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Abstract 

Exploratory stu&es were conducted on cell systems with tierent metal anodes, and 
lodme and sulphur nuxed wkh graphite powder m a polymer matnx as cathodes, usmg 
tierent electrolytes m non-aqueous and aqueous me&a as lomc charge carriers The 
electrical conductance of the electrolyte solutions m aqueous and non-aqueous solvents, 
the open clrcmt voltage (OCV) and short clrcult current (XC) for the merent cell 
systems were measured To date, the non-aqueous solvents used m our stubes were 
dunethylformamlde, formanude, dloxan, and mtrobenzene, and the electrolytes used were 
potassmm lo&de, caustic potash, cetyltnmethylammoruum bronude (CTAB), sodmm lauryl 
sulphate (SLS) and calcmm chlonde These electrolytes were used m both non-aqueous 
and aqueous me&a In general, aqueous electrolyte solutions gave a better performance 
than non-aqueous electrolyte solutions Of the aqueous electrolytes, the uhest conductance 
was shown by potassmm chlonde solution m water (conductance = 0 0334 mho) However, 
the best OCV and SCC were shown by alummmm as anode and lodme as cathode mth 
a saturated solution of caustic potash m water The OCV was 1 85 V and the SCC was 
290 mA cm-’ The highest conductance among the non-aqueous systems was shown by 
caustic potash m formamide (Conductance = 0 013 mho ) The best OCV and SCC, however, 
were shown by a zmc anode and lodme cathode wllth saturated potassnun chlonde 111 
formanude, havmg an OCV of 1 55 V and an SCC of 150 mA cm-’ Further studies are 
m progress to obtam dekuled performance data and rechargmg charactenstlcs of some 
of the more pronusmg systems reported here 

Introduction 

Portable electxxlty m the form of prunary and secondary battenes finds 
a number of domestic and mdustnal uses where other forms of energy are 
mconvement or unsmtable Electrochenucal power generatlon IS also free 
from nomous gas enusslons wkch almost mvmably occur m conventional 
power generation 

The sclenttic and technological attention pad to conventional energy 
generation systems has resulted m the systematic development and elucidation 
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of sclenttic prmclples for power generation, and the provlslon of motive 
power for traction purposes usmg the thermal route 

The electrochemical aspects of power generation have received compa- 
ratively httle attention for large scale use, probably because the punty of 
components IS an essential pre-condltlon for an electrochemical power ge- 
neration system, and because fossil fuels were avalable m abundance and 
at econonuc rates until the last quarter of the present century 

An mterestmg aspect of an mvestlgatlon of electrochenucal power ge- 
neration is the abrllty to explore dfferent electrode and electrolyte combl- 
natlons and to pick out promlsmg ones for detatied mvestlgation A large 
number of such combmatlons have yet to be studled systematlcally and data 
generation m tlus area can be rewardmg 

The present work was undertaken w&h a view to generatmg data on 
selected electrode-electrolyte combmatlons that show the pronuse of sub- 
sequent development mto viable electrochenucal cells, and wkuch could provide 
an alternative to exlstmg portable electnclty sources 

Experimental and results 

For the purpose of these mvestlgatlons, the electrodes consisted of metal 
anodes (usmg metal sheets (99 9% pure) of dunenslons 5 3 X 2 5 X 0 1 cm, 
and carbon cathodes of dunensions, 5 X 2 5 X 0 2 cm, vvlth a graphite power 
coatmg (99 5% punty) mured vvlth lodme or sulphur m the ratio lodme or 
sulphur, 1 mole graphite, 50 mole, mth sufficient rubber solution to attam 
a workmg consistency The thickness of the coated layer was about 0 5 mm 

The electrodes, spaced at a distance of about 1 cm, were dipped m the 
reqmred electrolyte solution 

The Ionic charge carriers used m these studies were saturated solutions 
of potassnun lo&de, potassmm hydroxide, calcmm chloride, CTAB (cetyl- 
tnmethylammomum bromide) and SLS (sodmm lauryl sulphate) m water, 
formamlde, or mtrobenzene at ambient temperature (30 “C) 

TABLE 1 

Spectic conductance 111 aqueous media 

Electrolyte Solvent Sp conductance 
(mho cm-‘) 

Kl Water 0 02 
KOH Water 0 0357 
KC1 Water 0 0384 
CaCl, Water 0 0333 
CTAB Water 0 002 
SLS Water 0 01 
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TABLE 2 

Spectic conductance m non-aqueous me&a 

Electrolyte Solvent Sp conductance 
(mho cm-‘) 

KI 
KOH 
KC1 
CaClz 
CTAB 
SLS 
KI 
KOH 
KC1 
CaCl, 
CTAB 
SLS 

mtrobenzene 
mtrobenzene 
mtrobenzene 
mtrobenzene 
mtrobenzene 
mtrobenzene 
formamlde 
formamlde 
formamlde 
formanude 
formanude 
formanude 

