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Effect of Organic Additives on Electrodeposition Behavior of Zn from Zincate Solution Containing Potassium
Hydroxide and Its Micro Structure
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Electrodeposition of Zn was performed on an Fe electrode at a current density of 50-5000 A-m~2 and a charge of 4 x 10*C-m~2 in an
unagitated zincate solution at 313K containing 0.62 mol-dm™ of ZnO, 4.0 mol-dm™= of KOH or NaOH, and organic additives. The effects of
KOH and NaOH on the deposition behavior of Zn in solution containing organic additives and the microstructure of the deposits were
investigated. In solution containing a quaternary ammonium cation (PQ) and a quaternary ammonium salt with a benzene ring (QA), the current
efficiency for Zn deposition at high current density region of 1000 to 5000 A-m~2 to produce the glossy films was higher with KOH than that
with NaOH. At high current densities above 1000 A-m~2, Zn deposition approaches the diffusion limitation of ZnO,>~ ions. With additions of PQ
and QA, the diffusion of Zn0O,?~ ions was significantly suppressed, and the degree of suppression was smaller with KOH than that with NaOH.
The polarization resistance at 200 A-m~2 investigated by AC impedance revealed that the adsorption ability of PQ and QA onto the cathode was
smaller with KOH than that with NaOH. Since the suppression effect of additives on the Zn deposition is smaller with KOH than that with
NaOH, the current efficiency for Zn deposition at high current density region is larger with KOH. The upper limit of current density to produce
the glossy films was smaller with KOH than that with NaOH, and the spongy thin films were partially observed on the platelets crystals obtained
at high current density in KOH solution. The content of C resulting from the additives in deposited Zn was smaller with KOH. These phenomena
are attributed to the adsorption ability of PQ and QA onto the cathode being smaller with KOH. [doi:10.2320/jinstmet.J2020043]
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BRI B X OB LM% Table 1 ISR T, BFHIE
ZnO 0.62mol-dm~>, KOH ¥ 721X NaOH % 4 mol-dm=> 7%/l L
TR L7, CoOBERICHERAMA E LCTENKRT v E=
N FF USRI A LB ST (5T & 20nm, DUF,
PQ L %) # 29gdm™, NVEVREZAEULHENUMLT v E=
T A OLT, QA LHT) & 0.14gdm™ L5 X HITHIML
72 BERIZ 1 Fe BL(2.5cm x 2em), B i 12 13 Fe B (5cm x
2.5cm) Wi, MO Fe iz, 74 ) HEOBIRAIC
Smin RIE L, TOHRMAKTRERELZITY, BFICHKLL &
ik, EEREMREICL ) BIREE 50-5000 A-m™2, #E=
4x10°Cm™2, HM3BKICBVWTHELRL T2 5
N BATEL AR TR L, ICP BB Lo iridic X v Zn
wEm L, Zn BITOBTLAES XL O 2o 7 OIS 5 575 =
ZRDZ. Hy OWGEREIEL, SERBEEDL S Zn OFS
BRBEZELIIWTRD 2, otz 2T 58, SR
WK L L C Ag/AgCl & & (0.199 V vs. NHE, 298K) % fili jj L
77, BT R R EMAAE I L THRL 7.

BoRER, FLIRHRL + 2 — 5 — GRIE 1.2mm) % v
THAREZME L, BOBEEZH VTR LZ., BoEER
i, EERAGEESRFHIITWE L RIS, EIE EE 200
Am2 2B W TE50A-m™2 O3 IE 5 9% UF 9% %2 100 mHz-
20kHz, 10 #i/decade) Z i L, [EiR-Z AR M o BT 4
162 & JHWBIS BT 2 VT A Y ¥E— % v 2B X R
REOAWERAEEWE Lz, FRERICHIET 524 v E—
7 v A DFEHER L BBERA S Nyquist M % 7B L 7z,

BTN L w2l o % 53 5729, C, H,
K, Na, Zn, Fe O 08 % & H 0% 77 v — BB 5650k (of-
GDOES)IZ& V), 0  g2mm, 7T UJEH 1 600Pa,
JJ40W, 2SOV AR D 2000Hz, Ta—T 4% A4 7)o
0.125 DF&MIC X VflE Lz, B KW, WHEE:
SEM ICX D #IZ L7z, 2B, SEMBIZICBWTIX, 2KE
THB X ORGETGICE DT L. KRET BRI, MEE
3 PR G E T 2% AsB (Angle Selective Backscattered
Electron Detector) DR %5 % FTH:7223), EBATELD Zn O
d G ) A X AT 2 (Cu-Ka, 45 TEE 40kV, Wit
20mA) IS & Y HISE L7z, Zn O S ECEPEE 0002 205 1122
BB O X M35k B & W € L 72, Willson & Rogers O )7
FEWTRO MRS L W FER L2 F72, B Zn OF
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IR U7z, #m#l & LT PQ, QA DIl J5 2 L 7234,
1000 A-m~2, 2000 A-m™2 T ORIV EF & & o 72 —H,
NaOH # 128 W T PQ, QA O )i # & L 728 A, 1000
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Fig. 1 Appearance of Zn films deposited at various current densities
from the KOH and NaOH solutions with and without additives.

