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Table 1 Related information for raw material

WC Ni SiC
Average
particle 0.91 pm 0.8 um 20 nm
size
Purity/% 99.8 99.94 99.09
Nanchang Shanghai Institute of Metal
Source Cemented Sinopharm Research, Chinese
Carbide Co., Chemical Reagent Academy of
Ltd Co., Ltd Sciences

F2 LRMBFRILE

Table 2 Experimental instruments and equipments

Main step Equipment name Equipment type
High energy ball mill GN-2
Preparation Vacuum sintering
GVQ2-2 000
furnace
Metallographic sample M.2
pre-grinding machine
Pretreatment Metall o |
t
eta . ograp ic sa.mp e PG2A
polishing machine
Vickers hardness tester HVS-50
Universal mechanical
Performance WDW-50
tester
test X
EDS Axis Ultra DLD
FESEM Nova nanosem 450

*3 AEMoEk

Table 3 Proportion of component in alloy (®/%)

Sample number wC Ni SiC
1 90.00 10.00 0.00
2 89.75 10.00 0.25
3 89.50 10.00 0.50
4 89.25 10.00 0.75
5 89.0 10.00 1.00

VRS 5 OB A N HE A, 80 CHET, AR5 I
AR 70 0 W S B S IR A, 2904 74 pm G I
i, 3 RNRORI S AL A I E A AR, .

FHHEAE RSP AR BUE &= )% I I 2 Ak ik, AR
J A ML IS, RIS 235 @13 mmxS mm )
[ i, 45 mmx5 mmx5 mm KSR . AR5 K il
U 70 0 A, ATV A5 AL R

H VA S5 e I A A SiC 7 & 1) WC-Ni-SiC i
T SR FEREAT BCbe 4, be gl )% 4y i Bk 1450,
1500 C, Rl 15 min, 5J5HITFH1K SiC B4 WC-
10N A J5i 5 e 45 44

AR AT BE . o S5 AL 21 )5 R AT 1 RE DA o
KB FE Kt ( Archimedes) HEZK i3 RE 5 A0 6 2%
JZ; R HVS-50 SHAAEEF, Hhn 196 N gk, &

Je 10 s, R it R 2 FRARE RS s SR P P IR v DMl B
BT BIE GRS B R T 5 A R0 R = 8 ik
DRE i B PUS IRE, BEEE 30 mm; K ERF AL B A
SEAC A 11 EAE R 2 R 20% 35 WLAR S T
Xof il 2 TR AT JEE ol JEE S 1) D 3 min, AR JE SR
SRR A7 LT S T R i R AT SO T B0 ¢ B
iof BETE 1 € A & h TR AT S R

2 HRES

2.1 WC-Ni-SiC E6#MiEP TET A

&)@ Ni MK SiC fE WC-Ni-SiC & &4 KL 1)
5750 3 AT 2 il 4 B L5 PR BRI WC-NI-SiC il i & 4>
(R %, AT LAE R EDS 414 0 22 AR 0
B 12 i REBR B A 2% 1995 0.5% 448K SiC [ WC-10Ni
WA M E A RIESRI G E EDS A 281 A
Bl 1a ATRLEH, Frifl %1 WC-Ni-SiC Wi &&= &
KRR N ~F B Ay . X T4k Sic B,
SiC A R s SR AN Bk 5 WC kL & A Rl e 12, [) I
L EREEON AR, A WC UL K AR K 1 A8 T £ A
A, TEmpeRRE R R ER R, A WC ROk P 45
fi, DAL, AR SiC FTER S (1 1 A4 F R A8 WC ORI
MABCR T I S, it BRI, 2 REKIE, F
FOFEINT 1 pm, /MUK R SFIA 200~300 nm. 1
MK 1b 765 EDS M4 nf LA H, Ni e E 5 Am
AIMEARRT RS E — 2L, fAAEE RIS . X gL mAERk
PR B0 TR R 1) 2 T RE AN B B, AT N BURE 2 S
REIRA K. HEoR My AmLgEsy, Wk le~le
Pios, WA EERS.
2.2 REHRBERHER

Kl 2 24 1450 CEAFRELRIARGIK SiC B4
) WC-10Ni fif Jii &5 4x SEM JEZ H F o MKl 2a v LA
i, KB SiC 1 WC-10Ni il i 7 4 (1 FLEBR Bk B i %2
WC Sk RS RN A, HASREH Ni 855 A%
B MBAYEK SIiC HE N 0.25%I, A& 4 WC
fiRL RS 2 /N, 10 WC b oRL 0 48 46 F AR B & .
MYk SiC BN EH 0.5% L 0.5%I, WC ki Fl
g5 A A X 4], H WO ke 45 4 5%, WC
fn R RCE B E98N, Wil 2¢. 2d. 2e Bion. Hg R AT
RE 2 KR SiC 55 AR UKL 1) &) R B A 4 WC FE 4k
I AL, DL BE K SiC 3B WC bl # &5 Fy
fff WC S A — & I i A% AR, A T iy R 5 (3 10K
BEE T WC k), RAEEAMERESEE. 5
Ah, AIBESE T A A SIC ORI WC AR i A Ak 5
LFETHL, BRIRT WC kLAt fE, PHAS T WC dhkL
W AR, ITHE T WC ki oK. H2440k Sic
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Bl 1 5 0.5% SiC [f) WC-10Ni fifl jii & 4 52 &8 1% EDS 114
Fig.1 SEM image (a) and EDS mapping of the WC-10Ni composite powder with 0.5% SiC: (b) Ni, (¢) C, (d) W, and (e) Si

