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Abstract The flame quenching process has been employed to modify the surfaces of commercial marine propel-
ler material, aluminum bronze alloy (Cu-8.8Al-5Ni-5Fe), and the microstructure, hardness and wear properties of
the flame-quenched layers have been studied. The thermal history was accurately monitored during the process
with respect to both the designed maximum surface temperature and holding time. The XRD and EDX analysis
have shown that at temperatures above T, the microstructure consisting of a+x phases changed into the o+’
martensite due to an eutectoid reaction of a+x — B, and a martensitic transformation of § — p'. The B' martensite
phase formed showed a face-centered cubic (FCC) crystal structure with the typical twinned structure. The hard-
ness of the flame-quenched layer having the o+f' structure was similar to that of the o+x structure and depended
sensitively on the size and distribution of hard x and B' phases with depth from the surface. As a result of the slid-
ing wear test, the wear resistance of the flame-quenched layer was markedly enhanced with the formation of the
B' martensite.
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Fig. 2. Equilibrium phase diagram of Cu-Al-4.5Ni-4.5Fe
alloys([1].
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(b)

Fig. 4. (a) An etched OM view of the as-cast aluminum
bronze alloy and (b) a SEM view showing the i, phases
distributed finely within the o grain.
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Fig. 5. X-ray 6-26 diffraction patterns measured for the
as-cast and flame-quenched layers.
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Table 1. The compositions of various phases observed in the as-cast and flame-quenched alloys [at.%]

Phase Al Cu Fe Ni Mn HV0.2 Shape
o 15.18 78.25 331 2.12 114 121 Columnar grain
K 21.56 13.53 56.51 7.28 1.12 300-350 Large dendritic
K 22.85 7.58 57.11 10.91 1.55 - Small dendritic
X 32.87 2157 21.21 23.03 1.32 - Lamellar
Ky - - - - - Fine particles
B 19.60 72.4 2.99 1.37 300-340 | Twinned/heavily fauited
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Fig. 7. A SEM view of ' martensite showing the typical
twinned structure.
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Fig. 10. (a) Relation between the weight loss and sliding
distance for the as-cast and flame-quenched alloys and
(b) the surface scan profiles for the wear tracks after the
sliding wear test.
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