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ASLIGHHER TAE WC SRR/ (0.2, 04,
1.0 um) FARRIBAETALTE T2, #RiT %0k T 200 3
R B E RS G IR R . I E
AL HE T ZHEAE WC kLR EUTRREUS . 455
PR F IS NI R .

1 % I

SEIS AT B RN @3.175 mm*x40 mm, “F3 Co
s URESE, FED N 6%, WC ki K/l
0.2, 0.4, 1.0 um f 3 PRI & &Mkl . KA =57k
Bk 5 % AT A S 0 AR T AL B . R A R K A
(V(HCI):V(HNO;)=16:65) FILI¥ Co MERELFR, N
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(w(K3[Fe(CN)]e):0(KOH):0(H,0)=1:1:10) FH 2k Ji& 1t
SRR WC, BEEHNERIM Co, PAKIEN=F
R 2 i 2 R IR E K Coo SIT AT SLIG KRB, H—
A5 I Ak B 2 [ A0 ot L A SR T 11 B B E 018, WC
AR R ORI VR AR R, T R T 2 ok Y T
FELLIREE, A2 SRR sma,  BREh T i A
Bt PR VS V21 T A 5 B I B AR A A, B
[6 WC &kl K/ (0.2, 0.4, 1.0 um) HIREE, BET
AN TR ARG, B T2 S8% 1 iR, 3
PATE RS T AR UCHEAT 6 75 U0 e LA 25 B 3R T s A &%
=DV TIAL BRI G NI A B T R A o R vz 2E S
YR (HFCVD) TEE R A 4 24k Ui & RA R
ZU % 120 em®/min £ H, (4L 99.999%) Al CH,
(A 99.99%) MRA SR EANR N E, H2EN
oL, R FEARFRAE 2200£50 °C, 2 SRR RN
20 mm, AN &L JJERFELE 1000 Pa, YIRS N 8 he

KH Zeiss Sigma 300 %37 & S8 H T B
B (SEM) WS AR K i |25 1 2 T % 35 B o Il i 6 )i
WEMERMIEH, KARRESEEE (EDS) 40 Hrtik

ETAETZ

Tablel Factorsand levelsfor the AMA treatment parameter

WC size/um Pretreatment Conditions
Acid solution 2 min
Acid solution 4 min
0.2 Acid solution Acid solution 6 min
Acid solution 8 min
Acid solution 10 min
Acid solution 10 min + Murakami solution 1 min
. . Acid solution 10 min + Murakami solution 2 min
0.2 Murakami solution Acid solution 10 min + Murakami solution 3 min
Acid solution 10 min + Murakami solution 4 min
Acid solution 10 min + Murakami solution 3 min + acid solution 10 s
0.2 Acid solution Acid solution 10 min + Murakami solution 3 min + acid solution 30 s
Acid solution 10 min + Murakami solution 3 min + acid solution 60 s
Acid solutionl min
Acid solution 2 min
0.4 Acid solution Acid solution 3 min
Acid solution 4 min
Acid solution 6 min
Acid solution 6 min + Murakami solution 1 min
. . Acid solution 6 min + Murakami solution 2 min
0.4 Murakami solution Acid solution 6 min + Murakami solution 3 min
Acid solution 6 min + Murakami solution 4 min
Acid solution 6 min + Murakami solution 3 min + acid solution 10 s
0.4 Acid solution Acid solution 6 min + Murakami solution 3 min + acid solution 30 s
Acid solution 6 min + Murakami solution 3 min + acid solution 60 s
Acid solution 10 s
Acid solution 30 s
1 Acid solution Acid solution 60 s
Acid solution 90 s
Acid solution 120 s
Acid solution 120 s + Murakami solution 1 min
. . Acid solution 120 s + Murakami solution 2 min
1 Murakami solution Acid solution 120 s + Murakami solution 3 min
Acid solution 120 s + Murakami solution 4 min
Acid solution 120 s + Murakami solution 3 min + acid solution 60 s
1 Acid solution Acid solution 120 s + Murakami solution 3 min + acid solution 90 s

