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Table 1 Electrolyte composition and electroplating conditions

Electrolyte composition Electroplating conditions
¢ (ZnSO0y) ¢ (NaySOy) ¢ (H,2804) I . .
/(mol*L™ ) /(mol*L™ ) Mmold- Yy ) e pH By T
1. 087 0. 845 0.255 2.5 2512 2.5 15

F2 B BA RS G

Table 2 Passivation solution composition and operation conditions

Passivation solution Operation conditions

¢ (Cr0;) ¢ (BaCO3) ¢ (Si0y)
/(mol L™ 1) /(mol*L™ 1) /(mol L™

0. 90 0.03 0.50 2512 202 10 2 1.3

0/ C Time in sol, /s Time in gas, t/s  pH
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Fig. 2 Result of energy spectrum test

(a) Before changing colour; (b) After changing colour
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Fig. 3 Relation between lightness difference of

unchromated sheets and time

—
(=29

HB40Cv70TC
" @50C €8T
AT +907C

—_ — —_
oo [ (g% F-N
T

AL/(cd m 2)
o

t/h
B4 Btk AL — KF
Fig. 4 Relation between lightness difference of

chromated sheets and time
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Fig. 5 Relation between lightness difference

AL of unchromated sheets and lg¢

Table 3 Changes of lightness difference AL with time under different temperature
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AL= K-+ ¢ (1)
ANRIELEE T 8 5 25 TR

‘C: AL= 1.235:"2- 0.201 (2)

‘C: AL= 1.818¢"?- 0.189 (3)

‘C: AL=2.638:"- 0.732 (4)

‘C: AL= 3.719°:"%- 1. 686 (5)

‘C: AL=5.146°:"2- 1.690 (6)
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Fig. 6 Relation between lightness difference
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AL/ (cd*m™ ?)

t/h 40 C 50 C 60 C 70 C 80 C 90 C
Unchr. Chr. Unchr. Chr. Unchr. Chr. Unchr. Chr.  Unchr. Chr.  Unchr. Chr.
0 0 0 0 0 0 0 0 0 0 0 0 0
1/6 0.48 0.18 0.84 0.30 2.98 0.53 4.50 0.48 8.09 0.71 11.10 0.94
2/ 6 0.93 0.38 1.49 0.53 4.16 0.86 9.86 0.77 13.70 1.37 14.86 1.48
3/6 1.24 0.56 1.94 0. 80 5.70  1.27 13.78 1.31 15.86 2.21 16.67 2.22
4/ 6 1.97 0.80 2.71 1.09 8.31 1.74 15.47 1.93 16.96 2.90 17.78 3.07
5/6 2.49 1.07 3.00 1.46 9.03 2.27 17.17 2.79 18.10 3.89 18.37 4.20
1 2.71  1.33  3.22 1. 80 9.84 2.66 18.32 3.58 18.52 4.99 18.55 5.38
2 4.34  1.61 4.88 2.33 11.86 3.83 19.47 5.19 19.38 7.24 19.27 7.82
3 4.66 1.89 5.25 2.78 13.54 4.90 19.93 6.56 19.59 9.15 19.63 9.88
4 5.22  2.32  5.97 3.09 15.11 5.59 19.93 7.79 19.80 10.39 19.86 12.18
5 5.97 2.53 6.48 3.32 15.83 6.12 19.97 9.11 19.91 11.55 19.39 13.44
6 6.12 2.73 6.84 3.56 16.95 6.73 19.81 9.70 20.09 12.48 20.22 14.26
Notes: Unchr, —Unchromated ; Chr, —Chromated ; AL= Lo- L,
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Kinetic study of black patina on

electrogalvanized steel sheets

Li Ning, Yuan Fang, Wang Chunsheng, Zhou Derui
Department of Applied Chemistry, Harbin Institute of Technology,
Harbin 150001, P. R. China

Abstract: In order to make clear the mechanism of that the chromate passivation film increases the corrosion resistance
of the zinc coating and to study the black patina which is a kind of prime corrosion phenomenon, the dynamic regulation
about the black patina of electrogalvanized steel sheets has been studied. The corrosion rate of zinc coating is characterized
by the relationships of surface lightness differences of chromated and unchromated sheets with test time in humidity cabi-
net test (HCT) . It is found that corrosion regulation of chromated zinc coating conforms to Wagner equation and that of
unchromated zinc coating conforms to logarithm equation, and the corresponding activity energy of the corrosion reaction
was figured out. It is also found that the passivation makes the activity energy raise more than one order of magnitude.
T hese experimental results show that the corrosion is caused by the diffusion of oxygen towards inner and the diffusion of

zinc ion towards external in passivating film, and the existence of the passivating film affects the corrosion mechanism.

Key words: electrogalvanized steel sheets; passivating film; black patina; activity energy of corrosion

(i REKR)



