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Growth mechanism of cerium salt conversion coating modified with
citric acid on galvanized steel
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(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China;
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Abstract: Cerium salt conversion coatings modified with citric acid were obtained on galvanized steel samples by
immersing the samples into an aqueous solution containing 25 g/L Ce(NOs);:6H,0, 4-6 g/L H,0,(30%) and 15-20 g/L
H;Cit at 70 ‘C for 10 s—240 min. The corrosion resistance of the modified coatings was assessed by neutral salt spray
tests (NSS) and electrochemical polarization curve. The micromor-structure of the coatings was observed by scanning
electron microscopy (SEM). The chemical composition of the coatings was investigated by X-ray energy dispersive
spectrometer (EDS), infrared spectroscopy (IR) and X-ray photoelectron spectroscopy (XPS). The results indicate that the
optimum treatment time is about 10 min and the corrosion resistance of the modified coating is closed to that of chromate
film. The thickness of the coating increases and the cracks in the coating is wider with the treatment time prolonging.
When the treatment time is more than 10 min, the coatings are easy to fall off, and the corrosion resistance of the coating
also decreases. The growth process of the coating can be divided into two stages: at the initial time the complexes ions of
cerium citrate are adsorbed on the whole surface of galvanized steel, while cerium citrate is deposited on surface, then the
Ce(OH);/Ce,05 and Ce(OH),/CeO, mixture are deposited on surface of the coatings.
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Fig. 1 SEM images of samples with different treatment times: (a) 10 s; (b) 1 min; (c) 3 min; (d) 5 min; (e), (f) 10 min; (g), (h) 30
min; (i) 60 min; (j) 240 min
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Fig. 2 Curves of mole fraction of each element on coatings of

modified cerium conversion film with different treatment times

by EDS
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Fig. 3 XPS spctra obtained on cerium coating

N T VRN T AR A n R I s, R XPS
RO BEAT T 20 HT. 1B 4 Fros A2 B I B IR



1394 A G EE R

2012 4E 5 H

Yl A L A B T SR AS R BT R ALY XPS 5
W . M Zn 2p KIS HEEIOL KL 4(a)) AT, AR Y
fIgs&ael 1 021.1 eV H1 1 044.2 eV, EA150 55
ZnO ) Zn 2psp Al Zn 2p,1" 11— AT 7~ A
Ce 3d (1) XPS mp#ailz i, I 5 Mg 4idie
880.0 eV F| 890.0 eV, 5 Ce 3dsp #HK; 4iGrEEN
882.3 eV [N L) CeO, IMIEAE 1y 882.4 eV 1] Ce 3ds, g
FHIT, WEAEh 885.5 eV MIUENILE) Ce,05 ML GrEEN
885.8 eV [fJ Ce 3ds, WA 54 A8 890.0 eV #
910.0 eV, K Ce 3ds, Fll Ce 3ds, HITRA XI5, WA A
916.0 eV [MUEIE Ce 3dy, I AN, T DU HlifE(E
ARG, FTLAHEWT CelV FIAFEAE o Kbl 5 U 4l
(P bR LT EAF LG AT 20, %0 S Aty 0ee Fty A T 0 sy g
(P T ARSI, TR 8 B Ak S Rt ] P i 5 2 A i o DY
sl o, A EEU =M eSS B 4
C 1s WG 3 ANEE, e 52 284.6.
286.3. 289.2 eV, .1 284.6 eV X)W C—H %, 286.3
eV & C—O BERI455rRE, 289.2 eV NIJE C=0 #1145
. B 4(d)T O 1s Wy /el & 0 3 AN, 435

J&529.7. 531.3., 533.3 eV. TXARAERERITTA, ZiAfe
H9529.7 eV [l Ce—O BT II%; 5333 eV X
T =0 i E C—0 #.531.3 eV &Ikl Ce—OH
LR

YR AL XPS 14145518 2 h EDS 734t
Gl R AR« A I A PR R e A I 2 B2 H CeCCit
Ce,05/Ce(OH);. CeO,/Ce(OH), LA K /D& Zn(OH),/
ZnO M. HIMLEER 12 2 MR A0 mT i, Bt
VU fili S A P AN S S A A B A B s T B T 3 22

2.3 REBLIMNEIER R

5 Fan A AL BRINE) 4 1 min R RER T R0 41
S RSO B o i A A A S PR £ AR 1% 1= (O [
S) LRI AN LN, —COOH i 4idiEzh
(1 756 F1 1 706 cm™ )2, TMAE 1 400~1 560 cm™
Z ) B A SR SO0 S 43 ) A—C OO RN RRAH 4 4
) ves (1 555 cm YFIARS BRANZE RSN vs (1 406 cm ™),
1E 2 774~2 570 e AR JLANBE T /MR ((v(OH)) )t
AHDY (A% 45 2 864~2 923 cm™'; £ 3 455~3 195 cm™

(a) 1021.14 (b)
885.5
104421
1010 1020 1030 1040 1050 1060 870 880 890 900 910 920 930
Binding energy/eV Binding energy/eV

(d)

280 282 284 286 288 290 292 294 296
Binding energy/eV

524 526 528 530 532 534 536 538 540
Binding energy/eV

4 FER AL %03 Zn 2p (a), Ce 3d (b), C 1s (c), O 1s (d)f¥) XPS it
Fig. 4 XPS spectra of Zn 2p (a), Ce 3d (b), C 1s (c), O 1s (d) region for cerium coating



F22 %S L @,

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

B5 HiEh AR LN g A
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Table 1  Electrochemical parameter obtained from Tafel
polarization
Sample Peor/V  R(kQ-em®)  Joon/(MA-cm %)
HDG —1.061 0.489 17.77
10s —1.041 0.984 5.398
1 min —1.069 3.092 1.771
5 min —1.108 10.483 0.815
MCe/10 min ~ —1.052 23.475 0.274
30 min -1.072 3.568 1.672
60 min —-1.156 3.216 2.654
Cel'™ ~0.991 5.970 2.940
crt ~1.027 31.40 0.250
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