Acid solution 120 s + Murakami solution 3 min + acid solution 120 s
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IR Sr 484k . K H] Smartlab 9kW I3 9 X 2647
BHCo BT SR R i E IR G R o AEE T AR N 40 kV,
TAE N 100 mA, {FH Cu#l, ATHH A Ka 5148,
fTSE N 20°~90°, HFEEEEN 10°/min, H KA
0.01°. K Senterra R200—L #i & 1A% X 4 W A7 45
Py AT I, R KA 532 nme SR = 4E 58 B A
A SR TEREL R o ) W R S 6 L I 2 VA S W
AWESE T, BB RAEZN 183 um, S &
N 0.3 MPa ) JE g v i £ b, BF 5 5% B 1) R B O
10 mm, %4 90°.
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1 AN [FR e ()R =5 VR BRI %I R A 2R
TS . R R, SRAFMEAEMELL, 2R
LS WC @Rz i) H 0D = 1 FLR . AT 1a-1 1) EDS
LT LA, WC-6%Co(0.2 pm)REAK7E B 4L BE 2 min
G, EiEEmERT 6.8%MKE] 2.8%, FEE IR LHE
B P IE K, B 2 AW FEE, ERAHEZE 10 min
(Bl 1a-5) BF, JEARRM A& =08 0.6%. X
WC-6%Co(0.2 wm)F& A3 47 A ] B 1] [ 2 Ak BE A 570 3%
B, BRI B A —E B E R, EERXY WC
RS S5 AH Co A —E M ZBRAER, I HLER b BEE [A]
K, EBRAELET Co MIRCRMLTF . KL, #XF WC-6%Co
(0.2 pm)FFEAA, BB —BRRALFER 8] 4 10 min A] ik 2] %
BRI Co M H M. 1 WC-6%Co(0.4 pm)IEidk 5 R i
WAER 1 min 5, REEH L EZEN (B 1b-1), &
Il Co FEM 6.9%FMKE 2.9%, FRAHE 2 min 5 Co
SEBKH 23% (B 10-2), kS KRRAFRE, Co
EEARWI B, [ERRALFEIA 6 min B, WC-6%Co(0.4 um)
FAARHPAE S EMNN 05% (B 1b-5). it
WC-6%Co(0.4 pm) 3 44 1 47 AN [F] i) (8] 1 R Ak 21 5 &
B, BB D RRACERI (R RS, WA R AR T )
K7 Co. [RIILEFXT WC-6%Co(0.4 pum)Fedk, FERAb
P 6 min I A] ZBRFARRETH) Coo X T WC dbkLECK
1) WC-6%Co(1 pm)F&fd, BRACEE 10 s 5 44 & & H 546
(1) 6.9%FAEE] 5.3% (& 1c-1), FEKERALFLFA]F] 60 s
B, B EREE 2.1% (K 1c-3), HJERAFER AN
120 s I}, WC-6%Co(1 pm)IEik 2 4L & &4 0.6%
(Bl 1e-5), i 2 TTAR G RIA 1 23R o I H A I A mT A
SR, Bl B AL BT (B I3 0, WC ok oK i)
PR T R R, R H I B LIRS E ok .
R ISR R BR Co IR L AN ShoRL ) FE AR T R
XATRESE T WC SR RS/, JRREUE By, SR
S4B Co RBRTEINME. RIS T 20 Shob (1) 4 75 B4

