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The Effects of Low Temperature Annealing on the Property of Brush Plated
Nanocrystalline Ni—-Co Alloy Coating
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(1. College of Materials Science and Engineering, Fuzhou University, Fuzhou 350108; 2. College of Materials Science and

Engineering, FuJian University of Technology, Fuzhou 350002)

Abstract: X-ray diffraction, dry sliding wear test, electrochemical analysis and other methods were used to investigate the
effects of low temperature annealing on the microstructure, wear resistance, corrosion resistance of nano—crystalline Ni-Co
alloy coating prepared by brush plating. The results show that as the annealing temperature rises, the grain sizes of
nano—crystalline Ni-44.16 % Co alloy coating gradually increase from 12.7 nm to micrometer—grain size at 500 “C.The
micro—hardness of alloy coating increases with the rise of annealing temperature and reaches its maximum value after anneal at
300 C, then it decreases rapidly with the rise of heating temperature. The wear resistance of nanocrystalline Ni-44.16 % Co
alloy coating is the best after anneal at 300 “C and then decreases rapidly after annealing above 500 °C, this is closely related to
the changes in micro—hardness of the coating. The immersion test and the electrochemical analysis both indicate that the
corrosion resistance of nano-crystalline Ni-44.16 % Co alloy coating after anneal at 300 C is better than at any other
temperature, and the grain coarsening occupies a dominant position, then the coating gradually changes to coarse grain, and the
corrosion resistance reduces.
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Table 3 The grain sizes and microhardness of Ni—Co alloy coatings
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Fig.2 The TEM image of Ni-44.16 % Co alloy
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Fig.3 X-ray diffraction pattern of the Ni—44.16 % Co alloy
after different annealing treatments
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Table 4 The effect of annealing temperature on grain sizes
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Fig.5 The effect of annealing temperature on wear rate of

Ni-44.16 % Co alloy

24 (KRB XXHKBANI-Cos & 5 R T FF i 14
A

1B K FEXF K AHNI-44.16 % Cofr & JEAE
3.5 % NaCERA#iAIS % HCIEWH IR L hlu A iy

S AN 6 . AL, 72300 C 2 HiREA IR
Kl Y2 B ETE, 40K HiNi-44.16 % Co i J=
B i AR AR AE AR, 438 K 2400 TR, B
hid A BR ETE o e Y I AR K AT AR R AR
AiNi—44.16 % Cofre i J= Ryt v o 45 6 Bl T Huadk
PR BEA 552 iORE ROST B 52 K BRAOK i Ni-44.16
% Cofr<e i )2 BE A oRLR T B 38 R b3 A il
/NS, ORLR ST BB ORI IR R AR/ Aok Y
THRAE— EFEE LFEAR T S, (IR IR Kt i
A BB, AR TR R . R
300 CTRARIB K, 44KHNi-44.16 % Cofr & E
AR R SF B8 R P 12 o (H.300 C A B3Rk,
) DAL 2 A ke R A Y, 3R R TR R Y
BB RK, M52 MRS, 3mSR K
RN RIS KK, SRHAL S, HER
ML R R, TR Pl B 2 TR

E7(a) (0) 43 514 7 )it BESR K Ak BR Y Ni-44.16
% CofE3.5 % NaCRA5 % HCIA R i) FHARAR AL
£k, i TafelShEEARf B AT BHENaCIRIHCIA

0.34

033} d
032}

|- .\
027 — /
|- \I

I I I I I I
0 100 200 300 400 500

Bk C

&g 2/ 10 mgecm2eh?

031
0.30 |-
0.29 -
0.28 -
0.27 -
0.26

[ "
.
0.25 \. /
0.24
\.
0.23 —

0.22

J§ i 2/ mgecmZeh ™

0 100 200 300 400 500
BkIRE C

Bl 6 AR KIRE T N-Cog&HEE (@ 35 %

NaCIFn (b) 5 % HCIAH Hh iy Jis ik ¢

Fig.6 The corrosion rate of Ni—Co alloy coating annealed at

different temperature in 3.5 % NaCl solution (a) and 5 %

HCI solutions (b)



72 b B X @w L IR’

2010 4£

WA R o S (E corv) S ot HEL 3708 (icorr)
HF25H . WARAK i 2 T LAFR H Tk )2 A FE AR
WAL B R 2 W E PRV A, Bl 1 H o P 3
K, BHR AR IR Ao H Y 3 M ALY R B —
FREENE, FHARVE R RHIES A RE AL, PR
AL NBlALZS . 300 C Al b R IR B B 4 m

