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Bl 1 Hfil& WC-6Co A A XRD &%
Fig.1 XRD pattern of WC-6Co composite powder
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Fig.2 SEM image of WC-6Co composite powder
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Fig.3  Particle size distribution map of WC-6Co composite

powder measured via laser diffraction
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PUA H, SR T HRZH WC ik, ohris
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Fiifem, WHEK, BT Co M, 1 WC dkiEs
KRs () KRBk S Fgess, FHEWC &
b KK (3) WC-6Co EAM AN & &K,
Co YA AE WC kiR, W7 Co |23, hesh
TEFR TP R 5 BB, Co RREEAME WC i
K, WC ahkLZ [ AR R B v, fEbe sl id FE &
AT BRI K RP,

Kl 5 & WC-6Co E 443 KK H DIP-SHIP il % ]
A YG6 i i 45 45 (9 SEM [ . 18 Sa R & 4
SEM M fr. nIBLEH, &4h WC BkirE Kk, B
HETEAER 1. 24 3 KB J7 ) dioki i K RS A 1.2 pm,
T WC LR S 0.8 um, K WC R PUILIE
Kl 5b WG &4 SEM M. nTLLEH, sHh
WC ki, WiAHA Co AH, Bl Co #H, WC d&kLiF i
AL, AR ZHR . AA L KK WC dhk,
WC Z 24K

1 WC-6Co EEMKHILFERS
Table 1 Chemical composition of WC-6Co composite powder (/%)

Ci Cr Co (0] S Al Ca

K Mg Mo Na Si Fe

5.82 0.20 5.96 0.20 0.0046 0.0005

0.0056

0.0005 0.0013 0.0010 0.0006 0.0012 0.0060

Kl 4 WC-6Co 54 ki AR ] DIP-SHIP i % 841 YG6 il it
BB B AR Y
Fig.4 OM images of ultra-fine YG6 cemented carbide prepared
from WC-6Co composite powder by DIP-SHIP method:
(a) corroded (x100) and (b) uncorroded (x1600)

K5 WC-6Co Z 44 A K H DIP-SHIP #4841 YGo
T A 42 1) SEM J#H
Fig.5 SEM images of ultra-fine YG6 cemented carbide prepared
from WC-6Co composite powder via DIP-SHIP method:

(a) corroded and (b) uncorroded
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Biflh (Com) [FHz W& & &, W imeis
e, WA XY Com=wcy(4n0y)/(4ndco), . Co &
6% 4, HiHE TR N 4.22%, 2K 5.33%. Hrl
T 3 100 42 S Wit o 45 4 R B K /N B i b, i )
B, G WC kLA, 456 br i S B0 T
HE WC TR RE. £ 2 4 WC-6Co EA W KH
DIP-SHIP il % 841 YG6 il i & & Tk fig . 45 FL W
SHAZERRIER, WC PR RS 0.8 pm, il
JE(HV30) (215004 100) MPa BAL S 4 YG6X A&
&, AHERE(TRS)K. F 22 Co MHIAI M WC ki,
Co JZJFE 5, WC KA, 4T LT A WC Sk,
T WC dRiA B8 e, 3G SRR, TG,
23 WC-6Co EEMKRFIEZEME YG6 BREE
2.3.1 FREBF IR X S48 40 YGO6 AR A A M AL 49 B0k

WC-6Co X FH DIP-SHIP il % # 41l YG6 fifi it 5 4=
ES7AYIIITEE DA SN 1 Pl PE 8 2 S NP S I i AN
IR RSN o8 A [T YR SN 1 G P[P (BN TP RISy
PRGN ZR A5, W OR KBS AT 4 8, Bk
P& ek B 7 Aoy i B AN B . T EE 4K WC-6Co
REGIEIE S &, Pedid B2 5 i 5% BALIR .
DRI, EHRRWREE T2 (BRRHEE 5:1. [ LE 3:1. 300 L
WENERBENL, #5348 50 Hz), 80 0.5%VC. 0.5%Cr3C,+
2% AT (R 2y 20, BRESIS ] 43 4 8+ 24 48, 72 h,
BRI RHR BT 25 T3 2R A B R .

