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Summary

The Atlas contains thirteen sections. The classification and the microstructural characteristics
of anthracites, metallurgical cokes, petroleum cokes and carbon fibers are treated in the first six
sections and the topics dealt with in the remainihg seven sections are graphite materials, carbon
fiber composites and pyrolytic carbons, giving descriptions about their microstructural features
and the bearings of these features on their performance and manufacturing technology.

The Atlas may provide something valuable for technicians and workers engaged in the
research, production and utilization of carbon materials. It can also be used as a reference book

for college teachers and students interested in carbon science and technology.
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Preface

Carbon materials, including carbon fibers and their composites, are generally high in strength and good in
conduction for both heat and electricity. They are furthermore characterized by their excellent performance in
applications where intensive corrosion, strong irradiation and severe ablation are prevailing. Therefore, as a
special class of materials indispensable for modern science and technology, carbon materials have been playing
important roles in various fields, such as metallurgy, chemical engineering, machinery, eiectricity, electronics,
nuclear energy, aeronautics and astronautics,

It has been recognized by more and more people that carbon materials with their ever-increasing varieties
and cver-improving qualities have ushered ina new era in- the course of their development. Naturally, it seems
urgent at present that an all-side piercing research on the fundamentals of carbon technology should be taken,
especially on the relationship between microscopical structures and technological properties for both the raw
materials and the products with the prospect that we would gradually be able to master the governing laws and
thereby to inspire a great drive to carbon science. Some scholars and specialists, then, came together and got start-
ed to compile this Atlas, under the support from many sides, especially from Jilin Carbon Plant. looking forward
to providing something useful to those engaging in research and development or in manufacture and utilization of
this special kind of materials. It is expected that the Atlas may also offer something valuable to college teachers and
students.

The present edition of the Atlas of Carbon Micrographs deals mainly with the raw materials and the products

of carbon industry. The compilers did do their best in presentation of the micrographs systematically and in show-

ing the fact that the manufacturing technology and properties of carbon materials are closely related to their
microstructural characteristics. On topics, such as the classification of microstructures and the dependence of
properties upon structure, the compilers adopted not only the valuable experience accumulated in manufacturing
practicc and various applications but also the recent achievements in scientific exploration. There are, in addition,
some {resh and original views of the compilers themselves. I do believe that the principles of typicality, usefulness
and scicntific precision have been embodied in the selection of the micrographs. The Atlas can, I should think,
provide a valuable aid for the characterization of the relevant materials, for the prediction of properties of the
products and also for the reasonable selection of raw materials and manufacturing technology to make products
with required qualities,

There must be some defects in the work of compilation and publication, owing to its being the first time for us
to deal with a work of this sort. We shall be very glad to accept comments and suggestions from foreign or
domestic specialists.

Gao Liang
Beijing
December 1985 '
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1 Anthracite

According to the coal-forming plants, coals can be divided into sapropelic, humolitic and liptobiolitic seric-.
T'he humolites or humic coals derived from higher plants are vastly distributed over the world, the reserve being th::
most abundant. Humic coals are further divided into peats, lignites, bituminous coals and anthracites according to
the degree of coalification.

In the humic series of coals, the anthracites have undergone the deepest metamorphic changes and thereforc.
all their constituents are opaque to light and their microstructures must be observed under microscope by reflectc!
light with the specimens prepared in the form of polished blocks or polished grain mounts.

Under ordinary optical microscope, on the polished surface of an anthracite, only the fusinites, reliefs in vais-
ous shapes and pores or cavities can be seen clearly, the other constituents being fairly homogeneous. Generally .
for the anthracites, a clear micrograph can hardly be obtained even by a polarized light microscope, owing to their
optical anisotropy being rather low.

