ENERNE KRB HOMR

Study on new type batteries for power storage

REBHEE Bk [ N A
Prof., Faculty of Eng., Univ. of Tokyo
Kazuo Fuskt

WRPIREE  HRRE TR 1T £y

Assoc, Prof., Faculty of Eng., Univ. of Tokyo

Shigeru YAMAUCHI

HRCRS TEH R K Fi—ER
Res. Assoc., Faculty of Eng., Univ, of Tokyo

Junichiro Mizusaxr

RS TR B B X =

Res. Assoc., Faculty of Eng,, Univ. of Tokyo

Kohji Kismo

The control of zinc electrode morphology is one of the most essential factors for the break-
through in the development of the zinc-halogen type batteries as practical secondary power sources.
Experimental studies have been made on the selection of appropriate electrolyte compositions to
control the morphology of zinc deposits at the negative electrode.

Various organic additives were selected on the basis of their molecular structure and size, and
added into the electrolyte as inhibitors of dendritic electrodeposition. Through the short and long
term screening tests as well as cyclic deposition-dissolution experiments, some organic surfactants
(surface active agents) have been found to be effective in producing compact zine deposits.
Tetra-n-butyl ammonium bromide (TBAB} has been, up to this point, the most effective additive
under a long period of charging-discharging operation. Non-ionic surfactants such as polyethy-
lene glycol (PEG) and polyethylene imine {PE) showed seme promise.

Polarization measurements and detailed morphological studies of the elecirode surface at the
initial stage of deposition were made using both polycrystalline and single crystal zinc. The
mechanisms of the crystal growth are discussed.
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Photo 1. Morphology change of zinc electrode with deposition time {50 mA/fem?, 2 M ZnCl:+

4 M NH,Cl).
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Table 1. Additives investigated for deposition morphology control of zinc electrode.

Name Formula
[Surfactants]
Anionic:
Sodium laurate CH3(CH2)1COONa
Sodium Jauryl sulfate CH{CH3),0CH2050:Na
Cationic:
Tetraalkyl ammonium salts {CaHaas hNX
(X=Br or Cl) (n=1-5, 7)
Trialkyl methyl ammonium salts (CaHean41)sN(CH X
(n=8, 14, 16)
Trialkyl aryl ammonium salts Ar{C,Haz4)aNX
{n=1, 2 Ar=benzyl, Phenyl}
Trimethyl alkyl ammonium salts R(CH;)sNBr
Amphoteric:
Betaine (CH,)sNCH.COO
MNon-ionic:
Polyethylene glycol £100
#2000 HO-LCH,05-.H
£20000
Polyethylene imine -CCHCHNS-»
Polyvinylpyrrolidone $10000
£40000 -(—CH2CHI\IIC0CH3CH2CH3H2-)-:1
£360000
i
Sorbitan monolaurate CH;(CHz),yCOOCCHOHCHCH:0H
(Span 20; Kao-Atlas) C:HLO

Fluorocarbon:
Ammonivm «-H-perfluorocarbonate
{Zonyl: Du Pont)
[Others]
Phthalic acid
Glutaric acid
Ethylene glycol
Alkyl pyridine

N, N-diethyl aniline
Dodecylamine
Triethanolamine
Hexamethylenetetramine
Acetylthiourea
Cyclodextrin

Sodium polyphosphorate

HC, FenCOONH, n=5-13
n=29-23

HOOC(CyHa)COOH
HOOC(CH,);COOH
HOCH,OH
C:H,N{C,Hza11)

n=1, 2)
CoHsMN{Ca ) HCI
CzHe NHEHCl
N({C.},0H)s
(CHz}eN.
CH:CONHCSNI:
{CeH 105}

{(n=6, 7)
NagPiO1g

oo iM% 0~40cmfs DMK T % 2 T, 50
mAfcm® © 4 i T TR T o oo X DES
I, ERWEA 4com/s BEFO WL IR EE CIREIT
Hrbwlh, WHRFIREOrA ZghE
b ¥ IERRC B U T B 0 SERH S AT A B H h

fro Las LIRS o OIREBIC 30T b i 0 i
Lot wEBlEe , ST RET AT Y FFA b
T B ORERETH - o, F Y 40cm/
§ 1 VT & ST FANIC T » TOM MRS bh
HLowich, #160minTF v V34 AR

