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Effect of ambient pressure on diamond films on
boronized WC-13%Co substrates

WEI Qiu-ping', YU Zhi-ming', MA Li*>, YOU Xiao-long', FENG Jie', WU Xiao-bing', LIU Wang-ping '

(1. College of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Key State Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The diamond films were deposited on boronized WC-13%Co substrates via hot filament chemical vapor
deposition in a reactor with a background pressure of 10°° Pa. The surface morphology, texture and adhesion of the
diamond films were investigated by means of field emission scanning electron microscope, X-ray diffractrometry and
Rockwell hardness tester, respectively. The results show that a surface layer of stable cobalt borides of CoB, CoW, B,
and CoW;B; formed at 950

when diamond films are deposited. The surface morphology and texture of the diamond films are remarkably affected by

can effectively reduce the diffusion of Co to the surface of cemented carbide substrates

the ambient pressure when the substrate temperature is 750-800 ‘C and the percent of CHy is 3.3%. Compared with the
two-step pretreatment, the boronizing is much better pretreatment to improve the adhesion.
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Fig.1 HFCVD reactor with ultra high vacuum: (a) Photography

of system; (b) Schematic diagram
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Table 1 Deposition parameters of diamond thin film
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Fig.3 XRD pattern of surface of boronized substrate

pretreatment
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K 4 Fios AAFYIRVSE R 4RI IR RS . p
=1.33X10° Pa i, ML ZENENIAHZ A 4 4
(LI %8 1 ANL00) I R b B, A In A, &

Filament Filament substrate Substrate Gas pressure/ Total gas V(CH.)/V(H,) Reaction
temperature/ distance/mm temperature/ Pa flow/(cm*min ") + 2 time/min
2300+ 100 9+1 770 20 1.33X10°-5.32X 10° 30-70 33 180

2 ANFETACFE YG13 Feik R S

Fig.2 Surface morphologies of YG13 substrate with different pre-treatments: (a) Untreated; (b) Boronized; (c) Two-step pretreated
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4 ANFRURVU TS S WA s i T 3
Fig.4 Surface morphologies of diamond films deposited under different ambient pressures: (a), (b) 1.33 X 10° Pa; (c), (d) 2.66 X 10°
Pa; (e), (f) 3.99X 10° Pa; (g), (h) 5.32X 10° Pa

i RAF 22RO, RIS RCK: p=2.66X10° Pa I}, JiRs: p=3.99X10° Pa I}, Wiki% BEE(111)H, AT
FE G RN P4, 5 1.33X10° Pa AL S B £, FLLEMIG R 22, p=5.32X10° Pa I, &HI47
ENSEE Rt e SR TR DAL B RO Y A B =gs & 1 AT B P, OB, H AR b 2 a1
I BOS T IARFNIE — ik ghty, wiE s i 3.99 X 10° Pa IFRIAREL
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Fig.5 Diamond icosahedral crystalline particles: (a) 30 min

nucleation; (b) 90 min deposition
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Fig.6 XRD patterns of diamond films deposited under different ambient pressures
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Table 2 Peak of XRD pattern of various samples

No.  20/°) d/nm I% FWHM &kl
1 75302 0.126 10 — — 220
2 75477 0.12585 8.4 — 200
3 75422 012593 137 — -

4-1 75317 012608 116 0276  —

42 75458  0.12588 111 0266 —

43 75397 012596 112 0254  —

4-4 75421 012593 117 0252  —

1—Diamond; 2—Tungsten carbide; 3—Boronized WC-13%Co;

4—Diamond/YG13 with various ambient pressure (4-1—p=
1 300 Pa, 4-2—p=2 700 Pa, 4-3—p=4 000 Pa, 4-4—p=5 300
Pa). I is the relative intensity of diffraction peak corresponding

to (101) peak of WC.