The anthracites are calcined at a temperature higher than 1300° C, when they are used as raw materials for
carbon products. After calcination, the anisotropy of an anthracite is raised while it becomes harder, more porotis
and more capabile in reflecting light. But in comparison with petroleum cokes, the optical anisotropy of the cal-
cinred anthracites is still rather low and the interference colours appear very faint on rotating the objective stage,
soin no case can a brilliant colourful micrograph be obtained even undera polarized light microscope with cross
Nicols and gypsum plate. _

Under ordinary microscope the calcined anthracite becomes more homogeneous than the original, the
different constitvents can hardly be recognized. Only by polarized light microscopy can a clear micrograph b

obtained.

According to the morphology of the microstructures, the microconstituents of anthracite may be divided into

vitrinite, fusinite, degradinite and micrinite.

1.1 Vitrinite '
Vitrinites occur in bands often with fissures perpendicular to the band as shown in Fig. I-1. There are two

types, collinites and tellinites, which are different in structure.

Collinites are structureless and homogeneous as shown in Fig. 1-1 and 1-2.
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Tellinites have certain structures which when viewed under microscope appear as filamentous or lenticuiar

relics as shown in Fig. 1-3 and Fig. I-4 respectively, or as cellular siruct_ures of a wood as shown in Fig. 1-5. There is
A

sometimes a structure, in which the cell walls are fused together leaving irregular pores or gaps somewhere as

shown in Fig, 1-6,

1.2 Fusinite
Fusinites often occur in interstitial layers, the cell structure of the coal-forming plants being reserved to a
remarkable degree. The cell cavities are often filled with clayey matter as shown in Fig. 19, therefore, in fusinites
the content of mineral impurities is higher than in the other petrographical constituents. The cell structures in some
fusinites are reserved very well as shown in Fig. 1-7 th rough 19, and in some others, the cell structures are reserved

to a less extent as shown in Fig. 1-10.
1.3 Degradinite

Degradinites consist of globular, oval or irregular fragments, of which the size is less than 100 micrometers.
The fragments may occur in a dispersed state as shown in Fig. I-11, or inan agglomerated state as shown in Fig.
1-12.

1.4 Micrinite

Micrinites consist of spherical bodies, of which thesize is about one micrometer. They mainly fill up the cell
cavities (Fig. 1-5) or agglomerate together (Fig. 1-13) or mix themselves with degradinites (Fig. 1-14).
In anthracite, in addition to the petrographical constituents mentioned above, there are some species of

minerals, e.g. clay (Fig. 1-9), pyrite and silica (Fig. 1-15).




W1 1EER BEMSEER (BR AR X UEHKI5°
Fig, 1- 1, Anthracite Collinite in bands with
fissures Nicols crossed at 95°
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W1 - 2@y ELEHETE X XEHEIC

Fig, 1 -2. Anthracite Collinite Nicols crossed at 95°



W1 -3 EER AHBSEEE (ARRAR ) X URHS®
Fig. 1 -3 . Anthracite Tellinite with filamentous

relics Nicols crossed at 95°
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Fig. 1-4 Anthracite Tellinite with lenticular

relics Nicols crossed at 95°
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Fig. 1 -5 ., Anthracite Tellinite
1. micrinite 2. wood cell structure Nicols crossed at 95°

B1-68EE HEHGER
(HBMRTRA HILH ) 2% B 95°

Fig. 1-6 . Anthracite Tellinite with irregular
pores Nicols crossed at 95°
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Fig. 1-7. Anthracite Fusinite 1.cell structure reserved
2.cell structure distorted Nicols crossed at 95°
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Fig. 1-8. Anthracite Fusinite Nicols crossed at 95°
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Fig. 1-9. Anthracite Fusinite clayey matter in

oval cavities Nicols crossed at 95°

B 1 -108EE SUHE (HAB4HFAEE) 2 XRE5°
Fig. 1-10. Anthracite Fusinite cell structure
distorted Nicols crossed at 95°
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Fig. 1-11. Anthracite Degradinite in circular and

oval forms Nicols crossed at 95°
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Fig. 1-12. Anthracite Degradinite in thin bands

Nicols crossed at 95°
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Fig. 1-13. Anthracite Micrinite (in the central
part ) Nicols crossed at 95°
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Fig. 1-14. Anthracite Micrinite mixed with
degradinite Nicols crossed at  95°
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