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ZEH, LAgA SO A WC-15%Fe-5%Ni( it & 43 $0) il %%
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Table 1 WC particle size and carbon content variation of

cemented carbides

WC particle size/ Mass fraction/%
Alloy No.

pm Total C Free C
1 15.03 6.15 0.045
2 5.98 6.15 0.045
3 2.30 6.12 0.035
4 1.31 6.15 0.045
5 0.83 6.13 0.050

T L (G S A W K TE L IR T, H 4RI
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IR, R BRSO 2 mm X4 mm X 20 mm;
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LR 1), iTREZ HT&4 5 TR WC Bk
B, AEHR A A AR R AR R RS B
BRI Sy A, T B e

Bl 4(a)J s A &4 1~5 (1) XRD 1% MK 4(a)n] LA
FH, pegiA4arhEEL WC hE, RigiH LL(Fe, Ni)
WA A7 AE, B o-(Fe, Ni)fil y-(Fe, Ni)FFpsh
K, 7E64 1 R a-(Fe, Ni), HoAth 4 A& 4 # [
B a-(Fe, Ni)FI p-(F, Ni) B A B S AR kG 4540, 78
G435, a-(Fe, N & A LLAS I . AR
FANE4M) XRD W B A ARG 4 &
A SRR 2 s, Wk 2 WLUEH, WC IS

1 J5URFIR [ SEM &
Fig. 1 SEM images of raw powders: (a)
Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4;
(e) Alloy 5; (f) Hydroxyl Fe; (g) Hydroxyl Ni

F2 ARG G A R

Table 2 Phase content of cemented carbides

Alloy Mass fraction/%
No. wC y-(Fe, Ni) a-(Fe, Ni)  Fe;W;C
1 79.00 21.00 0 -
2 83.45 15.50 1.05 -
3 85.20 10.10 4.80 -
4 79.70 16.45 3.85 -
5 79.80 13.65 3.90 2.65

WAL T 80%, RREAHM & LT 20%, X HJR
LRI WC-15Fe-5Ni A& HifF . a-(Fe, Ni)
Hl y-(Fe, Ni)FITE R 0 5 2 IAHOG, B b i)
PRk p-(Fe, NDIFE KLY, Brilé4: s fEMm o~
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B2 WC-15%Fe-5%Ni fILILKe4 & 42 SEM 4
Fig. 2 SEM images of sinter-HIPed WC-15%Fe-5%Ni alloys: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4; (e) Alloy 5 (Higher

magnification); (f) Alloy 5 (Lower magnification)

w e Element w/% x/%
C 1.65 14.31
Fe 2175 39.57
Ni 3.51 6.08
\\%4 73.09 40.40

Matrix Correction ZAF

4 8 12 16 20 24
Energy/keV

B3 G5 MBS A REE
Fig. 3 Morphology of alloy 5 (a) and EDS analysis of area 4 (b)
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Fig. 4 XRD patterns of all sintered alloys (a) and details of alloy 5(b)

Bl 5 WC-15%Fe-5%Ni fiRIERe4: &4
W F1K) SEM 4

Fig. 5 SEM images of fracture surface
of sinter-HIPed WC-15%Fe-5%Ni alloys:
(a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d)
Alloy 4; (e) Alloy 5
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Kl 6 Tz b & 4 T st e 5 B G WC R AR FE
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WM A GNP, Ll F &40
PR/ T LAY ST 2N E A4, TR DL
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L%, SECT PN TR,

3000
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Bending strength/MPa

1500 -

1503 598 230 131 083
WC particle size/um

Bl 6 Jsihfi WC KL i & Bt 25 9 5 K 5 )
Fig. 6 Effect of raw WC particle size on bending strength

0 & 4 IR A 4 b WC IIRERE . WC [
B dioRn FST A S B A S VISR LE 7). B
7 Fion N JE G WC 5 e A o 7 4o 4 ER A 5 (1 5 0,
FEA AL B 5 4G WC RLIE YR/ IN A 4 P 55 18
I, G4 s BEALIA RN, O 1073 MPa. &4 1 F12
TR P A b . KL AR & A b g R b (L

BRANRETE R, SRR R R, AT IS4G WC kL
JEE (R el 15 S AE VBRI 4 (R R o 00 (R P Bk B
e R T DUR R R R IR AT 2 R RO,
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Rt Hy F1K, (ERAR R dywe S WC ks
Rt L 2 AT B2 WC AR EUEHSUR R
B WC IR RN, S5 A AR IR
A5, BREERBRERIE LR, BT BLE R 2511
RERE 5 6 GBI X R, 26 3 I A s
LA IEE L, M 3 1T LU B WC BLRE RN,
AR R, 2 S R R
I S T, 45 WC LR BN 7 4 0 7L B Eb ek K
i S8 4 I F .

