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Cyanide Free Cadmium Plating Process for Hydantoin System
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ABSTRACT: The work aims to develop a new cyanide free cadmium plating process to replace the traditional cyanide cad-
mium plating. The formulation of cyanide-free cadmium plating process was obtained with hydantoin and citric acid as the main
material and complexing agents as auxiliary materials by selecting brightener and surface active agent. The processing parame-
ters like pH value, current density and temperature were optimized. The dispersing ability and deep plating ability of the bath
were tested according to the prescribed method. The micro-morphology of the coating was observed by SEM and 3D micro-
scope. The polarization and film-forming mechanism were discussed by polarization curve and cyclic voltammetry. The corro-
sion resistance of the coating was tested by Tarfield curve and drop test. Cadmium electrodeposition was carried out through the

mechanism of nucleation/growth. The synergistic effect of double complexing agents on cyanide-free cadmium plating in hy-
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dantoin system was obvious and the polarization ability of the plating solution was strong. Compared with cyanide cadmium

plating, the current efficiency of the process was increased by 20%, the deposition rate was increased by 30%, and the dispersing

ability was over 89%. The deep plating ability of the bath and the adhesion of the coating were qualified. The surface of the

coating was bright and meticulous, and the iridescent color of the passive film was obvious. The corrosion resistance of cya-

nide-free cadmium plating layer was better than that of cyanide cadmium plating layer. Compared with cyanide cadmium plating

passivation layer, after passivation and closure, the corrosion current density decreased to 1/15 before, and the corrosion resis-

tance was significantly improved. The formulation and technological conditions are: cadmium sulfate of 30~50 g/L, sodium sul-

fate of 60~100 g/L, hydantoin of 60~70 g/L, citric acid of 20~40 g/L, brightener of 1~3 g/L, surfactant of 1~3 g/L, pH=5~6 and

temperature of 15~35 ‘C. The plating bath has superior properties and can completely replace the cyanide cadmium plating

process to protect aircraft and aeroengine steel structures in China.

KEY WORDS: cyanide free cadmium; maine; cadmium plating additive; sealant; corrosion resistances

TN B A —Fh BT A9 , T bl AR
BRAE R R EIRE T, PEREOL T ERE)Z o A LR
AR —Rite g R PR, RARNCRR | BE
Moo Wbt S, FETCHL. s RSP Fat
AR — S A TR L R AR e AL B4R
PR E , YERERLLY, (HIR [ 0™ M BRI R AL L 5
PEAKHEN, ToiR s O AL SR ST . HAT [
WX IL R R A o B IR R NTA Al
HEDP 14 & R PR T 2D, h Tt et 22,
RLTSCR R, MELABEA AR ™ o BRI JC U AR 1 2
BZ M Z EDTA M ALEHESR | o 38 A 255 he ) 2fl
PR Kb B A, PR 32 AR B A

ASCUIRR PESE SRR R X4, SR & N BENRTE4S
E R, BB LSRR G, FRAR T IR K AL FEMERE
ER A SRR 0] B 9 126 145 2 T S B uAe , AR5
XL = R PEREBEAT T — R AIRIBEIE, S X
AR5 B 2 HEAT B AT AL B, i ol 0 2 it v . TP
JEASTUPEREY 5 AL AR AR T, AR AR T AL 2
W, Z L2 B REAER .

1 RLg

1.1 MBMIZRE

RIS BHA AT R 4EER A (40 mmx30 mm ) , BA#R
J Q235 8 A (20 mmx30 mm) . LAFARIT: 17
JE— LA (30 g/L NaOH+50 g/L Na,CO5+5 mL/L
OP-10 ) —HUKBE—W % KiE—E{k (25 g/LHCl) —
HIFT (40 g/L Nay,CO3 ) = HUK PE— LB /KR — 8%
TR KB — 1 b — 3 shiR Kk — e — i 3
BRI SR K PE— LB FRKIE R T,

1.2 ERABRRIZSH

TR PR LR T e TS8O TR
30~50 g/L, HiEREN 60~100 g/L, Z LK 60~70 g/L,
FPEEIR 20~40 g/L, pH 5~6.

1.3 A&

K Hl Elecometer-456 U JEASGM & FHE R, I3t
YRR B 2111—1977 { & BB 2GS
S IR T vk ), e BAGRR T RA ) B
Hh.

