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ABSTRACT

This book is based on national and intcrnational developments,
togcther with the author’s fifteen years' experience of teaching, research
and industrial practice concerning the effects and application of rare
earths in cast iron. It describes the fundamental principles and
experience of the application of rare earths in cast irons ; the effects of
rare carths on microstructure and propertics of cast iron; the production
mcthods of different types of cast irons containing rare earths;
spheroidisers, vermicularisers and inoculants containing rare earths;
melting practice; application examples and the economical effects of
rarc earths in grey cast irons, spheroidal graphite cast irons, vermicular
graphite cast irons, white cast irons and malleable cast rons. In addition,
different countries’ standards and specifications for different types of
cast tron, and standards and specifications concerning the composition
of different types of inoculants, spheroidisers and vermicularisers are
given,

This velume can be used as a reference book for umiversity lectures
and research students, engineers and technicians in the foundry and

rare earth industries,



FOREWORD

China has the nchest Rare Earths (REs) resources over the world.
The recoverable RES reserve amounts o 36 millions tons taking up
more than 80 % of reserves of REs in the world. Cast iron 1s the largest
field of application of REs and the quantity of utilized REs in this area
is the biggest among all industrial departments. Authors have devoted
themsclves to study of mechanism about effects of REs on
microstructure and properties of cast irons and industrial applications
more than twenty years. This book covers extensive topics dealing
with both fundamental theories and tcechnological problems for
application of REs in cast frons.Espectally it contains the development
of application of REs in cast irons in China. 1 belicve that this book 1s a
valuable materials for expert concerned, it would certainly promote
international cxchange in the fields of both fundamental theory and
technological problems about application of REs in cast irons.Great
progressing in this field can be cxpected in future.

& ?@%

(Jiluan Pan)

Professor of Tsinghua University

President of Nanchang University

Member of the Chinese Academy of Sciences
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FOREWORD

“ 1 am very glad to learn that the English version of Cast lron
Cornttaining Rare Earths by Prof. Sheng Da is being brought out. I have
read the Chinese version of the bock and find myself having gained a
greater insight into this field. The beok is indeed a gquintessence of the
development of the rare earths (REs) industry in China.

The REs industry has been attached great importance to in China for
the past five decades. All the three generations of the Chinese national
leaders since 1949 have given personal guidance to the development of
the industry. China has the richest and the greatest variety of REs
resources, and her output and export of REs have both ranked the first
in the world for the past ten years. Owing to their excellent properties
and their wide range of application, REs have become an important
strategic material in the development of both the national economy and
the high tech industries.

There was a special oceasion which facilitated the development of
the REs industry in China. The Baiyunebo multiple mincral deposit,
which was the biggest REs mine of the world, was exploited as an iron
mine in the 1950s to supply raw materials to the then newly-built
Baotou Iron & Steel Plant (BISP). Thus simultaneously hundreds of
thousands of tons of REs were mined as a by-product. How 1o use the
REs became an urgent concern fo the national leaders.Consequently,
the Institute for Comprehensive Utilization of Baiyunebo Resources
was set up in Bactou City. In the 1960s at the two successive
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conferences o comprehensive utilization of Baotou resources, it
peinted policy complete wtilization of Baivunebe resources and made
clear that the application of REs should be vigorously promoted. REs
then tended to be applicd 1 metallurgical, petrochemical and glass-
ceramic industries in other countries. Besides those conventional uses,
China has also successfully found ways to use them in raising
agricultural production.

Among the efforts to study the application of REs, Prof.Zhou Yuanxi
from Shanghai Metallurgical Institute of the Chinese Academy of
Sciences made a distinguished contribution. In the carly 1960s, he
discovered how to use ferrosilicon to reduce blast furmace slag to get
REs ferrosilicon alloy. There was no ore dressing process in BISP at
the time and the ores from the mine were put directly into the furnace,
As a result, the slag contained as high as around 9 % REs.

Prof. Zhou's discovery opened an epoth of applying REs in
metallurgical industry in China. At first REs ferrosilicon alloys werc
used to produce pans and ploughsharc. Then they were used to
manufacture cast iron and steel confaining REs. In fact, the
consumption of REs in metallurgy was always the highest among thetr
multiple uscs. In recent years, once fourth of the REs consumed in
China was used in producing cast iron containing REs and the total
amount of REs used in mectallurgy was one third of the total REs
consumption. However, the application of REs in metallurgy is sull far
from reaching the saturating level. There is a great market yet to be
explored in the single field of cast iron containing REs. From time to
time we may rcad about news of damages duc to bursis of large cast
iron water pipes. If cast iron containing REs were used to build thosc

pipes, the accidents would have been avoided.



FOREWORD V

Prof. Sheng Da has been devoted to researches into cast iron
containing REs and its application for years. He has made a number of
notable achievements and is a leading expert in the ficld. His work,
Cast fron Containing Rare Earths, is based on his years-long
painstaking work and experiences. The book deals extensively with the
acting mechanism and manufacturing metheds of different types of
cast iron containing REs, such as spheriodizers, vermicularizers,
inoculants, ductile iron, vermiicular graphite cast iron and gray cast
iron containing REs. Assessment of their practical value and economic
effects is also included. The book, therefore, is valuable to both
researchers and manufacturers. I strongly recommend it to those who

are concerned,

by Li Dongying

Member of Chinese Academy of Engineering

Director of Specialists” Group of Rare Earths Office, National
Development and Plan Commission

Jan.7, 2000

Translated by Cui Xunli



PREFACE

China has the richest rare carth resources in the world. Its proven
rare earth reserves far exceed the total resources of the rest of the
world. In addition the production and consumption of rare earths in
China are at the forefront of the world.

The effects and application of rare earths in cast iron have been key
research projects spensored by the National Science and Technology
Commission during the 35th, 6th and 7th National five-year plans.
Currently the largest use of rare earths is in the cast iron industry, and
forecasts from China, USA and Japan suggest that this situation is
likely to remain well into the twenty first ceniury,

We are writing this book to promote the usc of rare earths in cast
iron production and would like to acknowledge the information and
support which we have received from the following sources during the
writing process: the Rare [Earth Officc of the National Plan
Committee, The Rare Earth Office  of the Ministry of Metallurgy, the
Chinese Society of Rare Earth, the National Apphcation and
Technology Service Centre of Rare Earth in Cast Iron, Baotou Iron &
Steel and Rare Earth Company, Cang Zhou City Fuda Metallurgical
Products Limited in Hebei Province, Jing Cheng GLD Rare Earths
Metal Co. Ltd in Shanxi Province. In addition a wealth of data has
been accumulated through our long-standing partnership with Foundry
Works of Shou Du [ron and Steel Company, Roll Works of Benxi [ron
and Steel Company, the First Rare Earth Alloy Plant of Baotou Iron
and Steel and Rare Farth Company, Hebei li Zhou City Radiator
Works and others, all of whom have helped to lay the foundation for
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writing this book.

We would like to thank Dr, Jia Zhijie and Dr. L1 Shuangsou for their
assistance in the writing and cditing of this volume. Espccially to thank
professor Eilliot R. (Menchster Material Science Centre, University of
Menchster & UMIST, U. K) who checks this book in both content and
English carefully and presents many good suggestions to make the
book better. We would also appreciate further critical feedback from
whom concerning this book. This work was supported by pubishing

fund of Tsinghua University.
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