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Phenolic resins and the benzene-soluble fraction of a coal tar pitch were mixed in a 
solvent (pyridine) and carbonized at 600~ in a gold tube under a pressure of 30 MPa. 
Yields, optical textures and graphitizabilities of the carbons were studied. Large carbon 
yields (> 80%) were obtained from sealed tubes under pressure (closed system). In open 
tubes under pressure (open system), only slight improvements in carbon yields were 
observed. As the resin content in the starting mixtures increased, the optical texture of 
the resultant cagbons decreased from coarse mosaic to isotropic through intermediates 
with a gradual decrease in size of mosaic units. These intermediate optical textures 
occurred with a wider range of resin content under pressure than under atmospheric 
pressure, especially from closed systems. Changes in structural parameters of the carbons 
after the 2800~ C treatment corresponded to the changes in optical texture with resin 
content. 

1. Introduction 
In the manufacture of carbon fibre/carbon com- 
posites, pitch is the precursor of matrix carbon [1, 
2], because of little carbonization shrinkage and 
few pyrolysis cracks in the matrix carbon unlike 
that derived from thermosetting resins. With pitch, 
preferred orientation of the basal planes of the 
matrix carbon is created during carbonization of 
the composites [3]. The structure of matrix carbon, 
which can be seen under the polarized light micro- 
scope as an optical texture, considerably affects the 
properties of the resultant composites, such as 
thermal conductivity, electrical conductivity and 
mechanical properties [4-6].  To control the 
optical texture of carbons, the carbonization of 
pitch/phenolic resin systems has been studied. 
This shows that the average size of mosaics in the 
optical texture of the carbon decreases with 
increasing resin content in the starting mixtures 
[7,81. 

The conditions of carbonization also influence 
the optical texture of resultant carbons. Carbon- 

ization under pressure modifies the optical texture 
and gives high yields of carbon [9-11].  The latter 
is an advantage as it improves the density of the 
composites. Recently, Forrest and Marsh reported 
increases in carbon yield by the pressure carbon- 
ization of pitch/resin mixtures and changes in 
optical texture with mixing ratio and carbonization 
pressure [12]. Improvement in the interaction of 
pitch and resins by applied pressure was shown, 
resulting in optical homogeneous texture carbons. 
With large percentages of resin added, however, 
there was less complete interaction of pitch and 
resins, with the isolation of two phases of pitch 
carbon and resin carbon. 

In a previous paper [7], at large percentages of 
added resin the homogeneous carbons could be 
obtained under atmospheric pressure, when the 
pitch and resin were mixed using a solvent. In the 
present work, the pitch/phenolic resin mixtures 
were carbonized under pressure using this method. 
The yield after carbonization, the optical texture 
and graphitizability of the carbon obtained were 
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studied in order to ascertain the usefulness of 
carbonization in the control of optical texture 
and, consequently, to produce carbon/carbon 
composites. 

2. Experimental procedure 
The benzene-soluble fraction of a coal tar pitch 
and two types of phenolic resin, resol-and novolac- 
type, were used as the starting materials. The resol- 
type resin contains about 30 vol % ethylene glycol. 
With various ratios the pitch and resin were dis- 
solved and mixed completely in minimal amounts 
of pyridine. After removing the pyridine, the 
mixtures were cured at 120~ for 5h in air and 
then post-cured at 200~ for 5 h in nitrogen. The 
details of the starting materials and the solvent- 
mixing technique were reported previously [7]. 

The post-cured samples were sealed in thin- 
walled gold tubes of 7 mm diameter (closed system), 
Before sealing, the air in the tube was replaced 
with argon. Using an autoclave, the sealedgold tube 
was heated to 650 ~ C under a nitrogen pressure of 
30 MPa and kept at 650 ~ C for 5 h. The post-cured 
samples were also heated in the same way, without 
sealing the tube (open system). The carbon yield 
from the mixtures was determined from the change 
in weight between post-cured and carbonized 
samples. The optical texture of carbonized samples 
was examined on a polished section under a 
polarized-light microscope. 

The carbonized samples thus obtained were 
heated to 2800~ and kept for 30min in an 
atmosphere of argon. The X-ray structural 
parameters were determined using nickel-filtered 
CuKc~ radiation and silicon as a standard. 

