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Abstract: The morphology, structure and phase of rare earth conversion coating were characterized by
SEM, XPS and XRD. T he corrosion resistance of rare earth conversion coating, zinc coating and low-
chromium conversion coating were compared by immersion experiments, the neutral salt spray tests
and electro- chemical testing methods. The corrosion kinetic parameters of rare earth conversion coating
were measured in 5% NaCl solution. T he results showed that rare earth conversion coating was formed
by tiny fine particles without cracks and less defects, which was composed of zinc and cerium oxides
and hydroxides, hindered O: transmission and electronic transmission, nhibited both reactions of
anodic and cathodic of corrosions, decreased corrosion kinetics and protected matrix from corrosion
effectively. It improved the corrosion resistance performance of zinc plating, whose corrosion resist
ance was better than that of low-chromium conversion coating.

Key words: zinc plating; rare earth conversion coating; corrosion resistance; antrcorrosion mechanism

[1-35]

[6- 10]

5% (
s 5 N )NaCl .
30% ,



5% NaCl

85

1.1

«L7',KC] 180~ 240g * L',

15mm X 10mm,

( ZnCL60~ 100g
20mL* L',

10mL* L™", 10mL * L™ ', pH 4.5~ )
55, 1.5A ¢« dm™?), 20min,
Hece24 . 2.1
6~ 10Mm
: Ce SEM
(NO3)s * 6H20 , 30% H:0: , BN
() ,pH= 2.4 120s,
s : CrCL 8~
12¢*L”',HNOs 6mL * L', NaF 6g* L',
5~ 10s,
1.2
SEM : $4300 :
XPS :PH15500 , MgKa \
Cls(284.8eV) , 6.6% 10" Pa,
200W; XRD : D/ max-2200 , Cu ,
36kV, 36mA , 5(°) /min
) 20mm X
20mm, 200m L 5% N aCl
, 10% N Ha Cl
Smin, s
Y WX/ F-150, GB6458— 86
2.2
CHI660C ,
( ) 5%
NaCl T afel s ,
( E o, Tcor, Ols
Ry, T afel ba, T afel by )

, 217

, 213 ,

10mm X 10mm

SEM

A1
Fig. 1

W LA R I SEM
SEM surface micrograph of rare earth

conversion coatings

Rare
earth conversion
coating

Zinc coating

Specimen

B2 AL BLA BT SEM
Fig. 2 SEM cross-section micrograph of

rare earth conversion coatings

3 (EDS)

64. 68%( )

XPS
Ols

4( a) ,
, Zn2p, Ce3d
N OlS )
:529.2,530.6,531. 6,533.2eV,

1

Zn

4(b)



86

2.3

/2011 4
Zn , : 529. 2eV Ce —0
, 530. 6eV 7Zn —0
533.2eV ,
11
531. 6eV'"" Ce—OH ;4 (c)
Zn2p , Zmn2p ,
Ce Zn2p3 1022.1eV Zn—0
: : i 1_/L,\' , Zn2pl 1045. 24eV, 7/n —OH
0 2 4 6 8 10 12
Energy / keV ;0 4 (d)  Ce3d ,Ce3d XPS
[12]
3 EDS ’ Shyu ’
Fig.3 EDS spectrum of rare earth conversion coatings 4f ’
4+ 3+
, Ce Ce
1
Ce3d , 916. 5eV
Table 1 Elements content of rare earth conversion coat ing cet Cett
€ e
Element Mass fraction/ % Atom fraction/ % ’
Ce3+ Ce4+
0K 0.57 5.03 ’
Zn K 14. 04 30.29
Ce L 85.39 64. 68
(a) v (b)
= Ols
! 3 5
a "S. 4 Z) Ce=OH
R S
3
3 »
3 = é . Ce-O
3 & H-O-H e
N\ N a7~
/ P
1000 800 600 400 200 0 536 534 532 530 528 526
Binding energy / eV Binding energy / eV
(© Zn-0 @
u
Zn-OH
1050 1045 1040 1035 1030 1025 1020 1015 925 915 9(.)5 8‘.95 88‘5 875
Binding energy / eV Binding energy / eV
4 XPS (a) ;(b)Ols ;(¢)Zn2p ; (d) Ce3d

Fig.4 XPS spectra of rare earth conversion coatings

XRD

( ¢) XPS spectrum of Zn2p region; (d) XPS spectrum of Ce3d region

2 3 4
Zn~ ,Ce”  Ce"

