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1-gas source; 2-steady flow valve; 3-mass-flow gas meter; 4-ball
valve; 5-mixing tank; 6- heat tape; 7-temperature controller; 8-

TiCl, evaporator; 9-pre-heater; 10-heater; 11- purification plant

K1 CVDIEERE
Fig.1  Schematic diagram of CVD apparatus I-gas supply
system; 1I-Ti supply system; IlI-deposition system; IV-

exhaust gas treatment system
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1-nitrogen; 2-steady flow valve; 3-mass-flow gas meter; 4-ball
valve; 5-mixing tank; 6-heat tape; 7-temperature controller;
8-cracking feed oil; 9-pre-heater; 10-heater; 11-condenser;

12-liquid collector
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Fig.2 Schematic diagram of apparatus
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Table 1 Properties and coking test parameter of n-hexane, cyclohexane, benzene and RP-3

Properties n-Hexane Cyclohexane Benzene RP-3
Boiling point/°C 69.0 80.7 80.1 163.0~212.0
Purity(>) 97.0 99.5 99.5 -
Pyrolysis temperature/°C 730 770 810 750
Molecular mass (mean)/g mol™ 86.2 84.2 78.1 136.2
Density (20 °C)/g ¢m™ 0.66 0.78 0.88 0.79
Vapor pressure (20 °C)/MPa 17.0 12.7 13.3 -
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'3 310S. TiN Rl TiO, ik /Z3K1H SEM HE
Fig.3 SEM images of 310S (a), TiN coating (b), and TiO,

coating (c)
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Table 2 Elemental composition of TiN and TiO; coating

TiN TiO,

Element wl% at% Element wl% at%

N K 23.79 51.64 OK 36.34 63.09
TiK 76.21 48.36 TiK 63.66 36.91
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Fig.4 XRD patterns of TiN (a) and TiO, (b) coating samples
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Table 3 Mass of cokes on samples surface per square

centimeter, M (mg/cm?)

Sample n-Hexane Cyclohexane Benzene RP-3
310S 0.5997 1.924 0.8149  0.9876
TiN coating  0.00054 0.2657 0.2252  0.05254
TiO, coating 0.09963 0.2738 0.3441  0.3104
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Anti-coking Ratio/%

5 TiN. TiOp i 245 FE M &
Fig.5 Anti-coking ratio of TiN and TiO; coating
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El6 AEMMRFET 310S KWLM SEM | A
Fig.6 SEM images of cokes on the surface of 310S substrate with n-hexane (a), cyclohexane (b), benzene (c), and RP-3 (d)

B 7 RREMEFES TIN RE LTS SEM B

Fig.7 SEM images of cokes on the surface of TiN coating with n-hexane (a), cyclohexane (b), benzene (c), and RP-3 (d)
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K8 AFERMEE TR TiOp i /Z R M4 SEM 1
Fig.8 SEM images of cokes on the surface of TiO, coating with n-hexane (a), cyclohexane (b), benzene (c), and RP-3 (d)

K19 770 CRANFEZM R R 458 SEM JIE
Fig.9 SEM images of cokes with different hydrocarbons at 770 °‘C n-hexane: 310S (a), TiN (d), TiO,(g); benzene: 310S (b), TiN (e),
TiO; (h); RP-3: 310S (c), TiN (f), TiO. (i)
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K110 810°C TIEC kiR SEM I v
Fig.10 SEM images of cokes with n-hexane at 810 °C: (a) 310S, (b) TiN, and (c) TiO>
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Preparation of TiN and TiO, Coatings on Stainless Steel Surface by Chemical Vapor
Deposition and Their Anti-coking Property

Hu Shengwang, Liu Bin, Tang Shiyun, Zhu Quan, Wang Jianli, Zhang Qiyi, Li Xiangyuan
(Sichuan University, Chengdu 610065, China)

Abstract: In order to avoid the catalytic cokes forming, the TiN and TiO, coatings were deposited on the surface of the 310S stainless
steel flake with the diameter of 10x10x0.9 mm by atmospheric pressure chemical vapor deposition. The deposition temperature was
850 <C for TiN and TiO,, and the deposition time was 2.5 h. The morphologies and structures of the coatings were analyzed by SEM, EDS
and XRD. An atmospheric pressure cracking system was set up for evaluating the anti-coking property of TiN and TiO; coating with
n-hexane, cyclohexane, benzene and RP-3 as feedstock. The results show that the TiN and TiO; coatings are continuous, close-packed and
homogeneous; the titanium nitride in the coating has cub phase, Ti and N atomic ratio in the titanium nitride coating is 1:1, and the
titanium oxide in the coating is the Ti,O3~Ti3Os stoichiometrically. TiN and TiO, coatings exhibit an excellent anti-coking performance.
The anti-coking ratio of TiN coating for n-hexane, cyclohexane, benzene and RP-3 is 99.91%, 86.19%, 72.36% and 94.68%, respectively;
correspondingly, the anti-coking ratio of TiO, coating is 83.39%, 85.77%, 57.78% and 68.57%, respectively. Hence, the TiN coating has a
better anti-coking performance than TiO, coating. The morphologies of the cokes on 310S surface are mainly filamentous cokes, and TiN
and TiO, coatings inhibit the filamentous cokes formation.

Key words: chemical vapor deposition; TiN, TiO, coating; pyrolysis; coking; anti-coking
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