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High Hardness and High Toughness Siz;N4—SiC,,—ZrB, Ceramics Prepared by
Low-Temperature Hot Pressing

CHEN Zhiwei, GUO Weiming, LUO Sichun, LIN Huatai
(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Low-temperature hot pressed Si;N4 ceramics show a greater Vickers hardness and a lower fracture toughness, while
high-temperature hot pressed Si;N, ceramics show a lower Vickers hardness and a higher fracture toughness. To prepare Si;N,
ceramics with a great Vickers hardness and a high fracture toughness, a low-temperature hot pressed SizN4 ceramic was prepared via
sintering at 1500 ‘C with 20% SiC whisker (SiC,, in volume fraction) and 2.5% ZrB,. The phase composition, relative density,
microstructure and mechanical properties of low-temperature hot pressed SizN4 ceramic were investigated, compared with
high-temperature hot pressed SizNy4 ceramics at 1 800 ‘C. The results show that the addition of SiC,, inhibits the densification of Si;Ny
ceramics sintered at 1 500 °C, and the relative density decreases from 97.9% to 92.9%, the Vickers hardness decreases from 20.5 GPa
to 16.4 GPa, and the fracture toughness increases from 2.9 MPa'm'? to 3.4 MPa-m"?. However, the addition of SiC,, and ZrB,
promotes the phase transition from a-SizN4 to B-SizN,. The relative density of SisN,—SiC,—ZrB, reaches 97.5%, and the Vickers
hardness and fracture toughness are 20.7 GPa and 5.1 MPa-m'?, respectively. Compared with low-temperature hot pressed SisN,
ceramic, the fracture toughness of SisN,—SiC,—ZrB, ceramic is improved without reducing the Vickers hardness. Compared with
high-temperature hot pressed Si;N, ceramic, the hardness is greatly improved. The SizN,—based ceramic with high hardness and
toughness prepared via a low-temperature hot pressing with SiC,, and ZrB, can have a promising application in ceramic structural parts.

Keywords: silicon nitride; silicon carbide whisker; zirconium boride; low temperature hot pressing; microstructure; mechanical
properties
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K. PIEIKRAC. TBE. TS, i m iR S S
AL EE TSR, DA R AR R
MR 2. AR R0, gk R gy
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MARZE N #30 mm A7 2245 L i R AP i T 1500 °C
Begk, 4 SisN, (FEdh SN—1500 FIAEH SN-1800)%>
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Table 1 Formula composition and sintering temperature of samples

Sample No. @(Si3sNg)/% o(SiCy)/% 0(Z1rB2)/% 0(Y203)/% 0(A1LO3)/% Sintering temperature/ 'C
SN-1800 92.5 3.5 4 1800
SN-1500 92.5 3.5 4 1500

SNW20-1500 72.5 20 3.5 4 1500
SNW20ZB-1500 70.0 20 2.5 3.5 4 1500

@—Volume fraction.

1.2 HmIFAE

fe st 5 IV EAE S Archimedes HE/KIEEEAT
HEME, SRR (A R SV T SRR 5
FIARXT % % . F D8—Advance Y X G 2K RATHHMX
MR AR, TS5 AT Cu B, B LT 40 KV,
BN 40 mA, FHIEAI RN 10°~90°, FflE R

N 10(°)/min, KN 0.02°. H SU-8220 #17%
S T BB W S I BRI R
25 )5 . Bl HXD-2000TM/LCD %Y Vickers
T B F AT RERE D&, 2 49N, LRAGIFE] 108,
F HVS-30ZC/LCD % Vickers A & {13 i i R i)
BFEM W, BT 98 N, PRMTASIE] 10s, W
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Fig. 1 XRD patterns of samples
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Table 2 Content of B-SizN,, relative density and mechanical properties of samples

Sample No. Cy/% Relative density/% Hardness/GPa Fracture toughness/(MPa-m"?)
SN-1800 100.0 98.7 16.0+0.4 7.0+0.4
SN-1500 8.9 97.9 20.5+0.5 2.940.2
SNW20-1500 8.3 92.9 16.420.6 34403
SNW20ZB-1500 16.6 97.5 20.7+0.5 5.1£0.3
SisNy(s)—3Si(s)+2Na(g) (3) R ik 6 0T T A2 SR B TR 55 % EDS - i
271B(s)+3Nx(g)—2ZrN(s)+4BN(s) 4)  WE2FIR. 44 XRD 48T, 1800 C i kess

FEfh SN-1800. F£fh SN-1500. &5 SNW20-
1500 FIEE S SNW20ZB-1500 (A X35 5 e 2 fr
Mo FEN SNW20-1500 FAH X % B BA%, 1N
92.9%, HAhKESLIITE 97%~99%. X FH, HiE5|
N SiCy, B4 SisN, M & IR LR = AL, ME
B 51N ZeB, WA B T IE 8es A, BN 245
RS AT o

[FIFE i SN—1800 dr kit K, 4 B-SisNy AR di ki
I B-Sis N %5 il oL 2H B IR RH it 00068 5 o 45 44 (n
Kl 2a~K 2b Fion). 1M 1 500 C{IK i e 45 R i
SN-1500 H SisNy fmnkidii/y, FEA a-SisNy PR
sier kL 2 B FR 2 i SR A A R (B 1 2¢~ &1 2d o). 7E
FE il SNW20-1500 FIFE S SNW20ZB-1500 71 (435
B 2e~E 2f FIIE 2g~ 2h), ZidZIME SisN,
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HIFE S SNW20-1500, #f45 SNW20ZB-1500 1)
B-SisNy & A JT 4 i (B-SisNy 15 SisNy & & T+ 3
16.6%), HSZFR EANAL T HAKKF, [FBR AlLO;
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TR SE R 30, 3B Ui SiCy, 5] ABEFF T SisN,
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(i) EDS result of point 4 in Fig. 2 (h)

(d) Etched polished surface of
sample SN-1500

(¢) Fracture surface of
sample SN-1500

(h) Etched polished surface of
sample SNW20ZB—-1500

(g) Fracture surface of
sample SNW20ZB-1500
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(j) EDS result of point B in Fig. 2 (h)
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Fig. 2 Fracture surface and etched polished surface and EDS results of samples
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ZrBy JG, WEME T HBEL, X% E L E
97.5%, [KIAE S SNW20ZB-1500 fifi i vy, ik 3
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Fig. 3 Crack propagation morphology of the samples
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