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Abstract

The zinc electrode is one of the most widely used as an anode
material in alkaline battery systems, and the silver-zinc system has
the highest gravimetric energy density and the highest volumetric
energy density among all of the rechargeable batteries. Some
rechargeable lithium  batteries are reported to have Dbetter
performances. They are, however, still in reserach stage having
several defects, for example small size, limited rate capability,
moreover, being considered as an obstacle eventual use due to the
safety problem and the environmental concern. The advantage of
using zinc electrode are low cost, good electrochemical equivalent
(820 Ah/Kg) and high open-circuit voltages (OCVs) in most of
battery systems. But its cycle life as secondary battery is very short,
because the shape change is occurred by the replacement of zinc

active material and the dendrite growth causing undesirable



morphology .

Generally the methods of improvement of zinc electrode’s
characteristic are mixing Hg, Cd, As with zinc active materials in
manufacturing process, changing their separator or adding small
amount of additives into alkaline electrolyte.

In this study, four kinds of experiments were performed in order to
investicat the effects of additives by adding four types additives
which have been reported to show an effect on improving the
performance of silver-zinc secondary battery systems with zinc
anode, and PbsO; to inhibit the dissolution of zinc into KOH
electrolyte.

Firstly, the potential versus submerged time as to the variation of
the quantity of additives was measured in order to select the most
appropriate quantity of PbsOq

Secondly, executed potentiodynamic polarization test was performed
in order to measure the degree of corrosion of zinc electrode.
Thirdly, conducted charge-discharge cycle life test was performed.
And finely the morphology of the surface of zinc electrode was

analyzed through SEM (Scanning Electron Microscope) photographs.

The results of this study are as follows :

1) The result of potential vs. submerging time for 2ldays showed

that potential of Zn electrode contained its properties in case of 0.5

wt.% of PbsOs when Zn electrode was set in 40 wt.2%6 of KOH as



2)

3)

4)

to the quantity of PbsOs4 05, 1.0 and 2.0 wt.% and four types

additives .

The result of polarization test in case of 40 wt.2%6 KOH electrolyte
with 0.5 wt.2% of PbsO, and the four types additives was that the
protection property of PbsOs showed the best performance and then
followed by tartrate. In case that nothing was added(here in after

referred to No Addition), it showed the worst performance.

The result of charge-discharge cycle life test showed that the
property of charge and discharge, when the additives were added,
was better case of No Addition. Especially the discharge property
of tartrate showed the best result, and the charge property was

good also.

The result of SEM analysis showed that the shape change and the
dendrite growth of Zn electrode surface was noticed with the
lowest amount in case of adding tartrate and PbsO, showed fair

performance for three days.
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Table 1.1 OCVs of battery systems with zinc anodes
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22 7Zn A=Y &3 54

2.2.1 Zn A =9 anode &3¢ H5H

Zn® anode €3 542 ZnS anodeZ Al&3h= 23 XA &7 H
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Zn + OH s ZnOH + e~ (6)

ZnOH + OH = Zn(OH),  + e (7)
Zn (OH),~ + OH s Zn (OH); + e (&)
Zn (OH);,~ 4+ OH = Zn (OH), * 9)

TSk anodic?}t cathodic ¥ &oAe] 4 wIHAFEE HolHZE

Bl anodic} catodic HF-§-9] wWlAYFo] Zow &4 dAE U B

Chang, Prentice= 7474 A8 AF 29 (pseudo-steady-state
current potential) ZAo| <& WSAFE AAsn AYTE A
(potentiodynamic curve)S #A1et7] el o3 2o wAYES A}
gdon FZ%E Zn(OH)9 # &L Langmuir®] 7Fgo] wal A3
t}.

Z7n + OH s ZnOH + e~ (10)
ZnOH + 20H = Zn(OH); + e~ (11)
Zn (OH);~ 4+ OH~ = Zn (OH),* (12)
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i) Sio,2 ¢ Lite #H7ME §9 HxstE ool hgste o2 <l
AF3lobed (Zn hydroxide) o] 21& 9 A

i) ==¢ S7kdl 9% AAdFERES HL

o
Bl

2.2.2 I X3} Zncate & o361

(1) A& Wl A2 zincate
nl ol A(dry celDol FAMsZE 899 HAAdS AHAS FUSAY

A AL Al x5, a8l dald Y -84 (availability) ol

o8] AFSE of| P7hA, Aokgre] ZnO(EE ZnOH)7E A A= &
slEch g @ ks, ool AFu Auelde e )

(pore)&oll F5 7] Wil 49 “free” M3 dolet EejH ol=9] A3
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AAl anode EEZC E4E& Fol7] g HAHOE ZnO7F x3hH
KOHE AH&3h= Ao dnkste]o] glrh. shA|vh, =eto] A ofd H=
o] Afols ZnO £4S5 WA 918 zincate® Estd HafjdS A
of Fdst= 497 lon, o]z Had &Yl ZnO LIl E A
Ar7IE = Aol HEA oy aapAoelx] E3E Zlo] Abdolth. s,

5 Adald2 FA] zincate® 7FSZthE Ao HE A
H7 EAS T Ay EHAT. Wb, ofd AFozRE &alE ZnOY
Q38 Hald Y A, Bty @2 ZnO7t 7AA o=
AAE ] AAA Wupcto] AAAT, wpgAsiA = gxnh o]Z <l
A Aol e G maste, &4 £ zincaterw FH 7]l of

A AT ol ARHE AFA A 24 A Bl AAA =
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galol @ zn0e] £AE A Yol AHHA YrF 0 AFe I

AAoF et Ao He Adte A £ 2719

(2) B¥E3} zincate €99 FA

=9 anode &3Et Zn A=9 FWANA Zn(OH)7t A =M,
KOH &&oA o] Zn(OH):° B E&3®=e ZnO ¢ HFEfrrt
=7] wWtol anode WHE-o] A& WG A W zincate ¥ =+

