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Effects of element diffusion on microstructure and friction
behavior of high-aluminum bronze plasma spray coating
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Abstract: High-aluminum bronze coating with a thickness of 5 mm was sprayed by plasma spray welding on 45 medium
carbon steel with size of 4100 mm X 30 mm. The workpieces were cut at zones of 32, 33, and 34 mm from the bottom of
the substrate. The thicknesses of coatings on the substrate were 2, 3 and 4 mm, respectively. The effects of element
diffusion on the phase structure, microhardness, friction and wear behavior were analyzed at room temperature. The
results show that Fe element coming from substrate diffuses into the coating. With increasing the distance from the
interface, Fe element diffusion decreases. The volume fraction of Fe-rich k phase is relatively high on the sprayed layer
near the substrate. This increases the compatibility of structure between the coating and Fe-based counterpart. The k&
phase of coating gathers into spots or globules. Such & phase tends to stick the counterpart during friction process, which
even causes some particles. Therefore, its wear behavior is the worst despite of the high hardness of coating. However, in
the sample near the surface of coating, the bulky dendritic £ phases change to small dendritic and granular ones, and thus
results in a decrease of adhesive wear, which causes a low friction coefficient and wear rate. The wear mechanism is
characterized as abrasive wear.
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Fig. 1 Schematic diagram of pin-on-disc wear test apparatus:
1—Pin; 2—Coating on pin; 3—Disc; 4—Sliding direction;

5—Pressure
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Table 2 Experiment condition

o Contact pressure/ Sliding speed/ Experimental
Temperature Pressure Friction type .
MPa (m's) time/min
Room temperature ~ Atmospheric pressure Dry 2.11 0.2 20
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Fig. 2 Schematic diagram of coating cutting, SEM images of sample cross-sections and section-distribution of Fe elements: (a)

Schematic diagram of coating cutting; (a), (b) A—4 referring to SL1; (c), (d) B—B referring to SL2; (e), (f) C—C referring to SL3; (g),
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Fig. 3 Hardness of coatings with different distances from

cross-sections
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Fig. 4 Friction coefficients and wear loss of coatings
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Fig. 5 SEM images of wear scar of coatings: (a) SL1; (b) SL2; (c) SL3; (d) OC
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Fig. 6 SEM images of wearing debris on

worn surface: (a) SL1; (b) SL2; (c) SL3
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Table 3 Chemical composition of coatings before and after wearing and wearing debris

Layer Unworn coating Wear surface Debris

w(Al)/% w(Fe)/% w(Others)/% w(Al)/% w(Fe)/% w(0,)/% w(Others)/% w(Al)/% w(Fe)/% w(0,)/% w(Others)/%

SL1 9.82  29.08 61.1 7.7 15.2 0.7 76.4 7 33.6 3.5 55.9
SL2 10.19 28.03 61.79 8.7 17.9 4.5 68.9 83 30.1 6.1 55.5
SL3  10.67 2431 65.02 8.1 23.6 1.1 67.2 7.5 27.6 3.2 61.7
oC 10.75 2531 63.94 9.1 15.7 1.3 73.9 9.2 38.7 1 51.1
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