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Abstract: Carbon grains for binderless molding were prepared by oxidization treatment of mesophase

pitch at different temperatures, and carbon materials were prepared. The effects of oxidation tem-

perature, molding pressure, and heat-treatment temperature on the physical properties of the carbon

materials were investigated. Results indicate that increase in molding pressure significantly increases

mechanical strength of the resulting carbon materials. The resultant carbon materials with homogeneous

fine-mosaic texture, high density and strength are obtained when the grains are oxidized at 200◦C. The

high-performance carbon materials are obtained when the grains oxidized at 200◦C, molded at 150MPa

and then graphitized at 2200◦C, whose density, porosity, bending strength, and compressive strength

are 2.02g/cm3, 2.03%, 70.3MPa, 123.3MPa, respectively. Results show that oxidized mesophase pitch

is a good precursor for preparing high-performance carbon materials.
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2.1 �Q|�>7 Mitsubishi Gas Chemical Co. pK{

�sw�j
DNCvÆ�
D)P4&I�xt`�N 2.8∼ 8.2µm {+�	Sb�7p>#F��wNI:� (�oN 35L/h)w( 3◦C/min{rR �rRt 160◦C, K( 0.5◦C/min {rR �rl 180∼260◦C, �bNbR�`℄R 60min xt�fw�j
DÆ
DX�f
D{s XZXf��&�) 1, 7w MP l)w�j
D	b�{��l)�fR�Æ
2.2 #Q+��� MP190�MP200�MP210X MP220+�p>#%~1�#�sR1=
� (1.05∼1.34g/cm3){�/Æ�^v�/p>#F�/f�w-N�:�
`rl 600∼1500◦C -℄R 1h /fÆ�bK�/fb{�/N 2200◦C ℄R 30min bxtw�f�/Æ
2.3 {[%h;v{
�:PEo�/{)EVg�P}	Sb�!xtÆ�/{�L�:P���E	Æ;v{CF?�>7b��Nm�zb�=�K{
TMT4303 ��G&;v
�we!�EoÆ;v{��~	>7[ K JSM # 35C |
��,!�)aÆ;v{L/)4>7
L Micromeritics=�pK{ AutoPore � 9500 |�>$!�EoÆ;v{J&A�7uLK{ Bruker AXS D8

advance | X kg�k$!�)[ÆNrq[�`�:E	{YH	N1=R�/fXw�fb{+��/wI`rio{'�J!�s
 [15].
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Table 1 Oxidization temperature and general properties of the resultant grains

Oxidation Volatile Carbon H/C atom O Solubility/wt%

temperature/◦C constituent/wt% yield/% ratio /% PIa PS-TIb TSc

MP — 21.46 91.58 0.64 — 61.98 16.12 21.90

MP190 190 15.53 90.93 0.59 4.72 73.81 19.8 6.39

MP200 200 15.89 90.26 0.56 7.29 83.46 14.57 1.97

MP210 210 16.21 89.67 0.55 7.92 — — —

MP220 220 16.86 89.18 0.54 8.91 94.04 4.88 1.08

a Pyridine insoluble, b Toluene insoluble-pyridine soluble, c Toluene soluble
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3.2 ��4�/!NyY)	w
3.2.1 
N)�:n,/!NyY)	w�/;�dP
q�yAsL 150MPa^�ÆQ{�,L 1200◦C ^-d`vrp�&�-�6&/;P
�d\Xvry�daBAsq�y�-�
�J�Vs|��1xVeÆ'��DM=
V�ni
� 1.d� 1(a) F&AX�Asy�dP
�n*�-y�
:0l���yV�2y�dP
�mpm�-:h���y�
�R�-d`��dP
�8s�
y0l9L�a�6�oyP
�du�haBq�y�-7:�2y�
��=6N�pN2P
�dvry�daBq�y�-Q<7:h���y�
�℄u/;F$�-LL��y�dP
^�AsaBuZQ:�

