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Variables of Electrolytic Nickel Plating for RPV Cladding Repair
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Pure nickel with a thickness of 1 mm was plated on type 304 stainless steels and low alloy steels (JIS
G3131 SPHC) by electrolytic plating method in a circulating plating bath. Plating performance, mechanical
properties, and surface characteristics were evaluated in terms of pretreatment process, anode material, pH,
current density, and flow rate of the plating solution. Addition of hydrochloric acid during pre-treatment
process improved the adhesion performance of plating. To improve plating efficiency, it is desirable to
use S-nickel rather than electrolytic nickel. The use of S-nickel was also confirmed to be desirable for
maintaining the pH and concentration of the plated solution. The defect of the plating using S-nickel anode
produced pit on the surface. However, it is believed that proper control can be obtained by increasing
the flow rate. Internal stress and hardness values of electrolytic nickel plating according to current density

need to be carried out with further studies.
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VARIABLES OF ELECTROLYTIC NICKEL PLATING FOR RPV CLADDING REPAIR

Table 1 Chemical composition of Type 304 stainless steel and JIS G3131 SPHC w/o
C Mn P S Si Ni Cr N(ppm) Fe

304 Stainless steel 0.0537 1.126 | 0.0326 | 0.0042 0.39 8.057 | 18.228 332 | Rem.

JIS G3131 SPHC(Carbon steel) 0.061 0.26 0.018 | 0.0075 0.14 - - - Rem.
A 374 704, 2) =R WAl &, 3) pH, AR 1 37yetr) Adste] viAlskalch Table 1o 304 SS¢}
% 2719 99, 4) Bgele] §% 2718 $¢ £ JIS G3131 SPHCY SRS vk
A a3 SEadsiel ek Aojck AHE] FHOFE 5 % NaOHE o7 A x-S A3

2. A
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Stainless steel?} JIS G3131 SPHC (Carbon steel) A
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sletz/do] frAtelr] Wit AdAA R TaE FA5t

Degreasing ( 5wt% NaOH)

* Pure water Cleaning

Activation ( 5vol% H ,SO,)

& Pure water Cleaning

Strike Layer formation
(NiCl, : 240 g/L)
(HCI : 120 mliL)

& Pure water Cleaning

Ni Electroplating
(Ni sulfamate : 1.97 mol/L)
(H,BO, : 50 g/L)

Fig. 1 Nickel plating process procedure.
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Fig. 2 Schematic of the nickel plating.
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Fig. 3 Side bend results of plating after Strike process (a) 40 *C(with 5 % HCl, H;BO;), (b) room temp.(with 12 % HCI and without

H;BO;)

Table 2 Performance results of plating using depolarized nickel anode
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( Wam) | () %) %)
(1) | Depolarized Ni 1.39 60 §.3—=11 10 10 50 85 il
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Fig. 4 pH decrease by using depolarized nickel anode.
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Table 3 Plating results with S-nickel anode material

2 : Current Plating ; Plating Anode
Ni concentration | Temp. pH ; ; Distance - o
NO. Anode M) €0 fuctuation density time (i) Efficiency Oxidization

(A/dm?) (h) (%) (%)
(1) Sulfur Ni 1.39 60 3 10 10 55 99 99
(2) Sulfur Ni 1.39 60 39 10 10 30 100 97
3) Sulfur Ni 241 60 34 10 10 55 99 100
“4) Sulfur Ni 241 60 3.0 10 10 30 99 100
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Fig. 5 Maintaining of pH by using S-Ni anode material.
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Table 4 Results of plating performance with pH and current density using Sulfur Ni anode

Current . Plating Anode
Anode | pH | density D(IZ:an?)c ¢ | efficiency | efficiency Ha(;{d:;ss : Ag:fe
(A/dm?) %) %) i
10 100 100 208
Sl;\l]?lr 4.5 5 70 100 97 171 183
3 100 100 171
10 100 98 207
S‘]‘\'Ifi“r 3.0 5 70 100 100 225 223
3 99 100 237
3 97 100 241
Sﬂ?r 2.0 5 70 97 100 197 198
10 99 100 157
Anode (Depolarized Ni) Anode (Sulfur Ni)
145 873 1176  Microvickers (Hv) 212 Micro vickers (Hv)
° * ¢ 215
o
1243 1285 1229 202
° o ° o
211
0.2mm o
Lsz.a 2414 2376 0.lmmT2(°)8 208 210 201 208 210
Ni plating > S Ni plating e

(a)

(b)

Fig. 6 Micro Vickers hardness on nickel plating (a) with depolarized Ni anode, (b)with Sulfur Ni anode.

(a)

Fig. 7 Surface results of plating according to flow conditions (a) 6 L/min, (b) 12 L/min, (¢) 24 L/min.
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(b)

Fig. 8 As a result of the liquid penetration test on the plating
surface (a) and (b), the same conditions.

°|

2

5A/dm?e] AFYE, pH 4.0, 24 L/min® 5=
5F 7+ T Ao ]Uﬂ _4157]. Ag/ﬂﬂx] [T NN 7/i

E EonE
Aol - AlE RFelA] EHe] HEs W

o 5

Blas
2

M
~ ]

I
M
rhu

N oo & ool BN
o B o
3
do
N

i o N
_Nn..

b

| :
7} & Sulfur Ni 55 AH8he=
o

S
Z
5,
S
t
<

e
ol @@

¢ 1% o
1o
4 ol
kr
Ho
X
N
XN
o[lr
~
=
St
o
l
e
e}
i,
i

CORROSION SCIENCE AND TECHNOLOGY Vol.18, No.4, 2019

3.0. 4.5) % BEghe] Hak= A4 ekgkor Ex
off w2 vAEE 54 At 71A14 o] dReE
o531t

® Sulfur Ni &=

o &

AATF=
o VA4 54 47HE #18l pH, AFel nE =v
U2 QI e 97HE FrkdT R e
de7 itk
Acknowledgement
o] =Ro 3}b7)<

BB AR FAT
pELRLE &Zi‘ﬁ«l AT AT BgO
s g,

References

1. M. Kim, D. J. Kim, J. S. Kim, H. P. Kim, and S. S. Hwang,
Proc. 2013 ASME Pressure Vessels and Piping Division
Conf., PVP2013-97857 (2013).

2. D. -J. Kim, M. J. Kim, J. S. Kim, and H. P. Kim, Surf.
Coat. Technol., 202, 2519 (2008).

3. ASME Code Case N-840, 2013 ASME boiler and pressure
vessel code (2013).

4. KAERI report, CR-271, Process technology development of
Ni electroplating in steam generator tube (2006).

5. ASME BPVC-IX-2013, Qualification standard for welding,
brazing, and fusing procedures, welders; brazers; and weld-
ing, brazing, and fusing operators, ASME International
(2013).

153



