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CHAPTER 3
ELECTRICITY GENERATION AND STORAGE WITH
SEMICONDUCTOR SEPTUM SOLAR CELLS

3.1 INTRODUCTION

The  semiconductor septum is the heart of SC-SEP
solar cell. Cadmium chalcogenides such as CdSe, CdTe, cds
etc. are Iimportant materials as photoanodes for SC-SEP
cells. Cadmium selenide (CdSe) has shown great promise as a
semiconductor material for photoelectrochemical conversion
because of its near ideal direct band gap (~ 1.7 eV). Sever-
al preparatioﬁ techniques have been used to prepare large
size polycrystalline thin films of CdSe for PEC applica-
tions. Here we have selected d.c. electrodeposition tech-

nique to deposit CdSe films.

In 1975, Gerischer [1] succeeded in the direct
oonverslon of solar enerqy into elactriolty, a uwtrategy that
offers the possibility of both solar'enerqy conversion and

storage : PEC cells.

In the photoelectrolytic cell, the optical energy
is converted into chemical energy. The photogenerated holes
are used to oxidise one type of species and the electrons
are used to reduce another type of species. Such a chemical
species can be electrochemially discharged for the

production of electricity. Such study on PEC cells and PEC
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storage c¢ells have been appeared in the literature [2-15].
PEC cells have been used as rechargeable electrochemical

storage cells, redox couple storage cells and septum cells.

A novel two-compartment solar cell, separated by
semiconductor termed the semiconductor septum electro-
chemical photovoltaic (SC-SEP) cell and modeled after
natural photosynthesis. It has been demonstrated by Tien
[12] to generate hydrogen from seawater without externall
applied voltage using only the visible light of solar spec-
trum. Semiconductor 'septum electrochemical photovoltaic
cells consisting of two chambers, separated by a bipolar
electrode made of either CdSe or CdSeyTej-x are reported by

Ottova et al [13].

The solar eneiqy storage with the help of semi-
conductor septum cells is reported by Pawar and Patil [(15]
using Fez03 semiconductor septum and different electrolytes.
The photoelectrochemical redox storage cell using electro-
deposited CdSe as semiconductor septum is reported by Pawar
et al [16]. The solar to electrical load conversion

efficiency of this cell is 4.06% for CrClj electrolyte.

A single converter cell, solar to electrical, |is
called a solar cell or photovoltaic cell. The combination of

such cells; designed to increase the electric power output



is called a solar module. For practical applications,
several such modules are mounted on a stack and connected
with wire to form the final output. This final setup |is
called an array. For terrestial applicatioﬁs, silicon solar

arrays have shown operating efficiencies of about 12 to 15%.

In the present investigation, we have studied
preparation ofllarqe size n-CdSe films. An attempt has been

made to store the solar energy in the form of chemical
energy using n-CdSe semiconductor septum cells. The charging
discharging cycles under illumination and dark respectively,
has been carriéd out for different number of cells, for
different area of semiconductor films and for different
concentrations - of FeClj electrolyte in compartment II. We
have studied series combination, parallel combination and
series parallel combination as a modelling of n-CdSe
semiconductor septum cells. Corrosion of septum cell due to

FeCl3 concentration has been also studied.

3.2 EXPERIMENTAL
3.2.1 Electrodeposition of Large Size CdSe Films

There are various methods for the deposition of
thin films which are as follows :
Vapour deposition [17-19], chemical bath deposition [201},
spray pyrolysis {21], pulse deposition [22], electrodeposi-

tion [23] etc. The choice of the particular method depends



on the several factors like material to be deposited, nature

of the substrate, required film thickness, structure of the

film, application of the film, etc.

In recent years, electrodeposited thin film
semiconductors are becoming popular in the fields of solar
cells, optoelectronic devices, solar selective coating, etc.
The preparation of thin film semiconductors with the
electrodeposition technique has some advantages over other
physical and chemical deposition techniques.

i. It is easy and economical, as semiconductors with no or
small waste of materials could be prepared

if. It is not required to have very pure starting materials

iii. The semiconductor properties like n-or p-type conduc-
tivity band-gap variation, control of stoichiometry,
doping etc.. could. be controlled Qith a reasonable
accuracy, as the parameters like deposition current and
pl%tinq time can be controlled to be accuracy of nc and
ns respectively [24-26]

iv. It is an isothermal process, mainly controlled by
electrical parameters such as electrode voltage and
current density, which are easily adjusted to control
film thickness, morphology, composition etc.

v. Electrodeposition usually have low operating tempera-
tures.

vi. It 1is particularly suited to the fabrication of
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heterojunction solar cells, simply '%y changing the
deposition electrolyte, an n-type film can be deposited

onto a p-type substrate.

