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One-step Synthesis of High Purity Silicon Carbide Powder

YE Xin-Nan1, ZHAO Zhong-Ling2, LAN Lin1, HUANG Jin-Qiu1, LIN Kun-Lun1, CHEN Li-Fu1

(1. Advanced Materials Laboratory, Xiamen University, Xiamen 361005, China; 2. Heilongjiang Worker Uni-

versity of Electric Power, Harbin 100530, China)

Abstract: Silicon carbide (SiC) powder was synthesized from liquid silicon in one step at the presence

of a catalyst bar consisting of silica and carbon. The silicon carbide powders were formed by the

carbothermal reaction between liquid silicon and gaseous CO, and the average particle size (D50) of the

as-prepared silicon carbide powder was 0.41µm. The powder was characterized by XRD, SEM, particle

size analysis and elemental analysis. The mechanism for the formation of the silicon carbide powder

was discussed.

Key words: silicon carbide powder; liquid silicon; gas-phase reaction; liquid-phase reaction; carboth-

ermal reduction

1 yu-}` (SiC) 95�}�.)YEZSo�-B=��Z!lbA��� [1−3]. ,Qy>���A�O-a) (Acheson), Y����-�9 (%�}`) l.- (-) #ay 2000◦C 1r�yIf� α-SiC 95 [1,3]. ,<w��B�<�jY H�-l�9�+�-�B#ay 600◦C 1r�}XY H�-�AS=!?<XY H��9Æ-�B5&lT&1)wu��Be6�[j}y.?Pl� α-SiC 95
ON-a)Rj�FsC [4] 1`!.-l2Y�pOR��AD�)}�QV5� 1500◦C B

-a�R,<}}u�6/-K[�T��ÆJ�
SiC 95
 Martin � [5] 1`h/l-rOR��Be�FZw}�QV5�Y 1500◦C B-a�R,<}}ÆJ��� SiC95
;��� [6] 1�,xl-rOR��7AD� - >XFZ)}�,<QV5�Y 1500◦Cg�B-a�R,<qI�uPlO-��� SiC 95
ex.)��m�Y3�Q�g}�Be SiC 95�,��s?�"�jY�R�[jT2�W�s5}y�95_�.K�[�
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D`^� 2007–03–29, 9qBD`^�2007–05–25NUp℄� ?,{i<.`�n
vÆ8 (2005HZ02-1); ?,{�Æ��ÆÆ8 (2006L2003)�|PT� %// (1983– ), 0�	iSK|	 hsZm_�  �	 E-mail: xmutc@xmu.edu.cn



244 V � 4 � � � 23 Q
2 av��&A�R��``9 (_� >99%, φ70µm,rf}
��A), %�}` (_� >99%, φ15nm,

Degussa, za) lL)_* (PAN, ����}��A\�)9} Mw=1.3×105g/mol). &E6�.�n[js5�A
�%�}`9)#kyL)_* (PAN) h(� (h�O%$�$,�� DMF, PAN Yh(��8�O 10%), %�}`u�G PAN �h}O 10%;A�y0�M0� 5h �{�qTVÆ-}y�(5<e+M φ1.5mm �℄�Wyi��L���B6XI{Æ&}�B,�Ai��`�1C�XY DMF h�Æs5-}��B/kK~H%21
20MPa�w}I8��y=ÆFZw�-�BY\P�G 204 ◦C �} 8h; 1K_qP"O�xP5-�}w��BY 1000◦Cg-} 30min,� PAN�}O-
[jw��B�~rY-�5r6Q�%�}`��q6�
O��}9}D�q6��B�%�}`�h}�-KY\P�G 700◦C [j 1h, GZX�&h�-�Hg�J%�}`�e�}yK}
�IO%�}` 14%, - 86%.gp+M�{�qI��
iC 1 &��--}�8��B (0.51g) /kÆE`9 (2.53g) �K_��}�%'� (%'��}�h}O 99.5%),�}�%'/y+MQo��+%'��̂ wY�+%'r#�+Ew/k�+#a�2��2QK_)P (>99.9995%), A�yg\ Sy 500Pa. �+E�E�T�w��	EY%'r!��E�:�"A
lMbA1 20◦C/min �zQ �#ay 1550◦C �Q 60min. ��eL��ISg\-w�NY 500Pa. �Qw����^e\��}y��B=�(k
O�"3�=��{��"���

B 1 ,|_84pH{
3B
Fig. 1 Schematic of the assembly for silicon carbide

powder synthesis

+�E#kr��-}�B8Æ
+#k�.h%�}`9)�-}�B8 (D�B8�}�Y��+2�EY PAN h(�#k%�}`9)F�KH2�KQ�u?). &E���xs��l

X tr�t (XRD, X’pert PRO, PANALYTIC

Co.) A"95[u6℄ÆO�[;K~��-95#ky)=�Bv6m 10min. �+��>(y�}�B#r��)=�'w�s5Y SEM(n"�D� LEO-1530, LEO Co.) r[;Æ95�u��K6/oA�℄u�,9� (OMEC,{i LS-POP-

III), D,M�9}u�gpO 0.27µm; �B��-N�C-�6℄, (EMIA-320V, HORIBA Co.) 9���N�C�qy9, (EMGA-620W, HORIBA

Co.) 9�
Y%��B9C-���`�I�Q2g�`h}<e!#}y

3 avSIu�E#k-}�B8#k.hE%�}`9)�-}�B8���}�%'2�>[O&>�8�p�_5 (CGa?^b�.?�e\w�}�%'Wm��T); "u#khE%�}`�-}�B8��%'kRbrp�`9%I�1�����pTV���p95 (�Bpi X-06).C 2 8�p_5K X-06 95� XRD Gr
Z1VW�8�p�_5O`�" X-06 95�Gr�<G β-SiC ��t<
�YhE%�}`9)�-}�B8�"Ag���>[OK_�� β-SiC 9)�K��E'm"OR��`�-l%�}`
( 1�W� X-0695�}
�I
"O�"�-�a Superior-graphite Co. � Grade 059 95"

B 2 (a) 7�o^4k (b)X-06 84� XRD BF
Fig. 2 XRD patterns of (a) the silver-gray bulk from

the reaction product without the carbonized bars,

and (b) the X-06 powder



2 H $..���*1(pHJ^�,|_84��G 245��u?�6℄�bF(���W�ON}
6�	!#W� SiC �j��6
}
6℄($��H&qI�-}`95_�sK�e? XRD 6℄�7b+z�
C 3 �( 2 O X-06 l Grade 059 SiC 9)��℄u�6℄7b
e{�95� Wadell T~� (�(!�TEK�5�TEr"�E.) �5> 1, �$'�Y~�r�����Æ X-06 SiC 9)�ETuEwE 0.41µm, wG Grade 059 SiC 9)�
0.51µm, eK'�"(!�<4+z�
 Grade

059 SiC � <0.2µm� SiC9)h}5>��" X-06

SiC 9)��TE 10% u� <0.2µm.C 4<e SEM[;y� Grade 0591� X-06

SiC 95�J[~�
Z1VW�{�ÆJ�2 1 �f:Lr~5 (wt%)

Table 1 Chemical composition of X-06 SiC

powder (wt%)

Material Carbon/% Oxygen/% Silicon/%

X-06 29.6±0.18 1.2±0.12 69.2

Grade 059 33.0±0.23 1.0±0.13 66.0

Pure SiC 30.0 0 70.0

�9)�ETu�u<.o
.e Grade 059 9)OE1�$k�d1�e6ODJe9)CoXu<e�y9$�.)}��Æ X-06 9)�#1"3℄z�ew!�0�Zo�eCGD9)<ePu,<+2yI���EBen�w�[j
 2 2 OFY<?lRH
Table 2 Particle analysis of Grade 059 and X-06