WC-6Co HAE M AT Co A ME WC Pk,
SEMmREURARGMELSFAAE, BAERZH
WC/WC B g, B R Bk WC/WC i 9t 5

TF, pediid Bt WC S REAR A b KA T e S s AR A
WC ki & IO, U A & KRS .

Kl 6 kAN A BRI INF [R] o % B Al YG6 TR 5 R
SEM i . nf LA, [ 6a BREE 8 h, By K IR &,
AEAERL 2 Ry BT I B SR AR KL ;1] 6b BKEE 24 h, ¥
AR SR AARURE B sk ek b, AR AR A AR L 2 1 A1 2R
WKL 18] 6c BRES 48 h, M A A1 2 ks B sk b
— RIURLTE T AT WL, AR A A6 5 O3 A R AR ORL ;s 8]
6d BRI 72 h, MoK ARG, A0 B
K I VA AR IRORE , s K T 2R A J0RE 7 bR T I [ R %
Co ¥ JAEH T2

2 3 AR RS I [ i) 2% B 41 Y G6 YR A B HE AL 27 B
Gy R BRTERE . WTLAE Y, B BRI ISR R PR, K
AR A B AN S I N, R SE kN JE K.

Ra 6 M 3 M IR, 1A AR 4 HA A
BREE SRR A S L RE RS A k. BB
BRIEISB], AR R, BRACHCA, T H AERE G
I TR BR I, FRARAIRI HIZR IS . BRIk, WC-6Co &
BB A B I R 3L £k 48 he
232 HEILAHER M YGRS HANT R

P ER B -5 2 TR YG6 A RHB I A G, R
FH 258 t BAIENLEH] . 3 4 A ANRBE T 64 R
GEEE. ATUEN: AR IR, k%
JEBBIG N, B (R B e R BRAIG . e IR (R)% 5
R A AT R BRI AE R, B G M il s 36 K
WKL 8] () 45 6 G o, 4 B A AL D82, e R I 25

B

&2 WC-6Co E&# %M DIP-SHIP #| & B4 YG6 i@ R & & Mk
Table 2 Properties of ultra-fine YG6 cemented carbide prepared from WC-6Co composite powder via DIP-SHIP method

Porosity Physical and mechanical properties
c WC average grain size/ Density/ Magnetic saturation/ Magnetic coercivity/ TRS/ Hardness,
A B
pm grem™ % kA'm’ MPa HV;¢/MPa
02 00 00 0.8 14.78+0.05 5.0240.10 32.224+1.00 180020 21500100

K6 ANIRIEREEI A & 41 YG6 &k SEM A
Fig.6 SEM images of ultra-fine YG6 mixture produced with different ball-milling time: (a) 8 h, (b) 24 h, (c) 48 h, and (d) 72 h
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Table 3 Chemical composition and physical properties of

ultra-fine YG6 mixtures produced with different

ball-milling time

Particle size

Ball distribution Oxygen  Apparent
milling D Do/ Do content, density
time/h 10 30 o0 /% /grem™
um pum um
8 0.618 1.451 6.824 0.28 2.574+0.05
24 0.622 1.323 6.453 0.36 2.534+0.05
48 0.634 1.227 4.029 0.42 2.621+0.05
72 0.631 1.341 5.169 0.52 2.76+0.05

Bl 7 S AN [R5 s Hs g 2% B 4l Y G6 Bl 5T 45 <2 1) <
M. iTCUEH: B 7Ta fAE R Z S0, BTHk
I3/, BARBE R N KEALH, et
LA e 58 WA 78, S G & T AR Z LI
Kl 7b & &P AEE R /NIFLER, R W 23.5 MPa £k &
NFERAE A B, (HAGETE A G /NMAOFLI, R
4 GENERRE, RIEF T, B 7c haHHA
ZUET, HRUEESMERR G, UWHASEARLD
s, B/ 7d SEeHT RIS ZI%, LUHE LR
R, BTROREA, SRR, R
T3 NI R b B S R ) RO, A
HERE, SR L8, HTREER 17
R, FECE S % K

CEGrER 4 MK 7 nTLLE H, WC-6Co 56k A il £

F4 FRAFEIZHEREE. G&EE
Table 4 Preparation of compacts and alloy densities by

different extrusion processes

Extrusion pressure/ Unsintered density/  Sintered density/

MPa g-cm'3 g-cm'3

23 7.20%£0.05 14.66£0.05
23.5 7.381+0.05 14.74£0.05
24 7.42%0.05 14.82£0.05
24.5 7.45+0.05 14.80£0.05

