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Effect of Structure of Organic Additives on Electrodeposition Behavior of Zn from Alkaline Zincate Solution and Its

Crystal Morphology
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The effect of structure of organic additives on the electrodeposition behavior of Zn from alkaline zincate solution and its crystal
morphology was investigated. Zn was electrodeposited on an Fe electrode at 20-1000 A-m~2, 2.4 x 10*C-m~2, 300K from unagitated zincate
solutions containing the various organic additives as a leveling agent. The suppression effect of additives on the charge transfer and diffusion of
Zn0,>~ ions in Zn electrodeposition corresponded to the number of adsorption site per a straight chain molecule of polymer. The effect of
polymer alone on the decrease in size of Zn platelets crystals was small, but the crystal size significantly decreased with coexistence of low
molecular additive. The crystal size of deposited Zn decreased in spite of small suppression effect on Zn deposition, showing that the crystal size
of deposited Zn doesn’t depend on the overpotential for deposition. With coexistence of low molecular additive with polymer, the crystal of
deposited Zn was fine regardless of kind of polymer even though Zn deposited at the diffusion control of ZnO,?" ions.
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Fig. 1 Abbreviation and structural formulae of each additive used in this study.
Table 1 Outline of each additive used in this study.
i Molecular | Amount of
Symbol Outline o
ymbo Y weight |addition (g-dm™)
PB Propyl, carbonyl group : adsorption site =1:2| 2805 1.6
PM Propyl, carbonyl group : adsorption site =1 : 1| 1428 1.6
PB-PM | Ending site of PB is PM 2933 1.6
EB Ethyl, carbonyl group : adsorption site=1:2| 2370 1.6
EM | Ethyl, carbonyl group : adsorptionsite=1:1| 1254 1.6
PB5 | 5 times molecular weight of PB 13824 1.6
EB5 | 5 times molecular weight of EB 10145 1.6
Q Quaternary ammonium salt with benzene ring - 0.093
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Fig. 2 Polarization curves obtained by LSV in zincate solutions
containing various additives.
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Fig. 3 Polarization curves for Zn deposition from the zincate
solutions containing additives with adsorption site of different number.
[(a) Total polarization curves and (b) partial polarization curves of Zn]
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Fig. 4 Polarization curves for Zn deposition from the zincate
solutions containing additives with propyl and ethyl groups. [(a)
Total polarization curves and (b) partial polarization curves of Zn]
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Fig. 5 Polarization curves for Zn deposition from the zincate
solutions containing additives of different molecular weight. [(a)
Total polarization curves and (b) partial polarization curves of Zn]
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Fig. 6 Polarization curves for Zn deposition from the zincate
solutions containing both additives of polymer and low molecular
compound. [(a) Total polarization curves and (b) partial polarization
curves of Zn]
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Fig. 7 Polarization curves for Zn deposition from the zincate
solutions containing both additives of polymer and low molecular
compound. [(a) Total polarization curves and (b) partial polarization
curves of Zn]
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R EIEBAIL L 2 dr o 2. TR E NV (PM) & TF )V (EM)
BT D L, TFVOHIPMEPITEKEAML o 7oK E
U A ES TR (R ARV

Fig. 13 20 F @A 74 % 550 F R PB, PBS [R5+ O
Q & ILAF S/ S 1% 5 N7z Zn TENTIE O K SEM 1§ %
R, L 200A-m™2 TlX, PB+Q, PB5+Q &M L 72
B B S5 NTZEBHIE((0), () FIICHME 2oTHY
ZOREIIFICAIZR SN2 WA, 100Am™? TiX, PB+Q

Current density, J/A * m

Fig. 9 Current efficiency for Zn deposition in zincate solutions
containing various additives. (Effect of (a) number of adsorption site,
(b) kind of alkyl group on the current efficiency)

Fig. 10 SEM images of Zn films deposited at 200 A-m~> from the
zincate solutions containing additives with adsorption site of different
number. [(a) Additive-free, (b) PB, (c) PM, (d) PB * PM]

EHRMUIT (@ PETREEPRKEL o7z, Thbb, K
BRHEETOEN T, S TFREORIVHERMAZHZML 72
AAE S OB LRI R K & 220 72

Fig. 14 (2% T- 7R PB \ZKA T Q % L4F S ¥ 72 1R
AR A2 DBHHRE TH S N7 Zn BT D K SEM 4% R
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Fig. 11 SEM images of Zn films deposited at 200 A-m~> from the
zincate solutions containing both additives of polymer and low
molecular compound. [(a) Q, (b) PB+Q, (c) PM+Q, (d) PB -
PM+Q]