Zn0 &3l oler Frrgit. oAl ZnO HIFEHE= ol
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zincateE 73 &NMS 3 E3} zincate &N olgtar stw, A gto] A
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Dirkse:= % Al2H(light scattering)'®S %3] Zx 3 €9 9] zincate
7b FRolt JHE EASHA ¥oS AT

Sharma®} Reed'”:= Zne #1942 4, og ~ 9 H.07} Zine 9#+e] 2
7Fe(ligand) 2 2Hg3thar 718381 21 Dirkses ©] 245-E] anode £-31
Eol 1402 AAHE Zn(OH)H»ZHE th& 3 o] 3714 Zinc-bearing

Zol B4d 4 Avtn st

Zn (OH), + 20H~ — Zn (OH),*” (13)
Zn (OH), + OH~ + H,0 — Zn (OH);( H,0) " (14)
Zn (OH), + H,0 — Zn (OH),( H,0) (15)

A ZHAAA 2 (13), (14), (15) ¥kge] dojd 7bsAde Zn Ax7t
OH ~¢ H0& == o] &3 & e JXd FEgth. Table 2.1
& K" o] &9 43} (hydration number)E 4, OH ~ ©°|&¢ F3 +
£ 3oldtal MRS o 4o mAd & AHunbound water) ¥ U
EF Wit
33% KOH &% o]dolxE mAst &2k o] K 9 oH - °ol&
o] FalE 7)o FEsHA EImE %7] Zn(OH), ¢ &3 w3 2
(13) §k&oll oA dojdriar vy, a2y F3td oH - ol =9
Zn(OH) 9t AE ™A S3A47F WE5 L o] Zatel ofsjA 2] (14)
g7 A (15) wkgo] dojuA Hrh 33% o]dte] KOH F XA+
A3 E& A (unbound water)7} F&3] EAlstER 2 (13), (14), (15)
A dojyAgl A (14), (15) ¥Hg2 2 (13) ¥HgHT =g
A AR Bkl oh

,15,



Table 2.1 Amount of solute ions and unbound water molecules

W/o KoM Moles of K Moles of OH ™ unbl\(;[L(l)rllfis V(\)ther
22 4.7 47 23
28 6.5 6.5 12
33 8.0 8.0
40 10.1 10.1

238} zincate €992 oF 300TCAA KOH &dof nlA 2o ZnOE
LA 7= A1 Wl o] Az 4 Atk Chouvys 3184
_]

Wrgel o zincate ¥4 WSS te A o® EFSSTL

o

Zn0 + 20H- + H,0 — Zn (OH),*” (16)

Zn0O o ola] =std &AlX  zn (OH),> o ¥ [ Zn (OH),*]
/L oH 19 "ol o&f AgtAt. (14) w&e By oe et 2
=3

Az (OH) %

A Zn (OH) 5 - (a oy )2

Zn(OH) & T3 A& 7H 4

a Zn (OH) ,*~ (17)
(a gg)°

Dirksex= &5 %= t4l =%F(molarity)= WAstL zn (OH),% 7F &

¥ zincate Folgt 7FAE w 20~40 w/o KOHAlA (16) 29 =

,16,



0.026 £0.002 = AgH o=z AAst. Dirkst KOH &9 &=
zincate <2 Zn (OH) 2~ olw zincate FollA Zn (OH) ;2= W

o] A=+¢] 7] A& (emf; electromotive force)¥} TA UAthar B 113} T}

(3) I} E3} zincate EH4 o ZHE 9 ZnO =
Dirkseol]l 93l 40 wt% KOH g Ho] A zincate &= 7ZnO =

34 5
=7k = 4 (13) wkEell o8 S7kEa oH - 7F HEE H0 o 4§
2l (14), (15) wrgo] dojdrta syt 28y WEE B B o
Foz Znel gai7t dojdrtd A= 112 Zn(OH): o 9ls] €3]

Hol FEe7t E™  Zn(OH)3(H0) Y Zn(OH)2(H20): += ZnO °l of

& EorAsty] wiel vy 2 wkgol o3& ZnO 7} ME¥HUhal &)
oA},

Zn (OH),( H,0)~ — ZnO0 + OH  + 2H,0 (18)
Zn (OH) ,( H,0) — ZnO + 3H,0 (19)

aH skebdQl Wl 98] zincate’t FAdH AS (18) Aoy 2

(19) W& dold & glar, g3t & WA vhs A9 37k 13

it

(polynucleare) zincateE 3¥Asla o] td zincateZHE ZnO7} A &%

SR s

i) [Zn(OH),>] — [ZnO (OH),]?>” + H,0
[ZnO (OH),]%>~ — [ Zn0,]1* + H,0

2 [ZnO (OH),1%>~ — 2ZnO0 + 4 OH ~

,17,



ii) [ Zn (OH),>] — [(OH)3Zn—0—-ZnOH;]* + H,0

2[(OH)3Zn—0—ZnOH ;1% — 4Zn0 + 80OH + 2H,0
i) 2[ Zn,(OH)3; H,0,]*" — 4Zn0 + 8OH + 10H,0

Chouvy: ZnO7} SHi3EA %& 3 ¥3} zincate £HOZHE FF
(homogeneous) ®E-g-oll 93l ZnO7F A&, o]gA A ZEH ZnO7l &
A AR ZEste] 54538 ZnO7F A &5+ o] F(heterogeneous) W
So] dojdtia sl wElA zincate SN ZHEH AEFH ZnOE
SHo2HE AASFAEA hA] FF whEo] dojur] 9gk FE Azt
(incubation time)o] ZoJAEZ ZnO X &S AAAZ F Jor, Hiy

2 ZnOE #H7Istd ZnO% o]& W&ol 93] A ZFo] welx] A Hrh
2.3 Zn A9 HA= HAVAY F

2.3.1 43t Z#[Calcium hydroxide; Ca(OH)2]9 < &
Gagnon™& A7} =X 245 zincate?} EAFHE 10 wt/%, 20 wt/%
KOH= Alggt A3 ofd Hd5S Abgste Aol @4 Wsk(shape

frelo] Fmay Mol2 SHE wr} Av:

