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Abstract: The diamond coatings may strengthen the stability of the titanium abutment screw in dentistry for improving
its lifespan. The nanocrystalline diamond (NCD) and microcrystalline diamond (MCD) films were deposited on titanium
alloy (TC4) by hot-filament-assisted chemical vapor deposition (HFCVD). The morphology and quality of the diamond
films were evaluated by SEM, AFM and Raman spectroscopy, respectively. The adhesive strength between the film and
substrate was characterized by scratch test. The results show that as-deposited NCD and MCD films have continuous,
dense, small surface roughness and good adhesion. The friction experiments indicate that diamond coating lowers the
friction coefficient and friction rate. The friction coefficient of NCD and MCD are about 0.09—0.15 and 0.18-0.22,
wherein, the artificial saliva exhibit even lower. MCD coating also promotes the corrosion resistance in artificial saliva.
All the results present that TC4 surface deposited with NCD film provides superior performances than MCD film.
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Table 1 Deposition conditions for diamond films on TC4 substrates

Film CH, flow H, flow rate/ Ar flow rate/ Gas pressure/kPa Deposition Deposition
rate/(mL-min") (mL-min”") (mL-min") p temperature/'C time/h
NCD 4 32 60 2 600-620 2

MCD 2 98 0 3 650 1.5




2565 6

LR, S AORBOR S NI TN A A B B R RE BT L M BE K 5 1599

TF1 VS50 R0 2 T REDRE B2 EAT R AE MK . A vy 201
(LabRAM ARAMIS Raman spectroscopy )Xy e i Jit i
HATRAE, HrPEosK ol 532 nm, @B IFN
21 mW, JEHER/NAEAEHR 1 pm.

K R IR 2 A U 5 B AR R 45 5 s e, Kl
JRACHZEE UMT-2 Zi_FEIK RS, ISk bR
T IR B C A NI s 2k, [BAHETE Hs Sk T A 4 1200,
HESLAAR0 0.2 mm, e REATh 25 No MBI 255 0
JEE TR I AR AR A AT I, AL AN T3 K Sk 1 Y
JIRRNN R, I TT 4y IS A4 R I 1)t S 28
KA E o

JEE P PR 41 S B0 A FH 1 2 56 ] UMT—2 B 5K
BB, A7 S WA AN BAT B WA B TC4 13 1y
R EEBEE, oA N LMo S, A 9.5 mm
EARHI R AR AN A BRVE O BEBE R HEAT XS B, 14T
MK 180 r/min, FEANEMT A 5 N, FEEEIE Y
1500 so

3 t \
\\\ A L : ' i;\'

BHAR A A 1 2 FH A DU et P s Jo b vk R, R H
/& CHI660E Ak~ T/Eu5(CH Instruments, Austin,
TX)o Rl AF il e HL b, A A e Bl 3 T A8 FH XY
ALK (>18 MQ)EYE, AT, FFEmET
N LHER T 24 b LS B R AR E « W5 K H 1)
S = RIRT VB AR Hab, 1A Ag/AgCl
HECOh 2 LA, N TR LR SO SRBe 4
R AN 1 mV/s, FHRETE I E A7 ) 1F 1] Ay
4 2 Vi MR B TR, R FFIEE 37 Co

2 HREWR

21 SNAREEBFESH

Bl 1 sk e WA R R AT SEM . A
K1 af LA Y, NCD FIl MCD R 8, 4k
1, WA BMRE, O aVE R R R 2 A

El1 PURT TC4 J4k NCD A1 MCD i (¥ & il /2 9 & NCD Fil MCD ###fi ) FE-SEM {2
Fig. 1 Surface morphologies of NCD(a) and MCD(b) films deposited on TC4 substrates and cross-section FE-SEM images of

NCD(c) and MCD(d)
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Fig. 2 AFM images of different diamond films deposited on TC4 substrates: (a) NCD; (b) MCD
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Fig. 3 Raman spectra of deposited NCD and MCD films
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Fig. 4 Surface morphologies of samples after scratch test: (a)
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Fig. 5 Variations of friction coefficients during sliding of
NCD film, MCD film and uncoated TC4 substrate (3
Hz frequency and 5 N normal load for 1400 s): (a)

ZrOy+artificial saliva; (b) Cr-steel+artificial saliva; (c) Cr-steel
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Table 2 Final friction coefficients of NCD, MCD and TC4

Friction coefficient

Film
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saliva saliva
NCD 0.15 0.09 0.33
MCD 0.18 0.22 0.31
TC4 0.40 0.28 0.48
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Fig. 6 FE-SEM images of NCD(a), MCD(b) and TC4(c) after

friction tests against chrome steel ball in ambient air
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Table 3 Hardness and elastic modulus of different materials

Material Hardness/GPa Elastic modulus/GPa
Diamond 100 1120
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Cr-steel 62HRC 200
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Fig. 7 Anodic polarization curves of different diamond films

and uncoated substrate in artificial saliva at 37 C
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