KRR AL BT R IA B L B R AL I EE K
22 WREBREKRZTEFREES S

T WC-6%Co(0.2, 0.4, 1.0 pm)FEiE, #fig=
AP VETRAL PR T2 v 5 — A R A B e £ N TR 43 )
10, 6, 2 min J&, ARELATEEEMALER T 20 5.
2 SN [AI A (8] TR = 5 VR T 1 b R R R T
FiE . IWEF AT DUE HEALE 5, AR 20
BRI FORIES, RS AR R AR, &% R
PR A, BbAl, A ORI T A R A R WC
WURL A 244k, FEARR R RE . WC-6%Co(0.2 pum)
FEARTEGIALEE 1 min J§ (U0 2a-1), WC bR AR
WAMEHE T, FEE T 23.7%H) Co, BB AL H
(R K, L 0 AR B N, R THT H I T 25 A 1
FRES . BARRIM BTN Co HE4kSE N, (HH
EA TR, 4BALTE 3 min J5, I EAAFR T Co
SEONREIE 38.5% (F 2a-3), FEERMNZ S04
PRHAL Y 4 min B (& 2a-4), R HFLIFASE R,
Co Z &t NI 37.1%. BT LLHf & X F WC-6%Co
(0.2 pm)FEAR =1k rR B AL HE () B FERT 1A] 4 3 min. A
2 AT AT 2 W 82 3] WC-6%Co(0.4 pm)FE A2 it
AN [ B TR] Pl Ak 22 5 26 T TR 350 A0 2 2 1R AR A o Ak 2
1 min B 34K 2 [ WC BURLH R B 200 it 2% 170 % 6 11
Co &N 1.6%, KREMHRLF Co VIR OBAE L,
WC ki [a] Chnf 2b-1). BEALIE 2 min J5 R 2T
f) Co S &RIETHE 18.9% (K 2b-2), 4ffib B4k s:
EKF) 3 min B (& 2b-3), FfM Co S ELZEW M
2 27%, JCBT R EAAR AL S E R 2 . i
YOG Pl ]IS 2 4 min B, BAAR T — 2 IR WC &
SR g, SR FLIA R >, M EDS fg A
F Co SR NS 25.3%, LioRIH SR k>
K&, WAL 3 min N, HIAE] 7L WC-6%Co
(0.4 um)FEAR R ARH . 454 SEM M EDS &5 5] LA
EFH, WC-6%Co(1 pm)Ii: i@ il i ab B j5 WC ik 78
EGEHK, SAAREL JRAKICFE WC k2
P75 AR, I A R A R TE] R E K, WC-6%Co(1 pm)
FARRIN Co Fr NS T, HIHALEE 1 min J5131.7%
T3] 36%(3 min J5), B4t 4 min J5 5 & EN 35.7%,
Wt B LKA AL B I (8] Co & B B R0 T, Hik
AT LA 5 WC-6%Co(1 pm) I A = 25 v g b B ) e 1
BHEAN 3 mine £5G FIRTEIE T WC-6%Co(0.2, 0.4,
1.0 pm) B A& B R/ R S g2 m, 45 R
Murakami &7 7t %] WC-6%Co(0.2, 0.4, 1.0 pm)IEik
[ BOE I (A1 3 mine BRI P LA 20 i %) WC 2
FEREER Co, FHHREFEM Co HRA—TIEHNZE%L
EFE TR, USRI — B E, Co A
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Fig.1 SEM surface morphologies and EDS analyses of WC-6%Co (0.2 pm) at A0 (a), A2 (a-1), A4 (a-2), A6 (a-3), A8 (a-4), A10 (a-5);
WC-6%Co (0.4 pm) at A0 (b), Al (b-1), A2 (b-2), A3 (b-3), A4 (b-4), A6 (b-5); WC-6%Co (1 um) at A0 (c), A10 s (c-1),
A30 s (c-2), A60 s (c-3), A90 s (c-4), A120 s (c-5)

FRRRLE BFE, X PR B THUAMRZI M WC IR IE 2.3 =¥ EAMAEREARERRLS N

R E N BAWAYE. AR Co & & TR R ifi e T 5% WC-6%Co(0.2, 0.4, 1.0 pm)Feik =25
RWUE K, SEERE WC ZHi, SRR AP PR B Y AR (BN 3 min J5, 4RSRIEATER
ER IS 48 Co B2 ik =R . WC-6%Co(0.2, 0.4, 1.0 um)



<1142 - M & EM RS TR

53 %
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Element W C Co Element W C Co Element W C Co
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o]

Element W C Co Element W

w/% 545 7 385 w/%  63.2 9.8 27 /% 58 3.9 36

Element W C Co Element W c Co Element W C Co

w/% 553 7.6 37.1 /% 647 10 253 w/% 3588 5.5 35.7

K2 BRI RAEAS FI ) TR WC-6%Co(0.2, 0.4, 1.0 pm)IE/KHIETH SEM K51

Fig.2 SEM surface morphologies of WC-6%Co (0.2 um) (a-1, a-2, a-3, a-4), WC-6%Co (0.4 um) (b-1, b-2, b-3, b-4) and WC-6%Co (1.0 um)