X
At ZHE zincated F82 FEE Avtg] AsfHolA Zn/ZnOY &3 =

Ca(OH); #H7Fel <3t Zn HA=9 &%= AA4rdd2S GM(General



Motors, U.S.A), LBL(Lawrence Baerkeley Laboratory, U.S.A)ol A | A
Aoz AFEo RuHflet. Ca(OH); 7FAeo] il F=Adoln &vlg]
G AN A EE&dol7] Wil Zn A5l EEAHE HI7EEO X AL
o]Fo] Pr= FF ddg FEXE AT A5 H7Fe Ca(OH):

L 2B wmME £52 7Zn dFo2HE 839 E zincate YHF-9F HES

N
N
[JE
oo
Ho
b
-z
v
N
N
N
Mo
Ho
2
=2
50
N
R
[‘.1
N
o)
o
riot
o
[JE
oo
offt
2
52

& zincateE FTHET F YOHAME dendrite FAAZA EEHA L=

Zn (OH) ;" +Ca (OH) ,+2 H,0 = Ca (OH), -2Zn (OH),-2H ,0+4 OH ~

Table 2.2 A4bol 938t Z+4 zincate A A0 93 FAXE H

Wk AS 2 Ca (OH), - 2Zn (OH), -2 H,0 7F A4l 48 vl

Table 2.2 Chemical composition of precipitation

Element Ca /n @) H

Analytical value [w/o] 144 | 366 | 454 3.6

Calculated for
2Ca (OH) , - 3Zn (OH) , - 5 H,0 [w/o]

149 | 36.5 | 44.7 3.8
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ol Concentration (g/L)

20 - Znl) + CallHDa

| 1 L

%o w m W 4
KOH Concentration (w/a)

Fig. 2.1 ZnO concentration in KOH solution at 25C Curve A is
in equilibrium with pure ZnO. Curve B is in equilibrium

with Ca(OH); and calcium zincate

Fig. 2.1 25ColA KOH &4 Ca(OH), 7} #7Id A< 7}t

% gl =5 yekdl Aot Z4 zincate ¥
4 Ex+ ZnO BE sk H#HsHA R KOH &9 sx7 F7}at
W Z zincate WA|NFSo] doluyrR=E FAxte] AA] ofs T4
zincate Yol AAHET  wWEA 20~25% L9 KOH £ddA Z#
zincate 7} 7} ®ol A ET. Zn A=l Ca(OH)7F H7be A 9]
SWAA Zn A= g9 93 (kinetics) ©]# 3t Z zincate FA
& o+ttt Gagnone Ca(OH).7F #71¥ Zn A=S 20%
KOH & oA Algst= 497 =2 559 KOH &qoA Ag3he

A AFe Fuust A AAe el @AHvia shglth



S}E(hydrate) FH 22 23] A §Fe] PAaERE (S UF

7] 918 Bz e A (supporting electrolyte) S F7FaoF dtrfa X s}

a9l

2.3.2 7494 YEE(Sodium citrate; Ce¢HsNazO7 - 2H.0), =
4 YEF ZE(Potassium sodium tartrate; COOK -
CH(OH) - CH(OH) - COONa - 4H-0), =3 Zs
(Calcium gluconate; CsH7CaOeP)S <3

TAN YEEY zeg #uPe e 54 IS ofd ATl
A7¥shd, Zn/NiOOH®| &% #A18 3 Aol FHo] Mddv= AR
= ojn AR AAnTE HaEofql

Renuka, Ramamurthy, Muralidharan™s 29E8 d3=2, TAY
(citrate)©] =3 zincate T-x25 <A SA 7| HA zincate?} 7 +AFAFO]
o A For Foirte ALz yehd o] wbsto], ¥ ETY

(gluconate) 18] 31 2444 (tartrate) zincate®} $H7 zincate 3}+gHE
< TS A Fig. 22 FANYE, FAAE, r=9E EA)
sloll A zincate2] 3}§E Raman ~FE#o|t},  zincate- T4 3¢
=9 AFERS zincated A FARSAIRE FA= B &2 Tk
godoz WMAHAL ol ¥ zincate FER?PE R IEo Yt} ¥
B, FAdge] FF zncate T2E AAHND L AZET F 9
T2 3gE 9 Raman ~#FEH-S 37-89(500, 380, 185cm )9 &
A xxdd sketE% 580, 400, 233cm ] 37-H <]
B2 FANAY FE2FAL zincate- A4t

ol
Aol FEAENE 2o zincate AFES FANLE ¢ 5 Atk FA



o, & g Z17] v Yt &5 (Raman absorption) @2 ¥ ¥ T},

i
iy

] ] [ 1
[ ] &0 A j ]

Wawe number, om

Signal imbensity

Fig. 2.2 Raman spectra of zincate in the presence of additives
(i) sodium citrate, (ii) potassium sodium tartrate and

(iii) calcium gluconate. Curve (iv) is the spectrum of

plain zincate

drHow HIMAE EIekaL = zincated] =2 HI7EAIZE EA)

A k= Aowt "o, Renuka™: zincate®] B (turbidity)

= EEgq >

_:11'__,4‘

B

qg e, Al mE Aa okl A% Ph &
$ B0 BE

_Zr
o ddsto] XA #ol Astd v dedoa sld. I 3.0M

o
o

W, FA9% EEYY

>,

>
2
AV
-
re
2
2
lo,
o
o,

NaOHo| A4 ¢ ofd  +=3-HdHFH (cyclic voltammogram) 17l A,

,22,



anodic?} cathodic ¥4 9] 3] Z(peak) AF+= TFA2FA o] ¢l NaOH

=9 AgHt EAste AFolA me wbde, FALA Y 25T 9

R kel Y B asiin. FALde] A

7F 2 ol T o] AWE g oAt FAAEAA 9 anodic ¥
5]

