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Abstract

Exploratory studies were conducted on cell systems with different metal anodes, and
1odine and sulphur mixed with graphite powder 1n a polymer matrix as cathodes, using
different electrolytes in non-aqueous and aqueous media as 1onic charge carriers The
electrical conductance of the electrolyte solutions 1n aqueous and non-aqueous solvents,
the open circuit voltage (OCV) and short circuit current (SCC) for the different cell
systerns were measured To date, the non-aqueous solvents used m our studies were
dimethylformamide, formamide, dioxan, and nitrobenzene, and the electrolytes used were
potassium 10dide, caustic potash, cetyltrimethylammormum bromide (CTAB), sodium lauryl
sulphate (SLS) and calcium chloride These electrolytes were used m both non-aqueous
and aqueous media In general, aqueous electrolyte solutions gave a better performance
than non-aqueous electrolyte solutions Of the aqueous electrolytes, the highest conductance
was shown by potassium chloride solution in water (conductance =0 0334 mho) However,
the best OCV and SCC were shown by alumimum as anode and 10odine as cathode with
a saturated solution of caustic potash mn 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 in formamide (Conductance =0 013 mho ) The best OCV and SCC, however,
were shown by a zinc anode and 1odine cathode with saturated potassium chloride m
formamide, having an OCV of 1 55 V and an SCC of 150 mA cm ™2 Further studies are
In progress to obtain detailed performance data and recharging characteristics of some
of the more promising systems reported here

Introduction

Portable electricity mn the form of prnimary and secondary batteries finds
a number of domestic and mdustrial uses where other forms of energy are
mconvenient or unsuitable Electrochermical power generation 1s also free
from noxious gas enussions which almost mvariably occur mn conventional
power generation

The scientific and technological attention paid to conventional energy
generation systems has resulted in the systematic development and elucidation
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of scientific principles for power generation, and the provision of motive
power for traction purposes using the thermal route

The electrochemical aspects of power generation have recerved compa-
ratively hittle attention for large scale use, probably because the punty of
components 15 an essential pre-condition for an electrochemical power ge-
neration system, and because fossil fuels were available m abundance and
at economic rates until the last quarter of the present century

An 1nteresting aspect of an mnvestigation of electrochemical power ge-
neration 1s the ability to explore different electrode and electrolyte combi-
nations and to pick out promising ones for detailed investigation A large
number of such combinations have yet to be studied systematically and data
generation m this area can be rewarding

The present work was undertaken with a view to generating data on
selected electrode—electrolyte combmations that show the promise of sub-
sequent development into viable electrochemical cells, and which could provide
an alternative to existing portable electricity sources

Experimental and results

(v) Cell design

For the purpose of these investigations, the electrodes consisted of metal
anodes (using metal sheets (99 9% pure) of dumensions 563X25X01 cm,
and carbon cathodes of dimensions, 5X2 5 X0 2 cm, with a graphite power
coating (99 5% purity) mixed with 1odine or sulphur m the ratio 1odine or
sulphur, 1 mole graphite, 50 mole, with sufficient rubber solution to attain
a working consistency The thickness of the coated layer was about 0 5 mm

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

The 10nic charge carriers used in these studies were saturated solutions
of potassium 1odide, potassium hydroxide, calcium chloride, CTAB (cetyl-
trimethylammonium bromide) and SLS (sodium lauryl sulphate) in water,
formamide, or nitrobenzene at ambient temperature (30 °C)

TABLE 1

Specific conductance 1n aqueous media

Electrolyte Solvent Sp conductance
(mho cm™%)

KI Water 002

KOH Water 00357

KCl Water 00384

CaCl, Water 00333

CTAB ‘Water 0002

SLS ‘Water 001




TABLE 2

Spectfic conductance 1n non-agqueous media
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Electrolyte Solvent Sp conductance
(mho cm™1)

K1 nitrobenzene 666x10~8

KOH nmtrobenzene 667x1077

KCl nitrobenzene 7 143x 1078

CaCl, nitrobenzene 2x107¢

CTAB nitrobenzene 2x107*

SLS nitrobenzene 18x10°%

K1 formamde 740x10°3

KOH formarmide 133%x1072

KCl formamide 001

CaCl, formamde 500x1072

CTAB formamde 133%x1072

SLS formamde 166%x107°

TABLE 3

Voltage—current data on agqueous systems

Cathode Anode Electrolyte ocv SCC
(solvent water) [4'2) (mA)

