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Effect of Si Addition on the Corrosion Resistance of CrN Coatings in a
' Deaerated 3.5 wt.% NaCl Solution
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Abstract

CrSiN coatings of stepwise changing Si concentration were deposited on stainless steel by closed field
unbalanced magnetron sputtering (CFUBM) system. Microstructure of the films due to the Si concentration
is measured by XRD. The corrosion behavior of CrSiN coatings in deaerated 3.5% NaCl solution was inves-
tigated by potentiodynamic test, electrochemical impedance spectroscopy (EIS) and surface analyses. The
microstructure of CrSiN film depends on the Si concentration. When Si/(Cr+Si) was under 11.7%, preferred
orientation is defined at CrN(220), CrN(311) and Cr,N(111). The results of potentiodynamic polarization tests
showed that the corrosion current density and porosity decreased with increasing Si/(Cr+Si) ratio. EIS mea-
surements showed that the corrosion resistance of Si-bearing CrN was improved by phase transformation
of the film, which leads to increase of pore resistance and charge transfer resistance. At the Si/(Cr+Si) ratio
of 20, the Si-bearing CrN possesses the best corrosion resistance due to the highest pore resistance and charge

transfer resistance.
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Fig. 1. Schematic diagram of the CFUBM for CrN
coating deposition.

Table 1. Main deposition conditions

Deposition Parameters Condition

Base pressure 0.003 Pa

Air pressure 0.1 Pa

Working pressure 03 Pa

Target power density gr : 20 Wem’ 2
i: 0.38 — 17.8 W/em

Jig rotation speed 16 rpm

Distance between 100 mm

Substrate and target

Substrate bias voltage -100 V

Interlayer Cr (400 V)

Substrate STS 316L
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. 2. XRD patterns of CrSiN films with various Si concentration.
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Table 2. Results of potentiodynamic polarization tests

Specimen Feor Jeor B. B R Porosity
(mV) (nA/em?) (V/decade) (V/decade) (x10° Qcm”)
Substrate -114.6 249.3 0.1285 0.1868 1327 -
CiN —-155.9 54.90 0.3853 0.0668 450.7 0.2301
CrSiN (Si/Cr+Si : 3.7) —67.33 30.25 0.2925 0.0904 992.5 0.0922
CrSiN (Si/Cr+Si : 11.7) —91.44 2.651 0.1985 0.0644 7975.7 0.0127
CrSiN (Si/Cr+Si : 20) -172.7 0.0845 0.4963 0.0281 136793 0.0031
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Fig. 3. Potentiodynamic polarization curves in deaerated
3.5% NaCl solution.
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Fig. 4. Comparison of porosity for the coatings.
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Fig. 5. Nyquist plot for specimens after 3 hours immersion
(Before potentiostatic test).
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Table 3. Electrochemical parameters obtained by equivalent circuit simulation

R CPEI R CPE2
S ore t
(ohm-cm?) | CPEL n (ohmp-cmz) CPE2 | n (ohm-cm?)
(*107°F/cm’)|  (0~1) (*10°F/em’)|  (0~1)
CrN 3.271 200.5 0.906 1238 1.859 1 4924
) SUoaSiiayy | 3948 | I | 08838 | 287 | 07781 | 06744 | 5033
Before SN
potentiostatic test i /Cr+rSi1' 11.7) 5.177 59.92 0.9144 2763 0.6254 0.7272 9469
CrSiN
(SUCr+Si : 20) 3.072 45.34 0.8469 1878 0.3634 0.4915 17090
CrN 3.33 8580 0.887 67.05 1482 0.5282 185.2
si N 5 | 322 901 1 363 919.8 0813 193.5
After C S'I\i .
potentiostatic test (Si/Cr+rSil S 117) 4.079 531.5 0.8859 3342 966.4 0.7593 288
s SN 0y | 5107 1527 | 08953 | 46656 146.5 I 4479
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Fig. 10. SEM images showing surface morphologies of CrN coatings after potentiostatic and EIS; (a) CrN, (b) CrSiN(S¥/
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M
B QAvE @kl Aks dasta So
zil §8 Ew/1E AT A7H AYom
olFoi7l AomA WAR AHEA BAEYL,
EHoEs

1. W. Ruppert, U. S. Patent 2962388.

. C. Lee, Thin Solid Films, 86 (1981) 64.

. T. Hale, Int. Machine Tool Show Technical Conf.,
(1982).

. H. Yoshihara, Thin Solid Films, 76 (1981) 1.

. K. Kashiwagi, K. Kobayashi, A. Masuyama, Y.
Murayama, J. Vac. Sci. Technol. A, 4 (1986) 210.

6. G V. Samsonov, High-Temperature Materials, Properties
Index, Plenum, New York (1964).

7. Y. Chiba, T. Omura, H. Ichimura, J. Mater. Res.,
8 (1993) 1109.

8. W. D. MUnz, J. GObel, Surf. Eng., 3 (1987) 47.

\S]

W

9.

10.

11.

12.

13.

14.

16.

17.

K. H. Kim, S. R Choi, S. Y. Yoon, Surf. Coat.
Technol., 298 (2002) 243.

J. B. Choi, K. Cho, M. H. Lee, K. H. Kim, Thin
Solid Films, 447-448 (2004) 365-370.

S. Veprek, M. Haussmann, S. Reiorich, Li Schzhi,
J. Dian, Surf. Coat. Technol., 86-87 (1996) 394-401.
S. Veprek, S. Reiprich, Thin Solid Films 268 (1995)
64.

H. Y. Lee, W. S. Jung, J. G. Han, S. M. Seo, J.
H. Kim, Y. H. Bae, Surf. Coat. Technol., to be
published (2005).

B. D. Cullity, Elements of X-ray Diffractions, 2
(1978) 286.

. S. Veprek, S. Reiprich, Thin Sotid Films, 268 (1995)

64.

B. Matthes, E. Brozeit, J. Aromaa, H. Ronkainen,
S. P. Hannula, A. Leyland, A. Matthews, Surf. Coat.
Technol., 49, 489 (1991).

S. H. Ahn, Y. S. Choi, J. G Kim, J. G. Han, Surf.
Coat. Technol., 150 (2002) 319.



