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Zn-55%Al-1.6%Si #5550 mmx50 mm,
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Fig.1 2D morphologies of typical Cr(III) conversion coating on Zn55A1 samples: (a) degreased sample; (b) without PPM; (c)
Ep=200.0 mV; (d) Ep~-200.0 mV
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Fig. 2 Local contour of Cr(III) conversion coating on Zn55Al samples: (a) without PPM; (b) Ep=-200.0 mV
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Table 1 Surface macro line roughness R, on Zn55Al samples with different conditions
Line 1 Line 2 Line 3 Line 4 Line 5 Mean value
As-received 1.50 1.48 1.47 1.54 1.36 1.47
Without PPM 1.30 1.22 1.34 1.16 0.97 1.19
Er=200.0 mV 1.22 1.28 1.03 1.38 1.59 1.30
Ep=-200.0 mV 0.49 0.65 0.52 0.49 0.61 0.55
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Fig.3 SEM morphologies of typical Cr(III) conversion coatings on Zn55A1 samples: (a,b) Degreased sample; (c,d) without PPM;

(e,f) Ep=-50.0 mV; (g,h) Erp=-100.0 mV
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Fig. 4 High resolution Cr 2p3/2 spectra and XPS full spectrum of TCP-coated Zn55A1 surface with different £p
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Table 2 Elements proportion results of XPS analyses with different £, values (atomic content /%)

Elements O1s Cr2p Zr 3d Al 2p Zn 2p Fls
Without PPM 69.20 16.01 0.58 9.57 1.74 291
Ep=-50.0 mV 55.41 32.32 0.79 5.50 1.57 4.99
Ep=-100.0 mV 58.67 2991 0.84 5.31 0.56 3.63
£3 ARk AL F AR Cr2p® 1 &2 B W A EL
Table 3 The peak area proportion of Cr components on TCP-coated ZnS5A1 with different Ep (%)
Cr,0; Cr(OH), CrO; Cr,0,* CrFs-1 CrF5-I1
(576.6 eV) (577.2eV) (578.3 eV) (579.4 V) (579.1eV) (580.1 eV)
Without PPM 65.07 15.91 6.53 2.10 10.39
Ep=-50.0 mV 12.68 67.11 4.90 0.81 2.33 12.10
Ep=-100.0 mV 6.95 73.13 6.25 0.83 3.02 9.80
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2.4.1 FHAL LR

B 5 9 ZnSSAL B2 1E 0.5 mol/L NaCl #3531t
St Ze, FIH =2 AL TR A0
NIFEZHEANGR 4 PR . 5ARGSNH W B H ik
ML, 24 E, N-50 f1-100 mV B, T T LR
A J2 e 7 R 7K b R JE o LR S P R 73—
B, B kR AL Ep=-100.0 mV 45 21 1 J ik HLm
BN e AT, TN 2 R R S 7 i A T DL —
AP S A SR T A

R4 ZnSSAVEJR RIMHALEAE 0.5 mol/L NaClIFR + 554
T2 %3 12 2 Mt & 45 R

Table 4 Fitting results of kinetic parameters for weak
polarization curve measurements of TCP-coated Zn55A1

samples in 0.5 mol/L NaCl solution

Eeonl icorr! b/ b/
A% A-em? mV-dec™ mV-dec™
Without ~ -1.016  1.07x107 43.9 39.8
PPM
Ep=-50.0 -1.047 3.54x107 58.5 73.9
mV
Ep=-100.0 -1.009 4.68x10® 35.4 35.0
mV
Ep=-200.0 -1.012 523x10® 33.8 32.0
mV

T
-0.95F —o— Without PPM
—0o— £,=-50.0 mV

—2— E=-100.0 mV
—v— E,;=-200.0 mV

E (vs. Ag/AgCl)/ V

B5 AR Ep T ZnSSAL §EEREHALBAE 0.5
mol/L NaCl V& ' i) 55 A% A4 Hr 2

Fig.5 Weak polarization curves of TCP-coated Zn55A1
samples with different £p in 0.5 mol/L NaCl solution
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2 AL IR A B R F A A P BRI O L R H A s R, R
FLAT AL FLREL s Rppore s AT C 2 0l 2 7R F LB FBE Fi BELF E
o SRR AN I TR R A BT REAT AR
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Fig. 6 Nyquist diagram (a) and Bode plots (b) of TCP-coated
Zn55A1 samples with different conditions in 0.5 mol/L NaCl

solution
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Fig.7 Equivalent circuits for fitting EIS data: (R,-electrolyte resistance, C,-capacitance of porous conversion coating,

/

«

o

— Electrolyte

- Porous conversion

coating

) Corrosion product
.