K2 1450 CHIE LA SiC 7 &K WC-10Ni Tfii& 4 SEM JES)
Fig.2 SEM microstructures of WC-10Ni alloy with different SiC contents vacuum sintered at 1 450 “C: (a) 0.00%, (b) 0.25%,

(¢) 0.5%, (d) 0.75%, and (¢) 1.0%

BARKT 0.5%FH 5 0.5%0, 1854 4 b A5 W
TR B (aniE 2b. 2d. 2e) HBL, XAIgEsH
T A X WC R AN A4 G 2 A AET T B
AL, EEN 1.0%SiC B &4 (WK 2e) hidh
B SiC RKEMS .

3 2 WC-10Ni-0.5SiC Afl i £ 4 J65 it f) SEM HRE
Jr K ILRETE . N 3 RTLUE H, R 5 AH Ni fokids 4]
PREUATAE WC i Ftab, BRI 3a B X, WC
R B K A X S RES ] 3by 3c AT LLEH, Kl 3a
i spectrum 1 &A1 spectrum 2 15 4L 22 157030 WC.
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Spectrum 1

Energy/keV

Bl 3 1450 CILARELE [ WC-10Ni-0.5SiC Bl Jii & 4 SEM [ A K B it &
Fig.3 SEM image (a) and EDS spectra (b, ¢) for WC-10Ni-0.5SiC vacuum sintered at 1450 ‘C

Ni M1 SiC, B DL SiC fbkifefE T WC i L 4b Fn
Ni A5 WC A St AL, A BHIE T kegh i 7 v wC
mn RIS R 8, BeZAfl T WC kLR, e
TR SLSRIE, SGE T Bk R s A E . Sic fE
SEFERE ERTBABH IR WC @b KT i WC
KL, AHIB NI SiC & f il A i S 2 ARl i) 8
PERRAG, FLBURIE R . Rk, SiC Sk A =L 0.5%
VINER

Kl 4a.4b 535k 1450 F1 1500 C E S HE4E 1) WC-
10Ni-0.5SiC il Jii &5 & R M EHE . ME AT LA H
FIAT T 1450 CIii 5, 1500 CILA LN & &Pl As
Mg 2, MR Z 2 E KK WC dhki. X2 K
b SEET R, AP SR 2, W)
IS BRI HERE 4557 Ni B A &5 /08, Ni
I SIC W R 2, HBA LMK SiC AEBAH T
KAV, A PECE S & F b B i <A
TERe gt fE v ek K HERR, B B AL T4k,
T E AT WC g R R KK, & WC dRL D
SAAY), FEEETILERE L.
2.3 REHFMBITERE
231 BEHRNKFE

B s J2gik SiC B2 WC-10Ni i Jift & 450 I 7E
1450 1 1500 “CEL 7% ke 45 il 2 4 i (AR X % B2 RE SiC
BNRMZ . B S o LUE I, BT A 4 1 S0
BB AN SiC &I 2 LRGBS IS, 4
SiC & &0 0.5%M, MG 4 KA i kR4 v ie,
75 1450 C 808 S ey, A F] 99.2%.. HJFE K ] fE A& 7R
B AR S A LI SiC ok — e FE R B3R T T S AR

4 A[FIELZ S WC-10Ni-0.5SiC fiff Jit & 4 % i 5
Fig4 SEM images of surface of WC-10Ni-0.5SiC cemented
carbide sintered at different temperatures: (a) 1450 C

and (b) 1500 ‘C

Ko B A = A LB I B8 = BU% B . 4 SiC Fr K
T 0.5%0F, ATREX HEH B T — = LKL, BT
WC-10Ni-SiC Al JJi & 465 1 350% PE R A7 FRAIK, (R AR
M. 1M H 1450 °C FHE4E ) WC-10Ni-SiC il Jii 5
G AR 35 L g = T 1500 °C R BE4E ) WC-10Ni-SiC
W T A 4. XA 1500 CHELE Y WC-10Ni-SiC
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Bl s N[l B B e 45 WC-10Ni-SiC B2 B SiC =748 fk
it £&
Fig.5 Relative density curves changed with SiC contents for

