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ABSTRACT: The work aims to improve the friction and wear performance of special steel materials under severe service
conditions like high temperature, medium and low speed, etc. The surface of special steel materials with dimethicone was
treated by coating preparation technology. The epoxy resin E-51 was used as the base material, and high-temperature wear-
resistant materials such as expandable graphite and CaF, were used as pigment fillers to prepare a coating suitable for oil coating
on the surface of special steel. High-temperature wear, thermal weight loss rate, corrosion current density, etc. were used as the
evaluation criteria, and high-temperature wear was used as the main evaluation criterion. The orthogonal optimization expe-

riment was carried out on the basis of single factor experiment, and 9 groups of orthogonal optimization experiments were
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analyzed by entropy weight method. The optimization experiment results showed that when the pigment base ratio was 1.2 : 1,

the amount of graphite was 35%, the amount of CaF, was 22%, and the amount of glass flakes was 18%, the high-temperature

wear rate of the film was 0.97%, the weight loss rate of 200 ‘C and 400 C was 5.41% and 37.84% respectively, and the

corrosion current density was 1.337x1077 A/em?, indicating the best comprehensive performance. The other properties also met

the national standards, and the alkali resistance of the film was far greater than the value stipulated by the national standard. The

results of the orthogonal optimization scheme calculated by the comprehensive weighting method have obvious performance

improvement, in which the high-temperature wear resistance rate is reduced from 2.5% to 0.97%, the corrosion current density is

reduced from 2.61x107 A/cm®to 1.337x107" A/em?, and the high temperature resistance is also increased from the original

350 'C to 400 C.

KEY WORDS: orthogonal experiment; oil coating; high-temperature wear resistance; special steel; entropy weight method
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Tab.1 Orthogonal experiment factor level

Factor
Level
A B C D
1 06:1 35% 18% 18%
2 09:1 40% 20% 20%
1.2:1 45% 22% 22%

BRI T %, ®H 4 IR 3 K PIIERR
Lo(3%), LARBURRER . MR T ik 0 25
SEFEE PR AR AE, IR T 5 AR R 2. BB
b B PERE PPN 45 R LR 3.
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Tab.2 Orthogonal experiment results

Test A B C D H‘ghvtvi:‘;‘f;f/zamre TG(250 C)/% ot O,J&".m,z)

1 1 1 1 1 4.19 11.29 7.48

2 1 2 2 2 16.25 13.43 4.11

3 1 3 3 3 4.00 9.09 12.8

4 2 1 2 3 13.11 8.47 5.82

5 2 2 3 1 3.17 7.79 3.77

6 2 3 1 2 8.92 6.98 12.8

7 3 1 3 2 2.50 10.00 4.55

8 3 2 1 3 8.47 10.91 2.61

9 3 3 2 1 12.73 5.71 3.05

x3 HMERETMNER
Tab.3 Other performance evaluation results
Test items 1 2 3 4 5 6 7 8 9

Film thickness/pm 43 56 46 37 36 42 76 59 55
Dry time /min 27 25 37 23 23 10 10 11 12
Adhesion (level) 1 0 0 1 1 1 1 1 1
Acid resistance (5%H,S0,4)/d 13 13 13 13 13 13 3 3 3
Alkali resistance (5%NaOH)/d 31 31 31 31 31 31 31 31 31
Salt water resistant (3.5%NaCl)/d 13 13 13 13 13 9 5 5 8
Normal temperature wear resistance/% 50 30 25 35 30 45 40 50 50

High temperature resistance/'C 300 250

250 300 300 300 300 300 350
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Tab.4 Range analysis results of high-temperature wear

Variable A B C D
K, 24.44 19.80 21.58 20.09
K, 25.20 27.89 42.09 27.67
K; 2.70 25.65 9.67 25.58
k 8.14 6.60 7.19 6.69
ky 8.40 9.29 14.03 9.22
k3 7.90 8.55 3.22 8.52
R 0.50 2.69 10.80 2.52

Factor
(main— CBDA
secondary)
Optimization C;B|DjA;
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Tab.5 Analysis results of thermal weight loss rate

Variable A B C D
K, 33.81 29.76 29.18 24.79
K, 23.24 32.13 27.61 30.41
K; 26.62 21.78 26.88 28.47
ki 11.27 9.92 9.72 8.26
ky 7.74 10.71 9.20 10.13
ks 8.87 7.26 8.96 9.49
R 3.52 3.45 0.76 1.87

Factor
(main— ABDC
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Optimization A;B;DCs
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Tab.6 Range analysis results of corrosion current density

Variable A B C D
K, 2.44x107° 1.78x107° 2.28x10°° 1.42x10°°
K, 2.23x107° 1.49x107° 1.29x10°° 2.14x10°°
K; 1.28x107° 2.86x107° 2.11x107° 2.12x10°°
ky 8.13x1077 5.95x1077 7.61x1077 4.76x107"
& 7.45x1077 3.49x1077 4.32x1077 7.14x107
ks 3.42x1077 9.54x1077 7.47x1077 7.85x107
R 4.73x1077 6.44x1077 3.29x1077 2.37x1077
Factor
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Tab.7 Range analysis of comprehensive weighting method

Variable A B C D
K 1.42 1.88 1.72 2.13
K, 1.81 1.67 1.26 1.49
K; 2.02 1.71 2.28 1.64
ki 0.47 0.63 0.57 0.71
ky 0.60 0.56 0.42 0.50
ks 0.67 0.57 0.76 0.55
R 0.20 0.07 0.34 0.21
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Tab.8 Experimental results of orthogonal optimization scheme

Test items Test results Test items Test results
Film thickness/pum 61.6 200 C thermal weight loss rate/% 5.41
Dry time/min 19 250 C thermal weight loss rate/% 10.81
Hard time/h 12 300 C thermal weight loss rate/% 21.62
Adhesion (level) 0 350 C thermal weight loss rate/% 33.78
Acid resistance (5%H,S0,)/d 3 400 ‘C thermal weight loss rate/% 37.84
Alkali resistance (5%NaOH)/d 15 450 ‘C thermal weight loss rate/% 39.18
Salt water resistant (3.5%NaCl)/d 3 Normal temperature wear resistance/% 45
Jeor/(x1077 A-cm™?) 1.337 High temperature wear/% 0.97
High temperature resistance/C 400
a<— Before sentering
3 #Hit

Transmittance/%

b <« After sentering

4000 3500 3000 2500 2000 1500 1000 500
Wave number/cm™!

1 205 400 C st i a3 I A4 A8 1k
Fig.1 Infrared spectroscopy analysis of composition changes
of film before and after sintering at 400 C
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Fig.2 Thermal weight loss rate curve
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