EHT WC(200) U [ - e A5 £ 122 0 11 72 A4 ¢ LA KT
(400)if 4k XRD T5)HE R, A ML EMRITRUE
AT N A RIAT (3 11) s (33 1)U, Bt <1 (K14 K P
TS VAR 2K o

* 3 5T HAREES PDF KA ENIAT
(111). (311)~ (400)F1(331) 50 IE(H . SR HIZH
A LAZ: L ASTM 45 H 1K) 48080 FH XS i S o B 2 T 1)
PO R RAE . LUAE R B AR AERE SR, A S
TEREWI . HHER 3 WA, PrAFEM ) I11)/1(311).
I(L1)/I400)FT TA1)/IGB3 1) A 34 = T ILhRUE(E, il
WA & RIA A AE (LD, HLTBVSUE N 2.66 X
10° Pa B (111) 2Lk 5 g 1 12
2.4

7 Btk YG13 SR A2 5 4 NI A 3815 1) i R

3 FEAh BB X SR AT S e R A X i A

Table 3 Peak relative intensities of diamond films

SEM 1. Wi 4k 4 B8 5 AN [H) <8 B UORR B AR R A
1500 N #fii N N2 20 s f5, FBUEARZ N 350 pm,
FEIRBIAR SN WIS . B p=2.66X10° Pa £}
i (R R A P AR U AR ardt, e 1) R Hh L 1k
U, p=5.32X10° Pa £ 5 1 F IR BB R0 9%
MG, FEIRMTENIAEE R RS, %S5
ZIAEE R EALRR, KORFRIR -S4 & ). (R,
YGI13 LM AL B S (T A5, 7 600 N AT 1000 N
By NRIL R MEETERE, B8E IO
REN RIS

Kl 8 BTk YG13 0 Ab 1S S WA I
JRIF) SEM 8. #HLLZ T, BVkmikb 25 AH R 4%
P IR TR DRI AR S A5 320 N Zifir B Hs IRk
A DERE S I 1~2 S5 T80 PR RS0 AH R H I B
% 15 600 N #ifar N INE 20s 7, HHTHARAN
180 um, Frfy KR HIL T IBURMERS, A IS A7
ERTHAR B Wiva SIS, i HIR — A AR X
A P R AT AR BOR 2

FEIRMNRSE B s, YG13 FEARLe [H &0k kb 3
Je DURR BT AR it 1) =5 B 1 R B A T — 25 i
Wb . RS VLA B S A5 T A S A T i
A AT Co, HHTUIRER RS A it 2,
FARNE Co MARSIEVIRUI P MRy .
Gb, ZAVEAE B IRR BEAN L AR, RO EAA A B il
R, B HORIR AN S B AIR R AR, it Hoax ™
AERERFL. HT CVD R 2 IR A R IR,
XEERAAE VIR R TGV E I 7, B st B 1 ok ik vl
JELE T PRI R BE o WA A B BB A A AR 2 1T W B AR E 1)
MBI A, RGBT OB R Co I %,
MR T Co WIAFIFLWY, TMITHINIILIZ R, fEh%
$EmBHIE Co FHUMIGE ST, MIiAT s R Co X 4N
AEAZIE, PR, I KRGS 6 NIl
S (P B

No. I(111) 1311) 1(400) 1331) IAYIG1)  I(11)/I(400)  I(111)/I(331)
ASTM 100 16 8 16 6.25 12.50 6.25

4-1 964 109 54 34 8.84 17.85 28.35

4-2 1061 66 34 51 16.08 3121 20.80

4-3 304 29 22 30 10.48 13.82 10.13

4-4 344 39 27 26 8.82 12.74 8.82
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Fig.7 SEM images of indentation (1 500 N) of diamond films deposited under different ambient pressures on boronized substrate:

(a) 1.33X10° Pa; (b) 2.66 X 10° Pa; (c) 3.99 X 10° Pa; (d) 5.32X 10’ Pa

Y613

100um KYKY-25800 0O~

8 UL BLE (AL EAN RGO R ITARAE ih E 600 N s R HJRIK SEM 5
Fig.8 SEM images of indentation (600 N) of diamond films deposited under different ambient pressures on two-step treated

substrate: (a) 2.66 X 10° Pa; (b) 3.99X 10° Pa; (c) 5.32X 10° Pa;

2) YIRS R WA R d RN . —

IR A KSR B W 5. G DURV R R 4

Ko SR Z, AZERERN, SRR R

WD, UL RGN, R AT SR I 4
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