Solution composition and electrolysis conditions.

Zn0O (mol + dm?3) 0.62
KOH or NaOH (mol * dm3) 4.0
Polymer composed of quaternary
ammonium cation (PQ) (g * dm3)2.9

Quaternary ammonium salt with
benzene ring (QA) (g * dm3) 0.14

Current density (A *+ m2)
Amount of charge (C * m?) 4.0x10*
Temperature (K) 313

50~5000

Cathode Fe(2.5 X2 cm?)
Anode Fe(5 % 2.5 cm?)
Quiescent bath
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Fig. 2 Total polarization curves for Zn deposition from the KOH

solution with and without additives. [@ additive-free, A with QA, [J
with PQ, @ with PQ and QA]
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Fig. 3 Total polarization curves for Zn deposition from the KOH and
NaOH solutions with and without additives. [@ KOH without additive,
A KOH with PQ and QA, O NaOH without additive, A NaOH with
PQ and QA]
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Fig. 4 Partial polarization curves for Zn deposition from the KOH
and NaOH solutions with and without additives. (@ KOH without
additive, A KOH with PQ and QA, O NaOH without additive, /\
NaOH with PQ and QA]
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TLZEEZ5N5. PQ QA ZRIML YA EL
% 92 #3 @ 1000-5000 A-m~2(Fig. 1) 2% H3 % &, PQ,
QA ZETLH N5 D Zn BT OEIMANZH X, KOHHEH DT
A NaOH #HE2H & Y L %572 2000A-m~2, 5000 A-m~2
T, WA % & F v KOH i & NaOH 2 5 O Bt #h 3
D#FIF/PHE L, PQ, QA ZWINT % & NaOH i O 5 H3 B AN
RIFLYRKEMET L, L, BIFPQ QAL XS
Zn AT OIPHIZD R AT NaOH 5 5 D i A3 L D Kk & v (Fig. 4)
TeHEEZLND.

KOH i & NaOH #5725 @ Zn BT B\ THRMA D W75 e
EFMT A0 ICEMBEH BRI BRHELEEZOND
200 A-m~2(Fig. 3, Fig. 4) TOHMIKPL %2 K4 v E—F v R
I CTHAEL, Zn BHFICBT2EHA Y E—=5 Y 2D
Nyquist [X1% Fig. 7 {2, F 72 Fig. 7 DR EMNEZPE KL 72D
® % Fig. 8 \Z/”" 9. Nyquist FIOFERMELMOFIE, Zn BT
ORI ERL T b, REFFETIE, Zn BT O S HIEKIT
DRESIWHEHT SH7:0, UTET, BEROEIUIZEDIZ
#1E LT, Nyquist I Z/ERK L7z, Zn AT O 55 MIKHT R 1,
KOH #, NaOH {#1ZBH 53 R(PQ + QA) > R(PQ) > R(QA)
> R(non) & % - 7z. KOH i} & NaOH ¥ 12 B} % 44K 41 %
BT L, BMAZEERVSER, BIER—-THo 78
(Fig. 8), WA PQ, PQ+ QA #&L¥i#&iE, NaOH B 5
DFHBRELRo72. (Fig. 7) Thbh, ZnBHNICBITLE
MR LB O RMA PQ. PQ + QA 12 X 2 HIHIzh# 13 NaOH
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Fig. 6 Current efficiency for Zn deposition from the KOH and
NaOH solutions with and without additives. [@ KOH without additive,
A KOH with PQ and QA, O NaOH without additive, A NaOH with
PQ and QA]
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121E, B MICHUIREE S o FIC AR Y VRO MR S 1,

Fig. 9 SEM images of the surface of Zn films deposited from the
KOH and NaOH solutions without additive. [(a) KOH, 2000 A-m~2,
(b) KOH, 5000A-m~2 (c) NaOH, 2000A-m~2 (d) NaOH,
5000 A-m2]

Fig. 11

KBALA D T A Z Y v — Nh 5 OISO BT RE) & 7 OB 2 33 A A o 63

5000 A-m~2 TZ DML & %2 5 72,

Fig. 11 12 PQ, QA Z /L 72 KOH #, NaOH {4 & 5000
Am™2 TH LN Zn BT O 2 REF15 L KFETF%
(AsB) Z 7R, OB, HEON Zn BT E LR %
AT 5 REZFH TH o 722NEBIC 100nm LT DL H o2
AT 5N 7. KOH#, NaOH IiC BT 5 2= ofE, ¥4
AWZREREZEIA SN Do 72

