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Abstract: High h-BN ceramics were prepared by an oscillatory pressure sintering technique (OPS), and the effect of oscillatory
pressure on the sintering densification and grain growth of h-BN ceramics was investigated. Boron nitride ceramics were also
prepared by a hot pressing sintering process (HP). The density, microstructure, fracture reliability, degree of grain orientation,
mechanical and thermal properties of boron nitride ceramics at different sintering processes were analyzed. The results show that the
fracture surface of OPS specimens is denser, and the grain orientation becomes clear, compared with those of HP specimens. A high
proportion of parallel-arranged BN grains can effectively improve the densification of BN ceramics. The maximum hardness, fracture
toughness and flexural strength of OPS specimens are 0.31GPa, 1.09MPa-m"? and 74.4MPa, respectively, which are greatly
improved, compared with HP specimens at the same sintering parameters. According to the data of grain orientation determined by
X-ray diffraction patterns, the application of oscillatory pressure obviously promotes the densification and sintering of boron nitride
ceramics, thus improving the fracture reliability and thermal conductivity.
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Fig. 1 Schematic diagram of the oscillatory pressure sintering
apparatus

X FRALTIFE &, KA Archimedes HEZK &M
BACTRB & ARFA T . SR A 5%
Wi B2 T VAN SR T OB 3 . SR X S AT
7 HTAX (D8, Bruker, Germany) A1 B &5 I AH ZH 1,
FHE A 10°~90°, HFEZE 6(°)/min. KA =%
HEMR B b & b am g, RS RE N
3 mmx4 mmx36 mm, %K K FES EE 4 ) ik B
0.5 mm/min A1 30 mm. K H 8l Y] HZ%0 S Ak
MR R W R K, WAERST®EAN
4mmx2 mmx22 mm, PJ 05 E R 0.2 mm, INEEE
FREE RSy 7% 0.02 mm/min A1 16 mm. F
Vickers A FE AR 260 A0 00 ) 2 PO A 258, i b 28k i A
1 kgo FEMRG BURECR FHEOE S ROCR T
K, A S AR RS A 10 mmx 10 mmx2 mm,
FARME AR F AN TR, T, AEMEEN
REEM IR E DN 74 N7 R RE G 24 mT
S, 0 H AU 9 B 34T Weibull 4747 43 HT, Weibull
FEECHTRES IS EOA 16 4, HKkHE AT H H
Weibull B4, VE4H2 58 W SCHR[15]

2 EREH®

2.1 IRHEIDIEWIEEZE I
AS[F B 55 K £ 1) h-BN Pl & A4 FH 35
BIER 1 From. WTAMERERSE TET, R



49 HH 12 W

B S5 BTRIRG R ket T 20nk ik RE A BB R GO 4 K R RE Y 5 .+ 2551 -

30 min B PR % BE B A, B b &5 I ) 2 4
HP-60 AR ERINZE 2.10 grem >, {3 ]
Ak ZE 90 min B, UL I P R I R R
FEAAR R . WS RS R REIN, IR
A4 30 min 25fF F, OPS i FEHIAF % AN
2.11 g-em >, AL HP-60 i#F, OPS-30 iFF fi i i
4% 7 30 min, {EARFUE AT A RIR
[E] 9 N4 60 min, OPS-60 i\ FE AR % it &
2.13 g-em ™, SKEEHEINARIE AT A 2 90 min I, &4k
B B A 3 B 1 I A AN B 2, R R AR A
£ 2.14g-em >, {HHEL HP-90 1KE, HH [F 4RI A
T, WEGEEH TR ES THREES. SHE
3R R 1IN EE T R SO B e T, A
PRI TR 1 26 AF T, URESRAF LL HP R K &
(A AP

XtF h-BN F%, BT H S RFER 10 R 2008 5ok
gEF, R KL A2 EA L, BN IR
3 F11E B AR AE 3R AT Sk v s A L HE, AT A A

KIBCEAL), daE 1 PSR, AL
M OPS kst T2 AR T2k h-BN M & 1) 8
TEFE, PR K 70 7E be 4 i B2 A B AL (1 A4 3K 30
JIRETE — BT PR h-BN B B 2R &
KIMERRGE R, AR TITH BN kA XY
B R R B REE, mR 3E b g 3, SEELE
e AR B AL
22 PHEEDER TREMARET SR

BB e R T ) RO SR LI 2. R 2
AR, RS T4 HP-60 P % 3K 1 FLER
W, SWBCONBGR, BRI %,
MR 1 et 1200 4 11 OPS R i B i 58
REE, B 2b I OPS-30 WRFER 1A 50
FL, 1H OPS-60 #1 OPS-90 i Ff L i < FLE = B &
B, HLaRE SR A BE 3 5 o SR OW T 35
MERER 1 PRSNGSR EER,
PR35 1K 70 A P 5 11 B0 R B AN SR T ¥ A0 1k
A7 HERTA.

=1 TEMEESHT h-BN MENAREE

Table 1 Volume densities of h-BN ceramics under different sintering methods

Samples No. HP-30 HP-60

HP-90 OPS-30 OPS-60 OPS-90

Volume density/(g-cm ™) 2.06+0.004 2.10+0.006

2.10+0.003 2.11£0.007 2.13+0.006 2.14+0.005

(a) HP-60 specimen

(b) OPS-30 specimen

(c) OPS-60 specimen
K2 REBESESHT R h-BN P& AL SEM & H

Fig.2 SEM photos of h-BN ceramic specimens under different sintering parameters

(d) OPS-90 specimen
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(a) HP-60 specimen

(c) OPS-60 specimen
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Fig. 3 SEM photos of h-BN ceramic specimens with high
magnification
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Fig. 4 SEM photos of h-BN ceramic specimens with low
magnification
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Fig. 5 XRD patterns of TS and SS faces and IOP values of h-BN ceramic specimens under different sintering parameters
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Table 2 Mechanical properties of h-BN ceramics under different sintering methods
Sample No. Bending strength/MPa Fracture toughness/(MPa-m'?) Hardness/GPa
HP-60 54.3+6.6 0.76+0.08 0.21£0.06
OPS-30 61.5£5.4 0.89+0.0.3 0.24+0.05
OPS-60 74.443.8 1.09+0.06 0.29+0.08
OPS-90 68.3+4.3 0.99+0.10 0.28+0.03
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Fig. 6 Weibull plots of bending strength for h-BN ceramics
under different sintering methods
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Table 3 Thermal conductivities at room temperature of h-BN ceramics under different sintering methods

Samples No. HP-30

HP-60 HP-90

OPS-30 OPS-60 OPS-90

Thermal conductivities /( W-m ™K ™) 27.8+0.5

36.7+0.8

35.3+£0.6 41.8+0.8 48.9+0.5 46.3+1.2
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