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Effect of the bath composition on the surface appearance
and the hardness of zinc deposits from the chloride bath
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Abstract

The study was conducted on the effect of bath composition on the surface appearance, the hard-
ness and the crystal orientation of zinc electrodeposits from the chloride bath. (1) The hardness of
the zinc electrodeposits from the chloride bath was increased by suppressing mass transfer of zinc
through adding the organic additives and the chlorine ion in the electrolyte. (2) The surface white-
ness of zinc deposits was decreased due to the change of the preferred orientation from (002), (103)

o (101), (100) through increasing the organic additives and chlorine ion in the electrolyte. (3) The
addition of Cu, Sn, Ni or Co in the chloride bath elevated the hardness of the zinc deposits but dark-
ened the surface whiteness. (4) The optimum condition of the organic additives and the chlorine ion
for increasing the hardness of zinc deposits and preventing dark surface ranges 0.3 ml/1 to 0.4 ml/1
and 6.5 mol/1 to 6.8mol/1 respectively.
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Table 1. Bath composition and plating conditions

[ Chloride bath

\
| It
! em Range (Standard
! 7%+ (g/1) 60~ 100 80
|
o g/ 160~280 | 220
| Lign Additive (ml/D) 0~10 | 02
Impurities (ppm) 0~ 1000 -
p H 5
x 2
Plating Current density (KA/m? 6
conditions Flow rate (m/s) 1.5
! Temp. (C) 60
‘ Coating weight (g/m?) 20~ 200 i

Impurities : Ni,Co, Cu, Su
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Fg. 4. SEM images of zinc deposits with concentration of Cl ion in chloride bath.
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Pl wet AEFE ATt B LomAA
= 7.}5:8}{— Aee Ve,
Ly

= dYIME RV E Crol2E R F7he
ZEE AEE A$ATIe RS @l olelo]
AZTFEY ALl F71H/HAG O ol 52

S5

Z 7kl upet % olf AW

7 ARY Zzld oE8y] Hieoitt
HCP Fzd4 Zp AXHAEd g Young’s

Modulus (E) & ol @)2]e2 Atsid E002) &

35.2GPac] 1t E(100) & 119.3GPac] ¥ojxith

SRS

1/E=Su(1=a")* + Spani+ a1 (st 2513) (1 — ars’) (2)
ai3 + Directional cosine

s | Compliance

wehd Eghe 71AmEe (002 He] 7hg = v)
e 379l (100), (110)¥e] 714 = ywz]
HWEL 7|8 71" A&7t & &5 & Efs
iR} A5 ebAdA 4 EgE2 strain(e) 3} stress ()
Alolell ozl (3)2lx} 22 TA FHE 7] W]
Egte]l & & A=Y A= e A& 458

T Uk
c=FEeorE= o/¢ 3

gH ol (4)A] vERd Hall-Petch rule'®e
AR AR QoM AFYY =Av)9) Bre &
AE T

100

Additive 0.5mi/]

Hardness(Hk)
o - o0 o
=) = & =y

i
<

40 i i 1 1. 1 i
140 160 180 200 220 240 260 280

Concentration of Cl ion(g/l)

Fig 7 Effect of O ion in solution on hardness of
zinc deposits from chloride bath.



X
st

g F8hs] A33 A3 2000

H=Ho+ ked ™" 4
H ! Yield stress

Ho : Average yield strength

ku . Complex parameter

d . Grain size

471 Aoz RE AA Yol nAE E I8
o] AR =FFY Brge] dedvte Ag
58 5 Aok gepd g gistd & gE2 7
oA de AAUE] IAPxH o2 Hof 9o
A ARYel mAEE Mg & A=ge A
Atie A8 =2si drh

9] Fig. 63 7oA R7I1H/HA =Y Clool&

_éolo

s rE

329 37l EFFAEE 4SE 49=
249 vlAgsn g 002), (103

(101), (100) FH = =#197] &)}
gy Fig. 69 37 1.0ml/dlA A=} <

b AxdE BEE Ve AL HEadsde #
0@ A FEFoR AW FAEEHY =7
T 9 % ZAZEA F uAstmolsh el 7l
¥ Roz AZdd
140
120
)
I 100
73
H
5
£ 80
Iz

60

40 E L i i i
0 04 08 12 1.6 2
Ni content in Zn deposit(wt.%)

Fig 8 Effect of N content on coating hardness of
zinc deposits from chiorice bath (additive free).

¢ QoA 491 B 418 Oel 55
37t § BAHU §249 AglNE 9 &
g ¥e AERE MY ok AET Bo
A dekzAgel $5% Nl 2§ S4eol oldlw
&

TFHHE o] F7] WEoltt

3.3 mHen

Fig. 9& Zn** 80g/1, CI~ 240g/19] @3lo}d Lo
A FARA R oldEFE] EHeu
e FE vebd Folth Azl AE A
Tt A e A$o WATE 882 & Jsitoe
U kel Fuhgel met Ak 2asithzl 1.0m
Ne H7 el T67bA] stetstdch. T WA
EE W] Yrape} whAle) 7|dE=d (002) B
o) 7l HYI AER FAH Jod YA}

90 20

85 |+ 15
5 2
= g
280 10 g
= 5

75 5

70 i 1 H 4. i L i 1 e A 0

0 005 01 02 05 i
Organic additive(ml/’

Fig. 9 Effect of organic additive on surface
appearance of zinc deposits from chl
—oride bath



GBS A oldEFEe FH B A

AR VA= &2 47 347

% o] arjz WA WEe ke WAEE
chep b é@f%l Fgel el 2 ATz 71
)‘\l.

