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ABSTRACT Using an industrial pulsed DC plasma chemical vapor deposition set-up, Ti-Si-C-N
coatings were deposited on substrate of high speed steel. The effect of SiCly; flow rate on chemical
composition, microstructure and phases in Ti-Si—-C—N coatings was explored by means of XRD, XPS,
TEM and SEM. It is suggested that Ti-Si-C-N coatings are of nanocomposite structure composed of
nc-Ti(C, N)/a-C/a-Si3N4. The crystalline sizes are in the range of 2—25 nm. When nitrogen content
in the coatings was very low, Ti(C, N) changed to TiC and the surface morphologies of Ti-Si—-C-N

coatings changed from granular grains to strip—shaped grains.
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Fig.1 Schematic drawing of PCVD system
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Table 1 Composition of the Ti-Si-C-N coatings

(atomic fraction, %)

SiCly flow rate Ti C Si N Cl
mL/min

15 41.4 32.9 12.1 1.0 1.2

12 40.0 34.8 4.7 12.2 0.9

10 39.0 25.3 2.3 12.7 2.4

8 35.5 38.6 3.4 13.3 0.9

40.7  25.2 2.4 11.4 2.1

(%). TR ke SiCly LRy, WERFLLEY, WE
SiCly #fifd?E 5—15 mL/min Z[EZE#RIA, Tifl C
e RARKAE N, ST N A& A B,
Si & EIKRECH S B, W SiCly WEHE 512
mL/min Z e, N SEERR/DN 4 SiCly ik
#%E 15 mL/min &, N @&ELE2REITRE. HIAK:
b SiCla JiLEI I, F&FRHr SR FaR ik
i, IR SiA Bk EE B0, T St &N —E Lt
(~12.0%) 5, A AREMLIE N TR A, Bk,
By N &L g TR
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i, S SiCly f93iht, MR TETE AR b SRR A B
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ey
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Fig.2 Surface morphologies (a, c) and cross—sectional micrographs (b, d) of Ti-Si-C-N coatings at SiCly flow rate

of 5 mL/min (a, b) and 15 mL/min (c, d)
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Fig.3 X-ray diffraction patterns of Ti—Si—C—-N coat-
ings with various SiCly flow rates, only TiC
peaks appearing at 15 mL/min, Ti(C, N)
peaks appearing when SiCly flow rates de-
crease ( — TiN, - - - TiC)

Rl 5 KR SiCly jiih: Tl #5#) Ti-Si-C-N ulipERY
TEM ¢ i T8 E. & ba A 15 mL/min () SiCly
W T %8y Ti-Si-C-N L. Hrr, Sif1C &Eit
3R 12.1% F1 32.9%; MIEA] WAL SR R T2 2
nm, BT FRELL R L. & 5¢ 24 10 mL/min # SiCly
BT H&MN Ti-Si-C-N i HEd, Sif1C e

(a) Si2p in SigNs

5

©
=
i

c
2
1=
115 110 105 100 95 90
Binding energy, eV
(b)
Ci1s in TiC

3

@

>

B Cisin C-C

[=

2

£

1 L 1 1 i
287.0 285.0 283.0 281.0 279.0

Binding energy, eV

Bl 4 SiCly ittty 10 mL/min Bl &K Ti-Si-C-N K
Ft Si2p 1 Cls gy XPS [

Fig.4 XPS of the Si2p (a) and Cls (b) in Ti-Si-C—
N coating deposited at 10 mL/min flow rate of

SiCly, Si2p peak position corresponding to SizNy
and two Cls peak position to C-C and TiC, re-

spectively
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Fig.5 TEM micrographs and ED patterns for Ti-Si-C-N coatings with SiCly flow rate of 15 mL/min (a, b) and 10
mL/min (c, d), EDPs in Fig.5a and Fig.5¢c corresponding to TiC and Ti(C, N) respectively, EDPs in Fig.5b

and Fig.5d to amorphous SizN4 and C, respectively
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