they are useless but be-
cause they can be dispensed of in view of the character and aim of this
publication.

To those wishing to research the problem more deeply, the cited bibliogra-
phy, however small, offers additional information. After the bibliography, the
conference proceedings and the specialized journals are yet additional
sources which the reader can make use of to get properly familiarized with
this constantly evolving science.

The macrographs and micrographs that were reprinted in Bulletin no. 40
were selected as among the most significant cases studied in the section. For
each type of occurrence, many examples were presented to illustrate the
variability that certain aspects may present and to warn the less experienced
metallographer about the risk of possible confusion. In the choice and pre-
sentation of this vast documentation, it was our intention to offer to those
interested a real atlas of “standard aspects” that could help in interpreting
cases one might face in practice. Furthermore, there was always the aim of
presenting the original documents in the best way possible, without reduc-
tion and with maximum sharpness, to make it easier for the reader to prop-
erly appreciate the features in the structures.

In the course of the text, the main errors related to technique and interpre-
tation are discussed, along with their consequences and how to avoid them.

With the goals above described, the Instituto de Pesquisas Tecnologicas
hopes to have extended the usefulness of this publication to all, whether in
the plant or in the laboratory, who apply metallography.

Hubertus Colpaert
Séo Paulo, June 1951
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