— 201 —



WL DEFYRT L,
PLECEERENS T v ¥ T4 F OFFHBF ki,
() HEEOBRRAMIE L5 BB OB
B () EREELEE ORI O WME I BETH
A&, BEBMhEiLoich, Fr s r3Et
DE Skt & AR R OB 2 BT B
RBIILE L0 EANIE-CH 5 & RS
W, WinsE R oBI 4T -1,
. FvrzA rBIERARNR oS
AWIRERIZ I BT AH Y KEEIDOHETE
Proficit-S &, Ko aiaRiEr ROE
RN 5 2 212 X » T, BRSO
DI ERRIT, EROFEE LT, BHHE
50 mAjem?, 84min (=250 7 —r vjom®) -5
MBI OEATIC X B2 7 V) — = v FiFgE L,
CETHRORLALL O OVTIIE LK 500
min OREFEIRT SR & 20y, IR & BAda
BEw L DERNOETIE A RIE L, HRINKIOR
Ik 0.5 BBy 1gl AEHE - LisdMbat
W& o TSRS MR ET 200, BiEhog
BoBET o U Too L d ot BEEY T
o> ToIRDAR L S G F A rR D R ETEY 50 fEC
H B, Table 1 i fRAL & D% BHINCR LIz,
b s, FPBRS 4 RAEEEFC D
CCRENERS RS B ot REHOE
EREr Lol A R E T2
A, T R AR SO THEEETCH o, —
B, B A v RAMEERTCHBEET A F AT
vE = AETHEEYENSEN BV A R
Fo ERWBALF PSS -7 F L T vE = 5
(TBAB) @RI & b Btk ook & Wi EdT
WHrBERBZ ERWEBE st Th, Bl
FrESFrEATFT e a (TPrAB) i %0
fitd g/l FTEMLIBECETONRNES
hice T C7AFAEOREEELI LD E
IRt Lize TBAB BT B2 7 5 A &
(Cor n=4) BT 2 Fadh (n=1), =3
(r=2) Wi Lo b o TR e B L <L R
PRRELRIEh ot M7 A F LA TNCTER
FH (n=5, 7) w Licd 0T E R~ OB RN
EHWCEECTHH, BB L Mg &

EBih ot #=5 O b OR2U Tk EIGIREE
0.0l g/l AT T b, EHEMOL O
TETCHDBEEL BRI, TAFALED—IDI
DRFHEE L L O EERE L, B0
LRV VBEMEAE LD TAI G &, i
FHEED b DILIRIMEHENES S, TBAB LIk
DPRAE o7 vy TRV R, 4
1Co

e A R REG A v BB Y B A AR
EFBL0N B oty EEHEV=F VL) 2
= (PEG; 213 BHSFRERT) ST
DL O E TRFtATR L, TBAB WEisl & B
Tel s T2 4 Uk, = & T Photo 2 12,
TBAB, PEG #20000 #¥Rin LicR OB OLIE
FAFEIMOBE LB LTRT. FRIZRE L
84 min DM CIL WINFID L GEE, BT
B0 GKE 2R pm DEERELE - TE
b ek i e HATERRE & Bk b, —05, B
i % & AVBER ORG-S
HOBER & - T B T ORKOTEITY
NEERTEMECEHEST S S un BEOIHY
AN HER TR O T B EXBLME
Tt oifee A4 v REERTR IRV =F 1Y
A1 % v (PED) & BRIFMRGEMERELYR Lico #Y &
=AEe y FoiBEadFRo s o -onwT#EFD
WA D 7o, W ORG 1 ARk
& BRI 5 12

7y BRMAEEERITRS TROAELL DR
DT W EENRS B, 7 o BREED
{LBHREd s B b BT 528, B O R
HLODAFENEETH D, RPETAVILD
OTERPCHMELERIBLb ol 20
fhosBE-cvx, €Y o v EEOBEMAC L b BT
MOEFE ETORELR SNl T v V54
b ORAERIHT BITXER 5 fog T TV
F, HUDABFABCHREIED bt o
o

L, 500min E-ooOB\HICEV-CHENDL B
LT S i iz, TBAB, PEG, PEI © 34
THol, SHHOEIRMAN 2V I LT
BOEE LRBR T oo & 2T S0 mA/em?®

— 202 —



{No Additive)

(PEG £:000: 0.5 g/l)

(PEG $20000: 0.5 g/l)

TBARB: 0.5g/l}

Pheto 2.  Zinc electrode morphology in the presence of additives (50 mA/jcme, 84 min depesi-

tion, 2 M ZaCl+-4 M NH.Ci).
PEG: polyethylene glycol
TBAB: tetra-u-butyl ammonium bromide
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(No Additive)

(with TBAB 0.5g/])

Photo 3. Zinc electrode morphology after ¢yclic deposition-dissclution experiments (15 cycles

at 4 hr cycling rate, 50 mA/cme).
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Fig. 3. Time change of zinc electrode polari-

zation during deposition at current density
of 50mAfem® (electrotyte 2M ZnCl,--4M
NH.Ch.
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Fig. 4. IR-free cathodic polarization of zinc electrode as a function of additive concentration

{electrolyte 2 ZnBra+4 M NH,Br).
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{ No additive )

{ with TBAB (.05 g/1 }

{(with TBAB 0.5 g/1 )

Phaote 4. Morphology of zinc deposit on single crystal electrode at initial stage {20 mA/cm?,

30 sec deposition).
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Fig. 5. IR-free cathodic polarization on single

crystal zinc elecirode with tetra-alkyl-
ammonium salts (additive concentration=
1.55 mM}.
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