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Abstract: Alloy layers containing Al-Zn-Cr were obtained on 20 steel by the mechanical-energy infiltration technology at
600 °C. With the aid of optical microscope, scanning electron microscopy and energy dispersive X-ray spectrometry, the
influence of alloying element Cr on co-permeation rate of alloying layer, the influence of infiltration time on the microstructure
of alloying layer, the distribution of Cr in the layer and the effect of Cr content on the thickness of layer were investigated. The
results show that the thickness of diffusion layer increases with the increase of the chromium content, chromium distributes
uniformly in the diffusion layer and no chromium is enriched. In the condition with the same aided infiltration time, the co-
permeation rate will be promoted and phase constitution in the diffusion layer will transform from a single layer to a multi-
layer with the increase of the chromium content. At the same chromium content, the phases in the diffusion layer change as the
time goes on. Reaction between Fe and Zn is accelerated and the formation of Fe-Al phase decreases. When the diffusion
process is performed at 600 °C for 3 h and the chromium content (w/%) in the Al-Zn-Cr infiltration powder is 5%, the obtained
diffusion layer which is composed of a-Fe(Zn-rich), FesZn,,, FeZn; and FeAl phases is a compact multiple structure. The
alloying layer has good oxidation resistance and cathodic protection.
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Table 1 Nominal composition of different infiltration agent (w/%)

Infiltration

agent Al Zn Cr NH,Cl1 AlLO4
3Cr 25 15 3 1 56
5Cr 25 15 5 1 54
7Cr 25 15 7 1 52
9Cr 25 15 9 1 50
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Fig.1 Cross section morphologies of the 20 steel coating after mechanical energy aided diffusion of different infiltration agent under the

condition of 600 C,2 h
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Table 2 Composition of the alloy phases obtained by EDS analysis of 20 steel coatings after mechanical energy aided diffusion of different

infiltration agent under the condition of 600 C, 3 h (al%)
Infiltration agent Phase Al Cr Fe Zn
a-Fe(Zn-rich) 0.5 0.8 90.2 8.5
FesZn, 1.8 0.9 25.7 71.6
3Cr
FeAl 40.0 1.0 57.5 1.5
FeZn, 0.5 1.0 13.9 84.6
a-Fe(Zn-rich) 0.3 0.9 90.3 8.5
Fe;Zny 1.7 1.0 255 71.8
5Cr
FeAl 39.8 1.1 57.3 1.8
FeZn, 0.4 1.0 13.9 84.7
a-Fe(Zn-rich) 0.2 1.0 90.0 8.8
FesZn,, 1.5 1.1 254 72.0
7Cr
FeAl 38.6 1.2 58.1 2.1
FeZn, 0.2 1.0 13.8 85.0
a-Fe(Zn-rich) 0.3 1.1 88.5 10.1
FesZny, 1.3 1.2 25.0 72.5
9Cr
FeAl 37.8 1.0 58.9 2.3
FeZn, 0.2 1.2 13.3 85.3
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Fig.2 Cross section morphologies of the 20 steel coatings after mechanical energy aided diffusion of different infiltration agent under the
condition of 600 ‘C, 3 h
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Fig.3 Cross section morphologies of the 20 steel coatings after mechanical energy aided diffusion of different infiltration agent under the

condition of 600 'C, 4 h
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Table 3 EDS analysis of the 20 steel coatings after mechanical
energy aided diffusion under the condition of 600 C, 2 h and 5Cr

(a/%)
ss::trri}r'n Al Cr Fe Zn
1 0.6 0.7 89.8 8.9
2 0.4 0.8 90.2 8.6
3 23 0.8 26.1 70.8
4 25 0.9 25.6 71.0
5 1.9 1.0 25.8 71.3
6 61.3 0.9 27.8 10.0
7 62.1 0.8 273 9.8
8 437 0.6 52.5 32
9 435 0.7 523 35
10 61.7 0.9 28.1 93
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