6 66 x lo-’ 
6 67x 1O-7 
7 143x10-~ 
2x 10-6 
2x10-’ 
18x10-e 
7 40x 10-3 

1 33 x 10-2 
0 01 
5 00x 10-S 
133x 10-3 
166X 10-3 

TABLE 3 

Voltage-current data on aqueous systems 

Cathode Anode Electrolyte 
(solvent water) 

ocv see 

0 (nW 

Iodme 

Iodme ahmunnun KI 100 275 
KOH 185 290 
KC1 1 10 280 
CaC12 1 15 220 
CTAB 1 10 75 
SLS 105 60 

ZlllC KI 120 225 
KOH 165 150 
KC1 135 285 
CaC12 1 35 275 
CTAB 130 100 
SLS 135 250 

Iodme uon Kl 0 60 150 
KOH 0 75 50 
KC1 0 75 275 

Iodme ruckel M 0 45 60 
KOH 0 80 60 

Sulphur ahmunlum KOH 1 45 140 
KC1 1 15 8 
CaCl, 1 05 15 

Sulphur ZlIW KI 080 270 
KOH 13 260 
KC1 10 15 
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Cathode 

Iodme 

Iodme 

Iodme 

Iodme 

Sulphur 

TABLE 4 

Voltage-current data on non-aqueous systems 

Anode 

alummium 

LlnC 

uon 

mckel 

zinc 

Electrolyte ocv see 

(solvent) 0 (nW 

KOH (Formamide) 12 25 
KC1 (Formamide) 12 150 
CaClz (Formamlde) 12 90 
CTAB (Formanude) 1 00 5 
SLS (Formamlde) 1 00 15 
KI (Nltrobenzene) 1 00 0 75 
CTAB (Nltrobenzene) 125 6 

KI (Formamlde) 120 25 
KOH (FormamIde) 1 45 100 
KC1 (Formamide) 155 150 
CaCl, (Formamlde) 15 125 
CTAJ3 (Formanude) 135 5 
SLS (Formamide) 14 3 
CTAB (Nltrobenzene) 1 15 25 
CaCl, (Nltrobenzene) 1 00 3 

CaCI, (Formamide) 09 10 
KC1 (Formamlde) 08 25 

KI (Formamlde) 0 35 100 

KOH (Formamlde) 0 95 14 
CaClz (Formamlde) 12 12 5 

(The necessary data for these studies were obtamed usmg YX-360 TR Multltester, Sanwa, 
India ) 

Non-aqueous solvents were dehydrated using qulckhme and then &&tiled 
at the bollmg pomt of the pure hqulds to ensure that no moxsture was 
present This was further tested usmg crystals of anhydrous copper sulphate 
J?mally, the b p of the llqulds were determmed and checked agamst the 
respective reported borlmg pomts However, a mtrogen atmosphere was not 
available, so interference from atmospheric oxygen could not be avolded 

(zz) Measurements 

{a) Conductance measurements 
These were carried out to determine the electrical conductance of the 

saturated solutions of electrolytes m the different solvents The relevant data 
are shown m Tables 1 and 2 

0) Voltage and current study 

The open circuit voltages (OCV) and short clrcult currents (SCC) for 
different combmatlons, m both aqueous and non-aqueous me&a, were also 
measured These data are presented m Tables 3 and 4 for the aqueous and 
non-aqueous systems, respectively 
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Discussion 

Bagotsky [ 1 ] has discussed the genesis and future proJectron for a number 
of prrmary and secondary cells Many pronusmg prunary and storage cells 
[2-S] have been described m the Merature, but most are covered by patents 

Our studies mdrcate that a number of aqueous systems, e.g , rodme 
cathode and alumuuum anode m aqueous potassmm hydroxide solution, or 
the same electrodes m aqueous potassmm chlonde or calcmm chlonde 
solutron, rodme cathode and zmc anode m aqueous potassium hydroxide 
solutron, potassmm lodrde solutron and potassmm chlonde solutron; rodme 
cathode and iron anode m aqueous potassmm chlorrde solutron, sulphur 
cathode and alununmm anode m aqueous potassium hydroxrde and calcium 
chlonde solutron, sulphur cathode and zmc anode m aqueous potassium 
hydroxrde solution, etc , all of which show an OCV of about 1 V and SCC 
from 250 to 90 mA cm-‘, are quite pronusmg However, the aqueous systems 
are unhkely to be rechargeable when alummmm 1s used as the anode With 
a zmc anode dendrite formation may be a disadvantage 

Of the non-aqueous systems, the rodme cathode and alunumum anode 
wrth potassmm chlonde or calcmm chlonde m formanude; potassmm rodrde 
m mtrobenzene as the electrolyte, an rodme cathode and zmc anode wrth 
calcmm chlonde or potassmm chloride m formanude, an rodme cathode and 
u-on anode wrth potassmm chlonde m formanude, a sulphur cathode and 
zmc anode wrth calcmm chlonde m formanude, all appear to show pronuse 
F’urther stuhes wrll be made concermng the reverslbihty of the electrochenucal 
reactrons, the current-voltage behavrour, the shelf hfe and self-discharge 
charactenstlcs, the rechargeablhty of the cell and start-up current, etc. Work 
1s m progress 111 our laboratory m thrs drrectlon 
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