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Properties and sintering mechanism of
RSiC-WC composite ceramics

LI Qing, XIAO Han-ning, GAO Peng-zhao, HU Ji-lin, GUO Wen-ming, TANG Jie-xiong

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: RSiC-WC composite ceramics were prepared using the coarse and fine SiC powders and WC powder as raw
materials, which were well mixed in diverse proportion and ultimately sintered above 2 200 ‘C. The phase composition
and microstructure of the RSiC-WC composites ceramics were investigated by XRD, SEM and EDS. The open porosity,
flexural strength and electrical resistivity were all measured. The results show that in this ceramics, 6H-SiC and WC are
the main crystalline phase, and W,C forms in the sintering process. The SiC grains recrystallize well, and the WC grains
exist between SiC grains and well wet with SiC grains. The lowest open porosity, the highest flexural strength and the
lowest electrical resistivity of the RSiC-WC composite ceramics are 19.2%, 109 MPa and 15 mQ-cm, respectively. The
growth of SiC grains follow the evaporation-agglomeration mechanism, and W-C aggregates among SiC grain boundary
in the form of W-C liquid phase, resulting in the inhibition of SiC growth. The W-C liquid phase formed at elevated
temperature can evidently decrease the open porosity of the composites and improve the densification. Consequently, a
certain addition of WC powder efficiently promotes the mechanical and electrical properties of RSiC-WC composite
ceramics.

Key words: RSiC-WC composite ceramics; recrystallization; sintering mechanism; mechanical property; electrical
property
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SRAHAEALE, [E SN SIC A EHAT TiB2 W
J1: WANG YA GUO %50 it To R 845 75 Jl ZrB,-
SiC SAHBEE, JFihie LA AT X sm B s, A
h R TH B A2 R B P AR U B

LUO % CR 8 25 B T 45 14(SPS) & ik T SiC-TiC
KM%, WHRR AR SiC 5 TiC 4 RiFHL
FAARE, LW RE O 2 AT % . MICELE
26UE SiC AR 30%MoSi(7AFH 7> $0) Fl /b4
ALO; DI FIAH B 4575 51 SiC-MoSiy, 316 5 AP % 1)
JESEAT AN BEVEBE . LI 2P 25 (SiC, TiB,)/B,C B
MIFRES, BT HAOEE R (R SR AL B ) 45
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1.1 MEEE

B SiC K2 100 pm, 4l =99%(J5i &4y
FOVFI4H SiC KH(Z 1 um, 465 =98.5%(F e 70 50)) iz
VEfEtR R L 65:35 WA, s 0. 1% 5%.
10% (PR3 H0O 1 WC T80k (1~3 pm, 21 =99.5%(Jit
HA D), SIC 5 WC Ky A AE FSFRIF A p I\ IE kG 45

FR L BRI A5, BRI 12 h J5 s
(12 mm X 12 mm X 65 mm)#& & (150 MPa) 8 o e B4
Mg SWO. SWI1. SW5. SW10, T/ HE T
Ar S5, AE 2200~2 400 C REE4E, iR 1 h.

1.2 YAHRIES HEREIIR

KH X EATHA(D/max2550PC, Cu K,) 7 Hr i
FIAE R DA AL s A FH A B84 i v 1 8 3UBE (FEL
quanta 200)F AR EHET I FIOMIESR; R H H T4
AEi(EDS, genesis xm-2)Xf X 4T 8 E 0T .

