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Fig. 1 The polarization curves of glassy carbon electrode in

the electrolytes with different metal ions, scan rate:
50 mV-s', pH=4.0

a. Electrolyte without adding Ni** and Fe*; b. Elec-
trolyte a + 11 g-L' FeSO,- 7H,0; c. Electrolyte a + 16
gL' NiSO,-7H,0; d. Electrolyte a + 11g-L" FeSO,-
7H,0 + 16 g- L' NiSO,- 7TH,0
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Tab. 1 Coating compositions under different step potentials

Step potential/V /% n/%
-0.970 64.15 35.85
-1.110 64.89 35.11
-1.125 65.16 34.84
-1.140 65.43 34.57
-1.155 65.91 34.09
-1.170 66.08 33.92
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HEGHS, 75 -0.26 V BT 81— S AL i o, 10 A
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-0.77 VIEFE N B — B, R Ni-Fe R L&
G TEBE A A A ST A F ORR & T T R e R R, B
HLA R -0.77 V, 8 Ni-Fe K FCA 4 76 B o v %
WU S A LAY R R -0.77 VU T Ni-Fe KB &
TR AR TIREAN -0.97 V, B
BRI 3k HLA S 200 mV.
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Fig. 2 Cyclic voltammograms of Ni-Fe codeposition on

glassy carbon electrode surfaces with different scan

rates
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Fig. 3 The relationship between cathodic peak current and

the square root of scan rate
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Fig. 4 Chronoamperometric curves at different potentials on
GCE



.10 - W,

',‘:;é 2017 4

K, IR B (1), 5 2 X5 R 4 B TR] Bk R A% 175 5
I 18] () , B IS HL SR TF 4R T B IR I AN R E . FE AR BY
PR T 1 AL, 25 ANAHTRD, Bl B BK A7 A 17
Bt BN/ 1, BEORER G, X A Ni-Fe (M BL &
4 TE Bl v 22 18T HL 25 A B B RIS 1R = 4k
Wt K 0 R AR,

HRAE SH 25 i Bl A5 RIS 21 f Y fad FR 37
B HI I, A 3% S U RN R B A% 7 b AN TR] )
EALEE , A% i S R A ¢ R R F .

Wk IS 1A%

(/1) = 1.9542(t/t,)) {1-exp[-1.2564(t/t)]}> (1)

2 A

(/1) = 1.22544(1/1,,) {1-exp[-2.3367(t/1)]"}* (2)
BS sk 1.2 s 5e X (1) (BER A% ) Fl
INT(2) G L2 ) B (LY~ (/) RS 2% 5 R 2%
A3 2 4 R RS R A R A () (/) T 5K
Qb BRI A X6 EE AT DL S 0 il £ T im0 S
T W B BIS 2k, Ui Yl DAL R A2
P il B, Ni-Fe [H BU A 4 78 DY Bk Fi A 3 1 A9 R 45
SOMAF A = 4E B A% (10 WA R | 5 10 i 5 PO
T BRI A% e R AL, i T S eT g S
6 i 2% 5 Wk A B S iR AR 10,2 BRI W)
B B t/,>2 5 SEI LR T IR W e BRI il £k
Ui B Ni-Fe R LA 4 78 % 5 B A - A9 L 245 ol A
FLb SH BRI ARIE A 2, B TUIELE &0,
e % 11 38 23 A7 FL Al RS2 (0 B S04 ), 30 1T R 1
SR h 2k 5 FS A Y D 55

3k 4% Ni-Fe K B & 4 78 B filk FL AR 2 11 19 HL
45 B 14 S8, T s A HT BSBEAR X) 52
56 3R A5 00 A TR B R e 52 T T el U 4 BdiE ok AT

a. Instantaneous
b. Progressive

-1125 mV
~s 1140 mV
R 1155 mV
e 1170 mV

0 1 2 3 4 5
it
Pl 5 9250 il 2R 08 (U L)t/ T2 205 B8 i 20 L 5]
Fig. 5 Comparisons of experimental and theoretical

(I/1)*t/t,, curves at different potentials
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erated by HT model to experimental chronoampero-

metric curves (solid line)
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Tab. 2 Kinetic parameters of different step potentials ob-

tained from HT model
Step potential/V  10°D/(cm?-s™")  10°Ny/cm™ Als?
-1.110 7.52 0.72 40.35
-1.125 7.63 0.84 65.22
-1.140 7.81 1.07 82.36
-1.155 7.82 1.31 121.87
-1.170 7.79 1.91 194.38

-1170 mV) T 4%)2 % Fe BF X 50N wp =
65.49% , #ES B2 1Y 7 4 BE R B it M = 56.87 g-
moL™, X% % p =823 g-cm”.
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Electrochemical Nucleation of Invar Alloy on
Glassy Carbon Electrode

HUANG Xian-jie, YAN Hui, HUANG Shuai-shuai, YANG Fang-zu’,

Tian Zhong-qun, ZHOU Shao-min
(State Key Laboratory of Physical Chemisiry of Solid Surfaces, Department of Chemisiry,College of
Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: The linear sweep voltammetry, cyclic voltammetry and potential step methods were used to study the
electrodeposition mechanism of Invar nickel-iron alloy (the mass fraction of nickel was 32~36%) on glassy carbon electrode surface
in the weak acidic bath. The results demonstrate that the electrodeposition was a diffusion controlled irreversible electrode process
in this system. The Scharitker-Hill (SH) theoritic model was employed to fitting the experimental data and the result shows that the
codeposition of Invar alloy on glassy carbon electrode surface conformed the diffusion controlled three-dimensional instantaneous
nucleation mechanism. The kinetic parameters were obtained by the Heerman-Tarallo (HT) theoretic model. When the step potential
shifted from -1.11 V to -1.17 V, the active nucleation sites density (N,) increased from 0.72 x 10° cm? to 1.91 x 10° cm™ The
nucleation rate constant (4 ) raised from 40.35 s to 194.38 s and the diffusion coefficient (D) was (7.67 + 0.15) x 10° cm?-s”,
remaining basically constant.

Key words: invar alloy; electrocrystallization; nucleation mechanism; cyclic voltammetry; potential step
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