WC-10Ni-SiC vacuum sintered at different temperatures
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R GERE S I E [T FEBE SiC BN B i, W
6 W LU, 1450 A1 1500 °CELZSBE45 (R 5 & 42 (1)
WA S4B SiC % = A I 3 K. %1 1450 C 3t
B G MR T 4, 24 SiC B A RAE 0%~0.25%2 A,
LA (E 2Ok R, X RES AR $B SiC 1) WC- 10N fifi
LGB 97.5%8E M ] WC-10Ni-0.25SiC il it

1625¢
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Bl 6 ANIFNEE TS PSS WC-10NI-SIC ) 4k [C g &
Fig.6 Vickers hardness of WC-10Ni-SiC vacuum sintered at

different temperatures
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WA 4, BAGIK SIC 1E N B 1A 4 IR
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Fig.7 Fracture toughness of WC-10Ni-SiC vacuum sintered at

different temperatures
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0.25%INF, 2 Bt 55 4 0 I ) 4 1 0T G <o 1R 11 BT 2R
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M, IIAKZD & SIC 2 RELERTE AT WC SR &6 7t
Wb, 0T RE S5 AH (0 20 B R o A AR R SZ e, BB A
0.25%SiC [¥] WC-10Ni il Jii & 4 (1) Wr R Pk L AR 4B
SiC ] WC-10Ni il it & 4 (14 P FAIG o {H Bl 5 44K SiC
TR0, AR R BT e i k) A 5T < TR R B 1
B SE T R 5 BRI A . 1450 C ILAS KR I 1
0.5%SiC 5 7% 1 WC-10Ni fifi Ji & 4= Bl RE W 2480 M A
5 12.7 MPa-m'?, 5 KB4k SiC (1) WC-10Ni fifl it &
SHIRE T 14%. XaJRe ety (1D RN EAE
Y SiC H GATIR E 1) Peierls N 3, K 4% T H 45 15T
p A IR RE 75 (2) SiC ARRLIRIB A A fE WC oKL i
AL B THPUAL A S I AE L, T HodE & SiC bk
TR A5 4 v mT LA 2 G0 AR 2 3 FE K AL RE,
PG RLURE Ky . 534, W 7 EafLLEH, 4
SiC B2 &I 0.5%I, BEFE 41K SiC & & 138,
PRI S o % A £ 4 A 1 DT 24 ¢ S R
ik, XnlfgE R AGk Sic BaEE K, 49K Sic B
G PR, BREE A R R b oy ML 2R, BRI
TERedi R A Sy, SEOERALE. 4. N
P ARG, BN T RGREREBUN LA, $R4L T YL
P REEAE, BT LU 5 R 1 W R P B AR . 53 4L,
W 4 Fros, AXT 1450 Ciies, 1500 Chedsimf &
STWAKEMEBZ, BHIERT KE “Git”, [F,
7 &5 A T AEAE 1 P SAL S 4 R e FLBR & 3 B0HL
BB Ny S, IXARAE TR R S, W
HHGREIRE AR T B 42, Rk, 1500 C4&F A
S IWT I ER: 1450 C AR RSME .
234 REHSOITRE
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1500 CEASBELFE R PLE mERE SiC BARNE
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Hr e RE B0 5 BE AR AR I 42K SiC ) WC-10Ni
WA S A BTG . XM T &R ERY (WC il G
S MEEME), BMA RN AREL SR
W s 1) Dy 24 PR RE P AR A 2 . MK 2b I LUE
SiC fE—FBIMB AN WC A 3Lk,
TOREGEAR Ni 504, SECR S5 AH Ni iR, Bibm
TEHE, BEAG T WC-10Ni-0.25SiC fii i & 4 2 & M kL i
TR LA S R B, T AT I 025 5 FE A7 P I AR
i, BiF SiC S EiIM L, WG &R PiS g
BT EBFERERA. 2 SIC &5 0.5%8 1500 C

< 1080
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Fig.8 Bending strength of WC-10Ni-SiC vacuum sintered at

different temperatures
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Vacuum Sintering and Performance of SiC Doped WC-10Ni Cemented Carbide

Xue Ping, Zhang Jianjun, Ai Yunlong, He Wen, Liang Bingliang, Chen Weihua
(Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Nano SiC particle dispersion strengthened WC-10Ni cemented carbide composites were fabricated by high energy ball milling
(HEBM) and vacuum sintering (VS). The effects of SiC content and vacuum sintering temperature on the microstructure and room
temperature mechanical properties of SiC doped WC-10Ni cemented carbide composites were investigated. The results show that the
well-combined and highly-densified (nearly 99.2%) WC-10Ni-SiC composites can be obtained by the VS technique at 1 450 and 1500 °C.
The addition of SiC can not only restrain the growth of WC grains and play a role in refining grains, but also accelerate the densification of
WC grain sintering. Also the Vickers hardness of the prepared composite materials improves to 16.49 GPa with the increase of SiC content.
Their fracture toughness and flexural strength increase first and then decrease with the increase of the SiC addition. When the content of
the SiC is 0.5wt%, the fracture toughness and flexural strength of WC-10Ni-SiC cemented carbide composites are 12.7 MPa-m"? and
1126.1 MPa, respectively.
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