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Tab.1 Factor-level table of the orthogonal experiment
Factor
A B C
Test
H, TiF H,ZrF, NaHF,
(60% ,g/L)  (45% ,g/L) (¢/L)
1 4 6 1.0
2 8 12 1.2
3 12 18 1.4
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Tab.3  Best technology of Ti/Zr based chemical

conversion

Technique parameter

H, TiF, (60% ,g/L) 8

H,ZrF, (45% ,g/L) 6

NaHF, (g/L) 1.2

Additives Suitable amount
pH 3.5~4.0
Temperature/C 30 ~40
Processing time/s 60 ~90
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Tab.2 Results of the Ly (3’) orthogonal experiment

Tet Factor Emergence time of the
A B C white rust in NSS test/h
1 1 1 1 64
2 1 2 2 56
3 1 3 3 72
4 2 1 2 96
5 2 2 3 64
6 2 3 1 56
7 3 1 3 88
8 3 2 1 56
9 3 3 2 48
K, 64. 000 82. 667 58.667
K, 72.000 58.667 66.667
K 64.000 58. 667 74. 667
R 8.000 24.000 16. 000
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Tab.4 Results of NSS tests for the untreated and chemical

converted zinc coatings

Equal emergence time of
the white rust in NSS test/h

Untreated 8
Chromate colour passivation 101
Ti/Zr based chemical conversion 96
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Fig.1 Potentiodynamic polarization curves of the untreated

and chemical converted zinc coatings
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Tab.5  Fitting results of the potentiodynamic polarization curves in Fig. 1

L,/wA+-em™ E,/mV  R/w-em™  b/mV b,/mV
Untreated 22.01 ~1028 978 54.49 981.2
Chromate colour passivation 7.857 ~1171 3320 95.67 92.58
Ti/Zr based chemical conversion 5.025 ~ 1208 5121 349.8 85.36
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Fig. 2 EIS Nyquist plots of the untreated and chemical
converted zinc coatings with different immersion
time
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Fig.3 EIS Bode plots of the untreated and chemical con-

verted zinc coatings with different immersion time
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Study on Preparing Technology and Corrosion Resistance of Ti/Zr
Based Chromium-free Chemical Conversion Coating on Zinc
Electroplating Layer

GUAN Yong, LIU Jian-guo, YAN Chuan-wei *
(State Key Laboratory for Corrosion and Protection , Institute of Metal Research ,
Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: In this paper,we obtained environmental-friendly chromium-free chemical conversion coating on the
non-cyanide alkaline zinc electroplating layer by employing the optimized Ti/Zr based conversion technique. At
the same time , the performances of the Ti/Zr based conversion coating were compared with chromate colour passi-
vation coating. The corrosion resistances of the conversion coatings were investigated by using neutral salt spray
(NSS) test, potentiodynamic polarization and electrochemical impedance spectroscopy (EIS). The results showed
that the white rust appeared after 96 hours when the NSS test was performed on the Ti/Zr based conversion coat-
ing,which was close to the corrosion resistance rating of chromate colour passivation coating. Compared with the
chromate passivation coating,the Ti/Zr based conversion coating showed lower corrosion current and higher po-
larization resistance. However, the passivation characteristic of the former was less evident than the latter.

Key words: zinc electroplating; chromium-free chemical conversion; Ti/Zr based; salt spray test; corrosion

resistance