H Archimedes 2l & AR} ARFA 3% BEFN T 1175,
LE, LS GB 7314—87, KU = A2 iz
MR PUS #R AL, RIS 12 mm X 12 mm X 65
mm, ¥5PH 50 mm, HIEEZE 0.5 mm/min, Wi 3~5
ANFERIBCFIME s R PSR U 2 DY B4 D
1, SX 1934)lEpH kL HIBH 4, &R R 2. 20 F1 200
mV, FERR G, SRR ARG AN [F] D353 31
TR 4~6 K,
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fedh RSIC-WC EAHFHEE Y XRD a1 & 1 Pros.
SW10 ()3 A 6H-SiC Al WC. 24ke4hi E 4 2 300
12 400 CHf, SWS5. SWI1 1 HBLE 551 WLC HIKF
LV, UEH AR B AFAE WoC IREAH. SWI &
2 400 Chestifa, WCHFHblg )L Foeaig s, WoC
W5k o ANTA] WC 8 I RIA [R] L E IX TR 25 19 21 52
AP B AT 45 =& 1 B3]

RSiC-WC & AHPE % SIC(102) 195, 1 [ BE A2 7 0
WC JEH# RN 1), 4> WC HFE 2 SiC 1 g 2 s
IR R, AN WC S ARG S5 R SiC
TR EE & A T B KB AR (R 2), BB WC
55 SiC JE BT (A1 BR 2 A BRIl 4 o DR A g [
FEABR, IXAd A — e iR BB . — i [ R
AT, AW B

2.2 WC RIMEFEREEERE X RSIC-WC 37210
2 s A RSIC-WC SAHBE ZEWTH KBS .
2HEH, B ReSsR AL MT . RSIC SRR,
WC R #2200 CHF, SiC /NSURL HL BB 5
BRI, TTiaY WC BhiE &5 (LK 2(a)).
2 300 CHF, Nk SiC BFEARLE KK, WC ik
B 20D, DI SiC Sk, % T SicC
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Fig.1 XRD patterns of RSiC-WC composite ceramics
sintered at different temperatures: (a) SW10; (b) SW5; (c) SW1

F 1 RSIC-WC EAIFH EYIAI ) XRD 45 R
Table 1 XRD results of RSiC-WC composite ceramics

Volume fraction of Phase
WCpowder/% 2200 'C 2300 'C 2400 C
10 wC wC wC
5 wC W,C, WC  W,C, WC
1 wC W,C, WC W,C

F 2 WC E RIS SiC(102)k i) 2E ) 7
Table 2 Effect of WC content on interplanar spacing of (102)
SiC (nm)

Temperature/ 'C SW1 SW5 SW10
2200 0.253 07 0.252 25 0.252 67
2300 0.252 25 0.251 83 0.252 52
2 400 0.252 80 0.253 21 0.252 65

pnRLR (LI 2(b)). MkegiiR LA S| 2 400 CHY,
SiC fbidkaliest Kok, WC B IIBAHAAET SiC
EiRL ST L 2(c))s KERAHIIAE SiC bR = BREE£R
(LA 2(d)). LLEE 20)AI(d) K IN, R —kestin i
N, BEE WC SR, SR & i s B B
Wb, SIC R A ik
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=AU
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SiC ShRLEIE RAf, mRZRAEAE SiC Mk A, H
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W-C WA R EZR AR, SRS 5 A (i ] Be k.
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B K52 B R AN ) S e, 4345 SiC
FEASFNA K, S B AHBE & 25 BRAS e 80k o

RSiC-WC S AHPE & P02 o B2 M 45 S 1] 4 B
e HIE 4 FTEH, SWI1. SW5 F1 SWI10 K475 s
TERREIR N SWO 31 S, SWS Pt sms
£ 2 400 CINf i i KIFIA 2, 4 109 MPa. SWO
YU IREAE 2 400 C I BT B, iIX 2 KA il T SiC
iR RE 2 58 UG AR, SR A K. 4
IIMWC JG, 2 400 CIF, SRS UL SR A T
ik, LI WC A ZAMH T Sic fkikKoK; 2 300 ‘CHI
2400 CINF, SWS5 [HLE 5T SW10 HT 2 5k
FE, XEH SWI10 T REA S A ARG R, &
ASET YU TR
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MR FEsh RSIC LR Z) 8 5~21 Qem(LKE 5),
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2 AN RE Al RSIC-WC LA P & W i 2 50