YH(film)> NaOH w59 AfdA FAd¥d Iurro v-34 (porous)©]

A3 A (coherent)o] oz FAANAL Hxbol AJEH o 8 o
A ZnO/Zn(OH).7F EAS =S F+ Holth. FEsh As) ofd =9

% 3-A YA F 9 (multiple cyclic votammetry)S Eal, 7+ 0]
A7MAEREY d FAge] Holun, ARHoxg FAAES ofd&
AR&Ste Al gigk A= HIEARE oiYe Ad HUMARE f8sk

1 X a1Ea ),
2.3.3 A5 (BH T ; Red lead; Pby0)e] 43" 7

#A Zn/AgO Aol d¥ AMEEHAY Hg(+2)9 %4 HeO
A HHSHS YRR R HgOo H7be #2418 HAgo=m gi7iA7]
Al & (ageing) A&S Zsst ¥4 Wsl(shape change)E 438t
F83 TS HAE Ao Bausogt?. At o3 HipA=
Aol HgOE 13 AAAoA @7)7tel] =& 75 dde 2oz & v

rr

=
=

rlo
4»

Rl

1
© Bu P A dAsks askAN, A Abeo]E(long-cycling)
AA DS, durAl 23 AADAAME Zn 53 FAS 7S 7L
e G WstE of7|AE B ooty et ARESHA] S A -Fol Hls| Ab
olF FHol f FotAe ZAAE VAT wekA AA= o]y gk o]
%]

49 ol f2 Wrlgtol o oY 23 AANME FE& AHEEHA
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A b At e de 2ol= HUMA= JH=H(CA)9 H(Ph)E A

gohed, 9EoE 5o 1% 2% Awe] WEE EFse A%

2 AT A= olF Pb ol2(dFe A& F2A dAAE PhiOnS
Zn =9 FAAAA R AFEEFe] Kokt

Pb A3l &Eo] H7tel L4718 23 AAE ol anoder= 57 Al anode
AN Fel wdSA BERA e @dst AW, Zno Az
(electrodeposition)o] W& Pbe] &3} Znio] = A A 2 (codeposition)™”
o] e A H=d, Phrb A8 Aol ARt Zne] A& A
S AAste] AR ARGl A e o|EY] wiLolth o®

T S

ol

S o
= ©

)

o

A mAgt A" Y A7) (grain size)9t L3 A=

Zn dendrite®] ¥4 A3 4 Alof(linear diffusion control)dfell A 9]
v gt =& A4 (pyramidal type growth)ell <&l A|zt=v] Asizd
M= 54 91 A (specific site)oll &2 o] dendrite®] FA S Al
gk 10%cm®e] W A9 AdH(screw dislocations defect)o] )&
W vgv= AJ&3 dendrite’t FAEHER IHv|= S 9] 918
A= Hojm 10%) Bx17F Bos® o) oF 10° W (coverage)ol

3 gt

F. Mansgeld9} Gilman®’& @3] do] Pb o]2o] A7l Zne kA

-200mVE =X 942 A=3F9 & H(morphology)+ "¢ 22 Z2A

[o

2 FAE T2 E%(rounded tip)e] =3 U F(compact cylinder) <

ol Pb o2& FH7betAl &%k w uEtutd dendrite”l ARERATRAL

,24,



Hauskar ok o] A2 o] Phrt A YA dAste] ZnZA A
ALl AASE oAste] MEEF ZAH(grain)e Aol =R Q7
W o) e} Frekeie)

Pbe} Zno] SAAZEH AAY v A3 &I (grain refinement effect)
¢t sAlel Pbe Zn AARS FHek AU T  (preferred

orientation)ol|] 9 &< u] g} 33

Pbe] AARA4 (lattice parameter)=  3.49A 2% A= A4 (lattice
parameter)”} 2.66 A<l Zno] Pb 7]A|(substrate)oll A== AR} 2}
o] (lattice mismatch)’} & Pb 7| A oA += 7|¥H(basal plane)o] <% H

go 2 Zno] MzrETH

D. J. Mackimmon, J. M. Brannen® X.i1o] ¢]3}H Znd 2o Pbdt

o] F7tetd  HAHES 4291 W3k (perpendicular) &2 W 1

Zne] AZAlel H7MA7F ZnE o #&H (noble) H7FAI7E -4 A o= A
Aok dRE HIbAY FAadAd B (hydrogen  evolution  over
voltage)o] Ztom o] H7IAE FARME ZI7MAA Znd A AFES

S dgtel we Phrh A7HAE

SHAl W= A ARt

(active site)$]el Pb* 7}

oo
s
o
N
)}
=9
Dl
rD:
oo
s
(2
o,
3_13
rlr
m G
oX,
ot
i,
=5
A D



[Py
i3
o
B
[-'N
2
o

AEAY sAAZ F7] wEelth. Pbe ZnHu ¢
AX Zn AF AREES Fol FAR Pb7t Znd

Znel Ao Sgshs ARVEE ol Hrk

L
2
fllo
ok
ol
ol
ol
=
fr

ot

6N KOH, 25Tl 4 Zne] H-2)(corrosion), = (polarization)” &<

=3

-9 °]#(mixed-potential theory)o.Z A3 4 d=d v}
ol weh e

Zn + 40H = = Zn(OH)%™ + 2e
H,0 + 2 =H, + 20H
H, O+ e =H, + OH
Hy, + H,O+e =H, + OH"

2H . .= H,

o A= kAl wre] Fadhn W

QL

2 N

£y
N
_OL
fd
N
=
©)
tt
bl
L)
i,
ofo -,

E.JFrazer’’o] wzw <=old(pure Zn) HAFAZYe|A]e] Fauba)o]
Zn-Pb(0.04wt2%) A=Zol BT Suell A 108 %= o . 5 &&
(Coulombic efficiency)oll thal] Pb7} 71X+= Fd Pb7l 4044 34
Yol o Ave AMEEREH 458 F o FAUMAAFAAE B