SiC powders

Properties Grade 059 SiC X-06 SiC

D10/µm 0.37 0.23

D25/µm 0.44 0.31

D50/µm 0.51 0.41

D75/µm 0.59 0.50

D90/µm 0.64 0.60

Specific surface area
12.36 16.65

/m2
·g−1

Volume equivalent
0.51 0.41

diameter/µm

Surface area equivalent
0.49 0.36

diameter/µm

B 3 Grade 059 SiC 8( (a) k X-06 SiC 8( (b) ��\t�5\Uq
Fig. 3 Particle size distribution curves of Grade 059 SiC powder (a) and X-06 SiC powder (b)

B 4 (a)Grade 059 SiC 8(J (b)X-06 SiC 8(� SEM a�
Fig. 4 SEM photographs of (a) Grade 059 SiC powder and (b) X-06 SiC powder
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4 e[dRn [1] Yn�gf~^�{M+{^D��Y3~�g�gf~^Y3>+{v�A7�~+&w*:wG+{^�r�:�!��&l�"j-g#�{^~+{�A7�%{~=Ye℄�^�9X~+{�A7I&)^*:w=
SiC 7'~Y3�d�5Mt&)^I+4Z��q�X+& |G): SiC& :��u*:~:)0:��5a&)^I+*:wG SiC~��0?��	E)�wG SiC ~Y3�g�X���gD)�~�4��5aiX)�7�~ CO, d�IY3:*: (1) wG SiC 7' [7]. r�:�!���-"j+{�A7�%{=Ye℄�^��D&w#j~${�9X~��1~N3vy
SiC wG~Y3�

2Si(l,g)+CO(g)→SiC(s)+SiO(g) (1)BaD�X�R ��+{^�:Ns*:wG~�!R+{�A7�~#�{^Lx~Y+~ ?�X��F��+{�A7�~#�{^I+�h&w*:wG CO j SiO N3 [8]:

SiO2(s)+C(g)→SiO(g)+CO(g) (2)℄vNM*: (1), &)^�b^hNI CO *:wG SiC. !I��+{^�~+�:)�{+N3~|�1U~�dL*:~�B3Y:/fV� " [9]:

∆G0
T = −144410 + 72.77T (3)t T=1550◦C (1823K) �� "Y{ ∆G0

T =

−11.75kJ/mol. A~�B3&#d_v�qa�dL*:�Y�~�X_v�Ct�)�)�{+4� (PCO)j)�{^4� (PSiO) �Ct~�J�tWRF_v�Ct?� (κp)

∆G0
T = −RT lnκp = −RT ln

(PSiO

PCO

)

(4)X T=1550◦C �� "Y{ PSiO

PCO
=2.17.�T�U�dM*: (2) �*: (1) %�)�{+~L)1Ub�!I��*: (2) �%wG~)�{^hNXRf[��9U~�E��D:)08Ibm*:�NM*: (1), X��F�wG

1.75g +{^73�� 1.23g ~)�{+�b 1.32g~#�{^�r�: "&l����#�{^
(SiO2=14%×0.51=0.07g) ~g|(��-3=w�W~)�{+�%/dM)�{^hNI+{�

A�~+�bE3~m~*$&�`*: (5)&w~*:/1UP�~)�{+ [10,11]:

SiO(g)+2C(s)→SiO(s)+CO(g) (5)dL*:�~)�{^!Y3aSF*: (2), X_v�Ct�)�*: (5)j*: (1)sy ?�/PM PSiO

PCO
=2.17, -�U:)�{+�m~*: (1)~:��j℄��F�~)�{^�X~$&1*XJ����!-�fU~dLa���P~��)�{^ M�'=Y��m+{^|G%��~)�{+~U:�5MU�*:�O�3a�vgD^�+j#�{^�%/��F%|G~+{^73D2I~℄��

5 S[l?&)^MO��/+j#�{^73�G~	oY Mg{��)0oG~I℄�~+{^H73�*:J���hg{��~+j#�{^&w+_�O*:wG)�{+j)�{^�%wG~)�{+N3>gf~^:+_*:wG+{^j)�{^�!)�{^:)0>+�b~**:wG)�{+�M�1UwG+{^%�~)�{+�Y*�+{^73�:)�{+:�Ns\I&)^*:wG�%/��wGI℄�~+{^73�4Wjn
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