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Study of Ni-coating on 316L Stainless Steel by Pulse Electroplating
in Various Bath Conditions at Room Temperature
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School of Metallurgy and Materials Engineering, Yeungnam University,
Kyungsan 712-749

Abstract

Ni coating was carried out by pulse plating at room temperature. So, experimental conditions for Ni
-coating were based on Watt’s bath, and new additives (propionic acid) were introduced in the Watt’s
bath electrolyte as HsBOs alternatives. By adding propionic acid, coating layer demonstrated a good
adhesion and uniformity without special pre-treatment of the 316L stainless steel at room tempera-
ture. With a decrease of amount of propionic acid and applied average current density, cathode
current efficiency increased. Also, edge effect was decreased with decreasing a peak current and
increasing a pulse frequency in the same bath condition. It was found that the optimum condition for
Ni coating was a current density of 10~ 20mA/cif at below 500 mA peak current in the 5né/ £ propionic
acid solution.

1.4 B A7 HE B3 AR G50 A a3 A

& PRA717] Sl At =Rl ThY 8] &

UA ege 44 AA B4, WA Sl 94 ddsazge] $Ed wue 28 4348 Aa

sjof A 44 Fol BAoz AlgHo] son],  FlmE whEA] 8 mFo] Waas o2 93 Ni-
2% 24 74 Ao ZURA o GAEFOR & (Wall’s bath) o] 7 @s|o] 445022 e}

olgelm Qe ole B UM EEL oE £, 9HE  we B APl gE JAnse A9

&, dstoly) & ool % TR 1A EEel A J1EH watt's &2 ALSh], B4 @AbE 2aA

Hol g} 2 3 Ni 2Edelat 2dlelag A7) ) £F S 42 3 daAn Faa

o 7let aXBH0 2 AT wFe] WAl B o FE Z2AID, pH $FA 2 ALHE B2



(O

54 RN

] A3sA A1E 2002

Ao ol EAre]l dZ<l propionic acidE 2% H
7tate] A28 A7HY EEd AxE A=
53] dedA d2EwE 0|88 HH EF21E
AA L, FFAFEE N =55 YA
g, FAe 744 55 FAsq & ¢Fvw
ol s =T o2 P HIHE A=At
A A E e B3R 202 AAg] Aol 53
3lo] A== Fgo] Badh, E2 259E A
£-3hH Aol A stainless steel 9l £12 3% A
glol = =Estst e 258 A A=
%Xé o] At.?

HAEFHHS ekl g AFE AR5t
BEHF4£E AR EaFe 24y vlA g,
2z o g B g iR g A FE 2
& For B 7AA 4ol AT E
2570 Afde A4 d2d{rt s2e A7
(pulse—on time) 7 223 ¢ AT (pulse-off

E

Suoz MAAA A B2 U & olie
B AT E £FS W8 JoE Bak

E 25
& & 279 peak current, to/tor < A A A

electrolyte

cathode

anode
0 0O

pulse power
supply

magnetic bar

|~

Fig. 1. Experimental set-up of pulse plating at

room temp.
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Table 1. Chemical composition of stanless steel 3161
Weight % ( Fe balance )
Cr Ni C Mn Si P S Mo
STS 316L 16—18 10-14 0.03 2.0 1.0 0.045 0.03 2.0-3.0
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Table 2. Bath composition and electrolysis conditions of Ni coating

Watt’s bath candidate A candidate B candidate C
NiSO4-6H:0 3308/ £ | NiSO,-6H,0 3302/ £ | NiSO.-6H,0 330g/ £ | NiSO. 6H,0 330/ £
Component | NiClL,-6H,0 458/ ¢ | NiClL-6H0 45/ & | NiClL-6H0458/2 | NiCly-6HO 45g/ &
H4BO, 308/ £ propionic acid 5mé/ £ | propionic acid 10mé/ £ | propionic acid 15me/ £
pH 3.64 2.81 2.64 2.58
Temp room temp. (26+37C)
Anode 99.99% Nickel plate
Cathode stainless steel 316L
catho area 2cm X 2cm
Current density 5~ 20mA/cni
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/em2 eI, propionic acid7b AE ttE2A
7hEl Asfjo A, B, Co] WEE = propionic acid®]
A7 eko] Z7184E 61mS/cm, 58mS/cm, 57mS/
enZ AZE7) ofzke] Zha & el gl o, Watt's
bath®2 T} oF 20mS/cm & WA vhebsko)

Table 3¢ A2 th& A 2H& AN AHe

Table 3. Adhesion of plating layer with differential
specimen pre-treatment

I II I

adhesion (%) e

(Watt's bath) 0 0 2~3
4 0,

adhesion (36) 100 100 100

(A electrolyte)

» I : ultrasonic cleaning (trichlene) — ultrasonic

cleaning (aceton)

II : polishing (emery paper i 1500) — ultrasonic

cleaning  (trichlene) — ultrasonic  cleaning
(aceton)

Il : polishing (emery paper 3 1500) — ultrasonic
cleaning  (trichlene) — ultrasonic  cleaning

(aceton) — pickling (109 HCI solution)
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Fig. 2. Cathode current efficiency with electrolysis
condition (current density = 10mA/cn, to, =
1mm)
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