Apart from single ocrystals, pressure sintered
polycrystalline disc, Chandra and Pandey [27-29] have
obtained CdSe films on metal substrates by electrodeposition
from an acidic solution containing CdSO4 and Se03. Lokhande
et al. [30] have prepared CdSe thin films, using cathodic
electrodeposition technique in alkaline and acidic baths.
Thin films of cdSexy Tej-.x have been prepared on SnO2 and Ti
substrates by Murali et al. [31] using cathodic electrode-

position technique.

The electrodepositon cell is shown in Figure 3.1.
It consists of,
(a) Cylindrical croning glass container having 14 com in
length and 11 cm in diameter, containing electrolyte.
(b) Backelite holder consisting two slots, one for
substrate, second for counter electrode and one hole
for saturated calomal electrode (SCE), with attachment

of screws to hold them.

The films of CdSe were electrodeposited onto
stainless steel substrate from a bath containing 10 mM CASO4

solution and 10 mM Se0O; solution. Both the solutions were
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prepared in double distilled water. Therfiiﬁs were deposited
under D.C. potentiostatic conditions using potentiostat
model 362 (EG & G). Three electrode system was employed and
the potential were measured with respect to saturated

calomal electrode.

-~ am :
Qb eirz:' The potential applied for deposition was -0.65 V

i —
(v SCE), which was fixed from cathodic polarisation curve

yyyhlch is shown in Figure 3.2. pH of the solution was 2.9.

The deposition time was 60 min. The back side of the
stainless steel substrate was covered with insulating tape
to avoid the Back slde deposition. The experimental set up
is shown in PFigure 3.3. The distance between counter
electrode and substrate was 1 cm. Commercially available
stainless steel (AISI-302 type) was used as substrate. The
counter electrode was also same steel. The size of substrate

and counter electrode was 9 X 14 cm2.

CdSe films were prepared electrolytically on the
basis of the principle adopted by Panicker et al. [{32] by
co-depositing Cd and Se on a conducting base such as steel.
The electrolytic bath contained an aqueous solution of
3Ccdso4, B8H0 and SeO; powder. The CdSe thin film thus

prepared.

Deposition of a thin film of CdSe is described as,

Se0y + Hy0 <====> H2Se03.. (1)
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Cathode polarisation curve for CdSe deposition.






HySe03 + 4H* + de = Se + 3H20 (2)
cat2 + 2¢ = cd ) (3)
Cd(s) + Se(s) {zmeed  CdSe . (4)

3.2.2 Substrate Cleaning

Cleanliness of the substrates, for the thin film
deposition is one of the most important factors for
obtaining the reproducibility of the propéities. It also
affects the adherence, smoothness, brightness and uniformity
of the film. The technigue to be adopted for cleaning
depends upon the nature of the substrate, degree of
cleanliness required and nature of contaminants to be
removed. The common "contaminants are grease, adsorbed

water, alr-borne dust, lint and oil particles.

‘Cleaning is the process of breaking of adsorption
bonds between the substrate and the contaminants without
damaqin; the substrate. There are many methods to supply
enerqgy for breaking such bonds, such as heating, bombarding
by ions, chemical action and scrubbing. Following procedure
was adopted to clean the stainless steel substrates.

i. First substrates were polished with the emery paper.
ii. Then substrates were cleaned with soap solution and
washed with flowing water.
fii. Substrates were rinsed in the double distilled water.

iv. Substrates were ultrasonically cleaned.
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v. Finally drying of substrates was done in the vapour of
isopropyl alcohol, with the help of special stand kept

in a steel hox, which was heated for few minutes.

Inli electrodeposition technique, it is very
essential to have very clean substrates. Such type of
substrates were preserved in a box free from moisture, dust

etc. o , , . .

3.2.3 Preparation of Solution

Appropriate weights of CdsO4 and SeO; were taken
on semimicrébalance so as to achieve the particular
concentrated solution. Then they were dissolved in double
distilled water; This solution was used after 10-12 hours

for the deposition of thin films.

3.2.4 Time Period of Deposition Solution

When the deposition solution was used just after
the preparation of solution, then it was observed that the
‘thin films were not 2229.' However, when the solution was

) used after 10-12 hours for deposition, then it was observed

tha vahe films were good even from the first film and also

g
ﬂwww
1&”3 showed qreater PEC effact. N
\)«'J\/“.m;’« .
y{“’ 3.2.5 Effect of'Counter Electrode on Deposition

\}’ When the stainless steel was used as counter

electrode instead of graphite then it was observed that the

T b
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films were very much stic and uniform as compared to the
_::::§¥S .
films obtained by graphite as a counter electrode. These

films also showed greater PEC effect.