Fig.2 Fracture surface morphologies of RSiC-WC composite ceramics sintered at different temperatures: (a) SW1, 2 200 C;

(b) SW1,2300 ‘C; (c) SWI, 2400 C; (d) SW10,2400 ‘C
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Fig.3 Open porosity of RSiC-WC composite ceramics
sintered at 2 400 C
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Fig.4 Flexural strength of RSiC-WC composite ceramics
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Fig.5 Resistivity of sintered RSiC
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Fig.6 Effect of WC content on resistivity of RSiC-WC

composite ceramics
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RIS . 76 XRD i (LK 1), 26=26°7c 447
BB R, — I ISR R AR R, 2
WS RS C /b WC 1 Sio, YERE:AL  WLCr )
— 5 BRI 25 C AFE RO T, W-Si AR AT 1
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N RN A7 4

PRI SIC AhRLZE RK—BER R4 fE, WC kA
T H SIS SiC 2[RI EAH SO . fE5
fIRBEEEE R (2 200~2 300 C), WC Piki L SiC /N
WD, AT SIC 5 WC 5 i . BEi,

—J5 I SiC /NEURLIFaake s KK, S5 — 5T WC Jitki
A, REAOLE 9)). BEERE T &
(2 300~2 400 C), WC dikik % C IR ERum W &
L1 W-C WAH o WAH B be 4 b A T B 5 SRAR,
CAREPE BN E 0T B 24k & b B BB AIRY SIC dvkr
BREE IS, e X RN W-C MIKEAEAE T SiC fvkiz
() PR S T B 78 T SiC ok 2 [A] ) 2 BRI ] 9(b))
EH 1 9 W, SR B A b B IS X Sl A 38 5T
WARRE, FEART. WK b)) X 3T EDS
RETG 2T (UL 10(a)), REHIZXAE(E C. W AT Si 3 Ff

9 WC &hi 5 SiC dbkLFH A SiC &oki 5 W-C WU T AR R TS0
Fig.9 Morphologies of interface between WC grain and SiC grain(a) and dissociation of SiC grain and liquid W-C phase solid

solution(b)

10 P& 9(b)RENE 7 HT S ILBIX TEER A1

Fig.10 EDS analysis(a) and scanning map of elements distribution of C(b), Si(c) and W(d) in Fig.9(b)
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W-C AT WC didg k2% C i C JR 1278
PL, BEEEAR R T S 23 ks 7 A g 1) B PH 272
AR T-HARRIGR BT A LA BB 55 [ AH 22 18] R,
PEHE T FH RN, IR T SIC b [ A Ak
o

B 2 AT LUR B, 2 400 CHF, 44 SW10 &
B E S SW1 AHLL, SiC afkiA W 51K, W-C AH
BEMES:, 5 SiC FkLZ [Hgar %8s, Wsim—
SE R WC S AHBEE T SiC HIBRLE A2 K, Frgs
mn RS, AR A 2. W-C WAHAEAE T SiC
miRL ST, IR LS N A8 SiC SRR AR R EHE,
BRAIG T AR R R IR RE,  SAHRE & rh =B bk I
7o, BUMBLNGIN, J1fERIH YRR .

3 Zig

b=}

1) RSiC-WC S AHBE Z 1 EL 6H-SiC il WC Jh 2L
mnAH, FAEDE WoC fitl. #ARF WC g SiC &
AT AR SiC SR

2) RSIC-WC B AHBHEE R a4l 7 LA SiC ¥ 28—k
By W-C BAHEVER BN 5L BB A . SiC
55 W-C A il T T R R4, AR~ A A AT im
B, MR AR SIC RIS, BFE T SIC
A IR 11 IS TORTY YA SN

3) W-C FH7E RSIC-WC 5 AH P s ok 21 [ 35 s Ak
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