Fig. 12 SEM images of Zn films deposited at 200 A-m~2 from the
zincate solutions containing additives with propyl and ethyl groups.
[(a) PB+Q, (b) EB+Q, (¢) PM+Q, (d) EM+Q]

200 A-m2 GRS

um

Fig. 14 SEM images of Zn films deposited at various current
densities from the zincate solution containing additives of PB and Q.
[(a) 100A-m~2 (b) 150A-m~2 (c) 200 A-m~2, (d) 250 A-m~2]

T, EWRHEEE 100 A-m~2 THE L N2 EBHE (a) 1F, FAUH L
THEY LS Lum BEOBARKE A SRk S hz2s, &
FHEE % 150, 200 Am2 N EWIME 2 & ((b), (0), #H
DAL L7, BREEZ EIZ 250 Am2 N #sEs L
(d), I ETRE LR VMEBML 72, BTl
PM IR0 F @D Q Z HAF S & 72354 b LAl & [F B 1 255
RENTDS, WAEFEOEHS \» PBITSF O Q 2 Ifr s+
72D, WINOBEBREBEEICBWTOREMNIT X 0 ML T
By, EWITTFHTH- 7.

Fig. 15 2@ T M#A PB - PM I 10 Q 2 L fE s+
TR A DA 4 OEFEIE TS N7z Zn BATIE O KT SEM
B &R, BIHEE 100Am™2 TH S N2 EH I (a) 121,
Lum FEE OV A4 X OWRE R BCORKS AR S 7-25, BREE
% 150Am 2 ANEWINSE S & (b), #MAMM & %&b KD
PG & o7z, BIRERE 200 A-m2(c) TIE G i A B &
Y, RFZEOSEMT TR D FERENUAE SN &
TLHIE 250 Am™2 Tl (d), MRIEETRE < %0 HLEE A
L7

Fig. 13 SEM images of Zn films deposited at 100 A-m~2 and 200 A-m~? from the zincate solutions containing additives of different molecular weight.
[(a) PB+Q, 100A-m~2 (b) PB5+Q, 100A-m~2 (c) PB+Q, 200A-m~2, (d) PB5S+Q, 200 A-m~2]
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Fig. 16 (240 IR MNA PB - PM, fK70F Q % HifiuiAm L
ToUEW & A SR B 1% 5 N7 Zn BT O 4B A R
T %B, BETOIE W) LFE, HEEM o mIZE 72
WFEREHRIIHY S DTHY, ZOXFWKEI 2
5138, GIRESE . NA %2 L o> 515 5 28
Rk, W EE 100Am? TIREARAZWH TV LR
150A-m™2 DL ETid, MESHVEHIKE E 2o 72 K51 Q
ZHARIML 285613, 150Am™2 TRRHM & 2o 728,
200 A-m~2 DL ECIIEMNA % LogA L Mo EE 2 L7
5 F AN PB - PM % HUGRIN L 721 A 5153 5 W BAT
Bk, FeBIKEONBIE o722 0RIZIFEAEE LR
Motz —Ji, FEATEMA PB - PM &G T Q B A S
HEW D O/ 6 N7 Zn WHTENL, EIREE 100Am™2 T
HTHRPAEL, 150 Am2 L EICR 2 ERIRHE & %o
72, BIWHEE 150-300A-m™2 2B W THE SN2 BT TI,
HHIC X 2 BIROZIZFICR O NG 72

" lum

Fig. 15 SEM images of Zn films deposited at various current
densities from the zincate solution containing additives of PB - PM
and Q. [(a) 100A-m=2 (b) 150Am™ (c) 200Am~2 (d)
250 Am™%]

TNHY) YV — NS OWEOBNHE) & Z O EIEIE LTS AH BRI O E o 8 65

4. % =

Table 2 12, A3 D #7325 8550 FIRINA %2 HACRn £ 72
R F OBRIMA Q &P TR L 72%5 G @ Zn BATITH§
AR T L0 BAKICIE, FENTAYE MW R B AL o fH ik
& Zn0.> A o v OYLEAEE O SRS, Zn BATICX S 2 #
N A & AT B 0 A dhoR ORI IS & B P bR R & R B L
7z.