�yEÆ'��℄uEÆ'mL-dyNTuk��pmL�-unQ��yJ��d�vr���
y�-��'NN2P
y�d\X�AsyU�$dF$m���L-dNTum}Q9�yHwS�d�pm9��
y�-�'�oy�dP
\X`yAs�mvrJ�9�y�-
(10.4%),L-d`:9rys|� (15.51%);�L��V�2P
\X`yAsQm~�-3:92J�,�L-dNTu:9�y|n&s (
�
1(b)). Asy�dP
��-L-dNTuyÆ'!m:�iy0l (
� 1(c)). 6 200◦C �d\X`yAsQ{�-' 1200◦C -d`y1xÆ'hr 41.57%, �'*6 180 p 260◦C �d\X`yAsQ{y�-L 1200◦C -d`y1xÆ'FL
34%. 8==6/�VN2y�d\XAs`vry�-7:���
V�2?J�*&6tw=
!�G (
� 1(d)).

3.2.2 W��L/�\yY)	w[6 200◦C �dyaB MP200 LAs�=6/;�ÆÆdq�Q6z�
y*1�' 1200◦CT\Xvr-d�-�DFp�ÆÆd��-�
�J�VDM=
y0l��=� 2.d� 2(a) F&AX��ÆÆd�n*1y�

A 1 �eQÆ��.�%z1m
Fig. 1 Influences of oxidation temperature on physical properties of carbon materials

(a) Bulk density; (b) Porosity and weight loss; (c) Volumetric and linear shrinkage; (d) Bending strength and modulus
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A 2 ���e��.�%z1m
Fig. 2 Influences of molding pressure on the physical

properties of carbon materials

(a) Bulk density; (b) Porosity and bending strength
V-q-�
y0lzLh��}o�ÆÆd�= 150MPa x�l["�ÆÆdyRi�N�R���o�ÆÆdi= 150MPa x��-�
"�Ædyq26R.%r�d� 2 hF&AX�-d�-�
?n*q-�
y!i/"�ÆÆdy%d�%d��[y!iFL 1.41. ��az�-L-dNTuyÆ'/"�ÆÆdy%d�%d�d� 2(b) F&AX��-q�xy�ÆÆdV

-d`�-yJ�VDM=
:\iyhB��o�ÆÆdr= 100MPa x��-yJ�"�ÆdyRi�N����o�ÆÆdhr 300MPa x�-d`y�-yJ��r 3.0%, �DM=
hr
115MPa. ℄5bp���=�f�- / u�8sS���yJ��.=2ytw=
�
3.2.3 b&Gn,/�\yY)	w� MP200 L 150MPa yÆd^�ÆQ{�DFT\XP
��-y�
�s|��J��Æ'��=
y0l��M
� 3. �-yJ'2Me
� 4. d� 3(a) F&AX�8sy�
?T\XP
:\iyhB��6N�RL�nL
600∼1200◦Cf��oT\XP
hr 2200◦Cx��-y�
hr 2.02g/cm3. ��-y�is|�!�nL 600∼1200◦C f��oT\XP
hr 2200◦Cx�6s|�hr 23.42%. �-yJ�V0<J-"�P
yq2SbHbye�^�K��oT\XP
hr 2200◦C x��-yJ�V0<J-'*	rr 2.03 % V 92nm(� 3(b)). d℄zbpF&B�X�-"T\XP
yq26J�^�yA-L�-J-y'r�zCd'N/;P
\Xy�-yJ'2Me (� 4) F&AX�&�d

A 3 U℄YQÆ��.�%z1m
Fig. 3 Influences of heat-treatment temperature on the physical properties of carbon and graphite materials