Pb7b Zh7ke] R&2 ANHES dun A4 o Rk olg ge A

,26,



23E Phrt AA AFZe ASS AHNNGE A4S & 5 o

Einerhand, Visscher, Barendrecht™’

-
T

%
Aov ArsetHow mrt fud W A8 o

_C[L
ARt Zne FA] o3 FE sV I oS5

Z. Mao, S. Srinioasan, A. J. Appleby41)% Prentice®} Chang =4,
Hampson 2 2& =33sto o3 22 Zn A2 #AY S (deposition
mechanism)< A A At 28la o] el Wiart R9S HEA| 714
27} Zuf v 7)Y (autocatalytic mechanism)©] Zn¢] A2 ¥k 7t}

g FEFe A 2 & U

HO+e —H, + OH" (20)
Zn(OH) %~ = Zn(OH) , + 20H ~ (21)
Zn(OH) , + e~ — Zn(OH) ,4 + OH ~ (22)
Zn(OH) 4 + H, — Zn + H,0 (23)
Zn(OH) .4 + e — Zn + OH ~ (24)

Zn A2 A9 (deposition potentia)E FAELAHLHT AN FA
(negative)°o] =2 HHg (20)2 &4 dojuA HAok A= wmdHo] AEHH

o® HAEE PbE HolAl HW kg (23)o] AAlE = Pbe Fad
A FAte] Cu, Zne] F4TY FAPEG A7) WEolth. Zne A=

< AAHem o WA dojub= WS (24)° ojEsHAE

,27,



Shivkumar, G. Paruthimal Kalaignan, T. Vasudevan>" o] w2
PbsOs5 H7Met 49 Al &(ageing) ¥ 1 ofyel F2 Agk s d&
SHAIRE o] H7FAl= AlolE F<F W= (counter electrode) “gol HS A
ZH(deposited) Al A A ] AHAAA Fal(EH= D=2 Ao AsH6HA
FE 9e AT Aok ATk PhOe] A% 05% 1% W =
Aol ol BASG Zol: do 7} EAoln, 15% ZAo] 7hH
WA AP wkstel, 200% W7Al 2 A9 6%t ¥4 FA

& oplena Rausiglh. ER HIHAVE fEe R HUbEW 239

Mo

Ea

Pboll 8t dendrited A= A 5 dvtn wusHw 9k P

ot e Aol e 24 PhAMME BeEE A§dm
cathodic HF-§-9] HAUNS F7HA 71 FHIZE 2 5 AT =2 249
Ae A7 AT gl A% Asdele YHow EAstel FH A
A1) cathode S oA ofdel BAS Hrp ZIA7]& o=

gete = Qo

24 % - WAHA Zno &3 2D AR dAYF

2.4.1 KOH& 9 % Zn9 anodic &3] WAHUZE

Aw7h Al Znel A3 g3 wWAYS di&] B A7 2dE o
gkow Bocris, Nagy, A.Damjanovic”< 0.1M~3.0M KOH 0.0001~
0.5M zincate =% oA A A 7F4H (galvanostatic transient technique),

A 7 9 W (potentiostatic transient technique)S AF&lA thex 7o 4

A WAY S-S A8

,28,



w(OH) %™ = Zn(OH); + OH ~
Zn(OH); + e — Zn(OH), + OH ~ rds
Zn(OH) , = ZnOH + OH ~

Zn(OH) = Zn + OH ~

Dirkse™= Aade AA o]

off
ki
=
@]
—
o,
o
B.
o
w0
—
=
(@]
o)
Q
—
2
il
BN
i
ot
ol
2

nA%E & (unbounded water)®] §%& A FAFF F vEg] o
3 WBAHAFEEE A3l OH ¢ zincate o259 W3A4E 2AH
3t Th Bockris®ts ThE#HS dAsd olE ol Tl W uf
2k OH ¢} Zn(I)e w®HE o sh(kinetic)e] W&ol 71ttt shehe o

Dirkse7} A AIgF Zn A= whs WAYSS vt 2o

Zn + OH = — ZnOH
Z/nOH =~ — ZnOH + e

ZnOH + OH ~ — Zn(OH) ;5
Zn(OH) , + 20H =~ — Zn(OH)%~

Zn(OH) , — Zn(OH) , + e~

Chang# Prentice™= &7le] As|do Al Zne &3 @A Zno] &
=&l gt 3 A wWAYSFES A AT

D Zn + OH =7ZnOH + e (25)

@ ZnOH + 20H ~ = Zn(OH); + e— rds (26)

,29,



@ Zn(OH) ; + OH ~ = Zn(OH)?%~ (27)

1%l Chang, Prentice, Xunig Shan™o] o] md& 7|x=2 3o Znd

anodic &7} &stA dolwks Aok vl AFrt A HFast

A A

Zn(OH) + OH =~ = Zn(OH), + e~ (28)

Zn(OH), + OH = < Zn(OH) 3 rds (29)

a8 (30) 3 & W o Z oxides® perioxide’t HAEH o] H&E

Bl7F Mg Htta sl

Zn + Zn(OH), + 20H ~ = Zn(OH); + ZnOH + e~ 1ds (30)

