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Effect of Electrolysis Conditions on the Morphology and Crystal Orientation of Zinc Electrodeposit

Hiroaki Naxkano, Kuniyasu Araca, Masatoshi Iwaiand Junzi Kawanuku

Synopsis :

The effect of electrolysis condition on the morphology and crystal orientation of zinc electrodeposit was investigated

by using the polycrystal commercial low carbon Al-killed steel sheet as a base material and the sulfate bath under the
current density of 50-200A/dm?, flow rate of 1-2m/s and bath temperature of 50-70°C. Under the conditions where
overvoltage of electrodeposit is high, such as high current density, low flow rate and low temperature, heteroepitaxy

of steel/zinc decreases, so that zinc crystals become fine and rgndom in size and growth directii)n. Under thg high
overvoltage conditions, orientation indexes of (0002)Zn and (1013)Zn decrease but those of (1011) Zn and (1010)Zn
increase. When zinc electrodeposits grow heteroepitaxially, (0002)Zn and (1013)Zn planes are preferred.

From these results, zinc electrodeposits are thought to progress as follows :

At initial stage of plating, zinc electrodeposits grow heteroepitaxially at preferred orientations of (0002) Zn and (1013)

zn.

Then, random growth of zinc begins partly on the (0002)Zn and (1013)Zn and finally random growth of (1011)

7n and (1010) Zn occurs partly on the (0002)Zn and (1013)Zn.
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Table 1. Bath compositions and plating conditions.

[tem Range
Bath InS04,TH,0 1.20
composition | Na,S04 0.56
(mol/1) H2S504 0.31
Current density(A/dm?) | 50~200(100)
Plating Flow rate (w/s) 1.0 ~2.0(1.3)
conditions | Temperature(°C) 50~T70 (60)
Coating weight(g/m?) 3~80 (20)

( ):standard conditions
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Fig. 1. Method to measure Zn/steel epitaxy degree.
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Fig. 10. Effect of coating weight on orientation
index of zinc electrodeposits (50A/dm?).
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Fig. 11. Schematic drawing of zinc deposition on steel.
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Fig. 2. Effect of current density on the morphology of zinc electrodeposits.
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Fig. 3. Effect of flow rate on the morphology of zinc electrodeposits.
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Fig. 4. Effect of bath temperature on the morphology of zinc electrodeposits.

TiL, »-o 3FMFCDC TR L EE %R L 72 (0002),
(1013), (1011), (1010) =D\ TDHERDART, Eik
- - - EEETU AL, (0002), (1013) DR IAHEEH 5 =%
MUTEb, 2B LT, (101D, (1010) EoOfE I
WAL T3, /2, Fik, WEP LULHEAY, ERE
Ex FUIc8A L EFEOMEm»’ED 64, (0002), (1013)
WO BRI, (1011), (1010) FHOIFEIZRL L T
L i i B,
0TI T T w0 RO, Zn/MARO = € % X > —OREERIRC, »
Current Density Flow Rate  Bath Temp. S SOBBETERTS 2, Thbb, BEEL LY 2%
(A/dn®) (/sec) (C) FEFTIE, (0002), (10I3)E %, (1011), (1010)7»*
Fig. 5. Effect of plating conditions on Zn/steel HMmd 5,
epitaxy degree. ZnORIEL, SUROTHILE » > 3 RIHHAET 5,
Thbb, InVT XX v vk LT 5SRO
3-3 ZnORAMERIZTBREFOLE SR L, 7o X amET AR, ®o 3RS
Fig. 6 {2, ZnOEHM: L »-> 3 &GORRERT, HiE CTELT R LEELLNG, 22T, Do 3£EODADE
Bk LT, (00027 6 (1122)H 3 TRIELIZH, 22 BB 5700, M FONI-PHLED - 5470, #

D Oy @
S 9.

no
<

In/Steel Epitaxy Degree (%)

