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ABSTRACT The morphology, structure and properties of hot dip Al–Zn substrate pre–treated with
bis–[triethoxysilylpropyl] tetrasulfide(BTESPT) doped with cerium nitrate were investigated. The results
showed that the BTESPT films doped with cerium nitrate have been successfully deposited by chemical
bonding between silane solution and hot dip Al–Zn substrate. The Si–O–Al and Si–O–Zn bonds was
formed on the interface. The major organic groups of doped silane films are not significantly different
from undoped ones. The corrosion resistance of silane films has been evidently improved in comparison
with those of chromate and undoped. The silane films are compact, homogeneous and not remarkablely
tiny cracks. Silane films consisits of C, O, Si, S, Al, Zn and Ce elements. It results further illuminate that
cerium ion doesn′t react to subsrate or organic groups of silane and it is only deposited on substrate by
physical fill.

KEY WORDS material failure and protection, passivation, corrosion electrochemistry, corrosion resis-
tance performance
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8C>%"'?-?C;<� 0.001 mol·L−1

%<&:=.?-D, >59. V1("'):V2((.@
=):V3(.) � 4:66:30 @E-"'?-, :? 1 h &;

F 3 d <Æ<.

<=$DG>88"�! DG, <<=B.A
E&<8?@@, 8B6C9>"'(!-D 3 s <

D*@@, &.F<� 120 A% HG101–1 GB8A

?@HHDB! 30 min.

< Bio–Rad FTS–3000 GCEICDE6FF
J (FTIR) DI15,%"''%1=JK, EL.
4000–400 cm−1 KG, FGG� 4 cm−1. < Supra

35 GHIBBMNHID"''%,%)J, &<
Oxford G$FJ EDS FO(!'%-F�=-. H

<KJ CH Instruments KP 650A B!�LLM
DI(!IN%M!LQ�NMON, DI?-�
5%NaCl ?-, LLBM<ROOI*J, LL%9
� 10 mm×10 mm, K.BM�L�ÆPBM (SCE),

PMBMQQRBM. 8"'<&:9>(!� 
&'(!IN7>8.??.
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S 1 ,O, T9>�9><&:%"'(!'
RUVS%WFNTXY, T8P<Q,OZ. 8

C<&:9>%"'(!' (S 1b), .EL� 700–

900 cm−1 P[R*\U]OM%S!S, 8 Si–O–

Si!Si–O–Al 2 Si–O–Zn UVSG%XUVQW-
% [10,11]. .EL� 1029 cm−1 +,OM%UVS,

� Si–O–Si 1=, 8X"'',%V>%"= SiOH

KG%;^RY_1..EL� 1225� 1420 cm−1+

%UVSFS8YC –CH2S– 1=DTUT% CH2

W`ZVS!SiOC2H5 1=D CH2 %ÆWZVS,

aO"'TbU.X, ,VC #$% �. .E
L� 2934 cm−1 +� SiOH D –OH W^ZVUV
S,,O"=.15,%TbU^�. .EL� 3600–

3900 cm−1 +*\S!S, 8Y[X\1%W^ZV
S� ROH %W^ZVS, "C"''RYTX�%
–OH 1=, ,O"''DZ, SiOH!Al2O3 � ZnO

%.�B$.T9>�9><&:%"'(!'RU
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XY,OM%YS, <&:Y,215["'D%,
#1=RY-\, T8PB#cZ%)`[9C1
5. \_](!'% #$Z)[�OMC!. X
^7Pd_*, <&:%]COM ��"'(!'
% #$.

T9><&:%"'')0!b`, 45.N6
9 (S 2a); 9><&:%"'')0!1*!b`,

4 1 e`a^`afgba_h\a`ib]a^
Fig.1 FTIR–RA spectra of silane films (a) non–

doped, (b) Ce(NO3)3–doped

4 2 e`a^`afgba_h\a_`ccjkblm
Fig.2 SEM images of silane films (a) non–doped; (b) Ce(NO3)3–doped
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(OMN69, &7OMe*<&:9>%"'',
%,fgB5. (S 2b). 9><&:%"''D]
^Z, C!O!Si!S!Al!Zn!Ce $do (S 3), aO

e]do)K2�"'(!'%)-, ',%%fg

B (S 2b) 89>>:%!�B[9_1.
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.lh$"'28"�!�"15KG, rst

V"= SiOH 1=2�"\1 AlOH [ ZnOH 1=

%i�RY.i%+)- AlOSi [ SiOZn jk\\

&�l*. RY`�:

SiOH(solution) + AlOH(metal surface) →
SiOAl(interface) + H2O

(1)

SiOH(solution) + ZnOH(metal surface) →
SiOZn(interface) + H2O

(2)

\"'.X)-m>%"= SiOH, "=KGt
V;^)-�Nj% SiOSi *&&'. RY`�:

SiOH(solution) + SiOH(solution) →
SiOSi(silane film) + H2O

(3)

Bn, �Nj%-.$ SiOSi 1= ���"\11
=%-.$. XCjMklo pH m�, ;?-D%
Ce3+ )[[9RY, p[ Ce(OH)3

Ce3+ + 3OH → (4)

nmjMp[ H2O2, Ce3+ 7$q/!- Ce4+,

p[ Ce(OH)4(CeO2·2H2O) RYnu:

Ce3+ + H2O2 + 2OH− → (5)

:%o/!B[/!BcZC Si–O–Si *&&

', pr"''%N69[qv (S 2a 2 2b). 48

<&:9>"'(!%LQwGY,nC, 7Usa
O<&:.(!'D8B#[9\T!�[9. :
%!�B'-rlOs/�BBMpjM, iEjM
RY. <&:$$m](!'%o< [12], L�p�
iE>$iEgM�jMRY. X^7q, <&:9
>"'(!+#ek�4#BM�4#BW, mm�
M!BO, i\;3�8"�!� %4#.

S 5 ,O, 2T9>"'(!X., <&:9>
(!nONo)m], .Dtk (1 Hz< f <103Hz),

4 3 `afgba_h\ad^l
Fig.3 EDS graphs of silane film doped with

Ce(NO3)3

4 4 5%NaCl upqbfcnÆrar�vx
Fig.4 Polarization curves on hot dip Al–Zn substrate

pretreated with Ce–doped silane and Cr6+ in

5% NaCl

ONom]kUfL>g, \.�tk (f >103Hzt
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g,,O<&:9>"'(!$OM �(!'% 
#$.

BTESPT "'(!'i6uRX9fOZ%k
s=- [13,14], t6#�V>"= Si–OH ;^)-%

Si–O–Si 1=, DG#�% Si–O–Si 2 Si–O–Al 1=

%i%#, R#���15,%%�%/!B#. <

&:9> BTESPT "''D9>>=B7C� Si–

O–Si *&&', \5.CR# [15]. sw"''%

&'yu, .�tk (f >103Hz), ONom]tv
Ct6# Si–O–Si 1==-%"''; .Dtk (1

Hz< f <103Hz), ONom]tvCDG#% Si–O–

Si!Si–O–Al [ Si–O–Zn 1==-%i%#; \kt

k (f <1 Hz), ONom]wtvC8"�!15,
%%�[!%/!B#. Zq, .I?tGP[R<
&:9>(!T,UfqGUL, ,O.I?VvD
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4 5 5%NaCl upqbfcnÆrauxxywzl^{vwzl
Fig.5 EIS Bode plots on hot dip galvanised steel substrate pretreated with silane and Cr6+ in 5%

NaCl (a) impedance plot, (b) phase angle plot
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