Zn + Zn(OH), + (2+2Y)OH ™

= (2-Y)Zn0 + (24+YV)H,0 + YZnO, +(2+2Y)e v
Epelboin, Ksouri, Wiart™®= Zn2) 714 A s}
(Electro—crystallization)7} dojd o 27} Zvl] @7 (autocatalytic step)

g Eget vl wAE AAHAL,

In?t + Inl, + e =2In}

,30,



£ AFA W= $2(hydrogen), &°]<(anion), Zn*" %o]&(cation)
of Al 7FA] F ool &&= (adsorption)H o S FASATE Zn
o A7A ARt dojus wWAYUFAA A7t Zv dAR 17He] F
A E(monovalent  intermediate)©] FA = HAHo] Fag ATE

st ek 714 AAs 8ol FaFH vAs %S AEsiith

2.4.2 Zn9 anodic &3, 281 Zn(OH); 2 Zn0O9 A3} x|

€3l

ZnA=oA M3k o] WS- (charge transfer reaction)ol 23] Zn(OH).
7b @A™ Zn(OH)a(H:0)2, Zn(OH)5(H:0) ', Zn(OH){, Zn(OH)(H:0)s"
o)t FE[47~49] T Syl FAEE 5 Uvh ASFEWHAA Zit=
(ligand) OH ¢} H20% oW A A& = d=vel wet YPdH= &
< 2ot 33wt% KOHET H% iske] g x= K¢ OH
0] & 3 (hydrate)” A2 E(water)o] 1z FoIA Zn(OH)ye WS-
(32)ell A HA At

Zn(OH) , + 2(0H) = — Zn(OH)%~ (32)

a8y OH o]¢] Zn(OH):9t A%3stH OH &2 I 3}(hydration)¥] o
NG EZAE WESHA Ho v 7 REgo] WA Hr

Zn(OH) , + OH ~ + H,0 — Zn(OH) 4(H ,0) ~ (33)

7n(OH) , + 2H,0 — Zn(OH) o(H ,0) , (34)

,31,



Zn(OH)s(H:0) %€ Zn(OH)(H:0)t= Zn0ol vl #ebgetez vhg
jq_ Fa-1 E]l‘%o] ;ﬂt‘iﬂ%ﬂ-(Flg 2.3).

Electrode Reaction

*

Solution 7Zn(OH),

Zn(OH)** _>| Zn(OH)3(H,0)~ —» Zn(OH)2(H20)-

\l/

Zn0O Precipitate

Fig. 2.3 Summary of reaction to form zincate

Zn(OH) 3(H 20) - —7Zn0 + OH + 2H 20
Zn(OH) Z(H 20) 9 /n0 + 3H 20

/ne A7|gegq oz g3fA T3 F(intermediate species)S A A 3

FHo® Zn(OH)" 7F Ak 7] &alaAd S (35)4 e 93] daddrt

Zn + 40H ~ = Zn(OH)% + 2~ (35)
Fqgeoz A8 dF-d<dinear current-voltage) 5S YER = A

AT =& Aol E F, Zn/ZnO 7+ A ¢l (reversible potential)”™
g ZIets A9odAM e F8 A5 g2 et 2ok



Zn + 20H ~ = ZnO + H,0 + 2 (36)
A=l ZnO7F FAEH 485 (hydroxide) # WHE-3Fo] zincate ©]
=5 A=l v 22 wkgog sy

n0 + H,0 + 20H = Zn (OH),*” (37)

A= 229 AsfAo] zincate® E3EHH vl type- I ¥ % (film)
%l Zn(OH)7F A= 9ol AZEshA vk type- I I 2] &= Rb
S @37l o8 HAE=H SausS o3 I (porous film)u
pH7} ZnO7} tlol% &3lHA s A=l o5 wW7t# sty ZnO

7F 52 &S dAd ol2H AFAd = type-I Y X3S ZnO ¥ 9ol
FAd
43 A F(dissolution current)”} A 3%FH  zincates =2 A<t $H7

pH7E S7b7k @ m olsk A type- 19 Zn(OH): %3} type 119
Zn0O deke] A -g371 w Ay gt (Fig. 2.4)

—» OH
Zn —> Zn*" Zn Zn
_» OH
- on \ OH"
AN Zn(OH),

ZnO

Fig. 2.4 Schematic diagrams of dissolution and oxide film
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formation in anodic oxidation of Zn illustrating the

participation of transport of 7Zn?*t and (QH ~ ions

2.4.3 Zn AZ Al dendrite?} A ZF(growth layer)e] A

Dendritet= @724 (mono-crystal) o] Foj#] o Ao wtg} 13}

22} 7}A| (primary, secondary branch)@ ElS zZtA|¥lt}.  Dendrite A%

)
=

beke U AR Wek(closed—packed lattice direction)o]™ €& 5% &
A AAE dendrite’t 343 Ay AA W A Z(electrodeposition)
o= AHAFUEAA fFAFSE dendrite’t P ¥ A% dendrite?]
FdE T2 AA(attice) N A o] 484 w9lel s A24€Eo. A%
Z(growth layer)2 ZA AW (crystal face)91 el &4 F 4l (active centre)oll
A A Aete] SHweko g et vl A9l (screw dislocation)tt

218 A A (spirals growth)oll €3] 34 2t}

O

ZFek7zke] 8 9l (alkaline solution)o| 4] Zn¢] A Z}(electrodeposition)©] ¥
o w M2 A wkgo 93] &5%H = A (overpotential) o] Bt
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Zn(OH) 2 EA18 Zn(OH),® 7} AT o & olEss £E= A4 A

. T =

A Hsfdo el AR} o]F ZI(electron transfer rates)oll W3] -=z]t}.

o

287 o5ld Zn A Z(deposition)S -100mV = (polarization)ol] A
7t ¥]gv| =(hexagonal pyramid) dEIS] oI Bl A (epitaxial

growth)o] #Z¥vty Hsta ¢t
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S FAL HEAo] F& silver meshE A A AR 3Fo] silver

o

tap 12|32l EEHQ oldow o B A ZnOE o] &3}
o} Fig. 312 ol A9 Alx FAHE Flow chart® e Zlolt},
38 silver mesh® 7]3& =11 1 9o ZnO ¢S A& 2, 60

ton®] L A5 o]gsto] 1A} A FAS 7N F AUt Hor g

XA F3S AP & A4 FA-HS AAH 40 tone] 22 =2 A3
AZE EF3to AFsAY. AHgE ZnO %S Aldrich chemical