MR A EHES R R, $rI I ad /N, & 8% AR,
AEeE AR, ST FrIsEIK, &850
2o Bk, B H ik R s He Hs g A% IE Y, U R R )
24 MPa, %G E&SMALUER, BUEER.
233 ApH A TR SR m YG6 AR mAR T A A AL
o

FEASRIC L 1R ORE R A I 7, 4% K S 48 h,
BRI IE 7 24 MPa, & T ERABHI B YG6 i i
B aize BT HRA AN VC/CrsCy 25 3 2 58 T i
M VC. CriCys #¥5 VC. CrsCo RS A I i kL
Ko B8 by AN [l 41 il 1) ol 4% 4 Y G6 ot 45 4 11 < AH
MR aTLUEH, K 8a MBI 0.2%VC. 0.5%Cr;Cy
WS, WA Z A WC ik, &
BRI v A A, R BEA M G WC dh kL
KK B 8b RN 0.5%VC 0.5%CrsC, [ 4 A1 IR
Hah WC K ER I Bk, HISAETE D& R KK

Bl 7 ASIFHT D BB A YG6 B3 5 & 4 1 4 4 U (X 100)
Fig.7 Metallographic images of ultra-fine YG6 cemented carbide prepared under different pressing pressures: (a) 23 MPa, (b) 23.5 MPa,
(c) 24 MPa, and (d) 24.5 MPa
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(1] WC kL. K 1.0% 70 A7 BRI b K4 771 5E
HRANH SR K. B 8¢ AN 0.3%VC. 0.8%Cr;C,
A, SRR WC kil B, D
MR EAKIR WC ShRL, ANl KK WC SbkLZ
T WC-6Co H 5k K1 S L i e PE i il (AN,
I 8a R 8b Xt EL AT %1, CrsCy AIFIAR A b4 R0 R
LT VC, B Cr At Co AHHP VAL KTV, FEAK W,
C 1t Co AHT ¥R, NGNS REC K. Bl 8d A
W 0.8%VC. 0.3%CrsC, IEHE ), A& AEAD
K WC ik, R W] I & 1K) VC RERE W]t i) 411
il WC dihi S KoK, vV REBS I T WC SRR T,
FERLRLR T W R, PR WC R IHBE, S0k P,

Pl 9 Sy Vs 0 AN [ 41 1 500 1 26 R 40 Y G6 i S5 45 <6 1)
SEM fE Fro B 9a AN 0.2%VC. 0.5%Cr;C, [F) SEM
JES, AT LA HAEAEA 0 e H BRI WC dekn, K
) WC fnkih 3 pm Z2d7, 5K 8a 45K —3. Kl 9b
KRN 0.5%VC. 0.5%Cr;C, [F) SEM 51, J65 % Hl
KH) WC gk, (HAE/ERZ 1 pm A4 WC ghki, {H
WC ikl B8 ] 9a BB 404k, 518 8b 7 #r 45 H— 3.
K 9¢c NI 0.3%VC. 0.8%Cr;C, ] SEM JESi, T
HAHLKH WC ki, WC gkisys), R2iUE, 4ME
15 . B 9d AN 0.8%VC 0.3%Cr;C, [ SEM JESi,
WC dki B gk, £ 2 =M, WAL 55
KR WC ke, 518 8d 7 #r 4l R — 5.

25 RIS A [R) Rz A i 770 o 4 40 Y Ge il
J G G Al R )RR . TR, 3N 1.0%
Fe Mk G VC/CrsCy REW] 0 I 535 & < 11 53 KK, W

B0 0.3%VC. 0.8%CrsC, il % H 41 YG6 Al JiT 45 <6 1) 5%
J& 5 (2450 £20) MPa, [0 0.8%VC. 0.3%CrsC,
(KA (HV 30) 155 4 4 (221502 100) MPa, B 5t 15
ARG G B R SRR,