(a) Bulk density and weight loss; (b) Porosity and average pore diameter; (c) Volumetric and linear shrinkage; (d) Strength and

modulus
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A 4 (O0<QÆU℄Yz�.zK.(3Nf
Fig. 4 Pore-size distribution of carbon and graphite ma-

terials heat-treated at different temperaturesu�haBLAsq�y8sJ-'2L\Ty!K" (30∼400nm),d�aV8s7:<ty℄H�?��f�8sL-dNTu6iyUfÆ'�6L*=_>-8sq�$�y"5�a&k�D�p&�daBq�yn*L/;\XP
^y1xÆ'VeÆ'�6�M�=� 3(c). d�uF&AX��-�iy1xÆ'��nL 900◦C&;�f`i��R��oT\XP
hr 2200◦Cx�61xÆ'�L 44.86%. LT\XNTu��-yeÆ'�a�X?1xÆ'�h�yH��m�=-oV�oyÆ'eL�/;5yGP�}oT\XP
�= 900◦Cf;�-oyÆ'��i=�oyÆ'��f`�oyÆ'�NN-oyÆ'��℄F$�L�P^8=L�-�o-ÆqQ{xB|y".d
&�Jn�-o9i)X�pmy�&�du�haBLAsy�-L/;T\X��:��R/;ytw�$�d�
3(d) F&AX�'N 1200◦C \Xy�-vr�2yDM=
VÆ'=
�'*hr 97 V 248MPa.}~oT\XP
hr 2200◦C x�6ZR7:\2yDM=
VÆ'=
 (70.3V 123.3MPa). d℄u�4F&AX�&�du�haBLAsy�f�- / u�8s7:2yd	�$�9N X je�j~�F&vX-r8sL/;T\XP
^y0<H$Uf [16,17]. & MP200LAs'�ÆQ{q�y�-'N/;P
T\X��$`�_hny&�I`y XRD 2�a�=� 5 u�d�uF&AX/8syH$Uf

?T\XP
(bX=xyhB��oT\XP
�= 1500◦C x�d�-!�Oy�j-F&vXL�P\X`�6u�d
���H$Uf!�r��oT\XP
hr 2200◦C x��-hr\2yu�d
 (75.58%), ,7:\iyH$Uf
(La=64.63nm V Lc=28.95nm).�-H$?�"T\XP
y%d�=� 6,d�uF&AX��du�haB��{yFu�d-�
3.3 �\).VxT& MP190 � MP200 V MP220 LAs<&
150MPay�ÆÆdÆqaz*1�' 1200◦C-d`��-d�-y�Æ}� �p'Z (
� 7).

A 5 (0<QÆU℄Yz�.z XRD A3
Fig. 5 XRD patterns of carbon and graphite mate-

rials made from MP200 after heat treatment

A 6 (0<QÆU℄Yz�.zI%��
Fig. 6 Influences of heat-treatment temperature

on the crystallographic parameters of carbon and

graphite materials
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Fig. 7 SEM images of the fractured surfaces of the carbon materials made from MP raw materials oxidized at different

temperatures and carbonized at 1200◦C

(a) 190◦C; (b) 200◦C; (c) 220◦Cd� 7(a)F&AX�&MP190LAsq�y�-�ÆeL7'~
�?�,�:inyH�eL=�-u�℄zbpF$�L-dyNTuiny91,XOQy��d� 7(b)F&Ar�& MP200LAsq�y�-'N-d`yb5�Æ7:<H�zy�?��o�2y�dP
 (220◦C) x�L�-y�ÆdF&CFr��wS���AsE_y$�F\F
��� MP220 As7:�GyU��$ (
� 7(c))

4 CR&L/;�dP
^q�y�du�haBLAs�q�p7:/;�
y- / u�8s��:���d6
��ÆÆdVT\XP
��-�
�J��J'2�s|�Æ'�H$?��d	�$V�Æ}�y0l �p�0��0�M(��LZ�yP
^�d\Xyu�haB*��[6�2yQ{ÆdQ{`y*1'NZ�yT\XP
\X�vry8s7:<Hm�y�?��2y�
��y?J�V2yd	=
�L
200◦C ^�dvryu�h*��L 300MPa yÆd^�ÆQ{`�'N 1200◦C T\Xvry�-y�
�?J��BD=
'*hrp 1.86 g/cm3,

3.0% V 115MPa. -a�=6�oyq�:)vry�du�haBr�f�- / u�8s7:�2y�$j&�8aF&YL�du�haB�

q�2�$- / u�8syiS;O1�$Eos
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