0 |-
-1+ a
a2t
e '
Q 3k A:Ni-16.04%Co
<L B:250C
- Ar €:300°C
2 5+ D:400°C
~ E:500°C
B 6l
' Tl
-8+
_9 L
L L L L L L L L
-1.0 -08 06 -04 -02 00 02 04 06 08
JE TS Ve
0
a1l b
o 2r
£ 4l
S A:Ni-44. 16%Co
< 4l B:250°C
- €:300°C
B 5r D:400°C
w sl E:500°C
w7
8t
9l A

10 08 06 04 02 00 02 04 06 08
JE5 i L Ve

Bl 7 AEER KGR JE T RINI-44.16 % Codaif)Z1E (a)

3.5 % NaCl#u (b) 5 % HCI i HItk Ak ith 2

Fig.7 Tafel extrapolation curves of Ni-44.16 % Co alloy

coatings annealed at different temperature in 3.5 % NaCl

solution (a) and 5 % HCI solutions (b)

% 5 FRIBAEETHINI-44.16 % CoE&ERETRR
B RY B S B ALE o ARt R B E icor

Table 5 Corrosion potential (Ec,) and corrosion current
(icorr) Of Ni-44.16 % Co alloys measured in different
solutions

3.5 % NaCl ¥k 5% HCl ¥k

TR KAR B : " - -
o Econr/  icor10 Ecor icore! 10

\Y; (Alcm?) \Y (A/cm?)
Bk 0419 2634  —0.260 1.855
250 -0.38 2.588  -0.242 1.028
300 -0.207 2413  -0.217 0.9905
400 -0.494 3541  -0.263 2.129
500 0511 4322  -0.302 4.663

Ni-44.16 % Coff)z B H J bt R AL 1A I ML Az 5 11 7%
1, SRR AWK, SRR A itk A
P o X AIAEE 1300 C R EARIRIR kb T
EIE IR, BLIE WA S TR E RS T R
TP, (A5 R RE B, T3 T 4= Y
TPtk 1300 °C A L BEIR KB, SRR R 24
KRG EAAR T RERTRYBREE, NERZ MR AFaE
FEFHE R BT VA RS AR 0, SR IR, it
Tl R B o

3 & i

(1) BEERKBEMTE, 9Kk5NI-44.16 %
Cofr &4 2 M BoRL R T BB R, MR IR ok R <)
12.7 nmKKF|500 C B MROR AR, B85 2N
1 5 B 3R IR 4 R T 9, 76300 Cak B K.
AE300 C DA 5 B finAui 5 i 7 v i R B A o

(2) HLRIBEANK FiNI-44.16 % Cofr a9 2 Wit
BEMEAEA00 CIR KALBER B 4F, 500 CRARER T
W5 95 2 S A B8 PR S AL VTR R

(3) 4K 5Ni—-44.16 % Cofr4r 48 2 4E300 C IR
KB AT DAFR i L e

SR

[1] Gleiter H. Nanocrystalline materials [J]. ProgMater Sci,
1989, 33 (4): 223-315.

[2] Z=RE3e. Fm TREFM [Z]. AU R, 1998:
112-118.

[3] ¥R, BR<axdd, sbmish. JORBARL R LB
MR [J]. FEmE$BA, 2003, 32(3): 60-61.

[4] fRiEtL, RAE K TRAEBERA [M]. dbxt:

5 ol ik, 1999: 54-56.

[5] /oAl <gJd 4ok i A B ST Bl 22 [J]. HBles:
$i%, 1995, 44(9): 1454-1460.

[6] Meng Q, Zhou N, Rong Y. Size effect on the Fe
nanocrystalline phase transformation [J]. Acta Mater,
2002, 50 (18): 4563-4570.

[7] wiks, Woshsg. Bk OB PURAOR BRI E R E
HERIRESE [J]. SR HAEHL, 2005, 30(6): 16-18.

(8] Tt Hmhi. FURIBEERER S SR MAR S &
HBFE L [J]. MRpAL B4R, 2008, 05: 148-152.

[9] ®homks, Hahsg. Bkab L UIRRGK h Ni-Co A& 2

(F#E58 77 )



