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Studies on the Chemical Plating of
Nickel and Chromium on Steel

Man Kim, Dai-Byong Kim, Byung-Ha Yoon

ABSTRACT

In chemical plating of nicke! and chromium on steel studies on varicus factors affect-
ing the plating operations were carried out. The optimum bath compositions and operat-
ing conditions were obtained. The structure and properties of the as deposits
or deposits after heat treatment were investigated.

{1} The most optimum conditions for the chemical nickel and chromium plating were;

[N /(H. PO 30.5~0.8, (Cr¥]/[H.POs]:0.6~0.9
PH;5.0~5.5, temperature;9(~95C
{2} In the case of nickel deposition, the hardness of deposits increased with increasing
phosphorous contents. Heat-treating at the temperature range 200C to 600C, the
maximum hardness of deposits was obtained 2t 400°C and decreased at temperature
above 4007C due io growth of NiP.

(3} Corrosion resistance of chemical nicke! deposits was improved with increasing of p-

hosphorous contents and heat treating temperature.
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Fig. 1 Rate of chemical nickel deposition from a
sulfate bath as 2 function of the pH,
(NiSO4; 0.114M/L, NaH,PO,; 0.094M/L,
CH3 COONz; 0.073M/L, Temp.; 95°C).
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Fig. 2 Rate of chemical nickel deposition from a
sulfate bath as a function of the temperature,
(NISOy4; 0.114M/L, NaH,PO,; 0.094M/L,
CH3COONa; 0.073M/L bath pH; 5).
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Fig. 3 Effect of the concentration of sodium
hypophosphite on the rate of ¢hemicsl
nickel plating from a sulfate bath,

(NiSO4: 0.114M/L, CH3COONa; 0.073M/L,
pH; 3, temp,; 95°C).
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Fig. 4 Effect of the concentration of sodium
hypophosphite on the rate of chemical
nickel plating fsom a sulfate bath,

{NiS0,; 0.133M/L, CH3CCQONa; 0 07T3M/L,
pH; 5, temp.; 95°0),

NaH2P0Oz2 { M/L}

© 0047 .
15} 5 390k —.
Y
20189 a0

Weight of deposits { g/dn?)
b=

NISO-'. 0152 {M/LJ

15 30 1.5 60 75
Time (min.)

Fig. 5 Effect of the concentration of sodium
hypophosphite on the rate of chemical
nickel plating from a sulfate bath,

(NiSOg4; 0. 152MIL CH3COONa; 0,073M/L,
pH; 5, temp.; 95°C).
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Fig. 6 Effect of the concentration of sodium

hypophosphite on the rate of chemical
nickel plating from a sulfate bath,

(NiSO,4; 0.171M/L, CH3COONa; 0.073M/L,
pH; 5, temp.; $5°0.
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Fig. 8ol 41 1]ahe] al aebalal o] 22 Jpoin
AuLE AR Tts Irr% 0. 670 <] #|
of] Aja- Al EEbo] wbaewh

Sk 9 o

IREREER
- };1 A 78]
] P I 1 R R

Wil Fsul vk

Wlel

Wolrlh 4

X]' \’}'7“1 -}ﬂ: o



A 158 3% 1982

131
A W o] o wis]a BheiAle) BE2 T 4 20
4R} A el weba 59 Aste 4 . —
e o) kg4 AL E Tl el 2 T
3. Fopai4l ol 8.2 FE iz 0.5~0. 807 b s
Ak xigralel £% 10 T
¢) makERe Y3 53
e 5 o Lactic acid
= F i = 05+ eTartaric acid e A
g ! 2 4 Saligylic acid
g isp = Bath load 75(cm2/L)
Y— 3 1
S T 0 020 30 40
T@ Swor Cone. of addition agents(g/L)
52
*; il Efﬁ;o X gjoagéwm Fig. 10 Effect of addition sgents on the rate of
& Temp. . 95(°C) chemical nickel plating from a sulfate bath,
3 ) initial o5 (NiSQy4; 0.133M/L, NaH,PO4; 0.094M/L,

on3 007 ot oiE me
Conceniration of sodium acetate(M/L)

Fig. 9 Effect of the concentration of sodium
acetate on the rate of chemical nickel
plating from a sulfate bath,

(NiSO4; 0.133M/L, NaH,PO,; 0.094M/L,
Temp; 95°C, pH; 5).

Fig. 942 A&abel uj2]is sbzalgl A4k e
HopEe e ZAEh) Sehed obellAl ol
AAe] 29 ol FET SRS G
WEla) sl Sl 1 407k el g
v, & ILiL 2] oko] rbglel

I GbA 0. 1lmal /8 o] aboll 413 4k

& 844

] B G S el s
ShabAl fhar Gleh, AAREI 24 viel
Apolbal 4t ‘-’\'—'Jfr A L e) gkslel 2% sl

sz Aol oblep ghslnbfell 4 A dul Ho SOl
2la PH7E slol &8 ubxlalis 2bgal edhg 8
Ao RA U 07 lafﬂ- SR S

spEch BoAas] ast

k T.} ) ] 2] o}.xi A3 a3 _jﬁ_a'e‘g};
o AARFEGO FEAr 0 1meld/¢ x4
% ob 4 gl

3. Alalel] Al T

I -
fishel w7k WAA Y BAHE EAEHEY Fig
10 94y #44, gl Bt sw

8 < ol of]
B7h 9l fe) A3 ene] vals Asue Qg
B FARRE Asbeiv). el 4 wEr xﬂ 7tz e At
A BEA dotuke] E1glel ‘431' gl at
A3 eleb, ofelel Aalk B el Abdbs]

CH4COONa; 0.11M/L, pH; 5, temp,; 95C).

ook L oojfell il Al Balw

A A R )
%Og/ﬂ RAR A EAE) Bt dxeia
& Algek

6) MelEgkel ok

25

= ®.