41 Zn BRICKRIETARNFIOBEDRE

AWEZE TR L 7280 FlmANCIZ, Zn AT O BB
BWREDOM % 5F Zn0,2 A4 F ¥ OILHGEFRZ BT b IPiHIRDH
VRSN, Zn BN OEMBIBEIE L Zn02 A F ¥ DILH
AT BT B HHIR RIS A S, — A B B At
WUT, BARELERZ M EHT 2 RMANIL, Zn02 1
Y OYEEGEEE b iR < Bl L 72 (Fig. 3(b)). RMAIAS Zn0,>~ A

150 A-m? | 200A-m? | 250 A-m™ | 300 A-m™

100 A-m™

Additive-free

PB-PM

PBPM+Q

Sample l

Fig. 16 Appearance of Zn films deposited at various current
densities from the solutions containing various additives.

Table 2 Summary of the effect of additives on the Zn deposition behavior and its smoothness.

. Smoothness of deposits
Suppression effect -
additives Rate determine step
Charge transfer| Diffusion of ions| Charge transfer | Diffusion of ions

Q X X X X

PB © ©) /\ /\
PM A A A -
PB-PM O O A A
EB © © JAN A
PB5 A @ AN A
PBrQ | © © O ©
PM+Q A A o -
PB-PM+Q O O @) @)
PB5+Q O ©) © ©)

(Large) © > O > A> x (Small)
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M35, $hbbBEBRAECORMADOREIEHL 2B L,
P % B L B T OB O A LA LIk T o 4
T OB IR S ND 720 FHRINS.

AT RMFIOBERTFICEHT 5L, WKL 2554
WMT BT AAF Y OBOREN RS KRED o7z AL
7291, Zn BB 2 EMBE B LV Zn0> 4 4 v 0
PLEC RS B @Al o &y R E, (K) PB > PB - PM >
PM (N THY (Fig. 3(b)), ZONEFIE, | AOEHIRGT
V70 OWEEDOKOMET & —F L7z, Tk, WEEOR
HEL B BIEE, BMA D zZn R~ O WA GBS 5 72
HLEZOLND.

AT ERNF O S TROBEIZOWTIE, PB EZOST
B/OH 55 TH 5 PBS DLy S, BWBIHMETIE, 57T
BATKEWIZEIHIRIRIZNE 25 7228, Zn0,> 4 F v O
BT, 9 TREICLD2EFA SN % - 72 (Fig. 5(0b)).
BT HRMA ORI B W TERBIEOELKE W ERET
WX, PBSO X I WCEFEDPKEL o2 ha, Kok
PR T LI LX), ERBEEAETIE, FHRRMET
L7z ZZbN50, BhbdRFAVPLETHD. —J, bk
WEEEVSHE A & 0 Zn, Cu BITIZBWT, HEIRESTTH 5
RYVITF LYY a—l, ¥5F 05T L BN O
ByPWMESNTBY, STENFRKELCLZI1TE, 1 ROHEH
WRFU720 OB E L b0, WAEEIEL &
D PIEIRD IS B A%, ST RAIKRELS LD BEE D LK
HYPHE D Ao THRAEICBS- T X 4 %WWBA5 OB A
L, Mz R F 3T T2 &0 mESINLTY
52930 KRBT, S TE K& LTHIEIRED
WML o0, HTENKEBETZOREIEAL
TWwWhhrEzohb.

B TFHRIMAO T IV FVILOEEIZOWTIE, E#HOT IV
FUHATFV(EB) & 7 UYL (PB) I L 72854 % Lk
T2L, Zn BATOEMBEBAE L Zn02 1 + ¥ OILEGERE
DVFTNIZBNWTDH PB OHPEP TR RIIKEL 2o
TV DB ZDEIT/NE W (Fig. 4(b)). HAMT v E=7 1A
T v | OEGRMmEEA TIE, BKIEE 25 7V F LN
FL % 3 EMBYEBHEA S O Zn B 2 IH$ 5 2 L 23 HE
XNTVDEHR, KfRICBIIAZFVETOY LT, T
VEVEORESOEI/NE WD, Zn BATISH 3 2 Bl
ROEWRNE Do EEZBEND.

