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Microstructure and interface properties of
plasma spray welded high Al bronze coating
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(Key Laboratory of Gansu Advanced Non-ferrous Metal Materials,
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Abstract: High Al bronze coatings were fabricated on the substrate with different thermal conductivities and chemical
components by plasma spray welding. The effects of element diffusion between the high Al bronze coatings and substrate
on the microstructure and interface properties were studied. The morphologies, phase structures and phase element
content of the spray welding coatings, and the interface morphologies and interface diffusion of Fe and Al were
investigated by optical microscopy (OM), XRD, SEM and EDS. The interfacial bonding strength between the coatings
and substrate was measured by tensile test. The results indicate that Fe in the 45# carbon steel substrate diffuses into the
high Al bronze coating, a metallurgical welded interface forms, and interface bonding strength reaches 346.8 MPa. The
content of Fe-rich K phase increases, and the hardness of the coating surface reaches 301.3HV. Al in the high Al coating
diffuses onto ZQAly4 aluminum bronze substrate, and interface bonding strength is obviously improved with the increase
of the width of the transition layer. The content of Cu-rich a phase increases, and surface hardness reaches 272.7HV. Due
to the high thermal conductivity of T3 copper, little Fe and Al diffuse into T3 copper substrate, and interface bonding
strength is the lowest. However, the microstructure of the coating is homogeneous and refined, and the surface hardness is
dramatically improved.
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Table 1 Thermal conductivity of substrates!'”)

Substrate 45# carbon steel ZQAly, T3 copper

Thermal conductivity/

o 35.17-48.15
(Wm -K")

167.47 385.19
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Fig. 1 Schematic diagram of samples for bonding strength
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Fig. 2 OM micrographs of coatings on three kinds of substrates: (a), (d) 45# carbon steel substrate; (b), (¢) ZQAly.4 aluminum

bronze substrate; (c), (f) T3 copper substrate
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Fig. 3 XRD patterns of coatings on three kinds of substrates:
(a) 45# carbon steel substrate; (b) ZQAly4 aluminum bronze

substrate; (c) T3 copper substrate
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Table 2 Micro area chemical compositions of high Al bronze coatings shown in Fig. 3 (mass fraction, %)

White region Gray region Black region
Substrate
Al Fe Mn Cu Al Fe Mn Cu Al Fe Mn Cu
45# carbon steel  10.39 394  0.76 8491 11.45  3.64 0.78  84.13 14.28 7592 1.54 8.26
ZQAly 4 1276 1.76 ~ 0.55 84.93 13.18 1.66 0.51 84.65 516 68.87 16.89  9.28
T3 copper 1326 1.74  0.59 84.41 16.39 1.52 0.57  81.52 823  79.90 4.08 7.79
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Table 3 Element contents of high Al bronze coatings (mass

fraction, %)

Substrate Al Fe Mn Cu  Others
45# carbon steel 10.63  20.13  0.86 66.76  1.62
ZQAly.4 1236 3.8 089 8l.16 1.73
T3 copper 13.71  4.06 0.87  79.58 1.57

B4 AFZEFEEBEETD K AR
Fig. 4 Microstructures of K-phase in coatings with different
substrates: (a) 45# carbon steel substrate; (b) ZQAly4 Al bronze

substrate; (c) T3 copper substrate
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Fig. 5 Vertical section OM micrograph and interface element

i

line scanning analysis of coating fabricated on 45# carbon steel
substrate: (a) Vertical section OM micrograph of coating; (b)
Back-scattering micrograph of coating; (c) Element line
scanning analysis of interface; HAR—Heat affect region; TR—

Transition region; FL—Fusion line
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Fig. 6 Vertical section OM micrograph and interface element

line scanning analysis of coating fabricated on ZQAly,4 Al
bronze substrate: (a) Vertical section OM micrograph of coating;
(b) Back-scattering micrograph of coating; (c) Element line

scanning analysis of interface
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Table 4 Hardness and bonding strength of high Al bronze coating

Substrate HAR /TR Coating
80
@ Al
40 Cu A
FL
] 0 * *
S 100} Fe
3
(n/-‘l 50F ’J
O 0 N A APAAAMN
Al
201 M/
b ] 1 1 1 1
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Depth/um
B 7 T3 SRR AT AT 4120 N St e 3R LA
0T
Fig. 7 Vertical section OM micrograph and interface element
line scanning analysis of coating fabricated on T3 copper
substrate: (a) Vertical section OM micrograph of coating; (b)
Back-scattering micrograph of coating; (c) Element line

scanning analysis of interface

Surface hardness of coating, HV

Tensile bonding strength/MPa

Substrate
1 2 3 Average 1 2 3 Average
45# carbon steel 299 311 294 301.3 363.3 336.4 340.6 346.8
ZQAly 4 279 267 272 272.7 362.3 370.5 359.6 364.1
T3 copper 360 357 365 360.7 181.3 202.6 194.2 192.7
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Fig. 8 Distribution of microhardness along vertical section

direction
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Fig. 9 Formation mechanism diagram of transition region
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