- Hot-dip coating

e R, AR AL B RS VR R Ar . AR, 4
Ep=-100.0 mV L& 2K C; & Cylifm/l, &MY
FACERTNTEIY S, HAE I EUE T S v

[44~47]

Ryore sorresistance of porous conversion coating, Cy-electrical double layer capacitance, R.-charge transfer resistance, W-Warburg

impedance caused by diffusion)

x5 AFESMHET Zns5ALHEZ R HFACHRAE 0.5 mol/L NaCl ¥E W) EIS L& 4521
Table 5  EIS fitting results of Cr(III) conversion coatings on Zn55Al formed with different PPM in 0.5 mol/L NaCl solution
Parameters Ry Rpore,s01 Cr R, Cu w
Q-cm? Q-cm? pE- em’ Q-cm? uE- em’ ;.LQ'I .50
Without PPM 19.52 9.50x10° 16.03 4.78x10* 73.13 132
Ep=-50.0 mV 19.22 7.23x10° 18.61 5.47x10* 191.13 180
Ep=-100.0 mV 18.70 1.13x10* 14.86 1.15x10° 60.16 209
Ep=-200.0 mV 20.20 1.14x10* 15.01 4.00x10* 94.71 175
Without PPM E.=-50.0 mV E.=-100.0 mV E.=-200.0 mV
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Fig. 8 Surface morphologies of TCP-coated Zn55Al after 8 d corrosion in neutral salt spray test with different conditions
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iR ol A A
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Fig. 9 Morphology comparison of TCP-coated Zn55A1 after 8

d corrosion in neutral salt spray test: (a) 300 s film-forming

without PPM; (b) 180 s film-forming with £5=-100.0 mV
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Fig. 10 Schematic diagram of film formation mechanism of Cr (IIT) conversion coating on An55Al surface after applying PPM
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1=

CA=109.3°

(c) ca=s4.5° (d)

Bl 11 ANFERIEEMET Zn55A1 9523810 2 ul S5m0 42 il /A ik 45

Fig. 11 Contact angle measurements of 2 uLL water droplet on Zn55A1 with different conditions: (a) as-received; (b) degreased

sample; (¢) TCP-coated without PPM; (d) E,=-100.0 mV
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Construction of Cr(III) Chemical Conversion Coating on
Zn-55%Al-1.6%Si Assisted by Pulse Potential Method

PAN Jie !, TANG Xiao !, LI Yan'

(1. School of Materials Science and Engineering, China University of Petroleum (East China), Qingdao 266580, China)

Abstract: Cr(II) chemical conversion passivation (TCP) exhibit a high potential as substitutes for the environmentally
unfriendly chromate metal-surface pre-treatment methods. In this paper, Cr(IlT) conversion coating was constructed on
the surface of hot-dip Zn-55%Al-1.6%Si, and the structure and properties of the conversion coating were regulated by
pulse potential method (PPM). 3D topography, SEM, XPS, Raman spectrum, contact angle, neutral salt spray test and
electrochemical test were used to study the corresponding structure, composition and properties of the conversion
coatings. The results of micro morphology and roughness analysis showed that the surface of Cr(IIl) conversion coating
has the characteristics of multi-scale micro morphology, and nano-scale particles and holes are distributed on the
micro-scale two-phase structure. The results also showed that the application of external electric field reduced the
micro-cracks and the content of hexavalent chromium, accelerated the formation of conversion coating, and the content of
alkaline hydroxide in the coating increased as well. The contact angle measurement showed that the structure of
conversion coating controlled by the pulse potential method had more certain hydrophobicity. When the pulse square
wave potential Ep=-100.0 mV, the Cr(III) chemical conversion coating had the best corrosion resistance, which can
improve the temporary protection of the hot-dip coating surface. The external pulse electric field has a positive regulatory
and control effect.

Key words: hot-dip coated steel sheet; chemical conversion coating; trivalent chromium; pulse potential method;

corrosion resistance
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