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“Abstract

. The current efficiency and the composition of Zn-Cr and Zn-Cr-X (X:Co,Mn) alloy electrodeposits were in-
vestigated by using chloride bath with EDTA additive and flow cell plating system. The current efficiency of Zn
-Cr alloy decreased with increasing current density, while it increased with the content of Co and Mn of the Zn
~-Cr-X alloy bath in high current density region. The Cr content in Zn-Cr alloy increased from 1.4-2.7 to 28wt%
with increasing current density and the phase structure of the alloys changed from »-Zn through »-Zn+y-
ZnCr to ¥’ -ZnCr with increasing Cr content of the alloys. The Co content in Zn-Cr-Co alloys increased with Co
content of the bath, while Cr content of the alloy increased or decreased in low current density region (10-75A
/dm? or high current density region (75-100A/dm?), respectively. y-ZnCo phase was formed in the Zn-Cr-Co
alloy with above 9.0wt% Co. The content of Mn and Cr in Zn-Cr-Mn alloys increased or decreased with the in-
crease of current density in high current density region, respectively while Cr content of the alloy decreased
noticeably with the increase of Mn content in the bath. Two phases of &-ZnMn and y'-ZnCr were formed in the
Zn-Cr-Mn alloy with above 8.6wt% Mn.
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Table 1. Bath composition and electrolysis conditio—

ns
Bath compostion
Composition | Electrolysis condition
component
M/1)
EDTA-2Na 0.480 pH 13 + 0.1
CrCls-6H,0 0.385 Temp. 60+2
7nCl, 0.688 Cathode | MO carbon
steel
CoCl-6H,0 0~0.127
(Co) 2.5~ 158/L) Anode 7Zn plate
MnCl-4H,0 0~0.291 Electrode 2
(Mn) (2~16g/L) area 15x7.5crt
Electrode
KCl 2.67 distance 2cm
Current 10~125
USS-P 3ce/L density A/dm®
| Flow speed 15m/s |
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Fig. 1. Schematic diagram of the flow cell system.
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Fg. 2. Current efficiency vs. current density and Co
content in Zn-Cr -Co alloy Bath.
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Fig. 3. Current efficiency vs. current density and
Mn content in Zn-Cr -Mn alloy Bath.
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Fig. 4. Cathode potentia vs. current density and Co
content In Zn-Cr -Co bath.
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Fig. 5. Cathode potentia vs. current density and Mn
content in Zn-Cr -Mn bath.
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Fig. 6. O and Co content of Zn-Cr and Zn-Cr-Co
alloy deposits according to electrolysis con-
ditions.
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Fg. 7. X-ray diffraction patterns of Zn-Cr alloy
deposits according to Cr content.
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Fig. 8. X-ray diffraction patterns of Zn-Cr-Co alloy
deposits according to O and Co content.



dE o/ d=xd

Z3E 36 (2003) 256-262 261

35 —
® Mn 0.09/L

B Mn2001
30 { A—A Mnaoon
W—=7 Mn8.0gA
@—O Mn16.03A

20

Metal content in alloy deposits(wt%)

0 20 40 60 80 100 120 140
Current Densily(AIdmz)

Fig. 9. O and Mn content of Zn-Or and Zn-Cr-Mn
alloy deposits according to electrolysis con-
ditions.

n r'n-zh Y szon B y-zoar @ oFe

fe

[MNn18.0wt3%
ICr 14.6wi%
[Mn1 ¢ 4wt
ICr 19.4wi%

Intensity(cps)

30 40 . 50 60 70 80
2Theta

Fg. 10. X-ray dffraction patterns of Zn-Gr-Mn
alloy deposits according to & and Mn con-
tent.

T5~125A/dm? W92 27 whebal Crarere
A ARl 2o k] 843 Frlage
U 1 ARYE dedA dRUss] 2 we
A Crgre pass ARe dehiyc S
230 Mnd7heke] Zrbat] webd 1 gage

2o} dAEEE & F AT o] 4F Zeo] Mn
2 (BE A9 -1400my) o] o]FAXA e A
YR 2AdAE 19 59 2o] #F A
A47F 1390~ 1420mv ©j&he] e
4971 1470mvolge g 2713 1 ARUE
ool 7t webd Mndd
1) %:7}‘5‘1 B}uﬂ Crtﬂ-ELQ_ o]oﬂ /\]-_G_g}oq 715\‘6
AT Rsalass'”2 PEGHE7E 34t
2.8 A3 Zn-Cr-Mn@&9 79 40A/dm?
3hel A ARUE GAe)A Cr % MnFAo] v
39 (40~80A/dm?) | A1

E
ArEery

[E] =
o gEe MEAA} AT TFoz Fo 1
gomA Mnsl 4ol et golshl @ 2ol
o

- - -1 0 i=
o] o A9 (3%Cr) ¥ w2 H5-(194%°1%
o] Cr) Zt Z} p-Zn’t ¥ ¥ -ZnCride] F4= A

