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Abstract

Carbon materials have a wide variety in structure and functions. The present book consists
of three parts. Part | was the introduction and the concept of carbon families, diamond, graphite,
fullerenes and carbyne, was explained. In Part 2, the characteristics of carbon families in structure
and properties were interpreted by dividing texture formation stage (carbonization) and structure
development stage (graphitization). In addition, pore development and introduction of foreign species
in various carbon materials were reviewed. In Part 3, engineering and applications of carbon materials
were explained by dividing into 9 chapters, including the applications to energy storage and
environmental remediation.

This book was aimed to give a general understanding on wide varieties of carbon materials
from graphite to carbon nanotubes for graduate students and newcomers to carbon field.
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Carbon Materials Science and Engineering

—From Fundamentals to Applications
Abstract

Carbon materials have attracted much attention, especially fullerenes and car-
bon nanotubes. However, carbon materials have been used since prehistoric era
with a wide variety of structures and functions. This book describes fundamentals
of carbon materials in Part 2, after an introduction to the history of carbon materi-
als in Part 1. Part 3 discusses engineering problems of carbon materials with focus
on their preparation, function and applications.

Part 1 introduces and explains the carbon families of diamond, graphite,
fullerenes and carbyne on the basis of their carbon-carbon bonds.

Part 2 analyzes the characteristics of the carbon families in terms of their
structure and properties by dividing the formation process into a texture formation
stage (carbonization) and a structural development stage ( graphitization). Novel
techniques are given to relate the carbonization and graphitization stages. In addi-
tion, pore development and the introduction of foreign species into the various car-
bon materials were reviewed. Part 2 includes 8 chapters, carbon families, struc-
ture and texture, texture development ( carbonization), novel techniques for car-
bonization, structure development ( graphitization ), acceleration of graphitiza-
tion, pore development, and introduction of foreign species into carbon materials.

Part 3 describes engineering applications of carbon materials, most of which
have been widely used in industries and houses. Some of these applications have
contributed greatly to the development of modern technology and will be used
widely in the future. Part 3 includes 9 chapters, graphite electrodes and high-den-
sity isotropic graphite, highly-oriented graphite, amorphous glass-like carbons,
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fibrous carbons including carbon fibers, carbon nanotubes and nanofibers, porous
carbons including activated carbons, carbon-based composites, intercalation com-
pounds, carbon materials for energy storage including lithium ion rechargeable
batteries, electrochemical capacitors, hydrogen and methane storage, and carbon
materials for environment remediation including carbon/anatase composites, exfo-
liated graphite for heavy oil sorption.

This book seeks to give readers a general understanding of the wide variety of
carbon materials from graphite to carbon nanotubes. Therefore, the most interest-
ed readers will be those who just started or are going to start work on carbon mate-

rials.



Preface

In 1985, one of the authors (M. Inagaki) published a book entitled
Materials Engineering of Carbons in Japanese ( Nikkan Kogyo Shinbun-
sya, 238 pages). It was just before the discovery of buckminster-
fullerenes C,,, in other words, the attention of the people was not yet di-
rected to nanocarbons at that time. In the book, he already emphasized
the importance of nanotexture in carbon materials belonged to the graph-
ite family and discussed carbonization and graphitization of carbon mate-
rials on the basis of their nanotextures, planar, axial, point and random
orientation schema. The discovery of various fullerenes and later carbon
nanotubes opened a new era for carbon materials, not only graphitic car-
bon materials with planar structure and three dimensional diamond struc-
ture, but also nano-sized clusters, fullerenes, with closed structures con-
taining pentagons of carbon atoms and tubular carbons with nano-sized
diameters consisting of a single curved hexagon layer of carbon atoms are
possible. The discovery of single-wall and multi-walled carbon nano-
tubes stimulated the interest of scientists and engineers in the fields relat-
ed to nanotechnology. At almost the same period, various new applica-
tions of carbon materials in the graphite family were also developed: an-
ode materials for lithium ion rechargeable batteries, carbon fibers for re-
mediation of water environment, electric double layer capacitors for en-
ergy storage using activated carbon electrodes, etc. In 1994, therefore,
he published another book in Japanese entitled New Carbon Materials-
Structure and Functions ( Gihoudo Shuppan, 202 pages) with his friend
Prof. Yoshihiro Hishiyama of Musashi Institute of Technology. In their

book, properties and applications of different carbon materials, including



N

Preface

fullerenes and carbon nanotubes, were described. However, progress in science,
engineering and applications of carbon materials was so rapid all over the world that
he decided to publish the book in English: New Carbons -Control of Strcuture and
Functions (2000, Elsevier, 229 pages). In the book, he focused mostly on the en-
gineering of new carbon materials based on hexagonal networks of carbon atoms.

Recently, the authors strongly felt that, even though many young scientists
and engineers were interesting in and working on nanocarbons, such as carbon
nanotubes, basic knowledge on carbon materials is necessary for them. Most of
the basics of carbon materials were already clarified before 1985. The books,
which give such fundamental knowledge on carbon materials are rather few and al-
so they must be handy and easy to buy. This is why the authors decided to publish
the present book at Tsinghua University Press, which is aiming to give comprehen-
sive information firstly on fundamental science about preparation and characteriza-
tion of various carbon materials, and secondary on engineering and applications of
various carbon materials. Basic concept of the present book is the same as those
published by one of authors ( M. Inagaki), i. e., classifications based on carbon
families and nanotextures.

The authors hope to provide fundamental science and engineering on carbon
materials and some applications, even though the newest ones cannot be included
because of so fast development in this field, to young people, graduate students
who are working on various carbon materials and engineers whose works are more
or less related to carbon materials. It will be a great pleasure for the authors if they
will bring this book with them to discuss their results and to read the scientific pa-
pers published. They may find out how the data they got and/or those published
do either agree or disagree with the general information explained in this book,

and also what are missing in this book.

Michio Inagaki

(Aichi Institute of Technology, Japan)
Kang Feiyu

( Tsinghua University, P. R. China)
2006. 4
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