£ ™~

S Wk .,

S_ \.

=}

ENE‘S I \-

g T

SN0} NSO SBIAMIL)Y \.\

b NaH:POz 0094 s

= g5t CHCOONa 0110

2 7! Temp. G5 (°C}

= inial pH 5

o} . i L i i L i
80 100 150 200

Bath toad {om?/L)

Fig. 11 Effect of bath lead on the rate of chemijcal
nicke] plating from a sulfate bath,
(NiSO4; 0.133M/L, NaH,PO4; 0.094M/L,
CH;COONa; 0.11M/L, p; 5, temp; 95°C).
EE Fe Ay vgals wi Sgels] A4
of Ae]prn Aay EgE ol zhgliz]
‘L—\ ,{-1 B‘I‘QL d’r- OIL J]E'jn‘ o zﬂ 1 0\:01 1;“ ]

EEEN

_ ==
3



132

g3le=, PHE, 2595CE o330 x4
vh., $18] Aud md dadar Halel kool of
shed sl e Al 8] o] Fobgbell wel
AL 9-UL'8P73 #r /-ok-..: o advh e

el A A e

FoAbeRalal vbR g 5l s el
VAN Sk o Ni-Pe] 2

]oﬁ o!or-

o
L
i

] X
2]

|
VE o] e o 00T /Y, O, 09%me
/8, 0. 14imol /2 alw] ale] dlufe] wbob 3oy
Y, OF B%, ok 99 Al w ow ekula]g)
IR "] L"3 il ”] A Abei el NP b R d
Ealell NigPa =
11{ (R I B

x}._g.-g;}.) =7

7 §
, (5]

J
G] i { b 1 L_J

200 300 400 500 600
Heat treatment temp{*C)x1hr

Fig. 12 Effect of the heat-treatment temperature
on the hardness of chemical nickel deposits,

Pig, 124 olefdh ofzlel ol algks 744l 7 a)
J-"w g2 dhuko] A B4 %, 8%, % <l

A% ol ] bl el olae] el bl ow

_1;...}9 B R B R S I P T |

°.%§"‘H Shdrh o] Asteld EEd

Foll abiglol Zwghy: sz &
1 whe} of th()(‘—f_oﬂx e
e g }"r‘— o

vl Pahike]l 99459l HFEe A% 40T

A VAT We) H o) 4R ViekersAEzho2

996l =), o] 0 A Al L el A kel 7]
”"‘H—‘} ghog 9] B Al rel ejufia]m At
KRR S o N 6 ol R )
i

dhet A wlel] whir FA w AFAke) Habn
FalElz]l 8]5ted K-ray H-4% 8 Aablt Fig 13
shoglebs ol Wi g AP RSl Pl ghgkel
9% %‘fﬁq\ Aelrh, ol srElell 4] (a)d  olAe
A2l abeela (b) (o) (d) (o) #H7F 200, 300
T, A0 : GO0 el 4] oAl Al 8L ke elu),
alt W 2007 el A4 A Aulsh Slelda) ol o
VLR NP el wlifuhx] orm, wp A ke

elil el 3007C el A Hee] YAl A Ee
|0

Satel NigPel Al el abubuk Aol wobs g
it -’,f- 9iv:l— S R00T ) 4] 1 4) 7k 3y )et -
o) A Sl B e ael phP-uke) Ny Pob
“- __sr -r i’l +

alp] b Aot /.\4‘-.'.’;
HE AR | EN el

pel w5l SEM (JEOL,
20K VYo w2l a4 Photo, 1 % Photo, 2
ghoh. Photao 13 X vay Shslol] #R84 Al
Aowlalw] =) Ak )l 2000, 400 3l 600 el
Fa eyl 7ol
shafeb 2000 o8k
Pl QAT AR EE ) CER I
wlapela feel pe)x] shalnb 4007 W 00T o

ibo7Aoll e ksl st gRlouke] NigPosh
B0 9k g glebl S 600T el A 4

:ngo A Ay e

P

AL A A g 2

[ B s B

- photo, 2 FoibE g P
-5 roocoﬂ A cdA ) o B 8]
§-% Fobglel wiel Ni P2
e :Uﬂ Aol glet,

ks Sleked ol4b 8l




A58 35 1082 133

3P Fe-Ka1 target
Mn filter

WM%M

Intensity ( arbitrary unit )

-—Ni

WAt

I 'l {

40 50 60 70
20 (deg.)

Fig. 13  X-ay diffraction patterns of the chemical nickel deposits containing 9%P, (Fe-Kla:
radiation).

a) as deposited d) heat-treated at 400 C for an hour.
b) heat-dreated at 200 C for an houwr. g) heattreateé¢ at 600 °C for an hour,
¢) heat-treated at 300 °C for an hour.
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