Iodine aluminium KI 100 275
KOH 185 290
KC1 110 280
CaCl, 115 220
CTAB 110 75
SLS 1056 60

Iodmne zinc KI 120 225
KOH 165 150
KCl 135 285
CaCl, 135 275
CTAB 130 100
SLS 1356 250

Iodine ron K1 060 150
KOH 075 50
KCl 075 275

Iodine nickel KI 045 60
KOH 0 80 50

Sulphur alummium KOH 145 140
KCl 1156 8
CaCl, 105 15

Sulphur zine KI 080 270
KOH 13 260
KCl1 10 15
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TABLE 4

Voltage—current data on non-aqueous systems

Cathode Anode Electrolyte ocv SCC
(solvent) 4] (mA)
Todine aluminium KOH (Formamide) 12 25
KCl (Formamide) 12 150
CaCl, (Formamude) 12 90
CTAB (Formamude) 100 5
SLS (Formamide) 100 15
KI (Nitrobenzene) 100 075
CTAB (Nitrobenzene) 125 6
TIodine Zinc KI (Formamide) 120 25
KOH (Formamide) 145 100
KCl (Formamide) 1565 150
CaCly (Formamude) 15 125
CTAB (Formarmde) 135 5
SLS (Formamde) 14 3
CTAB (Nitrobenzene) 115 25
CaCl, (Nitrobenzene) 100 3
Iodine iron CaCl, (Formamide) 09 10
KCl (Formamide) 08 25
Iodine nickel KI (Formamide) 035 100
Sulphur zinc KOH (Formamide) 095 14
CaCl, (Formamide) 12 125

(The necessary data for these studies were obtained using YX-360 TR Multitester, Sanwa,
India )

Non-aqueous solvents were dehydrated using quicklime and then distilled
at the boiling pomt of the pure Lhiquids to ensure that no moisture was
present This was further tested using crystals of anhydrous copper sulphate
Finally, the bp of the lhquds were determined and checked aganst the
respective reported boiing pomnts However, a nitrogen atmosphere was not
available, so mterference from atmospheric oxygen could not be avoided

(vr) Measurements

(a) Conductance measurements

These were carried out to determune the electrical conductance of the
saturated solutions of electrolytes mn the different solvents The relevant data
are shown m Tables 1 and 2

(b) Voltage and current study

The open circuit voltages (OCV) and short circuit currents (SCC) for
different combinations, 1n both aqueous and non-aqueous media, were also
measured These data are presented in 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 projection for a number
of primary and secondary cells Many promusing primary and storage cells
[2—-8] have been described 1n the Iiterature, but most are covered by patents

Our studies indicate that a number of agqueous systems, e.g, 1odine
cathode and alummium anode m aqueous potassium hydroxide solution, or
the same electrodes In aqueous potassium chloride or calcium chlonde
solution, 10dine cathode and zinc anode mm aqueous potassium hydroxide
solution, potassium 1odide solution and potassium chloride solution; 10dine
cathode and ron anode 1n aqueous potassium chloride solution, sulphur
cathode and aluminium anode mn aqueous potassium hydroxide and calcium
chloride solution, sulphur cathode and zinc anode 1n aqueous potassium
hydroxide solution, etc, all of which show an OCV of about 1 V and SCC
from 250 to 90 mA cm™2, are quite prormusing However, the aqueous systems
are unlikely to be rechargeable when aluminium is used as the anode With
a zinc anode dendrite formation may be a disadvantage

Of the non-aqueous systems, the 10dine cathode and aluminium anode
with potassium chloride or calcium chlonde in formamide; potassium 10dide
In nitrobenzene as the electrolyte, an 10odine cathode and zinc anode with
calcium chloride or potassium chloride in formamide, an 10dine cathode and
ron anode with potassium chloride mm formamide, a sulphur cathode and
zmc anode with calcium chloride m formamide, all appear to show promise
Further studies will be made concerning the reversibility of the electrochemcal
reactions, the current—voltage behaviour, the shelf hfe and self-discharge
characternistics, the rechargeability of the cell and start-up current, etc. Work
1s In progress In our laboratory in this direction
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