2.4

(a) survey XPS spectrum; (b) XPS spectra of Ols region;

5% NaCl



5% NaCl 87

300
L =-7n(OH), ®-ZnO
250 +-Ce(OH), o-CeO,
2 200 4—Ce,0, 2h, 7h,
<
2 150 P )
g 36h  35h,
kE 100
5
50
73h,
O 1 1 S T e | 1 1 i 1
20 30 40 50 60 70 80 90 100 (62h) %h,
26/ (°
o 2.6 —Tafel
B 5 ML FAB R XRD B ,
Fig. 5 XRD spectrum of rare earth conversion coatings 7
o
5% NaCl T afel
100 — - 4
3 —— Zinc coating
= —a Low-chromium,
s 80f conversion coating 35
2 —— Rare earth . " Zinc coating
2 conversion coating Low-chromium
E 60 T '4‘5f' conversion coating
S ==
() ": -5.5F
o 40 5
g X 65
£ = oor
8 20 = Rare earth .
q‘; 5 25k conversion coatmg
2 Es—» ! ! ! I 5
= 50 100 150 200 250 300 350 -8.5r
Immersion time / h 95 ) ) )
T2 -1.0 -0.8 0.6 0.4
Fl6  BERERR R4S 5 0B R + 5% B AE 5% NaCl EIV
PR T IR 0 ) 5 00 b T B A B K R
Fig. 6 Relationship between immersion time and corrosion 7
area percentage of zinc coating, low-chromium conversion 5% NaCl Tafel

1 a ~y 1 ~, M 1 [ ] o . . . . .
coating and rare earth conversion coating in 5% NaCl Fig.7 Tafel curves of zinc coating, low chromium conversion

coating and rare earth conversion coating in 5% NaCl

, 5%N aCl
0.071g*m > *h™ ', 7 Tafel
0.026g* m >*h', 0.023g * ,
m e h' 6 s
2 2 2
, 100h, ,
; 120h s 2 T afel
T afel ba, by ,
2.5 T afel T afel
2 Tafel
Table 2 Eledrochemical parameters of Tafel curves
Egq-o/ V T (A cm™?2) by/ mV b,/ mV R,/ (Q* cm™?)
Zinc coating - 1.029 2.378x 107 * 2.736 2.874 5.763% 103
Rare earth conversion coating - 0.832 1.004x 107 7 6.721 7.918 2.274% 10°

Low-chrom ium conversion coating - 0. 837 4.086x 1007 6.245 7.422 2.105x 10°




88

/2011 4

Tafel

s T afel

Icurr

2.7
18,28, 38, 48,58, 68 C
5% N aCl T afel ,
) 8
-8
y=-6294.1x+8.7694
OF
5 -0
< -uf
E
_l 3 1 1 1
00028 0.003 00032 0.0034
7-] / K'I
8 59% NaCl

Fig. 8 Relationship between polarization resistance and

tem perature of rare earth conversion coating in 5% NaCl

5% NaCl
E.  52329.15] * mol™',
A 6434, 3,
k= 6434.3exp( - 52329. 15/RT),  :R
(8.314J+* K ' *mol ;T 5% (
NaCl (K)
k, kT

0.00008

0.00006

= (.00004

0.00002

0 . s L . .
290 300 310 320 330 340 350
T'/K

9 5%NaCl kT
Fig.9 kT curve in 5% NaCl solution

5% NaCl

52329 15 * mol ', k=
6434. 3exp(— 52329.15/ RT),
4

(1) Zn™ , Ce" Ce

(2)

(3) 5% NaCl
Es  52329.15] * mol ', k=

6434. 3exp(— 52329.15/RT),

)

[1] MONTERMORM F, FERREIRA M G S. Analytical character
ization of silane films modified with cerium activated nanoparticles
and its relation with the corrosion protection of galvanized steel
substrates [J]. Progress in Organic Coatings, 2008, 63(3): 330
- 337.

[2] BLINF, KOUTSOUKOS P, KLEPETSIANIS P, et al. Thecor
rosion inhibition mechanism of new rare earth cinnamate comr
pounds: electrochemical studies [J]. Electrochimica Acta, 2007,
52(21): 6212- 6220.

