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Anti-corrosion Comparison and Self-repairing Preliminary Discussion of

Several Modified Phosphate Coatings
LIN Bi-lan, LU Jin-tang , KONG Gang
(School of Materials Science and Engineering., South China University of Technology , Guangzhou 510640, China)

[Abstract] Several modified phosphate coatings obtained by molybdate additives, molybdate post-sealing, cerium
nitrate post-sealing, or silicate sol post-sealing were developed to be as the replacers of high-toxic chromate passivation
coatings. The corrosion resistance of four modified phosphate coatings, several chromium-free conversion coatings and
chromate passivation coatings was compared using neutral salt spray (NSS) test, Tafel polarization and electrochemical
impedance spectroscopy (EIS) measurements. The morphology and chemical compositions of the scratches on three
samples with modified composite coatings after NSS test were analyzed using scanning electron microscopy (SEM) and
energy dispersive spectroscopy(EDS). The self-healing performance of the modified composite coatings was discussed
preliminarily. The results show that the corrosion resistance of three composite coatings is remarkably superior to that of
chromate coatings; Three composite coatings are self-repairable and are the promising replacers of chromate passivation
coatings; The anti-corrosion performance of the composite coatings post-sealing with silicate sol is optimal.
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Tab .1 Sample ID of HDG steels treated with different processes
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Fig. 1 NSS results of various coated samples
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Fig. 2 Tafel polarization curves of various coated samples
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Fig. 3 Nyquist diagrams of various samples
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Tab .2 Electrochemical corrosion parameters of coated samples

KA Een (vs. SCE) Jcont P, R
=2 /v /(A s em™®) /% /(kQ < cm®)
HDG —1.101 16. 8 1~2
Mo —1.092 6. 64 60.5 3~4
Ce —1.053 5. 84 65.2 3~14
Si —1.034 5. 44 67.6 3~4
P —1.032 1.67 90.0 5~6
MP —1.019 0.16 99.0 9~10
P+ Mo —1.010 0.08 99.5 70~80
P+Ce —1.006 0.10 99.4  90~100
P+Si —1.014 0.06 99. 6 =130
Cr —1.017 0.15 99. 1 30~40

RE F1 4L T 1% G2 5 AL B5E , F K 2 4% 2 6 5 s P+ Mo, P+
Ce, P+ Si gl W b 52 A W58 10 b £k %5 1 ik I 35 00 T 4%
FR b6, JUH P+ Si BB W2 NSS ik 6 MM,
A HIR AT A R 25 28] J 1ok

& 2 A O, 2825 A U AR 38 o HAE B A BH A R
RH AR AR Ak 2 =2 45 S [ R 3 i) oL 375 265 138 D/ 1) 1)
1, P+ Mo, P+ Ce Fl P+Si =Fh ik it B 1k 52 & Wi 42
Fo i o T B I,

& 3 A7 0L, HDG, Si. Mo, P 8 BHL$C3E i 3 #4
B K I IS 2 B 2 I R S PR T AR R
THIBUH J22 FL 25 1 v B 25 BT 3 RIBE I R 04 IR 0 J it
21 MP,P+ Mo, P+ Ce, P+ Si fil Cr By FH$1 3%
P T 7 T S 2 A 75 0 25 0 B R KR 2 R 25 4 IR A 25 T
WA . 5 HDG M H, B2 B0RE /9 B B (A 4 L
AR YR G K s HDG<< Si<< Mo<< P<< MP<C Cr<< P
+Ce <<P-+Mo <<P-+Si. 4 Pl i 1 I A i 15 4l
S ) ARUER T P9 %, 3R W B ATT e 65 A 28040 1 B 1
oy N

M 2 ATLLE , 2 & Fh gy A B  $4098 B 1
AT E .o IEAS  J 1l L 28 T o BB/ F*»mﬁé%ﬁaﬁz
R P, MEALFPUE R 88 K. T o BN N .
HDG> Mo> Ce>> Si>> P> MP>> Cr> P+ Ce> P
+Mo> P+Si, P+Mo,P+Ce f1 P+ Si #ifk & & i
) R . P, Mo,Ce Ml Si HLEEZ K 1 AMEEHK ) oo HLHR
JEEJZ /N 1T AR, R WL A B R R T S R R
BHTR R I B4l R ke 1R R TR ol 1 I TR) A58 0
3 etk w1 A2 A B A T kP BRSO T R R Al Ak

J, o P+ Si 52 G R AR TR ol M B A
2.2 EFERNBEEN

& 4—6 439l J& P+Mo, P+ Ce Fil P4 Si i ke i %
JEEMZ NSSIKIRTE AL ES . TI.3 fiE &
JEE AR 1 S0 I 2% T 44 2 5 0 B O L o8 B Y AT R R

A AN / ‘ J&'
b ZNSSJEM12 h

a ARZNSSJE

& 4 P+ Mo RIJRIAHE ) SEM [
Fig. 4 SEM morphology of the scratched P+ Mo
before and after NSS spraying for 12h
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Fig. 5 SEM morphology of the scratched P+ Ce

before and after NSS spraying for 12h
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Fig. 6 SEM morphology of the scratched P+ Si
before and after NSS spraying for 12h
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Tab.3 Chemical compositions of
needle-like corrosion products on scratches
iy o2 oy TR 53 50 / % |

O P Cl Zn Mo Ce Si
P+Mo 40.16 4.69 6.46 48.55 0.13 0 0

P+Ce 12.13 1.13 0.15 82.41 0 4.19 0
P+Si 30.90 0.28 10.89 59.10 0 0 0. 36
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