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Preparation of High Thermal Conductivity Silicon Nitride Ceramic by Aqueous Gel-Casting

TIAN Yunlong, QI Hai, ZHANG Peizhi, GUO Fangquan, HAN Weiyue
(Shanghai Key Laboratory of Engineering Materials Application and Evaluation, Shanghai Research Institute of
Materials, Shanghai 200437, China)

Abstract: High thermal conductivity silicon nitride ceramics were prepared via aqueous gel—casting with a slurry of a low viscosity.
The effect of MgO sintering aid on the rheological properties of slurry and the thermal conductivity of silicon ceramics was
investigated. The results show that MgO sintering aid causes the particles aggregation and increases the slurry viscosity. The slurry
viscosity becomes sensitive to the pH value change when the addition amount of MgO increases. A ceramic slurry with a low
viscosity is achieved by adjusting pH value and dispersant concentration. The thermal conductivity, bending strength, and fracture
toughness of the sample prepared by aqueous gel—casting can reach 83.7 W-m™-K™', 945 MPa, and 8.4 MPa-m"?, respectively. The
feasibility of high thermal conductivity silicon nitride ceramics prepared by aqueous gel—casting was verified.

Keywords: silicon nitride; aqueous gel—casting; viscosity; magnesium oxide; thermal conductivity
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Si;N, +6H,0 — 3Si0, + 4NH,"*! (1)
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BRI pH BRI LTI R, FRB R LA
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Table 1 Sample number and composition  w/%

Sample No. SizNy MgO Y,0;3
SNOMSY 95 5
SN5SMOY 95 5

SN2MS5Y 93 2 5
SN3MS5Y 92 3 5
SN4MS5Y 91 4 5
SN5MS5Y 90 5 5

w—Mass fraction.

1.2 MK

I el 8 7 WoR FE TH[NDI-5(8)S &, |
TR A ACGR A TR 2 w1 ROR R o« R TUe
SRR s, KRR 1 R AR B R
(5%, FET LB TKE)MRAE LB TR, B
WMELFBRR L, TREMNHESHB 7T 2ME
(VEGA3 SBU %!, TESCAN 7 & )X} B o K FI o
TEERALAN X PR RENE RAE « F X REILYR Bk R
TR BT A0(PQO01-20-015V T, J5 M 4135 4 #r
ACER I A BR > B RAE IR ) o Bk . FE=WR T,
FIH Archimedes HEZK %M & oe 45 10RF AR B
¥ GB/T 6569—2006 A5ifk, FI AL 7 RESLEE
HL(WE-100 2, 5 g B4 Bl il B AR A PR A =) &=
B e BT s, R RS ON 3.0 mm>4.0 mmx
36 mm(¥5 4 30 mm), HNEGEZEN 0.5 mm/min. F§
5 F2094/F2094M—18 F-brdk, FH Vickers 5% i1
(FALCON 600 %4, INNOVATEST /A & )il £ Wr£4#)
M. H4E ASTM E1461—13 Mk, FHEOES
UL (LFA467 74, NETSCH A #)), fE25 C=EIF
W& AR B i B R B LA R T IS
K, MR H¢12.7mmx2.5 mm.
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Fig. 1 Effects of sintering additives on Si;N, slurry
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(d) EDS image of SizNj slurry with MgO
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Fig. 3 Image of relaxation time and viscosity of Si;Ny slurry
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Table 2 Sample number and information

Sample No. pH value w(MgO)/% Viscosity/(mPa-s)
SNOMS5Y-1 12.5 136
SN5SM5Y-1 12.5 5 422
SN2MS5Y-1 13.0 2 209
SN5SM5Y-2 13.0 5 153
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Fig. 4 Effects of dispersant on Si3;Ny slurry viscosity
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Table 3 Sample number and performance

Flexture strength/  Fracture toughness/

Sample No.  Porosity/% MPa (MPa-m')
SN2M5Y 13 1033(286) 8.7(x0.7)
SN3M5Y 1.0 1080(137) 9.4(+0.2)
SNAMS5Y 0.3 1090(143) 9.8(+0.3)
SNSM5Y 0.5 1074(93) 9.6(+0.2)
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(c) SEM image of sample SNAMSY
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Fig. 5 SEM images of sintered Si;N, with different composition
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Fig. 6 Thermal conductivity of Si;N4 ceramic samples with
different composition
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