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Abstract: Sixteen kinds of zinc-manganese phosphating films were prepared on the surface of 40Cr steel
by medium temperature zinc-manganese phosphating process according to three-factor and four-level
orthogonal experimental scheme. The corrosion resistance of phosphating film was tested by copper
sulfate dropping test, and the optimum process parameters were selected. The element composition of
the phosphating film prepared under the optimum conditions was analyzed, and the morphology of the
phosphating film and 40Cr steel before and after immersion corrosion was observed. The results showed
that the order of the influence of the factors on the corrosion-resistance time of copper sulfate dropping

test was as follows: phosphating solution temperature>phosphating time>surface conditioning time.
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When surface conditioning time was 30 s, the phosphating time was 25 min and the phosphating solution

temperature was 65 °C, the phosphating films showed the longest corrosion-resistance time to copper

sulfate dropping test, and exhibited the best corrosion resistance. The optimal phosphating film was

mainly composed of Zn, P, Mn, Fe and O elements, and the content of Zn was the highest, about 38 %.

The morphology of the optimal phosphating film had little change before and after immersion corrosion,

which can effectively reduce the corrosion degree of 40Cr steel.

Keywords: zinc—manganese phosphating film; corrosion resistance; surface conditioning time; phos-

phating solution temperature ; phosphating time
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Tab.l Chemical composition of 40Cr steel

L% C Mn S

Ni Si Cr Cu Fe

T/ (wt.)5) 0.37~0.44 0.5~0.8 0.035

0.035 0.03

0.17~0.37 0.8~1.1 0.03 bal.
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Tab.2 Factor level table of orthogonal experiment
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K . , o Loy o
FIRAFA /s | BRI /min | BEALIRGREE/C
1 15 9 50
2 20 16 55
3 30 25 60
4 35 32 65
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Tab.3 Corrosion—resistance time of phosphating film

prepared under different process conditions

Wi | WEX | MY | gy | ORI
IfA) G/s
1 15 9 50 26
2 15 16 55 38
3 15 25 60 65
4 15 32 65 62
5 20 9 55 43
6 20 16 50 30
7 20 25 65 75
8 20 32 60 64
9 30 9 60 40
10 30 16 65 70
11 30 25 50 48
12 30 32 55 54
13 35 9 65 45
14 35 16 60 55
15 35 25 55 58
16 35 32 50 42
x4 WESWER
Tab.4 Range analysis results
ErRes ¥ifH Ak -
X Y 7

1 8 1KEME | 47.75 | 38.50 | 36.50
2 $2KFEME | 53.00 | 48.25 | 48.25
3 W 3K T | 53.10 | 61.50 | 56.00
4 WAACERME | 50.00 | 55.50 | 63.00

W2 5.35 23.00 26.50
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Fig.1 Effect curve of each factor
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Tab.5 Variance analysis results

VB il HZE X HEY HEZ
i | 78188 | 1177.188 | 1547.188
ST - -
N | 2964750 | 1865.750 | 1495.750
21 i) 3 3 3
H
= WK 12 12 12
. i | 26.063 | 392.396 | 515.729
N | 247.063 | 155479 | 124.646
FfE | 4l 0.105 2.524 4138
P | 4l 0.955 0.107 0.031
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Fig.2 Surface scanning results of the

optimal phosphating film
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Fig.3 Macromorphology of the optimal phosphat-

ing film and 40Cr steel before and after corrosion
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Fig.4 Micromorphology of the optimal phosphating film

before and after corrosion
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Fig.5 Micromorphology of 40Cr steel before and

after corrosion
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