EURTE I BEERMPEIE Vol.38, No.6
2009 4 6 H RARE METAL MATERIALS AND ENGINEERING June 2009

B B SARANSK & Ni-Co & & 48 RIS s 1 A 3

APIAE, |eRik, AR, RIANA

(H MR 2%, Hagk 4R 350108)

i FE. KM X AT (XRD). HHi B (SEM). BE %43 HT(EDS) %5 Jy VAW ST T ikl B TRV dhl 46 409K B Ni 40K B
Ni-Co & 495 2 1 4 2 45 Ky 22 100 T S50 R0 R 2% o FH S YV AT FL A 2 B AT 92 T 40K Ni AR [ Co 7 B 19 44 K Ni-Co
B A ETE 3.5% NaCl (JFURE 40 0, T )AL 5% HCL AP AT o 45 B W0« 5 it ko 0 BI04 (9 Ni A1 Ni-Co
B R AT R AK AR B Co BRI AN, BRI 0 SRR URRAN, BERER BN s BT 4 H 4K ) Ni-Co & 4
B S LR A 85 B0, HAE 3.5% NaCl 8 R 5% HCL ¥ BT plu itk 3508 T- 40K Ni B8 )2 99K & Ni-Co &4 9%
JAAE 3.5% NaCl ¥ 3 145 088 b 58 bl >, 2 B0 00 5 (0 T 5 b S 1026 5% HCT 30980 11 B8 T 25 DU g 35259 J e

KB MU POKAR; Ni-Co &4 8E)2: JEih
PEESES: TG172.5 XHERFRIRED: A

XEHS: 1002-185X(2009)06-1053-05

YUK R TS50 B R E, AEHRA AT
FE SR AR PR BEIE R ) fa i B T 5, T 4E
RAF BT KA IWE SN X gk AR oY 3 B v
TEGK AR B £ 5 G BRSO 45 K REAE (O
FREbt . SR A A R AR R E k) D 2 1 R S I N
S8 T o TG 40 K AR PR iR el i AL B T )
WRME AL T RABREN . GRS EEE R T KE
T IAEAE, AR v, 42 IR 5 1A g kB i
Al TR R S PR, TR K R R R TR e
A AERR 2E0). Ak AR VAR N ST 3R W s R T A R
FEE, 90K S ARBRAE 3.5%NaCl ¥ A J inh g 9
AAHE, TAE 10% HCL ¥ e e ol 2k B .
Barbuccil 45 ARG R 205098 T 46 CIE IR
B gk Cu90Nil0 & i Ji5 AT 24, RILAK
Cu90Ni10 7 4 B0 IE LU Bt 25 B0 25 3 i, AR 9 1k e
A% . (HUAEIITRY, g9k mT LR ARk i ik
PEo f Rofaghal®\45 A fIF 973 B < ik K/ 32
nm [FA0K AR 100 nm (15 AR 17 B 2L A 378 1)
AR A 2, HLA0 K il i H A ST I B L IR
25 B M BT Ak B8 g . Mishral™ 48 AR ] B4 2% 05 VE
FUAK S BRI AT Ry, 45 B - K/l 8~28 nm R 4H
KEBERTE 1 mol/L HaoSO4 ¥ [ AE R I T 3% Ak-4
PERRACAT Ay, EL B0 2 18T 290 K ot A P T8 b o L 30
s AR T JES T R A . W UL, KA R I S e e A
FATAEAN TR 45 5L, g K AL A REE Bl i 52 i ie

2 #Fs HER: 2008-06-27

FRRAT ST o

YK Ni-Co A a&WZNEAGUHZRRMY
B AR SR RE, DS R AT AR K DS £
T RKEMHTL. HHEEEEDLE Ni-Co & a2
O 2L 2R 2 R U e s vk e R
ST b, TS TR ek H A IR . A5
SR FH Rk i R V2 o 46 A K N DGR K i Ni-Co A 42
BEE, JF FRE R A 22 A T IR A OK i Ni
K b Ni-Co G488 )21 3.5% NaCl #l 5% HCI #
VR ) JEE AR, WD ER R YK Ni-Co & 4288 2 11
JE AL, A T K P B B A 1 0K A A R SR A A

1 % I

Jik L T AR 4K i Ni-Co & 4 858 2 B8 V40 ik
F:  NiSO46H,0 300 g/L, CoSO47H,0 (0~10 g/L),
NiCl,-6H,0 30 g/L, H;BO;30 g/L, ¥k 5¢/L, +—
PEIEBR RN 0.1 g/L. YW pH {EA 40 350 T A7)
By oy dral, FHZSKRCH] . IR 35 °C, KA
Wy P e as b o Wkt HLIE ok SMD-30 21 2545 XUk
HLBE YR, VRN 5 Alem?, HAEEH 40%, A
I 10 mso FHARCH A6 RE R 99.99% 1) il # MR8 . B
W Ay 8 3 T Ak L3 R AN AR AR, (9 BH P AR A ) BF R 4.5
cm. 0 CoSO47TH,O M &, W LIIRAG AN A 1 3 1)
YK Ni-Co 4152 .

