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Annealing hardening of nanocrystalline Ni-Fe alloy coatings
synthesized by brush plating using soluble anode

DAI Pin-giang, CHEN Xiao-wen, XIANG Zhong-nan, XU Wei-chang

(College of Materials Science and Engineering, Fuzhou University, Fuzhou 350002, China)

Abstract: Nanocrystalline Ni-Fe alloy coatings were synthesized by brush plating using soluble anode. Microhardness
test and techniques of XRD, SEM and TEM were applied to characterize the microstructures and mechanical properties
of Ni-Fe alloy coatings. The results show that the microhardness of Ni-Fe alloy coatings increases with increasing
annealing temperature and reaches a peak value at 200 “C, showing a significant hardening during annealing. With further
increasing annealing temperature, the microhardness decreases gradually, but the microhardness of the coating after being
annealed at 400 ‘C is still as high as that of the as-deposited sample. The abnormal grain growth is not observed during
annealing of Ni-Fe alloy coatings, which indicates a better thermal stability.
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Table 1 Grain size and microhardness of Ni and Ni-Fe alloy

coatings
Sample Grain size/nm Microhardness, HV
Ni 414 451.4
Ni-5.84%Fe 30.4 512.2
Ni-13.49%Fe 12.8 565.2
Ni-16.56%Fe 8.7 584.0
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Fig.1 Effect of annealing temperature on microhardness for

nanocrystalline alloy coating



1254 PR R AR

22 RAETEX Ni-Fe A& EE R MEE M Mm

X} Ni-13.49%Fe &G4 215 200 CHEATAN A I [A]
AR K, LRI N RO BE TR sE i & 2 o |
B 2 TT AL, TR e N I R S T B R, E AR
T IIAIA(10~300 s)BEFEFH S AR D, 52 0H Sl 1 oAl R
Gy 3K B AR AR VA ot 7 S R AR
PRI, MR KAWL BE(10~300 s) i T4 Akt
i P A E (2L R P (N RN Y AN K 1L E SRSy NS =Y
WA T2 7] Y0 1R A RSB A itk s ARk 5 |t
(9, T FH i A5 AL Bt 75 RS 11

Lh =) (=5

o = (]

= = <
T

Microhardness, HV

Lh
=]
=

540

1000 1500 2000 2500 3000

Annealing time/s
2 1E200 °C NiB-KIN A% Ni-13.49%Fe &4 4% )2 i iichii
Al

Fig.2 Effect of annealing time on microhardness of Ni-

0 500

13.49%Fe alloy coatings annealed at 200 ‘C
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Fig.5 Bright field TEM images of Ni-13.49%Fe alloy coatings at different annealing temperatures: (a) As-deposited; (b) 100 C;

(¢)200 C; (d)300 C; (e) 400 C; (f) 500 C
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