THREVOEAKPB), 515 o AKPBS), £/
HREM) IS T O Q 2 fF X382 L, Zn BH @ Zn0,> 1
F U OPEMAERDOFIRTIE, WTNOBREEIETETL
THBY, BT B TRMOMEREIL S N7z (Fig. 6
(b), Fig. 7(b)). $IHTFROKEZVWPBS & Q ZfEEE
WA, JLEREEBEIRIC B A BIREE OMEFIC X A
THARKED o7 Zn02 A F+ ¥ ORI T T BT L4845
TOMENREOENICOVWTIE, TRETICHRESINTES
FTHAMIAWTH L. BHTiE 1 205 TNIZEBOWA
JE & B BRI D) WA MCIED RS T A0 LT, K
ST QIE, R A MIWET A LENTFHEINS.
ZO®, WA TOWAEY A bOREIC Q 25 L Tl

2

2 ik (2024) % 88 &

DHFENBML T B WEEEDSD 5. RFEICBWT, 4
FESHEDOPBS & Q IS5 E IR BMHBEREIK
EDo720, BHTOWETA FOBMAIRDKEDro72
oD LWRIND. BINFIOEERIHINT 2, Tabbilk
A OB L 55 ERET IR, LWHETOA A+ > ok
AR SN LHHTE %,

Zn BHTOBRNFTIL, B LT Zon BT OIHIRYEAK & W
WF 2RI L 72 B2 L 7o 72, Zn AT OB F25K
EVIRnANE, KREFRALOWHBA RS KRED o724, ZnE
MOBERMEINMETTLEVS T L, ZnEIOHZLDY
MR A L #ERLT WA,

42 B Zn OFERMEICRIE T HMF ORE

ERATFAINA D B B LT Zn BUPAS 5 o B AL 20
BANE Do 72hs, WIS T O Q #MA S &S 2
ML L7z, EATOMEEMGR T, EBATICB 2 BEECF
R L BITEMOE)DPKELL 2D E, BHYOBIE A
FEASZ D RRHEE & O M IS < % B 72 0 AT O #6  1Z
INEL B B3 F b, BINANC X 2 BT OWEHIAK &
2 EHBEPIRELS LD, MbEhE 5, K%
WBWTIE, &S THRMFANCEKS T0 Q2 ffsd/-2 &1
L ZMBIEWIMOBREIZ/NS V. L oT, QOBIRIMIC X
2 AT O MAAALIE, BEEMRCEHETE RV,

| ROBESHIRG T-2U72 ) OWAE DB % &5 T3
#| PB, PM, PB - PM (X537 D Q # A S BB B/ 5
N7 Zn BNBEOR S A X2 BT 2L, BUT, UM
PB - PM < PB < PM(K) & & » TH Y (Fig. 11), Z DJEFF
i, BATHHIBIFED (K) PB > PB - PM > PM(UN) & 13 —3
LZedro7z. PM+Q DIREMTIE, TEHT OHIHIHREE M & <
TS W72 (Fig. 8(b)), il 4 XX PB+Q, PB - PM+Q
XYW KEL 572 (Fig. 11). PB - PM+Q DR M TIE PB+Q
DM & Y EAT O BIH R EE /N v (Fig. 8(b) IS D S
3, KA ik k0 /AhE < % o 72 (Fig. 14, Fig. 15). 2h
&, BICHR 7B Y, EATEOR R A ZILBEED AT
RELHZNEEELLTWA. PB-PM & PB TIE, Kk
DOREENE 2 > TE Y (Fig. 1), Kk OME IR HI A X
WCHBEEZRIZL T2 1S H 2. BEIESHOBELS,
BT ARG T O WA A AFE T B LA o B = AN
T LML BINF OB AT 2 & BT O
BRI DH - snz LEZ LML, A4 2%l
FRIA ORI HEBEEBOHENICL L D09 Lk,

BT Zn ORI IR BT RS FRNA O T&, TV
FNVEOEBEIZIILEALRD O NR D 5 725 (Fig. 12,
Fig. 13), Ziid, RWMEOHS FREROHE, 7LV F VLo
BT, Zn BN TH2HHMES T LAEELL TR
W2 & (Fig. 4(b), Fig. 5(b)) £ xh it LTH Y, 72, wnH
DOWBERLBALL TRV EHEEND.

