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Effects of chemical surface pretreatments on diamond coatings on
cemented tungsten carbide substrate
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Abstract: Diamond films were deposited on cemented tungsten carbide substrates of various cobalt content (3%, 6%,
10% and 12% Co) by hot filament chemical vapour deposition (HFCVD) to assess the role of cobalt on the quality and
adhesion (reliability) of diamond coatings. The samples were characterized by X-ray diffractometry (XRD), scanning
electron microscope (SEM) in combination with energy dispersive spectrometer (EDS). Prior to deposition, the substrates
were submitted to surface roughening by Murakami’s etching and to surface binder removal by acid liquor. The adhesion
was evaluated by Rockwell indentation tests (60 kg) conducted with a Brale indenter and compared with the adhesion of
diamond films grown onto WC-3% Co, WC-6% Co, WC-10% Co, and WC-13% Co, which were submitted to similar
etching pretreatments and identical deposition conditions. According to the statistic table of adhesion distribution of 105
samples, YG3 substrate which has enough adhesion is 89%, and that of YG6, YG10 and YG13 substrate is 24%, 7% and
0%, respectively. However, the rate-of-failure of them is 0%, 64%, 72% and 79%, respectively. The results show that
diamond films on YG3 substrates exhibit good adhesion levels, compared with those obtained for HFCVD diamond on
YG6, YG10 and YG13 with similar microstructure.

Key words: diamond films; cemented carbide; pretreatment; adhesion

Igis BE: 2007-10-24; 1&iTHEA: 2007-12-21
BIAEE: &M, #0%; Bif: 0731-8830335; E-mail: zhiming@csu.edu.cn



$18 4 6 W

BAKCE, S5 2B BT 13 SRR B A ) 5 1071

B & ) AR W BARDI ) TR 30, 78
JLRTYURRA — 2 AT R ST 45 & MR THORLRE 32 1)
SN G AT ey 3 SRS L & LA,
1 LA T4 s 40 0 TR0 DI oA, A 38 4 e
JEIR B R D) 8 TS PR BT 3 B )Y e o

o WA R 5 T 4 R [ 45 5 R A e
Wi 2 0 4 T LA 5 i (S R =L 8k,
WA ST A G AR 2 (R IR ) 2210 ), 0 — E
CECELITEN

SODERBERGZPWI TNy, B ) 2 1) 3 2 it
D] UG A3 D71 SRR R 2 AL A, T35
AR TR ) ST A7 R R FLRR S 4 b
VE IR e LA e g SR Ve, s ek kv
FRZEE G SR SR A LK. sk,
P2 B R T SR SRR I 22 57, B AR 2 N AP AE
BRIV I o FLAORE SRR 1) 60T 52 e U AN
A,

2 MO A BT i v < Ay B 5 T 75 G
AR 1 5 5 50 R A — P 5 B S T B A ST
/N 20004 LUK AE Ak 27 J Al Ak 31 7 THIAR T — 28 T
Y5, ZRIFEYG3. YG6. YG10. YGI36ji&r 4 Bt
T WA 7EUt, RSB R TR — 2
ANFES TSI IS BT AT RS, B TR T RS S
A BT AN TR A T R 4 WA B P 5 e A

1 3XI§

M YG3(WC-3%Co). YG6(WC-6%Co)~ YGI10
(WC-10%Co)~ YG13(WC-13%Co) 4 FhA[F] Co 5 &1l
G 4 PO E o5 E, RS2 6 mmX 6 mmX3
mm. FEARTE TR 2 BT CBEAT A4 2% i Al 4k 2RO 4 M

R1 NIRRT ZS3 5

Table 1 Deposition parameters of diamond thin film
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Table 2 Parameters of chemical surface pretreatments
Treat No. Treat 0 Treat 1 Treat 2-1 Treat 2-2

Processing parameter ~ Untreat Reagent A etching 5 min

Reagent B etching 20 min;
Reagent C etching 30 s

Reagent B etching 30 min;
Reagent C etching 30 s
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Fig.1 SEM images of WC-3%Co substrates under different pretreatment conditions: (a) Treat 0; (b) Treat 1; (c) Treat 2-1; (d) Treat

2-2
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Table 3  Surface cobalt content of WC-3%Co substrates after various pretreatments

Treat No. Treat 0 Treat 1 Treat 2-1 Treat 2-2
Surface Co content/% 2.88 2.08 1.36
R4 YGO AL il A B G HEAR I (0BG
Table 4 Surface cobalt content of WC-6%Co substrates after various pretreatments
Treat No. Treat 0 Treat 1 Treat 2-1 Treat 2-2
Surface Co content/% 5.99 2.17 0.82
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Fig.2 SEM images of WC-6%Co substrates under different pretreatment conditions: (a) Treat 0; (b) Treat 1; (c) Treat 2-1; (d)

Treat 2-2
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Fig.3 SEM images and EDS patterns of WC-10%Co substrates after supersonic assisted chemical pre-treatment: (a) Reagent B

supersonic assisted etching 15 min; (b) Reagent C supersonic assisted etching 1 min
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Fig.4 SEM images of WC-13%Co substrates under various chemical pre-treatment: (a) Stewing treat 2; (b) Reagent B stewing

etching, then reagent C supersonic assisted etching; (c¢) Supersonic assisted Treat 2
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Fig.5 Surface morphologies of diamond coating on WC-3%Co substrate after various pretreatments: (a) Treat 0; (b) Treat 1; (c)

Treat 2-1; (d) Treat 2-2
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Fig.6 Adhesion criterion of indentation method
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Table 5 Adhesion distribution of diamond coating on cemented tungsten carbide substrate after chemical surface pretreatments

a b c d e f g h
Substrate
Non-distroy Collapse HF1 HF2 HF3 HF4 HF5 HF6
WC-3%Co 26 11 52 11 0 0 0 0
WC-6%Co 10 4 10 4 8 6 32 26
WC-10%Co 0 21 0 7 0 0 43 29
WC-13%Co 0 0 0 0 21 43 7 29
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Fig.7 SEM images of indentation crack morphology for diamond coating on cemented tungsten carbide substrate
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Fig.8 SEM image of cutting edge at Treat 2-2 WC-6%Co

substrate
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Fig.10 Surface EDS patterns of Treat 2 WC-13%Co substrate
after high-temperature
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