1100

1000 -

900

Hardness, HV

800 -

700
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B 7 J5hh WC RLEER A 5T A B 5
Fig. 7 Effect of raw WC particle size on hardness

R3 REGENBEE
Table 3 Relative density of sintered alloys

Alloy No. Relative density/%
1 98.84
2 98.78
3 98.98
4 99.55
5 99.74

Kl 8 i b & 4 TR E 5 i s WC K AR FE
MXKFR. HE 8 WHER, HiH WC R, &
IWTZEEIVE BRI G . &4 1 MBI TS Bl
16.6 MPam'?, &4 5 MW w &K/ 8.98
MPa-m'?. & &M ZEPITEREE WC RLEE K1 n i 4
PO JE RN R : 1) dFH WO SRz EAT R 5% 1) Sk
(RVEFEAE S 2480 WCO/WC J WCARS S5 R AR e I
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161
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8 JFUR WC LI 5T 2 4 W 40 1 1) 52

Fig. 8 Effect of raw WC particle size on fracture toughness
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AR BT 65 b PR RE EE 9-(Fe, N) ] ¥ 446 16 T 5 ok Pk
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Fig. 9 Polarization curves of sintered alloys

x4 BRAGEBERE IR

Table 4 Electrochemical corrosive results of sintered alloys

Alloy No. Jeor/(107° A-cm™) Peor! V
1 3.29424 -0.097
2 3.31537 -0.102
3 66.4281 -0.142
4 3.43698 -0.108
5 7.52572 -0.137
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(D)UHEAFH, RN EOE RS G SR PR B
SEIAME . BTSRRI A B4
MIREJE A2 iy LU 1) B R (Mean free path,

MFP) #7383 5 sl LU, B TA 42 1) 5 45
HBEAE WCRLEE RN, PR EAIG, X
T REE WCRLEE 8/, & <a i LR 2 i, 1
BIE RN, AT m, BT U R R
LUk HEAS S BRI 2.241067X10°
mm’/(N-m), &4 1 iE K. mE 204, 45
H I T RO HEHUR IRk 5 AH(FesW5C), JBtBcAH
I IER G, G SEEERIER .

RS BAG GBI
Table 5 Wear properties of sintered alloys

Alloy No. K/(10°mm*>N""m™")  Friction coefficient
1 1.380059 0.5830
2 1.257204 0.5480
3 1.354921 0.5300
4 0.6986003 0.5160
5 2.241067 0.5630
3 g

1) B WC MARKEERIN, ke &4 We
s R RGTIRCDN s AEARDRL S L, S i WC
A S AT IG s OR RN, A il
SR S), AR D) B A .

2) M WC kLRI, Bl 575 4 1) T 584 = 2 DA
TR Y WC SR RN, A e Wi
LU TN

3) Rl i WC RLEE (9800, 025 i 5 e i 44
I, TR ESVERESE S, TN BRI AR 2, I RAEIPE K.
2 WC R AKIE A 1.31 pm 1, & 4TS s 5k 5
I KAH 2717 MPa, BER S IE F 5/ ME 6.986003 X 1077
mm?/(N-m); 454G WC RSN 0.83 um i, & 40
L3 KA 1073 MPa; 24 WC RLJEZ K 15.30 pm I,
4 1 W L) P R R R B e, BREEITE Y 16.6
MPa-m'?, [ &k FLR 3 5 3.29424 X 10°AJem?, [
J& A 4-0.097 Vo
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Effects of WC particle size on microstructure and
properties of WC-15Fe-5Ni cemented carbides

ZHU Bin, BAI Zhen-hai, GAO Yang, LUO Bing-hui

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The WC-15%Fe-5%Ni cemented carbides with five different WC particle sizes ranging from 0.83—15.03 um
were fabricated by 1450 ‘C sinter-HIP sintering. The effects of WC particle size on the microstructure and properties of
cemented carbides were investigated by SEM, XRD, EDS, mechanical property tester, wear testing machine and
electrochemical workstation. The results show that, with the particle size of WC decreasing, the WC grain size decreases,
the bending strength and hardness increase, the fracture toughness decreases, the acidic corrosion resistance decreases,
wear resistance increases. The fracture mold of cemented carbides with larger WC grain size is mainly transgranular
fracture, but the fracture mold of cemented carbides with smaller WC grain size is mainly intergranular fracture. When
WC particle size is 1.31 pum, the combination properties of alloy are the best. The bending strength, hardness, fracture
toughness, wear rate and the corrosion current densities are 2717 MPa, 960 MPa, 10.7 MPa-m"?, 6.986003x1077
mm®/(N-m) and 3.43698x10"> A-cm %, respectively.

Key words: WC powder; WC-15%Fe-5%Ni cemented carbide; microstructure; mechanical property
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