(c-1, c-2, ¢-3, c-4) at M1 (a-1, b-1, c-1), M2 (a-2, b-2, c-2), M3 (a-3, b-3, c-3), and M4 (a-4, b-4, c-4)

BREE =BT T2 G IREERMAES &/ N 0.2%, FLIREESE N, BT Rb, RUEARN—
WE 3 . WC-6%Co(0.2 pm)IEiAZ it A10+M3 4b TERIEN Co T p: LB (K 3a-3). X ULH] WC-6%Co
MG, FEAERMMESEN 38.5%, 48 PR (0.2 pm)FEKRZ A10+M3+A10 s b F J5 7] ik 2 YT

10s J&, AR B Co &)@ B 4R Uk 5B, Co & &R NIATH B SR . BRI HT, WC-6%Co(0.4 pm)3E (A FE &
HPEZE 0.5% (B 3a-1), MERACIE A AEK 2 30 s B, BRI ek ZI 0 TR 0 ZE K, Co BRI M SRR )2 58,
FARRM Co & A 0.3%, AR HBKZ 1 P2 WC BURL ) I ALBR . &3 10 s IERAH S,

FLIF, RERZIHI ER R 60 s I, FEAERMmESE  WC-6%Co KN Co & B & HORE L ER, Co

S

=]
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Element W C Co Element W

/% 86.7 12.8 0.5 /% 859

Element W C Co Element w

Co Element W ) Co

/%  85.1 145 0.3 /% 864

12.8 0.8 wl/% 842 14.4 14

Element w C Co Element W

Co Element W C Co

wl/% 85 14.8 0.2 w/% 854

139 0.7 w/% 788 205 0.7

B3 WC-6%Co(0.2, 0.4, 1.0 pm)FEARL it =B A3 5 1R 50
Fig.3 SEM surface morphologies of WC-6%Co (0.2 um) treated by A10+M3+A10 s (a-1), A10+M3+A30 s (a-2), A10+M3+A60 s (a-3);
WC-6%Co (0.4 um) treated by A6+M3+A10 s (b-1), A6+M3+A30 s (b-2), A6+M3+A60 s (b-3); WC-6% (1.0 um) treated by A120 s
+M3+A60 s (c-1), A120 s+tM3+A90 s (c-2), A120 s+tM3+A120 s (c-3)

EIEAE 4.1% (B 3b-1). HERACHERS A ZEK 2] 30 s T,
TR Co W% 0.8%, WC Pk ] i ik, 2%
RIERRVE W iz 60 s (& 3b-3) i, Co JLRMAFFE
0.7%. X1t B WC-6%Co(0.4 pm)FEEL A6+M3+A30 s
Wb R JE AR IR B PUR & NIA I Ek . WA LLE

W6 R IR kS B ) ZE 4G, WC-6%Co(1 pm) AR
AR FE I Co VIR 2 [k, BHLZ 1) WC UKL 72 ok,
WC Bk ] H B> S LI . 454 EDS $dli, MR
it 60 s B, FAARMME)E Co H4pitig Lk, WC
WAL HE R, Co S FRER] 2.7%, MR 90 s J5
Co Z& TR 1.4%, HFERIZ IS [AIEK 2] 120 s B,

WC i 5] 73 A Fa 85, BAR R T Co & EALUH 0.7%,
AT PL 2 WC-6%Co(1 pm)IEfAZ it A2+M3+A2
A B S 75 A DU G RIAA B EER .
2.4 FERERETEAERESST

