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Abstract :

spray parameters (arc current, arc voltage and spray distance) on the microstructure, porosity and oxygen

Al/1Cr13 composite coatings were fabricated by high velocity arc spray process. The effects of

content of the coatings were investigated by an orthogonal experiment design method with 3 factors and 3 lev-
els. The microstructure and porosity were measured by scanning electron microscope(SEM) and the oxygen
content was examined by an oxygen—nitrogen analyzer. The results show that the densest Al/1Cr13 composite
coatings are achieved under the 9" set spray parameters, arc current of 240 A,arc voltage of 32 V and spray
distance of 150 mm. The minimum porosity of Al coating and 1Crl3 coating is 1. 6% and 2. 2% , respectively.
The oxygen content of Al coating is significantly lower than that of 1Cr13 coating, and the minimum is about 2%.
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Table 1 The main chemical composition of 1Crl3 wire (w/ %)
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Table 2 Orthogonal design methods of spray parameters

Arc current  Arc voltage Spray distance

No.

Elements Si Mn Cr Ni Fe

Content 0.45 0.55 12.88 0.16 85.78
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1Cr13,JEJE N 150~200 pm, T J2 K 445 L J5 15

/A /V /mm
1 160 28 100
2 160 30 150
3 160 32 200
4 200 28 150
5 200 30 200
6 200 32 100
7 240 28 200
8 240 30 100
9 240 32 150
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Fig. 1 The fracture surface of the coationg (a) micro-
structure of high velocity arc sprayed Al/1Crl3 compos-
ite coatings (b) interface between Al and 1Crl3 coating
(c)interface between 1Crl3 coating and substrate (coat-

ings deposited at the 9th set spray parameters)
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Table 3 Element content of Al/1Crl3 composite coatings (w/ %)

Content
Elements
A B C

Fe 83.76 91. 64

Cr 13.03 8.31

Mn 0. 44

Si 0.51

C 0.14 0. 05

O 2. 13 1.74
Al 98. 26
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Table 4 Porosity of 1Crl3 coating and Al coating fabrica-

ted under 9 sets spray parameters (%)

Porosity of Al coating Porosity of 1Cr13 coating

No. Average  Standard  Average Standard

value error value error
1 4.78 0. 150 5.06 0.420
2 2.40 0.327 4,22 0.222
3 4. 60 0. 490 4. 86 0.417
4 4.18 0.215 4. 60 0.483
5 4. 50 0. 369 3.24 0.121
6 2.50 1.92 0. 285 0. 383
7 3. 64 1. 64 0. 206 0.191
8 1.92 0. 285 2.28 0.362
9 1. 64 0.206 2.20 0.416
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(Arc current: level 1-160 A, level 2-200 A, level 3-240 A;
voltage: level 1-28 V, level 2-30 V, level 3-32 V;

spray distance: level 1-100 mm, level 2-150 mm,

level 3-200 mm)
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Fig. 2 Effect of factors and levels on porosity of 1Crl3

coating
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Table 5 Significance analysis of influencing factors on porosity of 1Crl3 coating

Sum of square of
Spray parameter

Degree of freedom

Variance  F value Critical value z(Fo) Significance

deviations
Arc current/A 5.62 2 2.81 10. 04 Fo.05(2,4)=6.94 P
Arc voltage/V 2.70 2 1. 35 4,82 Fo.nn(2,4)=18.0
Spray distance/mm 0.20 2 0.10
Error(e) 0.91 2 0.46
Error(e”) 1. 11 4 0. 28

VN AR
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Fig. 3 Effect of spray distance on porosity of Al coating
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Table 6 Oxygen content of 1Crl13 coating fabricated under

9 sets spray parameters

No. Oxygen content of 1Crl3 coating/ %
1 4. 56

2 6.72

3 7.37

4 6.25

S 7.11

6 5.51

7 6.69

8 4.81

9 4. 56
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spray distance: level 1-100 mm, level 2—-150 mm,

level 3-200 mm)
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Fig. 4 Effect of factors and levels on oxygen content of
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Table 7 Effect of spray distance on oxygen content of Al

coating

Spray distance/mm Oxygen content/ %

100 2. 40
150 1. 99

200 2.03
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Table 8 Significance analysis of the influencing factors on the oxygen content of 1Crl3 coating

Sum of square Degree of Critical value
Spray parameter o Variance F value Significance
of deviations freedom (F)
Arc current/A 0.22 2 0.11 Fooi(2,4)=18.0
Arc voltage/V 0.48 2 0. 24 2.53 Fo.os(2,4)=6.94
Spray distance/mm 6.92 2 3. 46 36. 42 ¥ X
Error(e) 0.16 2 0.08
Error(e®) 0.38 4 0.095
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