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Abstract: Microwave sintering technology was widely used in preparation of ceramic materials.
However, the silicon nitride based ceramic materials sintered by microwave had problems such as poor
performance consistency and large power fluctuations during heating processes. Therefore, the distri-
bution characteristics of electric field and temperature field were compared in microwave sintering
chambers with or without loads and different sample placement methods according to simulation. The
influences of microwave power on the distribution of electric field and temperature field were ana-
lyzed, and the principle of microwave sintering power selection was proposed. The influences of heat-
ing rate and matching power on mechanics properties of ceramics in different temperature ranges were
compared through experimental results. The results show that adding loads and arranging samples
tightly in microwave field are beneficial for improving the uniformity of the electric field. The experi-
mental results indicate that the Si;N,-based ceramic materials with the best mechanics properties may
be obtained by selecting heating rates of 80 ‘C/min, 50 °C/min and 25 °C/min at 0~800 ‘C, 800~
1400 °C and 1400~1650 °C respectively, and matching powers of 1600 W, 1800 W and 2200 W are se-
lected for each temperature range. The Vickers hardness reaches(18.278 £0.233) GPa, and the frac-
ture toughness reaches(8.58840.165) MPa « m'?. Compared with the uniform heating processes, the
hardness increases by 14.8% , the toughness increases by 22.5% , and the consistency of ceramic mate-
rial properties may be improved effectively with the regulation strategy herein.
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Tab.1 Proportion scheme for Si; N,-based

ceramic material
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Fig.2 Distribution diagram of electric field without samples in sintering chamber
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Fig.3 Distribution diagram of electric field with samples in sintering chamber
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Fig.4 Internal electric field distribution diagram of samples
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Fig.5 Distribution diagram of internal electric field and temperature field of samples with different placement methods
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Fig.6 Internal field strength variation of samples
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Tab.2 Orthogonal experimental plan and results of optimizing the heating rate of microwave sintering

FHEHE/(C » min™D) - ! o Wt 544 g /
F5/8% 0~800 C 800~1400 C 1400~1650 C AER/% RRBE/GPa (MPa « m'/?)
1 50(AD) 40(B1) 25(C1) 95+0.12 15.589+0.554 7.822+0.039
2 50(AD) 50(B2) 35(C2) 93.8+0.23 15.159+0.468 7.890+0.020
3 50CA1) 60(B3) 45(C3) 94.740.13 15.450.409 7.38740.017
4 65(A2) 40(B1) 35(C2) 94.6+0.27 15.152+0.632 7.789+0.051
5 65(A2) 50(B2) 45(C3) 94.5+0.21 15.403+0.458 7.780+0.047
6 65(A2) 60(B3) 25(C1) 94.6+0.17 15.411+1.135 7.729240.096
7 80(A3) 40(B1) 45(C3) 96.140.19 16.42240.708 7.140%0.049
8 80(A3) 50(B2) 25(C1) 99.340.09 17.194+0.334 8.263+0.048
9 80(A3) 60(B3) 35(C2) 98.6+0.11 16.264+0.472 7.368+0.024
Ky 15.399 15.721 16.065
K 15.322 15.919 15.525
K 16.627 15.708 15.758
R 1.305 0.211 0.54

MAIEAZ R 56 53 B 435 5 w] 41, 7E 0~800 °C 800~
1400 “C . 1400~1650 “C i B BL A % 4 5l ik
£ 80 °C/min.50 C/min Fl 25 °C/min B}, & fk
Tk 35 P o 4 L 0 2 M B 3k ) A 1 1L 4 EC RS B o
(17.194 £ 0.334) GPa, Wb 2L ) £ 4 (8.263 +
0.048)MPa « m"”, 5 5] #l F+ il T. 20 F #4 kF 1 g
AHEG, 4E FCAE BEHE v 1 8%, Wi MBI 4R & T
17.9 % . LARERIAE B Sk B A5 B, 45 i B2 B T i
BRI 22 X RN R(A) >R (C)>R(B), 1] I
0~800 “C il B Br T+ i 2 % Bk 2 , A ORHPE AR 8RS
IR B B b TR 5 800~1400 °C ¥ B B T+ iR
X AL A B 52 f /)N 5 1400~ 1650 °C il B B
TR RN B P 18 TR AT B TR R ) A
e M H R, MWL 4 & ,0~800 °C ik
BN S RHE PVA B K, QR TH il R 0
JI0 I Aok e 2 1 £ 3 A B N AR AL R B 2, BOH
AR ITE 95 % LR A&l 8 BT R CFL B 5 P e
H1),0~800 CIRE B LA 50 C/min (& 8a~ &
8¢) il B B 25 44 9 8 AL B B % 80 °C /min
( 8d~ K 8D FHRHE A N £, 4, 1400 ~
1650 °C ik B B iy T i 3 3 2 52 ) o Siy N, 1]
B-Sis N, 1Y AH 7S % Ak 28 [z i Rn R Ko, WKl 8a
JioR  bedl i B8 5 2 BOHRE % 25 °C/min B,
PO T 702 B AR AR 5 AR Bt 1), o B-Si N, AR

. 440 -

ML %, K AR e AE 5 DL b Bl 2 T T R A 2
T o A AR BE AL R R AIKL 45 °C/min FHEE R T (&
8c [l 8d) , i e b RHTE o i Bk A B BUH Ak B AR
A AL, AL BR A £, HL AR DL 4 /N JBURLIR B
SN E., LA B LM, 0~800 C iR BB
2L 80 °C/min JHEH AT . 1400~1650 C i &
BelA 25 °C/min il TR (A& 8e i) , Al
DL A b 45 K L B 32, 808 B Gk 99.3%, & 4
a-Si; N, 58 B 1] B-Siy N B 5446 ok RS 43 A 55 2
AY ANANAT A8 v O Bt T P L R B
AN T ESEF AR MR FRAFT
B SEPR TR A B R 2S5 B9 @R T 1400~
1650 CIREBLL 25 °C/min BY THR 8RR [ o) %
FBR AR B2 BR T 78 0~800 °C Fll 800~1400
C i B B iR R 4 ) 3E 80 °C/min Al 50
°C/min, T3 _FBR4r 514 1600 W Al 1800 W, iX
P A B B i 1Y T R Bk TR B R B i
50% . 1400~1650 °C & B 2 % L BRIE N
2200 W B, il 2R R TAERF IR 40 %6 D) |, T
AT AL R S RS e e s A DI
B ) 2 5 S92 B ) 3 00 Al M AR L R S R L
T B 5 A A5 1 A8 AR RS =22 v, RS 43 B ] LA
IR T 28 TAE L 6 B i D 30 B 37 5 32 4 55 2 Wl A
RHERE . MR T E R AT URE 24 M e A
W25 a1 (10D . $2 /51400 ~1650 °C i BE Bt



FACHEIE P AR O R S S BT I (e —— IR RAEET RE %

(d)80 C/min—40 C/min—45 °C/min
8 0~800 C.800~1400 C 1 1400~1650 CEEBEARABRERETHEMBHMUALEEE

Fig.8 Microscopic morphologies of ceramic materials under different heating rates of 0~800 C , 800~1400 C

and 1400~1650 C
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