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Abstract: Concentrated SiC slurry with Y2O3 and Al2O3 as sintering assistants was prepared, by using

the medium of gelcasting premix solution and pH adjusting reagent of TMAH (tetramethylammonium

hydroxide). The measurements of Zeta potential, sedimentation and viscosity show that SiC, Y2O3 and

Al2O3 can disperse well in premix solution at basic region. Rheological study clarifies that concentrated

SiC gelcasting slurry has low viscosity and shear stress after adding 0.5wt% TMAH, which is suitable

to cast into the mold. The green body formed by gelcasting was pressureless sintered at 2000◦C for 1h.

SEM image of SiC ceramic indicates that the structure of SiC sintered body is homogeneous and no

obvious defects existing. The relative density, flexural strength, hardness and toughness of SiC sintered

body are (98.1±0.2)%, (722±70)MPa, (20.18±0.75)GPa and (4.00±0.20)MPa·m1/2, respectively.
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SiC �Tq�mn
n%1�T0p�A));1�)���b�
�
eoHr*m%fo��B%1K�g-GjA):�n�$.4 [1]._q$Q'nEh��d�#?izn SiC�T0pd�p
℄inT'gx-�E��<�TMot��V�A)0:I[Ehn��Ehpy9Y9wfA{n8x����xEh (Gelcasting) =qBQ�n�4O�On [2−4]. >�-� SiC �Tn���xEh)��< [3,4], _q`� SiC �Tn���xEh>P)�g�5�T�B-d��

��x�pnW��'- SiC n1/{�o�[%`� SiC �T..p
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2 [y+�h � s $ n 5 p 5 ~ 1 ~ o SiC(Norton,

FCP15), [%us5 Al2O3(XCB�Z�>) K
Y2O3(XC:ve0p2!)W.�), ���xEh$n^���esK��s�%5 N, N’��zd&I
� (V�})<<bZ)W.�) �N, N’ �~zd{&I
� (Fluka chemika, Switzerland) KBr�� (�
h5NXC��s)W.�). 25%�zd7�Z�~EÆ (XC>	i,Zwus)W.�) $���pn pH |"s����xEhnuGI3L<U [2, 3] �z�

SiC�Al2O3K Y2O3 �n Zetaz8$B Zetaz8�5i (Zetaplus Brookhaven, USA), pHZ$H
HCl KH NaOH EÆ|"�H�pnH�0 pH Zn8L$rylH�t (NDJ -7, XC�%�+>)5k���pnu �o'%l��dlu �5k (Universal Stress Rheometer SR5, Rheometric Sci-

entific, USA). SiC [%�n19%1'=�℄U�z9 (JSM-6700F, Jeol, Japan) 97�
3 [y?*.`L
3.1 SiC $
� Zeta  f* 1 q SiC  �B<\�~jKB���xEh4�Æjn Zeta z8
 pH  Zn8L�X*jT�If� SiC B~jnrzw5 pH=2.6 �+�Bq"ÆjxK^�K�esT� SiC rzw'
pH=2.6  5 pH=3.6. Qq'-Bt pH 81�E$B SiC "�n)gD& m�4�n�dw%Q�i�4�6\Pb"� [14], aq"Æn pH>8d�SiC PbB~jK4�Æj�A)�)n Zetaz8E�Z�Pb}n6zKd�℄�PbT�Bq"Æjak�Hn�R�

) 1 SiC OaA}iJ���wDg3�
im
Zeta y7
Fig. 1 Zeta potential curves of SiC ceramic pow-

der in H2O and premix solution of gelcasting

3.2 Al2O3 / Y2O3 $
� Zeta  f* 2 ,Om Al2O3 K Y2O3 B<\�~�k���xEh4�Æjn Zeta z80 pH n Z8L�X*jT�If�Al2O3 K Y2O3 B~jnrzw�%5 pH=9.2K pH=7.8. Al2O3 K Y2O3 B4�ÆjnrzwG`�o�`����%5 pH=6.1K pH=7.0,QT�0Pb"�E$n
�Z)g^�~&)8 [15]. T�If� Al2O3 K Y2O3  �&
SiC ���B�o�2 (pH>9) GA)�℄n Zetaz8�T�akfHn�R�
3.3 SiC � Al2O3 / Y2O3 %0$
�S:<��q~T{	��8

SiC k)[%us Al2O3 � Y2O3 #N �B���x4�ÆjnA�%�I* 3 �n�X*jT�If�#N �B�okjo81"TO�℄nA��h�B pH>9.5 n�o81A��h�b�Q0�T �B+& pH #�On Zeta z8),�8L� SiC � Al2O3 K Y2O3 B���x4�ÆjnrzwGB�okjo81�B �nrzwk$081�{z6;`n6zKd�M�Pb}n�kXdIr
u8�X�
`Pb,?�;`�℄nA��h�℄ibPb,?A��ikq"ÆB6a�oT�[)\i\|6YB�B�o81�'-Om �G)�℄n Zeta z8�Pb}n6zKd℄� ��R�H���;`�bnA��h�Qm6z�K�$T�i�
nbPb>~YB-q"Æj�X�iq"ÆB6a�oT"TO�
n\|6�XA�;ZIO� SiC k)[%us Al2O3 K Y2O3 B���x4�ÆjhT/�Rn�u pH �25 pH>9.5.

