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applied to check surface morphology and crystal structure of the alloy coatings. Scanning Electrochemical Microscopy (SECM)
research was applied to monitor the failure behavior of typical Ni and Ni-P coating in different concentration of NaCl solution.
Combined with COMSOL Multiphysics simulation, 2D and 3D models were built to quantify activity point size and feedback
mechanism. Results The low concentration of chloride ion had the activation effect for pure Ni coating, while higher chloride
ion concentration promoted corrosion occurrence. Ni-P alloy coating maintained good stability in a short immersion time in low
concentration of chloride in the solution. After 6 hours soaking, there were typical active points and corrosion products for low P
alloy coating, while after 24 hours soaking for high P alloy coating. The corrosion type for low P alloy coating in 0.1 mol/L
NaCl solution was localized corrosion and uniform corrosion in 0.3 mol/L NaCl solution. The simulation results of approaching
curve showed that the electrochemical process of corrosion products for FcMeOH was completely inert and fresh Cu surface
was electrochemical activity. 3D simulation results showed that active points of Ni-P coating failure process were close to 10
micron. Conclusion The failure process including the formation of active points, the generation and accumulation of corrosion
production of Ni and Ni-P coating in NaCl solution is dependent on the positive and/or negative feedback effect of SECM map-
ping. Chloride ion promotes occurrence of corrosion process, and its concentration has a strong effect on the corrosion type for

Ni-P coating. COMSOL multiphysics simulation results indicate that the feedback effect is strongly dependent on the distance

between the tip and the substrate, and the size of active point for Ni-P coating is micron level.
KEY WORDS: Ni-P coating; SECM; COMSOL simulation; active site; resolution
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Tab.1 Parameters for electrodeposition of Ni and Ni-P alloy coatings

DU 9 R R H&= DU
NiSO, + 6H,0 240 g/L 30 min, 45 C
HL LR Ni NiCl, - 6H,0 45 g/L $EPEFEE 1000 r/min
H,BO; 40 g/L pH=55
NH,F 20 g/L Jie =3.0 A/dm?
NiSO, - 6H,0 240 g/L 20 min, 65 C
e NiCl, * 6H,0 45 g/L PR 1000 r/min
H1 TR Ni-P PO 40 5 2 g/L Ji=3.0 A/dm® or 8.0
33 A/dm?
H;PO, 30 mL/L pH=1.5
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B BEAR RIS S — R 5 A kst A

K SUS010 ( HITACHI, Japan ) 474 Hi/Bi Wil
RERIEH, IERHAREN RIS S IXIF
RENWMBEZHMMA K. KA Ultima IV
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B E 40 kV, HERL 30 mA, F13#5# )% 10 (°)/min,
AR 0.04°
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JEEEUE R P TR AIMARIE £, B
JZ R AR /N, AT pm 22 A8/ 50 nm,
FFf X% 20 nm, NV, #ETH P S8 (T
BOMEL, G TR M 0%38 2 10.7%, i = ih 3 25.7%.
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a Pure-Ni

b Ni-LP

¢ Ni-HP

Fl 1 BRI Pure-Ni, Ni-LP Al Ni-HP U2 10 B 55
Fig. 1 Typical SEM images of Pure-Ni (a), Ni-LP (b) and Ni-HP (c) coatings

% 2 HiE! Pure-Ni, Ni-LP 1 Ni-HP ;2 EHITTEAMK
Tab.2 Element contents from Energy Dispersive Spectro-
meter of typical Pure-Ni, Ni-LP and Ni-HP coatings

e ‘E¥ﬁﬁﬁ%
Ni P
Pure-Ni 100
Ni-LP 89.3 10.7
Ni-HP 74.3 25.7
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4K XRD 1% &, Cu JEJE A Pure-Ni i§)2 A% &1
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Cu FLJR MM TS, Ni WEAHXTAS IR . 4 P & 3 m
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WA AR, FE I N AT S e Ak o A Sk e O 7E VR )2 1Y XRD
g R L Cu AATFEFIG 322 Ji N AT B
UGG 28, X et F564/408
W2 Ni-LP 541 Cu fif A E I 5, H Ni g

¢ Cu
M v Ni
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Ni-LP ) ’y
v .
*
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Cu L A
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20/(°)
K 2 MLAEVE TR Pure-Ni, Ni-LP. Ni-HP 1§ )2 P BL
Cu ) XRD 3% &

Fig.2 Typical XRD patterns of electrodeposited pure Ni,
Ni-LP, Ni-HP coatings and substrate Cu
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a Pure-Ni

b Ni-LP

¢ Ni-HP

€3 HiR Pure-Ni. Ni-LP 1 Ni-HP 7 0.1 mol/L NaCl i ¥ *F i 1 h (I 414 SECM &%
Fig.3 Typical SECM mapping images of pure-Ni, Ni-LP and Ni-HP coatings in 0.1 mol/L NaCl solution for 1 hour immersion