2K++2OH_+ C02_>H20+ K2 CO3

ol 2] Fig. 3.1 ot 3o Alx ¥4 Flow chart® YERH H o]
=3
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Fig. 3.1 Process of Manufacturing Zn plate
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(a) Zn plate (b) AgO plate

(¢) Inner Seperator (d) Outer Seperator

Fig. 3.3 Photographs of Zn plate & AgO plate and inner & outer

Seperator
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3.2 Al g HIHAS =4

KOH, 7ZnO, PbsOsq= EF Y455
waterg AF&3te] A ZsA AL, B AFPAA ALES
wt%® LA AT}

Al H7MAE Tt UA a7 ol Wt F7leke HES

Agtsto] WAG s, Z2u7l2 A E8 sk

Table 3.1 Quantity of Additive

Sodium Potassium Calcium
Ph304 Ca(OH) . Sodium
Citrate Gluconate
Tartrate
0.5wt%
1.0wt% 0.4 wt%s 0.025M 0.025M 0.025M
2.0wt%
Table 3.2 Composition of Additive
1 2 3 5 6
Pb30O4 Pb304 Pb304 Pb304
No Add. ly PhsO )
© oMy b, Ca(OH)2 | + Citrate | + Tartrate | +Gluconate
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3345 &4 NE

3.3.1 4949 =A (Potential vs. Submerged time) A &

ojul Ay ofd HFS 3emx3cme WHoE Hudta  thA
Ilemxleme] WA S A9 st YA E epoxy coating 3Fe] AA Al T,

0202 Phs0s2 E& Zh7t 05wt%, 1.0wt% 123l 2.0wt%9} 4714
F72 H7FAl Ca(OH)> 0.4wt%, Citrate, Tartrate 123 Gluconate
0.0256MA & &7 ZFste] KOH 40wt%ell 3 7bakar thal o] &l oo

o
o
o

S

J7to] Ak th& epoxy coatingdt A/AS HAAAA 21U 7F

_?_
A HAHE Aoy, A AYAE= John Fluke MFG. Co., Inc.

-
N
>
o
&2
o
=3
D
©
J
o
>~
>
oo
ob
pa%s
)

WA A G e B 540 nAE 92 ndes] 913

o FX 40%°] KOH #3ajdo] 47| 3249 HIMAE FH7Fste] Zn =

#e] 5 A4S Tk
= Alg7|+= Gamary Instruments, Inc. UK.E AM&3te] A3 a1,

Counter =202+ Pt A=2 AFE3}4 3L, reference electrodes 115 %
o] &gl §HoA <kg3t Hg/HgO A=< AA| Al z2tslo] A& 2
1 Working electrode= ©|7] A& % ol IS thA] 3cmx3em ¢
mAo g HAAstan Al Iemxleme WAES Ad YA E epoxy
coating ste] HAAAA AL B 2L Vita = 05V, Vipa =

+1.5V, Scan rate = Imv/sec 18] 3L delay time=3,000sec® <1t}
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S Alo]EF  HZ2EE dE Hokuto Denko AFe] HJ 2010

Charge/Discharge Unitg AF&3te] d/E &8 F9i, IBM PCE At

gobel A ARG TeaPow ARE Fyustel EAsACh WA
x °]

md
m
z
-lN
jg
F}O
Prl
rlr
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mlo
091'
F}O
FN
é
&
A
_?L

Table 3.3 Condition of Charge-Discharge Cycle Life Test

Voltage Ampere Time
Discharge 1.5V 5A 70min
Rest time 10min
Charge 2.5V 2A 10min
Rest time 10min
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Battery plate

Voltage

v

Discharge / Charge

Y

Measuring
Current & Voltage

Y

Recording
Current & Voltage

Fig. 3.4 Flow chart of Measuring Charge-Discharge Cycle Life
Test
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3.3.4 SEM &34

6714 F7el A3 A(No Additive, Only PbsOs, PbsOs + Ca(OH)y,
PhsO, + Citrate, Ph3O4 + Tartrate, PbsOs + Gluconate)oll Z}7Z} Zn A1 ¥H
S 3, 5 7¥ FF HAAZ v, dafdelA 1w oo} deionized
water® 3EWo] EAYA FAl Zn AAS TPHA AlHG] AolA F

23 Azstel AN AA F ALY Aol mE AA] EWIEE

l

wEsA AL, EF 674 FFe A RS whEo] Zn-AgO celle =H3S

- =

o] Charge-Discharge Cycle life testZ 5 cycleg 33t & AHE %
ool A ool ofd FHE g FEI HF3I S SEM

49% svk
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4. Add3 2 1z

41 AR =7

PbiOs= otd A=9 FAes FY AAFE Aoz dAd AR
Hehek ol HZMEW HAA o] vjHHe| ofh s m Tt wpEbA] o=
AEo F& HIME AJAVME AAS oo ¢t Fig. 411

Z+7F 05wt%, 1.0wt% 18]al 2.0wt%et Ax9] 7| d8E FA4A 7=

o =] e Aoz Izl 4714 T/ H7FAI(Ca(OH),, Citrate,

o

Tartrate 12| Gluconate)& Z#sto] 40wt%e] KOH & <fe] 4]
AlA 2193 Ad AE ST 1.0wt% e 20wt% s B2 A5
AA 8] 718 S AUAA gojmey v E F25S F4A7IHeE A7t
AZA ] 7S FAE AT 05wt%e] A9 AAZA Y 7HAE S 2A
Hojrm g #] ka1 AlLHow rAH AYzkS e

Fig. 422+ 05wt% PbsOs8F 4744 F/9 FH7FAI(Ca(OH),, Citrate,
Tartrate 71231 Gluconate)s Z33 Z-& ThA] 14941 40wt%¢] KOH
Adafool]l AAAIA AL gels & Aoty o] A 47HA T/ Y
HI7FAI 7 B ofd A=9] 71d8e 273k v ekstAvel Rdko