X S AT 575 X Pert MPD Pro % £ Thifig X i 4k %

LW H: WS R THRIE S5 H (2006H0020); #8244 H R EH L T5 H (E0410011)

fEZ N Phick, B, 198244, Wit, fWIKFMREYES TF

BB, A MM 350108, E-mail: zyhwpr@163.com



* 1054 -

Mty e m A RS TRE

38 3%

a TS EBEAT, AR A 5 G S 0 = 1
B RSF . &= RIS # K A XL30 ESEM-
TMP BUSRSEHHE HUBE, A FH I Bl OO0 2 9% )2 Ni
Co ¥ # . R HXD-1000 74 5 fchidi 5 10 s kR 55 4
il P A

EREAMT, HRMEREG K S Ni AR
Co 7 5 1) Ni-Co &< )21t 3.5% NaCl F1 5% HCl %
T RIS U o 2 o R PR YR Y R Tl I ] 349 2 240
h, f£ METTLER-AE260 7 BT R FECKE 4 0.0001 g)
AR E S, R R . B SR e R
H XL30 ESEM-TMP B PR35 4 7 H 85 0 82 0% )22 i ol )5
MRS . KH CHI 660C B4k 2% T4 3 4 5l
SE AK i Ni FIAN TR Co 7 1t 1) Ni-Co & &85 J217F 3.5%
NaCl Fl 5% HCl % i i 2k, Ml Rl —H
WA R, TAERBNRIN G SRR, S ECy WA
H R AR (SCE), i B B Al b BT e A, 0 A A i 2 1
SR N E 3.5% NaCl ¥, &I HEA-1200
mV, #7600 mV; 7F 5% HCLEH, #ifid
Ri-1000 mV, & i-HA7 600 mV, £ 2 B s w
AR EEY R 10 mV/s.

2 HREDH

2.1 PHRBEBWELLEHSREER

gk i Ni FI98K 5 Ni-Co & 4245 219 XRD A7 5
B G 1 1 BT s o H AT O, 490K i N RITR K i Ni-Co
BRI TT 85K . AK S NiAE 20 Dy 45°
HT 530 BRI HY B AR AT SR 0 (111 AT (200) B 8 55 4k, M6
SRPE L T11) /1200=0.3257, I H (200) 2V £ A8 L) -
BiAE Co 5] NJEHE I, 482K & Ni-Co & 429 2 1(200)
TSRS W 5 B T ek 59 AFDOT SR LU Ty A 00y R AE B 1A
o, RIHA11) SURFEARIA

MR AR 2 2R S S B8 2 M R RS, 45
x 1. W, BEESEWEZET Co SEMM, &

(200)
5 (1)
&
z
w
§ Pure Ni G 1.,1()222
= L Ni-6.98%Co e
Ni-11.41%Co
U A Ni1624%Co

30 40 50 60 70 80 90 100
260/(°)

1 Bkob t TR0 K Ni A1 Ni-Co & 4452 1) XRD &%

Fig.1 X-ray diffraction patterns of Ni and Ni-Co alloy coatings
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Table 1 Grain size and microhardness HV of the coatings

Pure

Sample M Ni-6.98%C0 Ni-11.41%Co Ni-16.24%Co
nickel
Grainssize/ ), 5 15.2 14.2 13.5
nm
HV/MPa 4120 4300 4470 4630
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Fig.2 Surface morphologies of pure Ni and Ni—Co alloy deposits:
(a) pure Ni, (b) Ni-6.98%Co, (c) Ni-11.41%Co, and
(d) Ni-16.24% Co
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Fig.3 Corrosion rate of Ni and Ni-Fe alloy coatings with
different compositions in 3.5% NacCl (a) and 5% HCI
(b) solution
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Fig.4 Surface morphologies of the coatings after corrosion in

3.5% NaCl solution for pure Ni and Ni-Co alloy

deposits with various Co content: (a) pure Ni, (b) Ni-

6.98% Co, (c) Ni-11.41% Co, and (d) Ni-16.24% Co
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Fig.5 Surface morphologies of the coatings after corrosion in

5% HCI solution of pure Ni and Ni-Co alloy deposits
with various Co content: (a) pure Ni, (b) Ni-6.98% Co,
(¢) Ni-11.41% Co, and (d) Ni-16.24% Co
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Table 2 Corrosion potential (Eor) and corrosion current
(icorr) of coatings with different compositions
in different solutions

3.5% NacCl solution

5% HCI solution

Sample - ) . 2
Econ/V  dcor/pA-cm Econ/V  icon/LA-cm
Pure Ni -0.7627 5.5812 -0.2241 16.6725
Ni-6.98% Co —0.7437 4.6099 -0.2132 11.7923
Ni-11.41% Co —0.7152 3.8063 —0.1845 9.2857
Ni-16.24% Co —0.6393 14.5782 -0.1382 29.6354
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Corrosion Characteristic of Pulsed Electrodeposition Nanocrystalline
Ni-Co Alloy Coating

Zhong Yuanhui, Dai Pingiang, Xu Weichang, Chen Shanshan
(Fuzhou University, Fuzhou 350108, China)

Abstract: The microstructures, the surface morphology and the composition of nanocrystalline Ni and nanocrystalline Ni-Co alloy
prepared by pulse electrodeposition have been studied by XRD, SEM and EDS. The corrosion behaviors of nanocrystalline nickel and
Ni-Co alloys in the solutions containing 305% (mass fraction) NaCl and 5% (mass fraction) were investigated by soak method and
electrochemical polarization method respectively. The experimental results indicate that typical nanocrystalline nickel and Ni-Co alloy
coatings can be synthesized by pulse electrodeposition, and the alloying element Co had an effect of solution strengthening and grain size
refinement. The nanocrystalline Ni-Co alloy is dense in nature and it exhibited better corrosion resistance in 3.5% (mass fraction) NaCl
solution and 5% (mass fraction) HCI solution than the nanocrystalline nickel. The surface morphology of all samples after corrosion in
3.5% (mass fraction) NaCl solution show good corrosion resistance, however, the samples were uniformly corroded in 5% (mass fraction)
HCI solution.

Key words: pulse electrodeposition; nanocrystalline; Ni-Co alloy coating; corrosion
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