3. Results and discussion 
3.1. Optical texture and carbon yield 
After carbonization under the closed system, the 
carbon from pure pitch had the same shell shape as 
the inside wall of the tube. As resin content of the 
starting mixtures increased, the carbon at the 
bottom of the tube became thicker and could be 
differentiated from flaky carbon adhering to the 
inside wall of the tube. In resin contents up to 80% 
resol-type resin and up to 70%, novolac-type resin, 
there were no appreciable differences in optical 
texture between the bottom carbon and flaky 
carbon. At higher contents of resin, however, 
heterogeneous optical textures were observed 
in the flaky carbons and their X-ray diffraction 
profiles after heat-treatment at 2800~ showed 

composite profiles consisting of a broad major 
peak and a weak but relatively sharp peak. In the 
open system, on the other hand, mostly bottom 
type carbon was obtained with almost no flaky 
carbon on the wall of the tube. In this study, the 
carbon obtained at the bottom of the tube was 
used in successive experiments, because the flaky 
carbon was formed with < 20% yield. 

Polarized-light micrographs in Fig. 1 show the 
decrease in size of the optical texture of carbon 
with increasing resin content in the starting 
mixtures. The transition in optical texture is 
seen from coarse mosaic to isotropic carbon 
through intermediates, i.e. a gradual decrease in 
the size of mosaic units. Fig. 2 illustrates the 
changes in optical texture of the carbons as a 
function of resin content, in comparison with the 
results under normal pressure. Here the optical 
textures are described in terms of coarse mosaic, 
medium mosaic, fine mosaic and isotropic, corre- 
sponding to mosaic units sizes of > 100,100 to 10, 
< 10/~m and optically inactive, respectively. Under 
pressure, the optical texture of the resultant 
carbons gradually changes over a range of resin 
content, the range being wider in the closed 
system under pressure than under normal pressure. 
In the open system, the transition range widens 
towards both sides of lower and higher resin 
content. In the closed system, on the other hand, 
the transition range seems to be wider towards 
higher resin content. The resol-and novolac-type 
resins produce the same effect on the optical 
texture of the resultant carbons, except for the 
amount of resin to produce a transition range. This 
difference, however, can be explained by the 
presence of ~ 30% ethylene glycol in the starting 
resol-type resin, as pointed out in our previous 
paper [8]. 

In Fig. 3 the carbon yield at 650~ is plotted 
against resin content in the starting mixtures. 
Under the closed system, a large carbon yield 
(more than 80%) is obtained, as expected. Carbon- 
aceous materials, which would have volatilized out 
either under normal pressure or in the open system 
under pressure, are effectively converted to carbon 
residue in the closed system. In the open system 
under pressure, an increase in carbon yield from 

that under normal pressure is observed for mixtures 
with low resin content. Above 40% resin content, 
no appreciable increase is found. The increment in 
carbon yield on pressurizatio n depends strongly on 
the number-average molecular weight of the 
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Figure ] Polarized-light mierographs of polished sections of the carbons made from pitch/phenolic resin mixtures by 
carbonization in sealed gold tubes under a pressure of 30 MPa. 

fractionated pitch: the larger the increment the 
lower the molecular weight fraction [11]. There 
is little difference in carbon yield between the 
mixtures with resol- and novolac-type resins. This 
is due to the fact that the carbon yield was calcu- 
lated on the basis of  the weight after post-curing 
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where almost all the ethlene glycol in the resol- 
type resin vaporized out, as discussed previously [8]. 

3.2. Effect of pressure on optical texture 
There are three effects of  pressure : 

1. the decrease in fluidity; 
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Figure 2 Variations in optical texture of the carbons with resin content  in the starting pi tch/phenolic resin mixtures. 
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2. the suppression of the loss of  volatile matter 
of low molecular weight; 

3. the retardation of the growth and coalescence 
of spheres of mesophase. 
The first may be said to be a physical effect and 
the latter two chemical effects. These three relate 
to each other, for example, the effect 3 is caused 
at least partly from effect 1. Effects 1 and 3 are 
cooperative in reducing the size of mosaic units of 
the resultant carbons. However, effect 2 seems to 
be competitive with effects 1 and 3, because the 
incorporation of low molecular weight components, 
which would be lost as volatile matter under 
normal pressure, into the carbonization system, 
lowers the viscosity of the fluid state. In the pitch- 
rich mixtures, below 30% resin, the size of mosaic 
units in optical texture decreases from coarse 
mosaic under normal pressure to medium mosaic 
under pressure, probably because effects 1 and 3 
overcome effect 2, though a large amount of low 
molecular weight components is retained. Above 
60% resol- and 40% novolac-type resin, effect 2, 
that is the suppression of the loss of low molecular 
weight components, seems to work effectively 
with the increase in resin content, fine mosaic 
texture under normal pressure changing to medium 
mosaic under pressure and isotropic to fine mosaic. 
In the closed system, effect 2 influences the 
optical texture more than in the open system, 
because larger amounts of lower molecular weight 
components are retained, seen by the increase in 
carbon yield (Fig. 3). 