P B A BT B IO A < 5 T RELRES 32 P s e o 6] 4
Fime ME 4a vTUCE W, B80T A 43R R RS 2 2 1 R
NGRS EFE TR . WC-6%Co(0.2, 0.4,
1.0 pm) 2 AR PR B2 23 1) AL 46 14 0.169 pum £ B AL 2R
JEZHTIEINE] 0.199 pum, A 0.17 pm ZFRANER 5 12418 fin
£]0.341 pm, M 0.232 um L FRACHEJEZHHE N %] 0.301 pum,
XA B RTERR RS HI I, 2RI 5 85 R Co 5RRETR
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PRI 2 7 A 75 R o £ 7% THREL S 82 385 00 o A0 K 8 S B
[ J5, WC-6%Co(0.2, 0.4, 1.0 um)FE{AZ kRS E 75
SZWE R M F) 0.057, 0.238, 0.233 um, XAl REEH T
1% 2B Co M FEIRZEIN BRI RE FE PR K . MK
4b AT LA, BT G SRS RAL B S R T RS FE 5
S35 BRI « WC-6%C0(0.2 pum)F {472 ThIFH A P
240 EE 1 min 5, H 0.057 pm BIEF 2 0.477 um, [l
FERRA TR (A2 3 min B, FREHKEEZH 0.477 um
WhoE] 0.817 pm, MEHALEERS A 4 min B, FRIAALRE
JE TR B 2] 0.602 pmo WC-6%Co(0.4 pum) I R 2l b
5 R RS B 1 0.238 um FH&E 0.276 um, FEE#AL
PRI TR N3 3 min B, RGP 0.276 pm 190 2
0.437 um, TMHACFEA 4 min B, FEERE NED
0.414 umo WC-6%Co(1 )44 (1) 2 THI HEARS P 76 A 5] Bl
AbERE (] R AR S IR A, SHRALEE 1 min
Ja, FREFEHH 0233 um & 0.246 pum, il & BAb B A
(B4 N2 3 min, FAEFEEE 2 B I0E] 0.425 pm, TERAL
4 min J5, REHKEEEN 0.362 um. 454 EDS i
AL, MRMFEE M Co TR EH, ERRMMRE
Pz B EFES, URMBEEN Co TRWMD)E, &
TR RS B 2 NI . X R E AR M AHREE S Co &
SR RAERT NI, BRVEW 2Bk Co Mg BElRER, %
TR REL RS P8O s A 3 T 8 % HH SR 1) Co %2, SR THIH
RE LR, 1B AN BT T8 Co S A T N, B4
RS B2 A BT AR, SRR SRR IE AR A — 5.
gx b, FRETRAL BN AT DA AR B AR L THI Y WC il Co
(8 &, JERETEZI i 72w A SR TR RE FE 3, A R T
Je BRI IR 2 TR
2.5 RERERBERHRSN

BAR VTR S NG f5 R TR S B Sa-1, 5b-1,
5¢-1 ffizme WC-6%Co(0.2, 0.4, 1.0 pm)IEik EyTFR A
S WA AEN, RS, &R,
WC-6%Co(0.2 wm)F& A _F TR I 4 NI dokn R ROK,
Bl K/NZA 3 um,  EONTHAR S VAR SR (E
5a-1). WC-6%Co(0.4 pm)FEAk - TAR 11 4 WA dioR K
INAREE), R 1~2 um, RLAIMES B, EANHEKE
JVHARIE AR (B 5b-1). 1 WC-6%Co(1 pm)FE4Ak E 3T
B ENIARE SRR 258 2 um, 24K A TEWTT )\
WA, K/ANE), ShEar (B Sc-1). 4RI
HRERE LER TR EAE WC T S4 ffk RS
FRMA O, A PR RS 2 1 52 A 6 I 1 i B AR
A5 G WA SR (111 B (220) St T AR K, S 8UE
A —UUAR S A T & NI R J2 T SR ok R ST AN 58
=3 B, NERIARZ &R LA (K
5a-2, 5b-2, 5¢-2), R J2 A AR 5 I H S LB B

AREER, FU R A IS 2 B B SRR, 10 B B A4 R i
EaEa R, R EDS Mk, m LAERG W
S A SR 2R Co MRUER. WTLEH, &RIAR
JEHEA Co MR I, RIZ 5 Rk 8 1) Ft i th %
A HBLE EREHEZ LI Co )2, RN =Dk
HJF, fAMNEM Co #5864 23 Bk BN M AR (R LIk P
Ao 25 BATIR, =Pk m ol ol B A R T 1 Co 25
B, ARHFHIE T Co 784 WA YIR E F2 AT TR A 48
R HG fEdt T &RA SR sz AL, 2
SRIFEZ S TITERe
2.6 ENREEEEIH