Boshkov'* 952 10~15% Mn&ere] Zn-Mn &
FEFY A% 6-ZnMn{MnZns) Aol vlsFe) Zn

3 A FAE L 43° -2 A e AEAE
ol (002) A7t vEbes xS v Aok w
Al B dFdA MnEee] 86~16% He= %
748t Zn-Cr-Mn 39 9= S-ZnMnito] y
InCrdat 49 Aoz Addr)

4.4 B
EDTAZSA & 2718 359282 Agsi o

£o g% 7n-Cr ¥ Zn—Cr-X(X’Co Mn) Sy
el

dmd) oM = 6% HETR AN Zn-Cr-Co
7‘<Z -Co- MHS :L-/] ;ﬁ.‘re‘l" 7

FANAME Co E MnE e S71d
b 2 dehiith AREEY WL
[e]

TqFY L0 AFAE L= ‘E‘sj]—%koﬂ o] &&re

H O

AT} Zn-Cr-X3Eel Mz o)
ael Fo webd AR BRoz Zaad

Ak z
) Mn A7be] A$ B} Felo] st
[+}

2) Zn-Cr 379 Crit=
(20~50A/dmd) o= ul4slgon 1 AEY



262 A& 9 /AT RHFS

3] 36 (2003) 256-262

A (75~ 125A/dm?) | A B A3 o] FoA 27-
28% %1 S ERYSIA old] F3Ekd 3
o ATEE pdolA ¥ -InCride 2 WH3EHA
=3

3) Zn-Cr-Co #w¢ A% &% Codri=e
F7H etd e CrEEe A dREE 9
Aol Frtetgod 1 AREE JGHqM=
Zaste Aol 235 Yepida Codade o
AR F7hsiact a9 CrdEe Afage] ¥
3l & Coxdztada Aol Ao & F AT

el Cr &8 wetd y-CoZny & ¥ -
ZnCr+y-CoZn &3+ 228 Yeh gt
4) 7Zn-Cr-Mn &3 50A/dm? olAte] A&
ToA Cr & MngAo] o] Foix]1 Mn H7le]
Z7bll we} FqFe] MndEFe =718 wbdd) Cr

e Dastdvh B¢ AFU=S] 37k el
A Mn g oritge 7 4 S e 4
Wl 86%

kS vheRgdch =d &9 Mn
A AdMHE §-ZnMn Ate] ¥ -ZnCr AMZE

BN

1k}

aE38

1. T. Kanamura, S. Suzuki, K. Arai, GALVANOTE-
CH. '92, sept. 8-10, Verlag Stahleisen, Dusse-
ldorf, (1992) 331.

2. S. Suzuki, A. Fukuda, CAMP-ISIJ, 4 (1991)
1601-1602.

© NS o

10.

11.

12.

13.

14.

1b.

16.

17.

18.

19.

Kanamura et al, U.S PAT., 4,897,317, Jan. 30
(1990).

Urakawa et al.,, US PAT. 5,458,764, Oct. 17
(1995).

Otajima, et al., JP4-304387, Oct. 27 (1992).

. D.S.Ahn, POSCO reseach Rep. (1995, 2000).

Otajima, et al., JP4-314885, Nov. 6 (1992).
T.Akiyama, H.Fukushima, T.Urakawa, J. Surf.
Finish. Soc. Japan. 42 (1991) 1039.

A Watson, Y.J.Su, C.U.Chisholm, Trans. Inst.
Metal Finish, 71 (1) (1993) 15.

D.S.Ahn, D.Y.Kim, G.C.Ye, J. Kor. Inst. Surf.
Eng. 35 (4) (2002) 232.

H.Fukushima, T.Akiyama, K. Kiyotami, Shigen-
to-Sozai, 109 (1993) 861.

Y.Lim, T.Ohgai, J. of Surf Finish. Soc.Japan, 47
(10) (1996) 868.

H.Fukushima et al., ibid, 33 (11) (1982) 574.
D.S.Ahn, Ph.D. Thesis, Electrodeposition Mech-
anism and Characterlstics of Zn and Zn-Cr
Alloy, (2002) 12, Yeungnam Univ.

S.Hashimoto, S.Ando, M.Sagiyama, J. Japan
Inst.met., 62 (1) (1998) 9.

M.Hino, H.Kawasaki et al.,, J. of Surf. Finish.
Soc. Japan, 43 (1992) 873.
R.Salas, R.chino, M.Okido,
Abstract No88 (1999).
N.Boschkov, et al., Metalloberflaeche, 52 (7)
(1998) 514.

M.Eyraud, J.Crousier, Metal Finishing, (2001)
56.

ECS Meeting,