Fig. 12 |2 KOH i}, NaOH iS4 O BRKEE TH LI
72 Zn BATIE ORI 2R 3. KOH HIZBWT, @A)
7% WiE (Fig. 12(a)), MW 2ELERE A S Nk d o
72, PQ, QA ZHIMT % & (Fig. 12(b)), HRFATL %
1000-5000 A-m™2 O E5 BRI I T (1010} i~ OFLH 25HE
L72. NaOH 2B VT, ®MmAIA 2 w4 (Fig. 12(c)),

100 A-m~2 Hij #% O TE it %8 B2 180 C {0001 } B SGREIm L, &

Ipm

Fig. 10 SEM images of the surface of Zn films deposited from the
KOH and NaOH solutions with PQ and QA. [(a) KOH, 2000 A-m2,
(b) KOH, 5000A-m=2 (c) NaOH, 2000A-m~2, (d) NaOH,
5000 A-m™2]

(a), (c¢) Secondary electron images and (b), (d) backscattered electron images of the cross section of Zn films deposited at 5000 A-m~>

from the KOH and NaOH solutions with PQ and QA. [(a), (b) KOH, (c), (d) NaOH]
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Fig. 13 Crystallite size of Zn deposited at various current densities in
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from the KOH and NaOH solutions with and without additives. [(a)
NaOH without additive, (b) KOH with PQ and QA, (c) NaOH with
PQ and QA]

AT 1L Na BSZ N ENH S 7z, K, Na Bl
FEINTVLR WY, INLRBEBRICHRTLIHIDEEZDS
N5, PQ QA ZRIMLZZENI LN Zn BATIIIZ, %
Mzl o THY (Fig. 11), % 022 IS B AT
DAEFNTWALIRENA D 5.

4. % £

YEHEPESER) & L C KOH, NaOH Z# H\W 722025 D Zn D&
WrzgE), BITEOMEL RS2 L, RAlZEE2VWEE
i, BEALENRON o7, LA L, PQ, QA ZiRM
L7286, JGIRAE U % FH#HIE O 1000-5000 A-m=2 T,
Zn BN OBERNFEIL KOHBE» S D HMWEL & - 7z
(Fig. 6) 1000 A-m™ % 8 2 5 HHIL TlX, Zn BHTIE, ZnO,> A
F v OIHRABEREIEITLOWTED, PQ, QA ;T
%L Zn0> A+ v OWHAKE LIS N, EoWH R E
X KOH B LD H/NE o7z, (Fig. 4) F72, Zn BITIC
BOWCEMBEMEIHEE E X 5N D 200A-m~2 TO 5
WL dEAi 2 28WA v E— % ¥ AL THA LR, B
O PQ, QA DL HEfEIX, KOH BN DL DSA/NE VI LT
a7, (Fig. 7, Fig. 8) PQ, QA # &L ° 5 D EHI T,
FEIRDA U % E BT Zn OEHRAH D KOH BH 5 D

S RmFNE, B o BRI T B L RIRIES S L,
ZOWARIMMET T2 2 EAHME SN TV B33, KIS
BT, BHAND PQ, QA DWLFEFEAS, KOH #5745 D Jih3/I
EWERO 12& LT, HOHHKA NaOH #2472
WZ eI NS,

illl

5. #&

WEHMHEHE LTKOH ZH WY v — FEALD Zn O
THTEE) & Z OMAIRERE 1 T T RINA D2 W TR
L7z, AlE LCTEMUMT = A0 F 4 Y ANEHIRIC
WO LErT(PQ ENRVEVEREAELEMMRT Y EZT A
QA RN L 7284, Zn BATO BRI, SHRPEL
% 1000-5000 A-m~2 @ 5 T % B3R Tl NaOH 2> O ¥ &
WWHRELC o7 1000Am2 282 5 RERBEERTIE
Zn BHTIE, Zn0O2> A * ¥ OILHMRFITHESVWTE Y, PQ &
QA ZIRINT % & Zn02 A4 F Y OISR E L MH s, #
OWH OFRFE L NaOH B> b DB E I ~/NE Do 7z B
BEMESHEE Z 2 515 200 A-m™2 TOHBIRI % 28
A VE—=F VAP TRAE L 4R, B~ PQ, QA DL
FHHEIE, NaOH B2 HICH~/hE Wz EAFHEIN KR
DU % EREEI T Zn OBFRANFEA NaOH 55 £ 0
L RBENE LT, wINFNC X 2 Zn BHT O PG F 23
NaOH{#H L D /hE ot Ez 6N1b. —F, KOHHIIBW
T, JBROE L2 BHREEO ERAS, NaOH B 5 X )/
XL, BEBRFEHTH OB, Zo BIRK SO
FIZEA AR Y VIRO B A Sz 72, BTG
OFMAIH KD C OIHTEIL, KOHBED» LD FH D% h -
. INHOBZRIE, b BEHEAND PQ, QA D WA HEDS,
KOH B S D FINE W EZ oMb,
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