2 dojmy ofddTFo 7 HES F4A
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Fig. 4.1.2 Polarization potential during 14 days in 40wt% KOH
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Polarization Potential (V vs. Hg/HgO)
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Fig. 4.2.1 Polarization Curves after lhours
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Polarization Potential (V vs. Hg/HgO)
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(a) Zn specimen x150 (b) Zn specimen x350

(c) Zn specimen *1,500 (d) Zn specimen x3,500

Fig. 4.7.1 SEM Photographs of Zn Specimen, magnificationx150,
x350, x1,500, x3,500
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(a) No Additive (b) PbsOy4

(c) PbsOs4 + Ca(OH), (d) PhsO4 + Citrate

(e) Pb3Oy4 + Tartrate (f) PbsOs + Gluconate

Fig. 4.7.2 SEM Photographs of Zn Specimen in KOH 40 wt%

Electrolyte after 3days, magnificationx350
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(a) No Additive (b) PbsO4

(c) PbsOs + Ca(OH), (d) PbsO4 + Citrate

(e) PhsOy4 + Tartrate (f) PbsOs + Gluconate

Fig. 4.7.3 SEM Photographs of Zn Specimen in KOH 40 wt%
Electrolyte after 3days, magnificationx1,500

Fig. 473 (b)8 A% 3xHo| o]n] PbE IHHo FHo] BIHlghS
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(a) No Additive (b) Ph3Oq4

(c) PbsOs + Ca(OH), (d) PbsO4 + Citrate

(e) PbsO4 + Tartrate (f) PbsOs + Gluconate

Fig. 474 SEM Photographs of Zn Specimen in KOH 40 wt%
Electrolyte after 5days, magnificationx350
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(a) No Additive (b) PbsOq

(c) PbsOs + Ca(OH), (d) Pb3O4 + Citrate

(e) PbsO4 + Tartrate (f) PbsOs + Gluconate

Fig. 475 SEM Photographs of Zn Specimen in KOH 40 wt%
Electrolyte after 5days, magnificationx1,500
&3 o] AL 15008 = i Fig. 475 (b)Y AFolA &gt 4= 9l

_94_



th ey Fig. 475 (& ##a] 2 A= 59 Zn 29 2% 4H
7b dEel =5dA dus As FIE = dAT Fig. 474 (o)
Ca(OH)2 + PbsOs= A 39 A<l Fig. 4729 ARxl3} Hlwsf & wf %
el AA 4743 dendrite®] Z7|7F 23]2] Zobd vk AL &l
T 91l dendrite 2= FAdo] vhE & F e AR dH e 2A

2 vk o] 242 Pb o] AAo] 4T AL HAH

<

KeR
=

™
(@)]
ifies
ol
k1
o,
&
o
)
>
=3

dendrite®] = 7|7} ZbolA U= AL XA
Holl 743t dendrite 24 E°] YAl KOH A3 £o=2 &3d Z
o7 oA, ®E 150082 & Fig. 4.75 (¢c) Ca(OH)2 + PbsOy
AP S ®HW dendrite 273 Alo]2 Pb o]0 AFAdUE S F ¢
staetA A= = vk Fig. 474 (d) Citarte+PbsOy & A 9= H=
o] EWo] 43| dendrite® WITHE AL #AFT 5 g1

gi®l Fig. 475 (d) CitartetPbsOol A = A A 443 dendrite
AARS 3l & = AT} Fig. 475 (e) Tartrate + PhsOs oA %= 3Y
Aol Gl el XEEA FAS dendrites AT 5 AL, 15004
2 3dl¥ Fig. 476 (e) Tartrate + PbsOy ol A Bt} =A Sojd 9
o] dendrite 274-S #&T 4 AN, Fig. 4.7.4 (f) Gluconate + PbsOq
¢} Fig. 475 (f) Gluconate + Pb3O4 © 4] dendrite’} &+ 1% FEH=Z
el 7har les dESATH

Fig. 4763 Fig. 4.7.72 A F 74o] A& oh59] Zn A5 ®4W
SEM Apzlolt}. Fig. 475 (a) No Add.®} Fig. 476 (a) No Add.®] 7

- ZWelA dendrite’t Bl #a X™EetA A 3} oA o
Fig. 476 (b) Only PhsOs ¢ 1500wj= ¥ Fig. 4.7.7 (b) Only
PbsOy & o173 A 39 Ao A §-<F o] :He] Ph o]0 & Yo

|

N

b %

O
o
e
i
ol

,95,



(a) No Additive (b) PbsOy

Ty N PR L N -g.; 5

(c) PbsOs, + Ca(OH), (d) PbsO4 + Citrate

(e) PbsO4 + Tartrate (f) PhsOs + Gluconate

Fig. 4.7.6 SEM Photographs of Zn Specimen in KOH 40 wt%
Electrolyte after 7days, magnificationx350
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(c) PbsOs, + Ca(OH), (d) PbsO4 + Citrate

(e) PhsO, + Tartrate (f) PbsOs + Gluconate

Fig. 4.7.7 SEM Photographs of Zn Specimen in KOH 40 wt%
Electrolyte after 7days, magnificationx1,500
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(a) No Additive (b) Ph304

(c) PbsOs, + Ca(OH), (d) PbsO4 + Citrate

(e) PbsO4 + Tartrate (f) PbsOs + Gluconate

Fig. 4.7.8 SEM Photographs of Zn Specimen in KOH 40 wt%
Electrolyte after Cycle Life test, magnificationx1,500
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(a) No Additive (b) Ph304

(c) PhsO, + Ca(OH), (d) PbsO4 + Citrate

(e) PbsO, + Tartrate (f) PbsOs + Gluconate

Fig. 4.7.9 SEM Photographs of Zn Specimen in KOH 40 wt%
Electrolyte after Cycle Life test, magnificationx3,500
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