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Effects of Electrolysis and Bath Conditions on the Surface Roughness,
Morphology and Crystal Orientation of Zinc Electrodeposit

Masaru SAGIYAMA, Masaki KAWABE and Tsutomu WATANABE

Synopsis :

The study was conducted on the effects of electrolysis and bath conditions on the surface roughness,
morphology and crystal orientation of zinc electrodeposit from sulfate bath and chloride bath. (1)The sur-
face roughness of the zinc electrodeposit from sulfate bath was increased by suppressing mass transfer of
zinc through variations of electrolysis and bath conditions. (2)Under the conditions which promoted mass
transfer in sulfate bath, stacked platelet crytals were formed with the (0001) basal plane of zinc hexagonal
lattice parallel to the substrate or slightly oblique to the substrate. Under the conditions which suppres-
ses mass transfer, formation of stacked platelet crystals with <1120> perpendicular to the substrate was
observed. (3)From chloride bath, coarse zinc cryatals were formed in the low current density range due to
a low overvoltage. Roughening of the surface in the high current density range occurred in higher current
density range from chloride bath than from sulfate bath. (4) The preferred orientation of the zine
electrodeposit from both of the baths coincided with Pancarov’s theory.

Key words : zinc electrodeposition; surface roughness; morphology of zinc electrodeposit; crytal orienta-

tion of zinc electrodeposit ; mass transfer in zinc electrodeposition.
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Table 1. Bath composition and platir;g conditions.
Item Sulfate bath Chloride
bath
Range Standard
ZnS0,:TH0 1.5 15 —
Bath NapS04 0,0.25,0.5 0.5 —
composition ZnCl . 1.5
2 .
NazC4H4O4’6H20 - - 0.056
pH 0.6-2.0 2.0 4.0
. DK(A/dmZ) 10-120 100 10-200
Plating (m/s) 0.7-2.0 1.5 1.0,2.0
nditions Temperature( °C) | 50,55,60 50 50
C.W.(g/m?) 20-80 80 80

F. R.: Flow Rate C. W.: Coating Weight
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Fig. 1. Relationship between surface roughness

of zinc electrodeposits from sulfate bath and
coating weight.
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Fig. 3. Effect of pH and concentration of sodium
sulfate on surface roughness of zinc electrodeposits
from sulfate bath.
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SEM micrographs of zinc electrodeposits from sulfate bath.
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Photo. 2. Oblique view of zinc electrodeposits
from sulfate bath.

A/dm® TIFEE L 2 - 72,

3-1-2 R

CITRETHS 238539 15 —DfiFEL
L CERTE 2B, REHSORLIZEVE R RES
EDOXIIEAT 2 ERE L. HERIEEER»OE
FL7: Zn kSRt REHS S SEM BIE L 724 E % Photo.
1W2Rd. FEHHAEOPIZ VD AEENERE LS
10A/dm? Tit, EBEHBEEL LTAFEZD (0001)
EEM L Bbh s XAROWRKE St BRI L L4
fEF7-IREECIRRE L., BRI ALIEREEE L 7.
mﬁﬁmiﬁﬁéa&éwAMmfu HAKICHET L
7-FERI & 0 B AR SRR bh, RFEEOHEE
ﬁ#ﬂnt.ks&%ﬁﬁé&&élmmwﬁfu,
FEMI L CEY L BB SA N 2 BR L, %
D/IFHHHEITBE L 72RE L 5 72, BRI LCHE
MLZKEGOREZBET S 720, 120A/dn® TEEH L
RBAAEM S REBTSEMBEL-ERE
Photo. 2 (2R, B LR 0ME Iz AATO—

— 101 —



1304 % ¢ @ 8% 76 4 (1990) % 8

2

ERONABEAEL TSI LG, B LZERZ
AHEED (0001) FEEE % BN L CHEM & & 721K
CHAETHTREESH A, WABETIX, 120 A/dn® D
EEHESO—TIZHMIREDF > KI5 4 FOEEIED
5 h 7z (Photo. 3).

3-1-3 AeLELmEE

B In BROERREYILEYT 570, BREH,
Bt ERRREOBFRERET LA, & CEMEK
ELT, AHRORKSRERT D Zn OFSETBAIREE
{bxEiah 3 2 0@ L7 (0002), (1011), (1120) &iE
OEEFEEE R L 7.

BREEUC IZTEREE, O - AR L ® - 3 K,
Na,SO, D&% #hFh Fig. 4, 5 L 61T 7. Zh
H5ED, Ho 3B, BRERE, Na,SO, BEEWIZL,
72, o XMWHESBVITE (0002) HEATHEVECHM
R L7 M, ©o 38, BRTEE, NaSO, REH
BWIIE, To0o SRRENSEVIEY, (1120) @A
BRI 2R L2z, (1011) T oo BRI 3 o B A9 4
TR E -7, BRAEICRITTRRSE pH OB
DVTHF— ¥ I3EHT B, BROLER, pH OKT
i (0002) HEOBEMY* @ AHEME %, BHiRET, pH
FR3 (1120) E BRI % M@ 2R &R L 7.

S50 ym

‘ Dk = 120A/dm?
Photo. 3. Cross-sectional photograph of zinc
electrodeposits from sulfate bath.

3-2 BB IPSNBR In H-> ZHER
EALE OB E L Zn ® - ERBEOKREHICOWT

Orientation Index (-)

4

Focet [Key

(0002) @

tuoinlo
3rti20)] o

° [e]
2r (o]

\'\.
| 0/ >(0_§0—-0_0
of o—o/ o—
0 20 40 60 80 IOO I20

Current Density (A/dm?)

