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Influence of Chromium-Free Sealing Treatment on Corrosion
Resistance of Zinc Phosphating Film on Cold—Rolled Automo-
tive Sheet
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Abstract: In order to improve the corrosion resistance of zinc phosphating film on cold-rolled automotive
sheet, the phosphating film was sealed with sodium silicate solution. The corrosion resistance of phos-
phating film was evaluated using the concentration of sodium silicate, solution temperature and sealing
time as the influencing factors and the color-changing time as the index. The optimal sealing process con-
ditions obtained through orthogonal test design and analysis were as follows : concentration of sodium sili-
cate 10 /L., solution temperature 80 °C, sealing time 16 min. The phosphating film sealed under the op-
timal sealing process conditions has a compact structure, and is mainly composed of Zn, P, O, Na and
Si elements. The corrosion resistance of the phosphating film after sealed is obviously better than that of
the phosphating film before sealed. The density of phosphating film is improved because of sodium sili-
cate filled the gap between the grains, which prevents the corrosive medium from permeating into phos-

phating film, so as to improve the corrosion resistance of phosphating film.
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Tab.1 Composition of cold—rolled automotive sheet

JLE C | Mn| P S | Al Fe

il

rit/wi.Y | 0.06 | 0.30 | 0.03 | 0.03 | 0.02 | 4%

1.2 B IZRE

TR R AL BB AE — K Ve — A Xk T il
FHIE AR R WO IR R4 T IR AL 3, F R vk
H 3 /L, FVAWRE N 25+0.5 °C, F PR E] A 25~
30 so BEAL WO 2 A T2 45 F R : Zn0 5~10 ¢/L.
H,PO,(85%)20~25 g/L.,HNO, 3~5 mL/L Ni(NO,),*
6H,0 1~2 o/L, B AL 50 °C, B AL AT E] 30 min.
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Tab.2 Orthogonal factor level table

K H#E A H#EB H#EC

V| RERREMVREE /(gL ") | WEWIREE/°C | E IR E] /min
1 2 60 4

2 6 70 10

3 10 80 16

4 14 90 22
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1.4.1 RMFIRRAEFAK 5 S

FIHT ISM-6360LV #4474 H 55 SR AE B8 Ak 114 3%
ST, () Bs) X il A B A4 7 18 53 53 B
142 ZTEEENE

L CuSO0,-5H,0 41 g/L+NaCl 35 g¢/L+HCl (0.1
mol/L) 13 mL/LAE K s W , 7E = F AP0 5%
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Tab.3 Orthogonal experimental results

x4 MESWER

Tab.4 Range analysis results

HfH HEA HEB HEC
¥ifE 1 105.50 109.00 105.25
{2 116.50 119.75 123.25
M 3 136.00 133.50 129.50
BifE4 125.25 121.00 125.25
W2 30.50 24.50 24.25

FE | NEA | WEB | WEC (A5t /s
1 2 60 4 85
2 2 70 10 105
3 2 80 16 122
4 2 90 22 110
5 6 60 10 104
6 6 70 4 98
7 6 80 22 136
8 6 90 16 128
9 10 60 16 142
10 10 70 22 150
11 10 80 4 122
12 10 90 10 130
13 14 60 22 105
14 14 70 16 126
15 14 80 10 154
16 14 90 4 116
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Fig.1 Micromorphology of phosphating film before and
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after sealed
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Tab.5 Composition of phosphating film before and after
sealed
JER/ % AT HHJE
7n 38.67 37.25
P 15.16 11.92
O 46.17 43.37
Na — 3.84
Si — 3.62

P12 i 7 Ay A A B ) R 3 R AN Na L Si R
P Z AR, N 2(b) FIE 2(e) AT LB
Na.Si Wi F 0 Z #AEAE R ARSI S, 3%
W RERR BT AR S ST S A WAL A b o P T Al ot
B AL 2 BUR HL A A JO AR M, A 4k B S )R
Bl € R AR X TR, 1T BB SR T e PR N 7 3% X Bl s e
WEZ ., BB R SEBTHE B AN KA S
WA B A it J8 b
223 HHAREBHMLRR K S

P13 JIr 7 Ay PAT T i e S 1) P A 2 BT 33
Pl 4 Jir 7 Ay i Ak BT TS 0L 6 i SR FH 19 S5 200 R 15
N30 LU Y, AT RS B AR A2 B B %
TEARARARL, #0522 B 05 10 0] ) B 25 0o, 2 B 3 DA i
Ji W AR R 10 5 i A T A 0 Rk 2 R e
P I B A B 0 25 T IR 2 AR A K, 3 I 3 A )i e A s
F R A H AT RS I BH IR BHBTER = .

72 6 i o H Ak 2E BH o i HUL A 15 20 00 B8 .
FH 2% 6 1T, 355 DA A Ak RSE 1) PR £r 57 B8 FLBEL (R, ) Sy
1821 Q- em®, 5 A i B8 40 J5E 1) . iy 26 6 it L2 5 2
2542 Q-em’, EBFH AT BE AL I R BH BT ELE (121) K
1738.3 Q -em’, $F 14 J5 Bl A 58 () BH 40 A% (8 2 =5 21
2478.2 Q-em’. Hfap i B HLBH RIS LA (A #- AT K

CPS/eV

0 1 2 3 4 5 6 7 8
Energy/ keV
(a) REISAE

©)

(b) NaJCZE/H
2 HEABRBHIEMEIZEMEEEER

Fig.2 Energy spectra and surface scanning results of phos-
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Fig.3 Electrochemical impedance spectrum of phosphat-

ing film before and after sealed
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Fig.4 Equivalent circuit used for fitting of electro-
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Tab.6 Parameters obtained by fitting the electrochemical

impedance spectroscopy

£ BT e
R./(Qecm®) 1821 2542
2]/ (Qecm?) 1738.3 2478.2
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