3.3. Graphitizability 
The graphitizability of the carbons obtained 
depended strongly on the resin content, as shown 
in Fig. 4, from X-ray diffraction profiles of the 
2800 ~ C-treated carbons. As the resin content in the 
starting mixture increases, the 002 profile gradually 
broadens and shifts to the lower angle side of 
diffraction. All the samples are expected to behave 
homogeneously during graphitization because all 
the profiles do not show detectable asymmetry. 
In Fig. 5 changes in X-ray structural parameters 
calculated from 002 and 110 diffractions are 
shown. With the increase in resin content in the 
starting mixtures, the average interlayer spacing, 
d0o2, increases, and the crystallite thickness, 
L~(002), and crystallite diameter, La, decrease. 
The carbons prepared from mixtures with lower 
resin content have large values ofLe(002  ) and L a, 
beyond the scale of the figures. 
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Figure 4 0D2 diffraction profiles of  the 2800~ 
carbons made from pi tch/novolac-type resin mix tures  by 
carbonization in a sealed gold tube under  a pressure of  
30MPa. 

These changes in structural parameters with 
resin content show good correspondence to the 
optical texture change shown in Figs. 1 and 2. It 
is known that the optical texture of carbonaceous 
materials definitely affects the structure and the 
graphitizability of the carbons [13-15].  From 
Figs. 2 and 5 some correspondence between 
optical texture and structural parameters can 
be seen; isotropic carbon gives doo2 >0 .342nm,  
L e and L a of < 10nm; fine mosaic texture to 
d0o~=0.337 to 0.342nm, L c = 1 0  to 50nm 
and L a =  10 to 100nm, medium and coarse 
mosaic texture gives do 02 < 0.337 nm,L e < 50 nm 
and La < 100 nm. 

4. Conclusion 
Of the factors influencing the properties of 
carbon/carbon composites, optical texture, 
graphitizability and yield of matrix carbon are 
important. The use of a pitch-phenolic resin system 
as a precursor for matrix carbon and the pressure 
of carbonization is advantageous in the prepar- 
ation of carbon fibre/carbon composites. The 
fact that carbons with a wide range of optical 
texture and graphitizability can be prepared from 
a combination of precursors, pitch and phenolic 
resin, also suggests various possibilities of devel- 
oping and improving the carbon products. 
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Figure 5 Changes in X-ray structural  parameters of  the 2800~ carbons with resin content  in the starting 
pi tch/phenolic  resin mixtures.  

References 
1. E. t,'ITZER and B. TERWICSHE, Carbon 10 (1972) 

383. 
2. K. KAWAMURA, S. KIMURA, E. YASUDA and M. 

1NA(;AKI, Tanso 109 (1982) 46. 
3. H. MARSH, M. FORREST and L. PACHECO, Fuel 

60 (1981) 423. 
4. E .R .  STOVER, J. F. DANDREA,  P. N. BOLINGER 

and J . J .  GOBHARDT, Proceedings of the 13th 
Biennial Conference on Carbon, Irvine, American 
Carbon Society, Extended Abstracts (Irvine, 1977) 
p. 166. 

5. E. FITZER, K.H. GE1DL and W. HUTTNER, 
Carbon 18 (1980) 265. 

6. E. FITZER, W. HUTTNER and L. M, MANOCHA, 
ibid. 18 (1980) 291. 

7. I. OGAWA, M. SAKAI and M. INAGAKI, Yogyo-  

Kyokai-Shi 91 (1983) 450. 
8. Idem, J. Mater. Sci. in press. 
9. M. INAGAKI, M. 1SHIHARA and S. NAKA, tIigh 

Temp. ttigh Press. 8 (1976) 279. 
10. M. INAGAKI, K. KURODA and M. SAKAI, Carbon 

2 1 ( 1 9 8 3 )  23l .  
11. M. INAGAKI, K. KURODA, M. SAKAI, E. 

419 



YASUDA and S. KIMURA, Carbon. 
12. M.A. FORREST and H. MARSH, J. Mater. Sci. 18 

(1983) 973,978,991.  
13. D. CAWFORD and H. MARSH, J. Mierosc. 109 

(1977) 145. 
14. A, OYA, Z. QUIAN andH. MARSH,Fuel62 (1983) 

274. 

15. I. MOCHIDA, K. AMAMOTO, K. MAEDA and K. 
TAKESHITA, ibid. 56 (1977) 49. 

Received 3 March 

and accepted 13 March 1984 

420 