Fig. 4. Effect of current density on orientation
index of zinc electrodeposits from sulfate bath.
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Fig. 5. Effect of flow rate and coating weight
on orientation index of zinc electrodeposits from
sulfate bath.
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(a) 20A/dm® (b) 120A/dm?
Photo. 4. SEM micrographs of zinc electrodeposits from chloride bath.
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Fig. 7. Effect of current density and flow rate on
surface roughness of zinc electrodeposits from

chloride bath.
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Fig. 8. Effect of current density and flow rate on
orientation index of zinc electrodeposits from
chloride bath.
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A5, FIEEIC® - Z2FOMM 2 EL 285, NapSO, iRfE
A0, 0.25 0.5mol/dm® @& &, OB REIEZ
hZh 9.85-1073, 1.07-1072, 1.29:10 2cem?/s & E
e, CoREEcLy, MBEBRERFEER
Na,SO, EifRma kgL +2 &, (1), (2)e(3)R&X
1 0.25mol/dm® #& N T 0.95, 0.5mol/dm® &M T 0.85
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TERTFTLTWE ERoEREXY, WEENIRAER
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344 oK L TERKEIOFSVERNS D, —
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BHICELABROBSICHEATAOT, BERNFE

RENEDH - EFIIEEBORIRIKE L, BIAER
FBEFLEAET S, BROMSIEBBNOBHEOELEE
KXo TELL, BEENIBWIILELLIERNES X
BYT 5. ZLORESICBYV CEXFERERE TN
VIBBFICBI AL LEBBRABEOFPEL 2B 0
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RRBLLCBERBREELERTIEL I LIRS,
Na,S0, BEFREREMH I TCEENIC L OEERRE
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Fig. 9. Relationship between mass transfer

coefficient and flow rate in sulfate bath.
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BIEROMEREET S, 3EOERIVESH» R LD
12, WMEOMES I, (1)EKEREEE coRmMME S,
(2)XRMEH LIS - 2 ERBWEMBE, <Hhi.
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1308 % & W

5 76 4 (1990) 5 8 &

A (1), BB »rHOBELL Zn O EEEKE
OEFHM & HFHRBIEE 2 5 b DI N CTREBREEET
BB CRIWAICH A, i, BEiEH, S MY
KEVHAKLERPERL O L, REERE»5 1
A FI ks SR L 2 L IRRT 5.
POMKLBEREVERT S -REBITEELF
QU 442 hY—FEELTABEEZ TR 2 &
ChHEEZONL. Thbb, BEENFE EESHK
DRAEBHTD LD, —0 OFERAK & LERMICE T
BETS. TORRRRVEL LD ILICE-TOHo &
EEEmAHILT AL EXLNS.

FES(2)13, MEEEBICTH®E 1.5m/s, 120A/
dm? T o 5 L7z 80 g/m® DB SEE = REHMIL %
BILTWSOIZ, ThX)EilHE SEREETLIE
AL H SR L - IR O R S AHIE X DHL A
MNEVETHS. THIEKROBERICX Y, RILERERE,
WET OB BT WEBBIREIHEST S720TH
5. Thbb, BWE, REERICBYS Zn® A F
CoOEBERKEEREFR 1.46-107519, 7.7-107° (X
BAEY % Q=5kcal-mole™ ! & L TIREEMIE) cm®s™ 7, B
WA EMNLY 2 £N 1.29-107% 6.7-107 3
emZs ' ThHAD, (1)e(3)R K HE/WHOH
HBRERBEIRERIEGSD 2.2 2, AILER
ZHCTHEIYBICBT A Zn®t 1+ v OYEBEN
MERIERIC BB LD BE .

5 & -]

RGBT —EREI LR r OBE L Zn O B K
BoOREM S L EE Zo FROBRIKE RIS ERSE
", BERUEOEBYRILL. ZORKE, RO LIPH
SR A

(1)HBEBR»OEE L7 Zn O o EHEORAEM S
i, Zn?t At OWEBBNRES B EETHEML,
WL B E AR S B ETRA L.
C(2)REBEE S SR LB Zn S, Zn2t A
F v OWEBE IR S N Tk ARE & (0001)
HEHE # EBCH LTEF 2V L, L@ s -8
WARDMESIRAE L 72 o 7. WEBEHFHE S NIEHT

E<1120> % EAUCE A ICFANT 72 REET, FRICEZ L
T AARORBBHERESFTBR S . AR, #
FCEHIC, BETRERKL 50T, ZRICHEL
T, - EBBEORFEHENFAFNNBIUTRE LS.
(3)#E b CRIRERFE CHARRITER S 1,
o SREAEILL . BREREERERC L, KEM
X L BREEOBRELDE, BHREHER & TR
HEETHY, KEHSIHBERFESTHARLL. &
LR - 2 BREEIMEBER BT X0 bR
PV BT B HE .
(4)YERRA% L RTERE IR Z¥" 1 4 v OWER
BAPHE S h B 1B - T, FRERIE <& (0002)—(1011)
—(1120) ® X > o &1L L, EitwiE < (0002)—
(1011) K2 b3 A AN RO bz, WEBSHRED
HE L BHOBBEE L OMCEERTAHL, WEILHLE
£ U7 Zn OF5 BRI 12 Pancarov OFEG & —BL 7.
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