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Abstract; Corrosion of bolts in the harsh environments including high temperature, high humidity and salt fog is a crucial
problem. The Zn-Al infiltrated layer was fabricated by the mechanical energy assisted technology at 450°C. The thickness,
microstructure,, phases, hardness, anti-corrosion and wear properties of the layer were investigated by SEM, EDS, XRD, micro-
hardness tester, electrochemical impedance spectroscopy (EIS) and friction and wear tester. Results show that the anti-corrosion
and wear resistance are improved after using the mechanical energy assisted technology. The optimum parameters to fabricate the
layer are using 35% zinc powder, 15% aluminum powder for 4. 5 h in the infiltration furnace at a rotation speed of 7 r/min. The
main phase of Zn-Al layer is composed of Al,0,, I'l (Fe, Zn,,)and 81 (FeZng,, FeZng o, , FeZn,, o). The thickness, hard-
ness, corrosion potential and current density, and impedance modulus of the Zn-Al infiltrated layer are 91. 12 pm,
413.2 HV, .5, —0.9286 V, 2.2493 A-cm™ and 2284 Q-cm’, respectively. The average friction coefficient is 0. 3887, wear
scar width is 734. 66 wm, wear scar depth is 21.7 wm and wear volume is 16.75x10™> mm.
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Table 1  Chemical composition of 45 steel (w/ %)
Element C Mn Si Cu P S Cr Ni Fe
Content 0.42-0.50 0.5-0.8 0.17-0.37 <0.25 <0.035 <0.035 <0.25 <0.3 Bal.
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Table 2 Composition contents of Zn-Al infiltrated layers (w/ %)
No. Al content Zn content NH, CI content Rare earth content Al Oy content
1# 0 50 0.02 0.05 49.93
2# 5 45 0.02 0.05 49.93
3# 10 40 0.02 0.05 49.93
44 15 35 0.02 0.05 49.93
S# 20 30 0.02 0.05 49.93
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Table 3 Process parameters of Zn-Al infiltrated layers

Holding Holding  Furnace rotation
Number
temperature/°C time/h  speed/(r-min”")
4# 450 4 5
6# 450 4 7
T# 450 4 9
8 450 4 11
o# 450 4 13
10# 450 3.5 5
11# 450 4.5 5
12# 450 5 5
13# 450 5.5 5
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Variation curves of infilirated layers hardness and

surface thickness with different Zn and Al contents
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Fig. 4 Surface morphologies of permeation layer with different Zn and Al contents
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Table 4  Surface porosity analysis of permeation layer with

different Zn and Al contents

Sample Area fraction/%
50% Zn 5.9

5% Al-45% Zn 3.1

10% Al-40% 7Zn 0.9
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20% Al-30% Zn 0.5
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Fig.5 Cross-sectional morphologies of infiltrated layers with different Zn and Al contents
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Fig.7 Polarization curves of infiltrated layers with different

Zn and Al contents
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Table 5 Corrosion current density and corrosion potential of permeation layer with different Zn and Al contents

Sample E,./V 1.,/ (10°A-em™) B./mV B./mV R/(Qeem’)
50%7Zn -0. 9762 4.1194 129. 58 187.35 6595.9
5% Al-45% 7n -0. 9825 4. 5881 111. 38 223. 84 6392.7
10% Al-40% Zn -0. 9556 3.5749 69. 465 190. 77 7698
15% Al-35% Zn —-0. 9285 2.2493 80. 164 298. 02 11409
20% Al-30% Zn -0. 9407 2. 8904 77.603 172.78 9156.7
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7Zn and Al contents
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Fig. 9  Macroscopic morphologies of the infiltrated layers and matrix after salt spray test for 720 h
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Table 6 Salt spray test results of infiltrated layers

Starting time of  Starting time  Corrosion area

Sample

white rust/h of red rust/h  of red rust/%
1# 24 288 27.61
44 48 312 19. 54
(i3 72 360 4.61
11# 48 336 9. 88
Matrix o 24 100
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Table 7 Value of width,depth,volume of wear scars
08
Matrix Width/wm  Depth/pm  Volume/ (10 mm®)
06 WWN‘\/U Matrix  876.25 29.8 28. 84
% /Znso% (1) 1# 831.34 25.6 21.43
S 04 44 795. 63 22.3 17.35
\ T# 757. 83 20.2 14. 58
02 Al15%-Zn35% (4#)
: 10# 734. 66 21.7 16.75
1 1 1 1 1
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3 & it
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%
Fig. 10  Friction coefficient of different infiltrated layers and

substrate with 3 N load under dry wear
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Fig. 11

Friction coefficient curve of infiltrated layers with

different process parameters with 3 N load under dry wear
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