K H Quanta200 Y494+ B f5E . KH-7700 %Y —
SRR S T I O ROWIE S5 . A DSADVANCE
X TR AT HH A BT J2 ) ok R

K =B R RAERS S CHI604D 1 HLfb2% T
YEvh AT B Al . DU A H R A o 2 e
R A B R AR, B AR AN A AR R, b
2, WESSAEAH . AT A A B . LAYE R
WA I TR ( TERAN 1 cm®) , 3.5%NaCl
SIRIER, FHREFN 0.005 Vs, il 5 A5 B
JEREEIERNZR, b Hm o

2 ZERE5TTR

2.1 FERA0Z AT A9 X BA AR AR 4K 59 2 I

B 1 RIS AN R B A B AR fe £k, 7]
DIFE, ZEHFIREREE T (2A/dm*) , b, c. d
AR BRI H-1.8. —2.0. —2.5 V, H .
Py R S HLAH A ol B A A Ak i 28 B 8 0 B8, BH AR A Ak
YER AT IERR « VN . AP R+ TR K. Btk
AT UL, G R TR RS 2 TG U i 1 — PP A A A 28
A, R A 4B R B, X AR IR T T AR
R B AN R, B LA LU I 7 p(DMDMH) :
p(CA*)=1 : 4 JH A H] p(CeH0,) = p(Cd*)=1 : 1,
AN S SR, RRACEREIL; A% GRS
i, MALZRRRAL, B2 i MR, SRl AR Ak i i
KA, WHAFERA G EWHRANIZHN-2.2V, T
SR -2.4 V., UL PIRREE G 5 — & 1 )
EH, SR TG TARRMALZ F, CdFE 25 C
F BRI LA FLZ S —0.402 V, MK la WA, AL



Fagt 2

WHE: AR R TTRABER T Z - 241 -

WA G, ek b AR RAE-1.5 vV, Mk c
BEEHT AL -1.55 V, ZIEAK, WEREART7
M2k d Bdr A =21 Vv, AHELET =%, g,
Brth it B Ap=gk v—pxk=—1.398 V. % Nernst J7
e, ARG CATRYME, WLFE 1, i 1, phgk
b, cFBNE T BEZEAKR, ML a, HFE
() CA™ W BEFRAR T 5 AL, i AR5 cd™
e T RE EAY, ARt TR cd™ . M
ek & RIVER N E A, AEEEH.

0 a—No additives
b—Main salt+citric acid
-05 c¢—Main salt+hydantoin
d—Main salt+hydantoin+
citric acid
2> -1.0f
=)
Q
N -15f
@ 3
< b
— b
=20
T C
-2.5 —_—
-3.0 .
-1 0 1 2 3 4 5
1g[J/(A - dm™2)]
a SRINTRHNF
0
a—Base plating solution
b—Basic plating solution+
—05F brightener
c—Basic plating solution+
> -10t surfactants
= d—Basic plating solution+
O brightener+surfactants
A 15k
[
Z
=20
=25
-3.0 i
-1 0 1 2 3 4 5

IglJ/(A - dm™)]
b fAZRAH
BT ORISR T BB A il £k

Fig.1 Polarization curves under different plating bath:
a) without additives; b) with additives
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Fig.2 Cyclic voltammetry curve of cadmium plating on Pt
electrode: a) without additives; b) with additives
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Fig.3 XRD curve of cadmium plating layer:
a) without additives; b) with additives
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Fig.4 Rate of cyanide free plating at different current densities



Fagt 2

WHE: SRR R IO AR T L - 243 -

AR EALEESR , 7 1 A/dm® AT, U 30 min,
YRR RIS 12 pm ¥, TR RS F I 30%,
2.5 SrEBENRIRIERE

) Ay BOPE BRI bR A . AR S, 7E
1 A/dm® FHL 8% 30 min, 75 7,=89.97%, T,=89.07%,
T5=91.28% , ®J % T=89.77%", #H It T & 1k #% 4%
(85%) , ArHARIIA Frdeim o B BLES Jnsa) id m Af
PRMACBERG R, T4 M 35, e S T e .
TRAERE T 2 M AR D S B — R AU R
PSR (RS AH) , FERR BT, WP he
B2z, TREORIL AL R AL, 8RR )
2 A 50 A B X R B AR o AR T 2R
FLVE, K DA e B B AR A, 25 A AN T R A 1)
FEAR, 1 A/dm” FHLAE 30 min, Z5RUNE 5 A,

100

7 7

Coating [] Micro coating
K5 TREERE Tl R
Fig.5 Test results for deep plating capacity
H 5 AT, AT ERA R B 88%.

MR F T I A A, 8 35 43T 100%1Y,
BT T 2 W (T B
PHUEHF CN %A RE 40k, Cd*'5 CN JERL T AR
SEMEESY ., YERP LT B R 2B Cd™, Wk
FAERRE DI B )2

2.6 PFEEMUFIR

HIHT SEM HL B X B = OWE S AT e, dni
6 JIT 71, 0B 5 B = TR0 T DA S IR R 4y e e
AR AR RS G SR/ 5 A R )
HLE, REICWIRASTr k22, JZ AR 3

[

a JLEmE
K 7

b F AN
=S

A ISR B ASE R T B, R 18R,
ERREIES

b HILAZSIH]
SN Bl DO E TR A (A

Fig.6 Effect of additives on grain refinement:
a) without additives; b) with additives
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Fig.7 Appearance of coating: a) without additives; b) with additives; c) tri acid passivation
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