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ABSTRACT: The paper aims to hinder the appearance of white rust on the hot-dip galvanized sheet and improve corrosion
resistance of galvanized sheet. An organic-inorganic composite passivation film with an aqueous solution of shellac was
prepared by orthogonal test. Tafel polarization curve measurement, AC impedance spectroscopy (EIS), lead acetate dripping
corrosion test and neutral salt spray test were used to compare and analyze the corrosion resistance of the galvanized layer and
chromate passivation plating of matrix, silicate + shellac composite passivation. The adhesion properties of the substrate and the
chromium-free passivation sample were tested by the friction method. The morphology and structure were analyzed by scanning

electron microscopy, X-ray photoelectron spectroscopy and infrared spectroscopy. The results showed that the surface of the
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composite passivation film with added aqueous solution of shellac was flat and dense; and the corroded area was less than 10%

for the composite film after 72-h NSS test. The lead acetate test and electrochemical test showed that the corrosion resistance of

the composite passivation film was better than that of the substrate. The adhesion test showed that the composite passivation

film had good adhesion. It can be seen from the test results that the shellac and silicate in the composite passivation solution are

interwoven into O—Si—CHj, structure, and a dense film layer is formed on the surface of the galvanized layer by bonding with

metal ions, making the composite passivation film dense and flat. And the corrosion process is strongly suppressed.

KEY WORDS: hot-dip galvanized sheet; shellac; shellac solution; chromium-free composite passivation coating; corrosion

resistance, corrosion resistance mechanism
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Tab.1 Chemical composition of Q235B sheet

Q235B C Si Mn S P Fe
wt% 0.0286 0.043 0.270 0.0224 0.016 Bal.
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Tab.2 Factors and levels of orthogonal test

Factor A Factor B Factor C Factor D
Levels S_o@lum Nitric acid/ Hydrqgen Shel}ac
silicate/ (mL-L’l) peroxide/ solution/
(gL (mL'L")  (mLL")
1 15 4 40 1
2 20 6 50 2
25 8 60
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Tab.3 Determination of shellac concentration

Shellac t (Being to t (Completely
addition/g darken)/s blackened)/s
5 22.4 59.0
8 7.2 21.4
10 8.8 80.6
12 6.4 77.4

2.2 IEXKWHER

MR TEAK £ T F W 1E 2SI 25 SR L6 4.
4 RAE (IMH ) MR/ o] LAAS 52 2 A 5
PO i g R R EFIR O . D>C>B>A, B UK
B TCIK & B > 1 S A B> > rk PR AN o 3l A A
P th BRI 45 1 0 DsCiBoA,. IILIEAS IR
L Rk FERRAN 20 g/L, M2 6 mL/L, XK
40 mL/L, 500 mL Jo/K ZJE+5 g HURSH HURSE A% 3 mL/L.
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Tab.4 Orthogonal test design and out coming
on composite passivation solution

Results of lead

Factor Factor Factor Factor .
acetate dropping

Z
i

A B C D corrosion test t/s

1 1 1 1 1 9.94
2 1 2 2 2 8.22
3 1 3 3 3 9.44
4 2 1 2 3 11.20
5 2 2 3 1 9.20
6 2 3 1 2 9.12
7 3 1 3 2 7.43
8 3 2 1 3 12.10
9 3 3 2 1 8.76
Ky 27.60 28.57 31.16 27.90

K, 29.52 29.52 28.18 24.77

K; 28.29 27.32 2607 3274

ki 9.20 9.52 10.386 9.30

ko 9.84 9.84 9.393 8.256
ks 943 9.106 8.69 1091
R 0.64 0.734 1.696 2.654
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Fig.2 Effect of passivation time on corrosion resistance of
composite passivation film
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Fig.4 Testing results of neutral salt spray for four specimens: a) substrate; b) single passivation film; ¢) compound passivation

film; d) chromate passivation film
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Tab.6 Results of lead acetate dropping
corrosion test for four specimens

Experimental t (Being to t (Completely

samples darken)/s blackened)/s
Substrate 1.30 28.80
Single sample 3.80 33.50
Composite sample 18.86 56.98
Chromate sample 45.62 122.32
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Fig.5 Tafel polarization curve for three specimens
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Tab.7 Parameters of Tafel polarization curve

Experimental E../V :gcc,"/ . 6R°°"/ .
samples (X107 A-cm ™) (x10°Q-cm™)
Substrate —1.1548 4.070 25

Composite sample —1.0883 0.598 140
Chromate sample —1.0563 0.741 400
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Fig.6 Nyquist plots for three specimens
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Fig.7 Bode plots for three specimens
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Fig.8 Modle of equivalent circuits of three specimens
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Tab.8 Parameters of three specimens’ impedance fitting equivalent circuits

Experimental samples Ry/(Q-cm?) CPE,-T/(F-cm™@) CPE-P RJ/(Q:ecm?) CPE,-T/(F-em™) R./(Q-ecm?)  CPE,-P
Substrate 7.598 6.844x107° 0.732 107.4 1.237x10°° 23.48 0.6958
Composite sample 10.260 1.281x107° 0.720 723.0 4.966x107* 200.70 0.9698
Chromate sample 38.400 6.792x107° 0.810 1141.0 1.212x107* 1923 0.8260
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Fig.9 SEM image of a) substrate; b) single passivation film; c) composite passivation film
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ST TSR B EE , XEFRIESF, J2—CH, PR shig,
1685 cm ' ARIER C=0 P4 PRshg; 1637cm ' h
XS C=0 fh4itRshig, 1384, 1252, 1065 cm™
HEAEEE, BB, 722 em™ AbIE A — AR
JE AR B

TG HE RS R T ) B — T R B AL 2T A PR, LR
11, 3370 cm ™' ZbA5 SE Mk A4 , IEIAA HIHE—OH 1Y
FE7E, 1693, 1648 cm ' J& C=N, 1516 cm ' HyIE 2
C=C, 1027 cm ' J& Si—O—Si My 45 shics .

971

96

95

941

Transmittance/%

93+

3370
I L

92 1 1 1 1 1 1
4500 4000 3500 3000 2500 2000 1500 1000 500 0
Wavenumber/cm™

B R R 2L
Fig.11 FT-IR spectra of single passivation film

IS0 HRE Y A2 A B AR B B 21 A TR S /12
Fos o FIRETE 3745 cm' BiFiT B0 — AN, R
f A 46 R Zh e Wi . 7E 3311, 3263 om' Bitim 3R
T, XEZ T4 (ZRIE) WL, RWPER
AR Si—OH IR 24 A, 5L Si—OH
PIERAELE . 2920, 2850 cm ' 43 Bl UK B—CH,
Xo B A 455 A X FR A 4 W e o 2375 em ™ HEER B AN
g R—C=C—C=C—¥t%, 1652, 1520 cm ' [fI Y
IR C=0#A&YE C=C #4, 1404 cm™' JE—CH, #
4, WEHTE 1120 om ' BHER & Si—O—Si i 4EHiE
e, B ARE Si—OH #4454 W Si—0—Si,
1032~1159 cm ' HHBLH B A TE/LEIIS, TR Si—O—Si
F1 Si—O—2Zn HMZ W4 1Y AH B E & BT B, X U b
WS BEREE R AT

Transmittance/%
O
O
[\8)

98.8
984+ 33113263
4500 4000 3500 3000 2500 2000 1500 1000 500 0
Wavenumber/cm™
B 12 BN IS

Fig.12 FT-IR spectra of composite passivation film
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