6 =& RNIAEZE K XRD EiE 1 Raman Y6 . A
WC-6%Co0(0.2, 0.4, 1.0 pm)FAk EHENIAGER
XRD E AT LAE H, SRIA (111 F1(220) [ 1) &5
RIS R BLLE 20 v 43.7° F0 7520 46 U9, il &R
WEEEEI)FQ20) 84T EL R, HEA HW &
R . (EfFERNZ, AF WC RSFRIEAE B(111)
FN(220) & T UG 5 LU AN [, 3K P R A2 i A E AR KB
RIS B ) SR TR A AR K RIS B i T SN R E R
G E, nIMERALT 31.2°0 35.3°, 48.3°, 63.9°
65.6°. 72.8°. 76.8° Al 83.8° A:fy WC #H. M
WC-6%Co0(0.2, 0.4, 1.0 pum)IEfE FRERIA %R ZER
Raman 1A DLEH, 7E 1340 cm™ &L HBL T &RIA
RRAE0E, A T RARE NI bR (1332 em™

— 38— WC-6%Co (0.2 pm) &

—@— WC-6%Co (0.4 pm)

—A— WC-6%Co (1 um)

0.24
g
=
< 0.16
0.08
0 2 4 6 8 10
Time/min
1.2 5
—B-WC-6%Co (0.2 pm)
—@-WC-6%Co (0.4 pm)
0.9f ——WC_6%Co (1 pm)
g
=
< 0.6f
03l Wﬁ

0 1 2 3
Time/min
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Fig.5 Surface (a-1, b-1, c-1) and cross-section (a-2, b-2, c-2) morphologies, and EDS spectra (a-3, b-3, c-3) of deposited diamond
coatings on WC-6%Co (0.2 um) (a-1, a-2, a-3), WC-6%Co (0.4 um) (b-1, b-2, b-3), WC-6%Co (1.0 pm) (c-1, c-2, c-3)
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Fig.7 SEM images after scour and edge magnification on WC-6%Co (1 pum) after two-step pretreatment process (a-1, a-2) and on

WC-6%Co (0.2 pm) (b-1, b-2), WC-6%Co (0.4 um) (c-1, c-2), WC-6%Co (1 pm) (d-1, d-2) after three-step pretreatment process
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Optimization of Pretreatment Process of Fine Grained Cemented Carbide and
Properties of Diamond Coating

Wang Yigian'?, Su Yifan®, Zhang Yuming®, Zhang Cheng’, Lin Songsheng®, Dai Mingjiang®, Sun Zhipeng', Shi Qian®
(1. School of Materials and Energy, Guangdong University of Technology, Guangzhou 510006, China)
(2. National Engineering Laboratory of Modern Materials Surface Engineering Technology, Guangdong Provincial Key Laboratory of

Modern Surface Engineering Technology, Institute of New Materials, Guangdong Academy of Sciences, Guangzhou 510651, China)

Abstract: In order to expand the industrial application of diamond coating tool and improve the adhesive strength of diamond coating tool,
the “Acid-Murakami-Acid” (AMA) three-step pretreatment process for cemented carbide with different WC grain size of 0.2, 0.4, 1.0 pum
was studied. The surface morphology of the pretreated substrate, cobalt content and coating morphology were analyzed by scanning
electron microscope and EDS spectrometer. The phase structure of the coating was analyzed and characterized by Raman spectroscopy and
X-ray diffraction spectroscopy. The scour resistance of the diamond coating was tested by dynamic impact experiments. The results show
that the acid treatment plays an important role in removing Co. The smaller the grain size of WC, the longer the acid treatment time is
required. The etching capacity of WC by Murakami treatment increases at first and then decreases, and the maximum Co exposure is
reached at 3 min. Pretreatment can not only change the substrate internal WC and Co content, but also change the roughness of the
substrate surface, which is consistent with the change rule of substrate surface Co content. Therefore, the best pretreatment process of
WC-6%Co (0.2, 0.4, 1.0 um) substrates were determined. The optimal process for WC-6%Co (0.2 pm) substrate was determined as
A10+M3+A10 s, the optimal process for WC-6%Co (0.4 um) substrate as A6+M3+A30 s, and the optimal process for WC-6%Co (1 pm)
substrate as A2+M3+A2. After the three-step method, the substrates obtain uniform and compact diamond coatings, excellent scouring
resistance and great adhesion strength, especially the WC-6%Co (1 pm) substrate.

Key words: cemented carbide; diamond coating; grain size; adhesion strength
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