WIZ, PB-PM+QiEINE PB+Q RMIZOWT, Zn BT
ORAEGRAE LR 4 ZOBBRE TR S,

PB - PM+Q ORI TIX, 100A-m~2, 150 A-m~2, 200 A-m~2
TOEN, EWBEBHEECHET LTI LT,
250 A-m~2 Tld Zn0,> 4 + » O¥LE A E & %2 - T 5 (Fig. 8
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(@). 200Am2 IZBVTHMHPFIIHAESLS B oTHEY
(Fig. 15(c)), BWBEHEEOHEIE TIZ, BERBEIEL &
5138, TabbBBEEINKE R BI1F UMMM L
oo ZhUE, BICHBRZEHMOBEEHH CHHTE 5.
Zn02~ A F ¥ DL & 2 5 TW B 250 A-m™~2 TS 28
HTREL 2 -oTEBY (Fig. 15(d)), Zn0> 1 F ¥ O LA
SO GEE X 0 b AR B o S 0 J5 AR S I AL $ %
ZENbhrL.

—7Ji, PB+Q RM®DL A, 100A-m™2 TOEMN L, B
BERCTHEITL T2 DI LT, 150A-m™2 200A-m™>,
250 Am=2 TN, Zn0.> A + ¥ OILEAEE L 7 5 T
% (Fig. 8(a)). 150A-m=2, 200A-m~2 2B W\ THE M A/ & <
o ThY), EMBHHEHEOEIRL ) BES Zn0y> 4+ v D
P B AR O I O 7 3G S E AL L B Y (Fig. 14), Al
L72PB - PM+Q DM E 7 L EN 2R L 72,

BB EZEE VBRI OBFOERENTIE, 4+
OEARR T CTENZ17) &, BERERNTO&EA 4+ Ol
EMETL, REMENPRELS A2 EPHEEINTVS
793, PB+Q DIEMTIZA F ¥ OIFAE FIZH VT b 6 5
AWML L7z, dANC XD, R O Zn0> A 4 ¥ OFLH
A XN D &, BT O SRR AT S, A% H
AHIR L 2D, HEPHMMIC -7z E 2 605,

Vbo X9z, EmBEIHREE Zn0> 1 4 » OJLEAE O
MR BT, #S A X2 B & 72 5 580, 3
AOMHIZ L Y B> 2B ThoBIANcB N ThEs T
LG T2 I E S A, Zn0> A o ¥ OYLEHEE O Fi
BV T ORI T HZ e i Th -7z,

5. #& B

HHRMF 2 &7V H ) Y ¥ — b i (0.153 mol-dm™,
NaOH 3.0 mol-dm™, 300K) #* & ® Zn BT 288 & Z O Bk
EERMNLER, UTOZ Edbdrol. Zn BITICBIT 5
BWBEB L O Zn0,2~ 4 & ¥ OILHI K3 2 TRINA O HH%)
B, BOTHRMANCE T 5 1 KOBSIRS T 472 0 OWEAS
FEDBOFEBERRKE P72 ZhiE, WEEOHIPEL %D
3L, WAERPEINT 2720 E2 005, HTROBEIC
DWVTIE, THYEVRESTRMANCE L T, BATEEE
T, A FEPIRECTMF TEHIR)RAZAN S Do 7225,
Zn02" 4 F Y OIHGBR TIE, BEAShhdh o7z BT
RIMAOESEDO T N FNVHEALF IV E TN T, EWE
Bt L Zn02 A & YOl AEOwWTRICBWTH T
VDT P IR BRI K E D o 72BN Z DTN S
Nolz.

BT Zn OFGIEEL, B THRNMFOAZTMLTD Zn
BCIRAS S OB BTN E oz, L L, BIESFR
MAZINZ 5 &, Zn BT OBIRBENOREIZNSI VLD
O, FERITHHFICHMAE L 2. Shid, BIEOMEY A X
BBEEOATRBREIS LW E2ERT L. —), Kif%k
OHTROFME, 7V EVIEOHETIE, B Zn O RIE
BT RS TENAOST8, 7VFVIEOREILFFC
BOBNTholz. Zn ENTOEMBEHE L Zn0>~ 1 + ~

TN Y Y — MiEh S OHESO BB & 2 OREIEREIC AT A BEINF O it o 5 R 67

DPHAEOMFIII B VT, HE A AR MME %2
FUL, BMAOMENC L D BA o AT hodmalc s
WTHEFT LR T2 SED L, Zn0> 4+ ¥ DL
HLH O I B W T H R Td - /2.
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