"4517] Mg MAEE ztashl Heh we By

ZE A7V gl A$dE 16 ol 4E Yehit
7} 7M7) 0.05ml/1R 43R FolEoE 438
2 FA3A stehsla I ko] Z7gel wel 0.5ml

7l

/L A7 BEE 1Y Asdhe AEE debdch
HollM AFE Hhelte] MUY Sl 2R
o] $Aujdks (002), (103)—(101), (100 2.2 w}
3 ARFYHE A tetr] o o]etdo] U
ol ¥sksiA He Aol

Fig. 102 Zn** 80g/1, #7147 0.5ml/13] &
HZ2ZANAM ClroleFxrt BF3e WdE
gxol vAs g¥FE ded Aott. By
Cl'°l£%£7} 57}f€}°ﬂ “}E} 87 A1 8074

€ Cl o] 2% =

z
22
al
*

i
1By o

s qm
CrelesEs 37} 94 wuﬂfz,v & Wah)
saly] WEe] WHEE

£ W7} 80 olap 57 £el o
AETAE nHAe] A el A7) W

l:l

A7)

£

g

87 8
86 7
85 6 ~
~ [=]
(=4
%’84 5%
w0
b g
=83 43
3 L
82 30
81 2
80 1

160 180 200 220 240 260

Concentration of Cl ion(g/])

Fig. 10 Effect of Cl ion concentration on surface
appearance of zinc deposit from chlonde bath.

o

i
e
|
£ o

Cu> Sn > Co, Nise o

oz
% 200ppme] H7tE

QYo Sne 75 28]3 Co 9} 2 78577}z1 st
] o]E BE F£0|2EL2 Adz A48 £
Ne ALY o)Fe FHE Yt

85

-
(=]

Whiteness(L)
b

~1
(=]

0 200 400 600 800 1000 1200

Concentration of metallic ion(ppm)

Fig 11 Effect of metallc impurities on surface white—
ness of zinc deposits from chloride bath. (Zn?
*80g/ &, additive 0.3mI/)

dstEscz Ry dolxe od MzE
Aze mRo@ HAE LAZH dstel
AE® 27 tev 2o 422 9



348 FEFH TS 4338 A5Z 2000
SAu) sl AR Ho] 2SR widjg MEy) 2. K. Ishii, M. Kimoto and A. Yakawa : GA-
Aol Az Bdo|Fo] AfEH (101),(100) He| LVATEGCH '98, Chiba, ISIJ, (1998) 547

v g S vepiEA 249 mA g s, 3. H. Nakano, K. Araga, M. Iwai and J. Kawa-

) F71E7RI Clol2sRe] F7hs 22X ¥
€ riA el g e (002), (103)—(101),
100) 0.2 WAsA 77| d &l =55 Bee 4
AR = B ARAIT)7) dEe] 3

—

ok
.rirL

i e i o)
o I
ol
B
ot
i

re
Z
-
X
°
o
ofd
2
(3
b
i
ol
1o
A o b
lo i

3) F4E48 Cu, Sn, Co, Ni& ol =dZof ¥
48 A WAEE 2 Toz sy AR gt
B8 AT 5 glc

4) FG3ESAA o=

FAFAN £FF A%
)!]

ﬂl
o:

Az 7t 80 g/1Y A$ 471 H7A 0.3~0.4ml
/1, Cl- 0] 235 = 230 ~ 240 g/17} ulg=] et
a3z e

1. M. Sakiyama, M. Kawabe and T. Watanabe :
IS1J, 76 (8) (1990) 99

10.

fuku : ISLJ, 83 (10) (1997) 31

. J. Hisamoto, K. Ikeda, N. Yamamura and H.

Sato . "Zinc-Based Steel Coating System”,
Metallurgy and Performance, Eds. G. Krauss

and D. K. Matlock, TMS (1990) 331

. J. H. Lindsay, R. F. Paluch, H. D. Nine, V. R.

Miller and T. J. O'Keefe : Plating and Sur-
face Finishing, March (1989) 62

. N. A. Pangarov : Electrochim. Acta, 9 (1964)
721
. J. Seekely and N. J. Thmelis : Rate Phenom-

ena in Process Metallurgy, Wiley-Interface
(1971)

. F. Mansfield : Corrosion mechanism, Mercel

Dekker Inc., Chemical Industries 28 (1987)

287, A9 ISEHFT IR, 31(1) (1998)

N

R. W. K. Honeycomb : "The Plastic Defor-
mation of Metals", 2™ ed., Edward Arnold
Ltd. (1984) 237



