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Preparation of Zirconium Conversion Film on Surface of
Cold-rolled Steel Sheet and Analysis of Its Electrochemistry Property

HAO Yu-lin, SHENG Hai, LI Min

(Department of Application Technology, Shougang Co. Ltd of Research Institute of Technology, Beijing 100043, China)

ABSTRACT: The work aims to study the effects of surface state of cold-rolled steel plate on properties of zirconium film pre-
pared on its surface. Three kinds of cold-rolled steel sheet were used as substrates to prepare zirconium conversion films on the
sheet surfaces. The surface state of substrate was studied with scanning electron microscope and in the method of electrochemi-
cal analysis. Film weight, depth distribution of Zr element, surface morphology of the zirconium conversion film was analyzed
with X ray fluorescence spectrometer, glow discharge spectrometer and scanning electron microscope, respectively. Electro-
chemical performance of the zirconium film was analyzed. Open circuit potential of A, B and C substrate was —0.66, —0.61 and
—0.55 V, respectively. Charge transfer resistance was 647.9, 798.8 and 1161 Q-cm?, respectively. Surface activity of the three
substrates decreased in turn and the surface conductivity weakened. Weight of zirconium films on the surface of A, B and C was
87.28, 65.39 and 31.48 mg/m2 in turn, and the charge transfer resistance is 863.7, 920.8, 2724 Q-cm?, respectively. Surface ac-
tivity of steel plate can significantly affect properties of the zirconium conversion film. The higher the surface activity of the
steel plate is, the greater the activity in the zirconification fluid is; the more violent the zirconification reaction is, and the greater

the deposited zirconium film is, the weaker the corrosion resistance is. Corrosion resistance of the steel plates is enhanced after
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zirconium film is deposited.
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Tab.1 Substrate composition
wt%
Substrate C Mn S P Al
A <0.008 <1.20 <0.020 <0.10 =>0.015
B <0.06 <0.70 <0.025 <0.08 >0.015
C <0.08 <040 <0.020 <0.025
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Tab.2 Main components and processes of zirconium
solution

Controlling factors Level

A agent concentration 0.6~1.4 absorption spectrum
0.1~0.5 absorption spectrum

20~100 mg/L

B agent concentration

Free fluorine

Temperature Indoor temperature
Time 180 s
pH value 3.5~4.5
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Fig.2 Open circuit potential of substrates in 3.5%NaCl solution e
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Fig.3 Alternating-current impedance spectroscopy of substrates in 3.5%NaCl solution:
a) Nyquist figure, b) Bode angle figure, c) Bode magnitude figure
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Fig.4 AC impedance spectroscopy equivalent circuit of sub-
strates in 3.5%NaCl solution
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Tab.3 AC impedance spectroscopy fitting results of sub-
strates in 3.5%NaCl solution

Substrate  R/(Q-em?)  Qu/(x107* Frem™?) R /(Q-cm?)
A 18.45 4.80 647.9
B 18.53 222 798.8
C 17.47 1.80 1161
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Fig.5 SEM of zirconium films on substrates: a) substrate A, b)
substrate B, c) substrate C
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Fig.6 Weight of zirconium film on substrates
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Fig.7 Schematic diagram of depth distribution of Zr element
on zirconium film surface
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Fig.9 Equivalent circuit of alternating-current impedance spectroscopy of zirconium films
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Tab.4 Fitting result of alternating-current impedance spectroscopy of zirconium films

Zirconium film Ry/(Q-cm?) Ofitn/(x107* F-cm ™) R/ (Q-cm?) O0a/(x107° F-em ™) Re/(Q-cm?)
A 19.08 6.02 27.89 22.7 863.7
B 19.94 4.99 157.3 9.49 920.8
C 25.78 5.43 212.4 117 2724
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Fig.11 Alternating-current impedance spectroscopy of substrate in zirconium solution
a) Nyquist figure, b) Bode angle figure, c) Bode magnitude figure
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Tab.5 AC impedance spectroscopy fitting results of sub-
strates in zirconium solution

Substrate  RJ/(Q-cm?)  Qu/(x107* Frem ™) R /(Q-cm?)
A 18.47 3.90 486.6
B 18.16 3.82 562
C 18.68 3.19 733.8
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