DL WC-6Co 54581 K 4y Jsu bk il #5840 Y G6 fill i 15
&, MAEE WC AR RSN 2 0.5 pm B, 4
YG6 Gk B R . N CrCo AU
SRR, H80 WC/Co f AR, Ml WC ki 2
ZINE, INERIEA, 522NN I 2= i 5 A E,
PHAG B AR R ZLUHd J, i HAg & & huas s,
MY I0 VC #il bR, BEAK Co AHF3Y H i AR, 4
b S g, AR R AR R AR TG A AR TR
BB T TR AN RN, v G A

gro R 8. B9 MR S AL, TES A
F12EVERE, WRAN 0.3%VC. 0.8%CrsC, il % H 4 YG6
B ot A5 4 25 A Ve Re d A, TG SRR WC kL, WC
sRLIAAY, PR RSE R 0.4 pm
2.3.4 JR4IREATH LA M YG6 B mAR R oA

89 % v

# WC-6Co EAK A, W IN 0.3%VC. 0.8%Cr3C,,
KW EE 48 h, $5 /5K /7 24 MPa, fEAN R BE4 I T,
HE T ZAZG BN YG6 il it 4.

10 4y AN R o 45 1) 2 40 Y G6 Bl 5 5 <65 <A
W aTLAEH, F 10a i 1320 CEAHA LA AERAS
AR SR RL, WC ShRLAL4H . 1 10b 1 1340 C
SAHHL WC dhkis], TR KM WC ik, K
10c 11 1360 CEAHAZY, FHoREAMORA, HWH WC

B8 WS AN ) it bz A A ) 700 i £ B A Y G6 A B 4 1 < AR T A (X 1500)
Fig.8 OM images of ultra-fine YG6 cemented carbide prepared with different grain sizes inhibitor added: (a) 0.2%VC, 0.5%Cr;C»;
(b) 0.5%VC, 0.5%Cr3;Cs; (c) 0.3%VC, 0.8%Cr3Cs; (d) 0.8%VC, 0.3%Cr;C,



7 RS R A WC-6Co B AR AR #4541 YG6 i & 4 <2507 +

B9 S InAN [ R ORI 7)) 25 BB 40 Y Ge ffl & <6 (1) SEM. IRy
Fig.9 SEM images of ultra-fine YG6 cemented carbide prepared with different grain sizes inhibitor added: (a) 0.2%VC, 0.5%Cr;C»;
(b) 0.5%VC, 0.5%Cr3;C»; (¢) 0.3%VC, 0.8%Cr;C,; (d) 0.8%VC, 0.3%Cr;C,

£S5 RMARBRARKIFIFH ZBE Yo ERESHIIE N F1ERE

Table 5 Physical and mechanical properties of ultra-fine YG6 cemented carbide prepared with different grain sizes inhibitor

added

Content, w/% Porosity Physical and mechanical properties

Ve CrsCs A B WC average Densitg// Magnetic Magnetic X TRS/ Hardness,
grain size/um gem’ saturation/%  coercivity/kA-m’ MPa HV30/MPa

0.2 0.5 02 00 00 0.6 14.73£0.05 5.06%+0.10 34.06+1.00 2100£20 20600+ 100

0.5 0.5 02 00 00 0.5 14.7940.05 5.04+0.10 38.25+1.00 2250420 212004100

0.3 0.8 02 00 00 0.4 14.824+0.05 5.03£0.10 42.12+1.00 2450+20 21500100

0.8 0.3 02 00 00 0.4 14.80+0.05 5.03+0.10 40.02+1.00 2160+20 221504100

Bl 10 ANR) e il BE ) 5 B 40 Y Go T4 4 (¥ & A1 e T
Fig.10 OM images of ultra-fine YG6 cemented carbide prepared at different sintering temperatures: (a) 1320 C, (b) 1340 C, (¢) 1360 C,
and (d) 1380 °C
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pbi K K. & 10d 1380 Ca ML, T E KIS
R SRR KR WC SR, 1380 Chedi & 4xih
YDA NN L R T

Bl 11 AN R e 4 il o i) £ & 462 1) SEM B 1]
DLE H: 8 11a 1320 CReZiiil & WC ShRi gl /N4,
TEAEREAS ) S35 KK ) WC ki, WC SRR £ 355 b
AL, 2. B 11b 1340 CRES:HI4 WC ki
¥5y, RE2WE, SERIE. B 11e o 1360 Che 4l
Fa A AN KK E WC AR KL, AR R A
W, ZREZMIE. B 11d 1380 TRl A 4
HEZ 1 um Zifi WC dhki, WC ik R 246 .

