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Observations by polarized light of the microstructures formed
during the heat treatment of materials used to fabricate graphitic
artifacts have directed attention to the short range of temperature
during which the carbonizing liquid exists as a liquid crystal termed
the carbonaceous mesophase. The poor polishing characteristics of
the unhardened mesophase required modifications to the preparation
methods used for carbons and graphites. A temperature-gradient
heat-treatment technique was employed to obtain specimens represen-
tative of the various mesophase microstructures developed in the
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short plastic range. Three mechanisms—the mesophase transformation
itself, the coalescence of the initial spherules to bulk mesophase,
and the plastic flow before hardening—act to establish the principal
features of the lamelliform morphology of a graphitizable coke. Fine
insoluble particles are segregated by the mesophase transformation,
and the effect of larger graphitic particles is to align the mesophase
layers parallel to the layer planes of the substrate. Upon heat treat-
ment of the hardened mesophase to graphitizing temperatures, shrink-
age cracking and fine-scale mechanisms of fold-sharpening and poly-
gon(iization take place to yield the final microstructure of the graphitic
product. )
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ABSTRACT

Observations by polarized light of the microstructures formed
during the heat treatment of materials used to fabricate graphitic
artifacts have directed attention to the short range of temperature
during which the carbonizing liquid exists as a liquid crystal termed
the carbonaceous mesophase. The poor polishing characteristics of
the unhardened mesophase required modifications to the preparation
methods used for carbons and graphites. A temperature-gradient
heat-treatment technique was employed to obtain specimens represen-
tative of the various mesophase microstructures developed in the
short plastic range. Three mechanisms—the mesophase transformation
itself, the coalescence of the initial spherules to bulk mesophase,
and the plastic flow before hardening—act to establish the principal
features of the lamelliform morphology of a graphitizable coke. Fine
insoluble particles are segregated by the mesophase transformation,
and the effect of larger graphitic particles is to align the mesophase
layers parallel to the layer planes of the substrate. Upon heat treat-
ment of the hardened mesophase to graphitizing temperatures, shrink-
age cracking and fine-scale mechanisms of fold-sharpening and poly-
gonization take place to yield the final microstructure of the graphitic
product.
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ABSTRACT *)

Observations by polarized light of the microstructures
formed during the pyrolysis of materials used to fabricate
graphitic artifacts have directed attention to the narrow
range of temperature during which the carbonizing liquid
exists as a liquid crystal called the carbonaceous mesophase.
The poor polishing characteristics of the unhardened
mesophase required modifications to the preparation
methods used for carbons and graphites. A temperature
gradient heat-treatment technique was employed to obtain
specimens representative of the various mesophase mor-
phologies developed in the short plastic range. Three
mechanisms - the mesophase transformation itself, the
coalescence of the initial spherules to bulk mesophase, and
the plastic flow before hardening - act to establish the
principal features of the lamelliform morphology of a
graphitizable coke. Fine insoluble particles are segregated
by the mesophase transformation, and the effect of
graphitic substrate particles is to align the mesophase layers
parallel to the layer planes of the substrate. Upon heat
treatment of the hardened mesophase to graphitizing
temperatures, shrinkage-cracking and fine-scale mechanisms
of fold-sharpening and polygonization take place to yield
the final microstructure of the graphitic product.

INTRODUCTION

The techniques of optical micrography applied to
commercial organic materials at various stages of carboniza-
tion and graphitization have been fruitful in recent years in
shedding light on the mechanisms acting to make a material
graphitizable. [1-7] Although the chemical reactions in-
volved in liquid-phase pyrolysis are complex, [8-11] the
problems of understanding the formation of the morpho-
logy have been simplified by the recognition, originally by
Brooks and Taylor, [1,2] of the significant role of the
mesophase transformation which takes place in graphitiz-
able organic materials during carbonization between 400°
and 500°C. The carbonaceous mesophase is the result of a
liquid-state structural transformation in which the large
planar aromatic molecules produced by the pyrolysis
reactions are aligned parallel to form an anisotropic liquid
crystal.

Although the carbonaceous mesophase behaves as a solid
material at room temperature, the properties vary over a
wide range depending on the heat treatment. Thus a
complete study of the development of microstructure in a
graphitizable material during pyrolysis from the tempera-
ture of the mesophase transformation to 3000°C [6]
encounters a number of problems of micrographic prepara-
tion. At room temperature, freshly formed mesophase
which has not been heat-treated beyond the plastic liquid-
crystalline condition is friable and readily crumbles under
stress. Furthermore pyrolysis in the plastic region usually

leads to the nucleation, growth, and percolation of gas
bubbles, and the mesophase is locally subjected to extensive
plastic deformation; these strains can produce a fibrous
folded microstructure, which requires high magnifications
for satisfactory resolution. After hardening by continued
pyrolysis, anisotropic shrinkage effects take place, leading
to the formation of lamellar cracks in a wide range of sizes.
Upon heat treatment to graphitizing temperatures, the
mesophase fossils soften as the graphite crystallinity is
developed, and magnifications near the upper limit of
optical techniques are necessary to resolve the microstruc-
tural processes of fold-sharpening and polygonization.

When micrographic methods are applied to the materials
and processes employed in the fabrication of commercial
graphitic products, the problem of hard particles in a soft
matrix is encountered in two forms. Firstly, most binder
and impregnant pitches contain, or develop in the early
stages of pyrolysis, [2] appreciable quantities of hard
particles which resemble carbon black in size and shape.
[12] Although these particles are insoluble in the car-
bonaceous mesophase, they act to modify the micro-
structure as well as to increase the difficulties of polishing.
Secondly, conventional graphite manufacture involves the
fabrication of binder-filler artifacts in which the filler coke
remains in a more advanced state of pyrolysis than the
binder or impregnant until the later stages of heat treat-
ment are reached. Accordingly the problem of polishing
relief usually enters to complicate the micrographic pre-
paration of the pregraphitic artifacts.

One purpose of the present paper is to describe how the
foregoing problems have been attacked using conventional
metallographic techniques but with special care in the later
stages of polishing. In some cases it is evident that more
complicated methods, such as low-temperature polishing or
cathodic etching, [13] would be useful in making further
improvements in preparation. However relatively simple
techniques have been adequate to reveal the principal
features of the microstructure at the magnifications
accessible to optical observation, and the degree of success
attained is illustrated by photomicrographs and structural
sketches of specimens chosen to represent the micrographic
problems outlined above. '

The ultimate objective of the micrographic studies is to
contribute to a scientific basis for the control of the
morphology of the carbons and graphites produced by
liquid-phase pyrolysis. Accordinigly a second purpose of this
parper is to present further results to add emphasis and
detail to the point [4,6,14] that the principal features of
the morphology are established by the molecular alignment,
coalescence, and flow which occur in the carbonaceous
mesophase during the short interval of time and tempera-
ture in which it is liquid or plastic. The effects of further
heat treatment of the hardened, or coked, mesophase
comprise microstructural modifications which are minor by
comparison Wwith those resulting directly from the
mesophase transformation.

*) Manuscript received on January 19, 1970




















































