3.4 SiC � Al2O3 / Y2O3 %0$
�i7I�"} pH �)l�o#�O�SiC k)[%us Al2O3 �Y2O3B���x4�ÆjA)�Hn�R�T�d��nq"�p�_qB�o#�O�Q
 �n�Ro9�d�n�q"�pFMUz��pH�..A�5i�* 4 ,Om�o#�O� 30vol%SiC �
Al2O3 K Y2O3 #N�pnH�0 pH Zn Z8L�X*jT�If��p*jn pH=8.1, H�
η=380mPa·s. $ NaOH EÆ|"�pn pH Z��pH�x	�t�a pH>10.25 T��pH�>~B 7.5mPa·s. �pH�
 pH nQm Z8L0�T �n Zeta z8�kA�u�%�℄�`�G��B�o#�O� SiC � Al2O3 K Y2O3 B���xn4�Æj)Hn�Rl5�)_-d�)5FitH�n���xEh�p�
3.5 SiC � Al2O3 / Y2O3 S:<�7I�J�vs��h�j2$|" pH Zn��Yd�)5F
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) 2 Z$trA}iJ���wDg3�
im Zeta y7
Fig. 2 Zeta potential curves of sintering assistants in H2O and premix solution of gelcasting

(a) Al2O3; (b) Y2O3

) 3 5vol% SiC � Al2O3 J Y2O3 A���wDg3�
im��:Y
Fig. 3 Sedimentation curves of 5vol% SiC, Al2O3

and Y2O3 slurry in premix solution of gelcasting

) 4 30vol% SiC � Al2O3 J Y2O3 G�oA���wDg3�
imG�/ pH Ym7K
Fig. 4 Relation between viscosity and pH value

of 30vol% SiC, Al2O3 and Y2O3 slurry in premix

solution of gelcastinggsF�l SiC Æn�3�� NaOH h Na+ 	(3DgÆnl�^�"(e~�yb6�Y�|D� (TMAH) {!Ænl pH X�� TMAH �"M�50vol%SiCÆn�wJ�}gY#sqSls�9XH( 5 Æm (U
Æn3Dg73 52vol%).W(hR�Hd�` TMAH wJg3��egl
0.3% 
�Ænls�m8�� 50s−1 �*ÆnF�j�2�
FlCWa�!RN�2ELls�tme�Pp&, SiC � Al2O3 I Y2O3 !�me*%��~m�Ll�Ænh�N`F�[W+>�WÆCCÆnl�2ELRa�` TMAH wJg3 0.5% 
�Æn pH=10.43, ÆnlF�I�2�
�{�2�wlE\p	�s�!R3�2�Fls�tj3���2�w γ=100s−1 
�ÆnF� η=0.16Pa·s. Pp&,�~m�/lÆnh� SiC � Al2O3 I Y2O3 N`F�(�\l Zetax6�N`|l5xJ
\�R�`iOGl�P�` TMAH wJgEwd��egl 1% 
�ÆnF�I�2�
�Æy(E\�Pp&,Æ

n~mA/��YC��j��hl*x>e.
OH− ��^C���[~�	Æns�m:^*℄l�^�Ænhl[~��R�"ÆnlxbwX!S�[~��8\�Ænlxbw8\�Ænl pH XIxbw� TMAH wJgl�Y6JH! 1 Æm�� 1 6G��K- pH �^ TMAH 3XF�(j
Table 1 Conductivity and pH value of gelcasting

slurry with increasing amount of TMAH

TMAH/wt% pH K/×103
µS·cm−1

0.3 9.80 0.44

0.5 10.43 0.64

1.0 11.52 1.00

3.6 SiC Y=a
SiC ���vÆn2ARUP,�3YCf�'DIY#S�R�id^�l SiC Y#��( 6+Nk� Ar �V,�M� 2000◦C �9 1h idl

SiC Y#���S�x7L#�W SEM L#H�
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) 5 50vol% SiC � Al2O3 J Y2O3 ��oA���wDg3�
imt�:Y
Fig. 5 Rheology character of 50vol% SiC, Al2O3 and Y2O3 slurry in premix solution of gelcasting

(a) Viscosity; (b) Shear stress

) 6 SiC Z$� (2000◦C/1h) ��T�y8M$
Fig. 6 SEM image of SiC sintered body after

holding at 2000◦C for 1h in Ar atmosphereY#�hl1`HZ�� 1µm �*��q�k��1�q3q�1`|?	Ql,Vo=V�Y#�lm��! 2 Æm�� 2 SiC Z>b (2000◦C/1h) N!2DurQ
Table 2 Density and mechanical properties of SiC

sintered body after holding at 2000◦C for 1h in

Ar atmosphere

Property Value

Relative density (98.1±0.2)%

Flexural strength (722±70)MPa

Hardness (20.18±0.75)GPa

Toughness (4.00±0.20)MPa·m1/2

4 ?L����vCf2��h� SiC j(Y#sq Al2O3 I Y2O3 �~m!�M�(�\l Zetax6�?�t�jÆnF�4t#?�!	~m!�(℄, SiC � Al2O3 I Y2O3 �Ænhl�PI=}�"���vCf2���3�R��l�P'e�"(e~ TMAH {!Æn℄Lrl pH X�R��|/|m SiC ��IY#sq

Y2O3 � Al2O3 U�℄L�bi3Dg >50vol%l SiC ���vÆn�Æn��2�w γ=100s−1
�F� η=0.16Pa·s. %ÆnR�fR���vCf`i� �	idl SiC � -jk?yY#�� 2000◦C �9 1h(	,�) lY#!�M�Y#�[	��3 (98.1±0.2)%, JN/����IBm�#3 (722±70)MPa� (20.18±0.75)GPa�
(4.00±0.20)MPa·m1/2. SEML#!	.n�-#0F<�?	Ql,Vo=V��Bgm
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