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Table 1 Heat treatment process of NAB

Technique
State Process
No.
Annealing 1 675 C, 3 h, furnace cooling
2 835 °C, 1.5 h, air cooling
Normalizing 3 900 C, 1.5 h, air cooling
4 950 C, 1.5 h, air cooling

(950 °C, 1.5 h, water quenching)+

Aging
(420 °C, 1 h), furnace cooling
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Fig. 1 Schematic diagram of NAB specimen for fatigue crack

growth test (Unit: mm)
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Fig. 2 Microstructures of NAB alloys subjected to different heat treatments: (a) As-cast; (b), (g) Annealing at 675 C; (c), (i) Aging;
(d) Normalizing at 835 °C; (e) Normalizing at 900 C; (f), (h) Normalizing at 950 C
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Table 2 Chemical composition of different phases in as-cast

alloys
Mass fraction/%
Phase
Cu Al Fe Ni Mn
o 85.72 7.48 2.45 2.53 1.82
p 87.72 8.13 0.99 1.82 1.34
K 23.88 13.67 31.32 27.67 3.46
K 20.37 15.24 28.25 33.25 2.89
100
< 80F 77.79
8 66.38
s 62.22
g 60+
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c; 40k 39.75
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Fig. 3 Proportion of a phase in NAB alloys under various

heat treatments: (a) As-cast; (b) Annealing at 675 C; (c)
Normalizing at 835 C; (d) Normalizing at 900 C; (e)
Normalizing at 950 C; (f) Aging
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Fig. 4 Stress—strain curves of heat treated samples
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Table 3 Tensile mechanical properties of NAB alloys under

various treatments

Sample state Tensile strength/MPa Elongation/%

As-cast 632 15.2
Annealing 622 22.3
Normalizing (835 C) 671 12.0
Normalizing (900 C) 721 9.3
Normalizing (950 C) 753 7.9
Aging 812 2.9
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Fig. 5 Fracture morphologies of NAB alloys under different heat treatments: (a) As-cast; (b) Normalizing at 835 °C; (c) Annealing
at 675 C; (d) Normalizing at 900 C; () Aging; (f) Normalizing at 950 ‘C



28 455 1

BEaT 6, S5 TR AR T R HUAh B A 111

= — As-cast
104t *—Normalizing

_ A —Aging
72

(]

9

g

&g

Z 105t

\B

=2

g 12 16 20 24
AK/(MPa-m®)

6 NAB %77 M4 it £k

Fig. 6 Fatigue crack growth curves of NAB alloy
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Table 4 Material related constants ¢ and m for NAB samples

under different heat treatments

Sample state c m R’
As-cast 3.41%107° 3.51 0.998

Normalizing 1.83X107° 3.49 0.996
Aging 2.47X107° 3.51 0.995
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Fig. 7 Fracture surface morphologies of fatigue crack growth region of NAB alloy: (a), (b) As-cast; (¢), (d) Normalizing (950 C);
(e), () Aging
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Fig. 8 Fatigue crack growth path of
NAB alloys: (a) As-cast; (b)
Normalizing (950 ‘C); (c) Aging
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Fig. 9 Potentiodynamic polarization curves of NAB alloys

under different heat treatments in 3.5% NaCl solution
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Table 5 Fitting results of electrochemical corrosion date of
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NAB alloys under different heat treatments

Sample po/mV  Jo/(pAcm ) Ry /(Qem?)
As-cast —262.3 9.9 1045
Annealing —246.6 3.7 1450
Normalizing (835 'C) —272.7 7.6 838
Normalizing (900 C) —275.3 8.3 1358
Normalizing (950 'C) —271.0 6.1 1552
Aging —272.3 10.7 949
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Fig. 10 Experimental and simulated EIS diagrams of NAB
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Fig. 11 Electrical circuit analogues for mixed kinetic and

diffusion control
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Heat treatment strengthening of nickel-aluminum
bronze alloy for marine propeller

KANG Quan-fei, HU Shu-bing, ZENG Si-qi, CHENG Guang-kun

(State Key Laboratory of Material Processing and Die and Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The effect of heat treatment on the microstructure and mechanical properties, as well as the electrochemical
corrosion behavior of nickel-aluminum bronze alloy was investigated by OM, SEM, EDS, tensile, fatigue crack growth
and electrochemical corrosion tests. The heat treatment processes include annealing, normalizing, and aging. The results
show that annealing at 675 C could eliminate the §’ phase, which remarkably improves the plasticity and corrosion
resistance of the alloy, while its strength degrades slightly. The aged sample demonstrates the highest tensile strength (812
MPa), but its elongation is only 2.9%, and the corrosion resistance diminishes greatly. The experimental alloy normalized
properly could possess good combinations of strength and toughness, and its noncorrodibility keeps good. Fatigue cracks
in as-cast sample prefer to propagate through o and x phase interface. However, the fatigue cracks in normalized alloy
mainly propagate through the ductile a grain, and have the lowest crack growth rate. For the aged sample, crack extends
through o and « interface, as well as in a grain.

Key words: nickel-aluminum bronze; heat treatment; electrochemical corrosion; fatigue crack growth characteristics
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