15



738 & &$RBVol 83(1997)Nol2:

WROBE AL OBERL PR L IGRETZnd - 3 2iT- 72, £
DEEDZnD s e # Fig. 7 12, #idEC Y % Fig. 8 &R
Fo

Fig.7 & b, Ni-PIiE» - & JE FOZnD s LRI,
SR ED b DIz T, Fdart s &2 ik ok L T
WBIEWbD S, I, Ni-PHESED - &5 FTI, Zn
DIEEFT Y NVEREVEL LRI EFHELLNL,

ZnDELEENE, Fig. 8 WRT £ 51, »- s @E&ElEe b
BT T, (0002), (1013) H OIS, (1011),
(1010) EwH N4 5, Z OfFHIE, o SJEME LT,
WP HCIEA LE—TH 3, ZnOEHM G JIE T EEE
DB DT, Pangaroviz'”)ﬁ ShmEante s,
PangarovD#s o & tud, Zn AN HHEMOBE L, &
EIEOR I, (0001) F— (1011) > (1120) i — (1010)
W~ L 2T 5,4 R0 FEEBRER b PangarovD #iR £ —E
LTwv 53,

L? L, Fig.6 tFig. 82t T5Eb»b L 51, ®o
S BN FHCICEA ENI-PIELED - S 2RI
A LTI, RIHEROMHEC KE LEPED LD, il
WE R resaonl», (0002), (1013) DK K S |
Ie b, ¥ Q01D EOFREIINS K o T b, DRI

T 2wl |
S | mam| i b u
o ®; oo [ I 7
-2l ! -
= | | A
=
5 [ I i
=
21 : ‘
s | i I |
(1010)
L - L %
o0 T 0 10 B
Current Density Flow Rate Bath Temp.
(A/dm?) (m/sec) C)

Fig. 6. Effect of plating conditions on orientation
inde>§ of zinc electrodeposits (substrate;
steel).

w,é-

(a)Ni-P plating (b)Steel

FER DR, ZnidNi-PIEMED - & LTI, 70X HK
ElTwvaspicxl, R ETR XX v vlikE L,
AR OB ErZ Y TvaslidvtFELLNSE, Lo T,
TV XXy e v ERNE, (0002), (1013) B L SV
ZLaMEEEEI NS,

i, Zn®Ni-PIELHED - & LTI XLk d 58,
IndEan I ERM L B Y, 2 TORMIEEY L ItET( T
P s b’ ER, IDWEEERLES k- T
5, 2L, KOFig. 8 i 0TIz L I, FVF LK
EETLD - SEMFURUREBEER AT A0 EFH 2
LNd,

IVEF A VEE, SUXLREDEBOELRER L
»iT 5109, Fig.5 & Fig. 6 7 —X 232, Zn/HiRO
IR X —DFRE L ZnflatED R E KD 12, 2 DRER
%Fig. 9 12773, (0002), (1013), (1011), (1010) FE D ELM
EHE DY XX —ORECIIAEEFRyED G, =¥
% %o —ORLEED S L 7 5F2(0002), (1013) i O B idE £k
ERen L, (101D, (010 P L Tv5, Zhi b,
TR F e vEE LT AR, (0002), (1013)H ZES
ML, 72 aREDOBCIE, Q01D FCEmT 5 2
Ly B, ORI, KDFig. 6 LFig. 8 IR L

3
i ®; (0002) [ L
A ; (1013)
S 5 W (101D | L
— <& ; (1010)
= | i i
3 | '\'\
g | i i
ER ‘ [
2z - I -
S i i i
0 10 200 1 72 % 10
Current Density Flow Rate Bath Temp.
(A/dm?) (m/sec) C)

Fig. 8. Effect of plating conditions on orientation
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Fig. 7. Effect of substrate on the morphology of zinc electrodeposits (100A/dm?, 1.3m/s, 60 °C, 20g/m?).