Ni-LP, 0.1 mol/L NaCl

¢ Ni-HP, 0.01 mol/L NaCl

f Ni-HP, 0.1 mol/L NaCl

g Pure-Ni, 0.3 mol/L NaCl

% 0.3 mol/L, 44 IAl 3% i ml LE2 2 W & (1) 971 Sz
BRI, FHAERKERN CUET, Ni B2 RIE
6 h R LILME ™Y . Ni-LP &4 IR)Z1E
0.01 mol/L NaCl ¥k thi= i1 6 h 1% &3 b A UL 5 2|

h Ni-LP, 0.3 mol/L NaCl i Ni-HP, 0.3 mol/L NaCl

B4 =FREAEAF WA NaCLUIRT TR 6 h (1) SECM I 1 1511
Fig.4 Typical SECM mapping images of pure-Ni, Ni-LP and Ni-HP coatings in 0.01, 0.1 and 0.3 M NaCl solution for 6 hour immersion
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NaCl ¥ AR WL ) B B iy s it g, i 7E 0.3
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L)

¢ Ni-HP, 0.01 mol/L NaCl
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Fls  =FREAERFIMREE NaCl i it 24 h AT 14 SECM &%
Fig.5 Typical SECM mapping images of pure-Ni, Ni-LP and Ni-HP coatings in 0.01, 0.1 and 0.3M NaCl solution for 24 hour immersion
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WG 2.2, T 6 Rb IH — Ak e I R e
0.51 1 o UA 25 S e WA R 15 58 P BE 2 X R At i) v
HLRA RIS, FRAE I /N T 5 um I, 10
P, Pt Bt B 5 A0 A B AU . Xt i B A 4 Ni-LP
FESLFE 0.1 mol/L NaCl ¥ ¥ H H B 1F £ s A5 RS
T =y S LS R R B 22 (I DG R, BIRSER4 n y
FE P UG R 55 T M PR TS A OG22 A, B S RN R

3(2) R —=— Theoretical pure positive feedback
281 —e— Experiment approach curve on Cu
26L —— Theoretical pure positive feedback
241 125 um —— Experiment approach curve on corrosion
201 production
. 2.0+ 10 um
\;E: 1.8 - 5 um " 15 pm
~ L6} 20 pm
~ 14l
1.2}
L0 - MM —
0.8 |
0.6 |-
0411
1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
L=d/a
Pl 6 Cu BLJCHIE ™ Wy i b ity i th 2647 o B BB A
ENEEE

Fig.6 Approach curves on the substrate Cu and corrosion
production, and corresponding simulation curve
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SECM TH A SE g AE R PRty , e
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J T AL R, 1% FeMeOH FE#R%Er 481k
) A Rt 5y N 1 ) S VA A = K = I a8
il o FeMeOH 7E TG P i iR I 3z 4 sl il , ie
FCAAY B A 3 TR 1 o B AR Sy el A R A
JERIEE RS, M 10 pm 2 1 um A%, 10 pm #REF A
X #H-20 pm 530 pm ( FHeF TGS KN ) Abir X
B, ZaErESHERE 20 pm 3 30 um &b, L
ZEAR K 8 firn. B 8a F/RTHE S HA N 2 um,
10 um L RGE T 2 4 pm B S 2 PEA B,
KIAFAEIE RS, @I % 1 um B, 1 SCBRE00 B
SNSRI SR BRI X, R R
PR MR N o S PR BRI N2 5 um B, 4 pm

-10°100

a Ml &l

B 7 =4t COMSOL f#l

Fig.7 COMSOL model for 3D simulation:a) side view, b)
bottom view
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Current / nA

1 1 1 1 1

02l A . . .

055 =0 <o 0 10 20 30
X /pm

b {EMEEEANS pm
K 8 COMSOL = 4Efbifl) 4t R

X /pm
a {EMEAEAEA2 pm

Current / nA

30 20 —10 0 10 20 30
X /pm
¢ TEMERMEAEN10 pm

Fig. 8 Simulation results of 3D COMSOL: a) active site diameter is 2 microns, b) active site diameter is 5 microns, c) active site

diameter is 10 microns
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KM B CUXS T2l Ni W2 BA WG AE A, T
Jn CUve W42 )8 i & A= o Ni-LP Al Ni-HP 5 4x
WRIZTEARMREE CUVA W, Ja A o) N AT O R A7 1Y
FasEE, BIZE 6 h, Ni-LP 5412 P iy
VRS AU =Y, T Ni-HP 78929 24 h J5H L
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