(T#% 93 M)



93

[4] [M]. ,2004. 10—
P P s P
13.
’ [5] JEONG WAN YOO, SEONG HUN LEE, CHONG S YOON, et
’ M:B ’ ? al. The effect of boron on the wear behavior of iror based hard
s facing alloys for nuclear power plants valves|[ J]. Journal of Nu
, clear Materials, 2006, 352( 1- 3):90- 96.
[6] BADISCH E, MITTERER C. Abrasive wear of high speed
3 steels: Influence of abrasive particles and primary carbides on
wear resistance [ J]. Tribology International, 2003, 36(10): 765
(1) (0.1%~ 1. 0% C,4% ~ 13% - 770,
CI', 2. 5%~ 3.29% V, 2.2%~ 3. 8% B) [7] BERGMAN F, HEDENQVIST P, HOGMARK S. T he influence
¢ Fet ¥Fe ’ M5B of prlm‘ary carbid es an'd test parameters on a'braswe and ero'swe
wear of selected PM high speed steels[ J]. Tribology Internatior
M:B M3 (B, C) V2C al, 1997, 30(3): 183— 191.
M Fe, Cr, V , , [8] ., , .FeGCrV-B
M:B [J]. ,2009, (5):22- 25.
(2) M-B , [9] [M]. : ,
1980. 83— 87.
’ [10] GUO Changqing, KELLY P M. Boron solubility in Fe Cr B
M-B cast irons[ J]. Materials Science and E ngineering A, 2003, 352
(1- 2):40- 45.
[1] s . FeBC [J]. s (10JJ6078) ;
2006, 45(2): 545- 548. (06QDZ05; 09QDZ16)
[2] FU Harguang, XIAO Qiang, KUANG Jix cai, et al. Effect of :2009- 08 26; 12016 0702
rare earth and titanium additions on the microstructures and (1973-), , s s
properties of low carbon Fe B cast steel[ J]. M aterials Science s
and Engineering A, 2007, 466( 1- 2): 160- 165. (411105), E-mail: gong309@ tom. com
[3] LIU Zhongli, LI Yarr xiang, CHEN Xiang, et al. Microstructure °
and mechanical properties of high boron white cast iron[ J]. M ate
rials Science and Engineering A, 2008, 486( 1- 2): 112- 116.
chemical corrosion inhibitors for an AFLiCu (8090) alloy in

(L32% 88 M)

[3]

MONTERMOR M F, SIMOES A M, CARM EZIM M J. Charac
terization of rare earth conversion films formed on the AZ31 mag
nesium alloy and its relation with corrosion protection [ J]. Ap
plied Surface Science, 2007, 253(16):6922— 6931.

MOTTE C, MAURY N, OLIVIER M G, et al. Cerium treat
ments for tem porary protection of electroplated steel [ J]. Surface
and Coatings T echnology, 2005, 200(7): 2366- 2375.
FERREIRA M G S, DUARTERR G, MONTEMOR M F, et al.
Silanes and rare earth salts as chromate replacers for pre treat
ments on galvanized steel [ J]. Electrochimica Acta, 2004, 49
(17):2927- 2935.

ANDRE D, JEAN P. Study of the deposition of cerium oxide by
conversion on aluminium alloys [ J]. Surface and Coatings Teclr
nology, 2005, 194(1):1- 9.

MILLER R. Noirtoxic corrosion resistant conversion coating for
aluminum and aluminum alloys and the process for making the
same[ P]. USA Patent: 5221371, 1993 6 22.

DAVb B, DAMBORENEA DE J J. Use of rare earth as electro

[9]

[10]

[11]

[12]

3 56% NaCl[]].Electrochimica Acta, 2004, 52(9) : 4957- 4965.
s s T3/T7

1.

> s

, 1998, 10(2): 98- 102.

[J]. , 2007, 30(5): 60— 64.

AMOTT DR, RYANN E, HINTON B R W. Auger and XPS
studies of cerium corrosion inhibition on 7075 aluminum alloy
[J]. Application of Surface Science, 1984, 22(1):236- 251.
SHYU JZ, OTTO K, WATKINSW L H, et al. Characteriza
tion of Pd/¥-alumina catalysts containing ceria [ J]. Journal of

Catalysis, 1988, 114( 1): 22— 23.

:2010-06 21; :201F 0F23
(1973-), R s
> : 68
(650093) , E-mail: kmzjhrr@ 163. com