6 AN [ il B 408 25 1 25 B 4 Y G6 B i 45 42 (1 4)
By EvERe . T LG, B B g il BBy, B A1 YG6
B 045 G PR G B RIS, BN, WC R R
WOK, wRPERE S, ety . R S S e .

1320 CIMEEE5 R EAC, WAH Co ANRE AR/ aIH,

K1 SRR S U s 4 B A0 Y Ge T4 42 1) SEM K
Fig.11 SEM images of ultra-fine YG6 cemented carbide prepared at different sintering temperatures: (a) 1320 ‘C, (b) 1340 C, (c) 1360 C,
and (d) 1380 °C

45 WC i kL, 3305 & AE(E AL, BRI P12 58 8 (TRS)
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Table 6 Physical and mechanical properties of Ultra-fineYG6 cemented carbide prepared at different sintering temperatures

Sintering WC average grain Density/ Magnetic Magnetic coercivity/ TRS/ Hardness,
temperature/‘C size/um g-em? saturation/% kA'm” MPa HV;¢/MPa
1320 0.4 14.78+£0.05 5.1240.10 41.08+1.00 2000£20 21200+ 100
1340 0.4 14.80+0.05 5.08+0.10 43.26+1.00 2550+20 22600+ 100
1360 0.5 14.82+0.05 5.07%0.10 37.424+1.00 2460+20 22000+ 100
1380 0.6 14.85+0.05 5.02+0.10 36.10+1.00 2520+20 20800+ 100
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Fig.12 SEM images of fractures in ultra-fine YG6 cemented carbide prepared by sintering at 1340 C
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Fig.13 SEM images of corroded surfaces of ultra-fine YG6 cemented carbide prepared by sintering at 1340 C
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In-situ Preparation of Ultra-fine YG6 Cemented Carbide via Sintering of WC-6Co
Composite Powder

Zhu Ertao', Zhang Jiuxing', Yang Xinyu', Pan Yafei', Yang Jiangao®
(1. Hefei University of Technology, Hefei 230009, China)
(2. Advanced Corporation for Materials & Equipment, Changsha 410118, China)

Abstract: The in-situ preparation of WC-6Co composite powder was subjected to dry-bag type cold iso-static pressing without any
pre-treatment (The pressing pressure was 1x10° Pa and the holding time was 15 s). Ultra-fine YG6 cemented carbide was prepared by
sintering the pressed blank in a low-pressure sintering furnace at a sintering temperature of 1360 °C for40 min, and it was kept under 5
MPa pressure holding for 20 min. The morphology, metallography and physical mechanics properties of the YG6 cemented carbide were
analyzed. The results show that abnormal grain growth can be observed from the ultra-fine YG6 cemented carbide, and the average grain
size of the WC alloy is 0.8 pm. The hardness (HV3¢) is (21500+100) MPa, which is higher than that of the conventional ultra-fine YG6X
cemented carbide. Then, the composite powder of WC-6Co was used to produce ultra-fine size YG6 cemented carbide by processes of
wet-milling, pressure type spray drying, binder adding, extrusion forming, and low-pressure sintering. The effects of different grain growth
inhibitor ratios, ball-milling time, extrusion pressure and sintering temperature on the properties of the alloy were investigated. The results
show that when 0.3 wt% VC and 0.8 wt% Cr;C, are added, wet milling time is 48 h, extrusion is at 24 MPa pressure and sintering
temperature is 1340 °C, the produced ultra-fine YG6 cemented carbide has homogeneous WC grain size, and no WC grains with abnormal
growth can be observed from the OM image of the YG6 cemented carbide. The average grain size of WC alloy is 0.4 um, and the grains are
in polygonal shapes with relatively round outlines. The strength and hardness of YG6 cemented carbide prepared under these conditions
are the highest. The TRS of YG6 cemented carbide is (2250+20) MPa, and the hardness (HV3) is (22600+£100) MPa. Intergranular fracture,
along the WC and WC grain boundary fracture or WC and Co grain boundary fracture can be observed from the morphology of fractures.

Key words: WC-6Co composite powder; ultra-fine YG6 cemented carbide; abnormal growth; WC grains size; wet-grinding; grain growth inhibitor
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