3.2.6 Variation of Current Density With Time

Here the substrate of the size 9 X 14 cm? was

E— T

used. The deposited film area was near about 166 om?2. The - °
e, vu&~wuiuk{
current varies between 15 and 60 mA. Variation, of current 9
A v - '
density with deposition time of CdSe alloyed films is shown

in Figure 3.4. From the figure, it {8 seen that the
deposition current drastically decreases initially and then

slowly decrease with deposition time.

3.2.7 Annealing Effect

The films deposited at potential -0.65 V (vs SCE)
with deposition period of 60 miﬁute were annealed at 370°C.
After annealing, CdSe/stainless steel contact is ohmic.
After annealing it was observed that the films were more
stable in polysulphide solution. Annealed films also showed

greater PEC effect.

3.2.8 Hiérostruoture

Micrographs of CdSe filﬁs of two different deposi-
tion ©potentials are shown in Figure 3.5. The magnification
of micrographs is 500X. The films deposited at -0.65 V (vs

SCE) are uniform, dense and packed arrangement of grains
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than films deposited at -0.50 V (vs SCE). Micrograph of the
annealed film deposited at -0.65 Vv (vs SCE) shows closed

packed arrangement (Figure 3.5c¢).

3.2.9 X-Ray Diffraction (XRD)

The study was carried out for the film prepared on
to stainless steal substrate. The XRD pattoern of CdSe fllm
was recorded by using X-ray diffraction model Phillips PW-
1710. The XRD diffraction pattern for the CdSe £ilm
deposited at -0.65 V vs SCE is shown in 3.6. The presence
of sharp peaks shows that the film is polycrystalline in
nature. Comparison of observed 'd' values with standard 'd’
values from ASTM data [33] are listed in Table I. The
observed 'd' values are well matched with standard 'Qd’
vliaues of hexagonal structure of CdSe. Hence the structure
of material is hexagonal. The lattice parameters a = 4.297 A

and c = 7.2819 A were calculated using the formula for

hexagonal.
1 4 [hz + hk + k2 12
— = +
42 3 al J cl
where - h, k, 1 are the Miller indices.
Tie (o™

13(4 &dw ~ 4\‘"%03’09 > g‘}:\ < "M‘A\
preg v S
b) Lm -~ L= &Lﬁv’"’wﬂw .
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TABLE - I

XRD Data of Electrodeposited CdSe Film With Lattlce

Parameters (Structure Hexagonal)

ap = 4.297 A Co = 7.2819 A
d values vd values from hkl I/Imax
observed ASTM data
3.261 3.149 220 10.08
2.025 - 1.980 103 42.35
1.792 1.800 " 201 42.35

1.214 1.221 301 13.91
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3.2.10 Construction of SC-SEP Solar Cell

The cell consisted of two compartments made up of
plastic boxes with 10 cm X 8 cm area cut on their sides. The
CdSe septum electrode was then fixed between. two
compartmenﬁs, 5y using adhesive cream Araldite. The glass
was fitted on front side of the first compartment to
illuminate the film. The compartment adjacent to the
tungsten halogen lamp (500 W) was filled with 1 M 500 ml
polysulphide (Na35-NaOH-S) solution in contact with n-CdSe
film. The other compartment (dark) was filled with a redox
couple like FeCl3z (500 ml). The concentration of FICl3 was
varied. .The counter electrodes in both compartments were
graphite plates. To increase the area of counter electrode
in compartment I without blocking the incident light on the
film, following arrangement was done : Two graphite plates
were fitted at. the two sides and one plate at the centre and
these three plates were joined by putting a plate at bottom
of the box. These plates were interconnected by silver pest
for electrical contact and by adhesive cream Araldite. So
maximum part of film was illuminated. The area of graphite
electrode in bothbthe compartments was near about 120 cmZ.
The semiconductor septum solar cell diagram is shown in
Fig.3.7. The 1idea . for construction of large size redox

storage cell was taken from the work of Pawar et al. [34].
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3.2.11 Storage in the form of Electrical Energy '
(working of SC-SEP cell)

Fig.3.8(a) and 3.8(b) show the SC-SEP solar cells
under charging and discharging mode respectively. Open‘
circuit voltage and short circuit currents of the cells were
measured between two graphite electrodes with digital
multimeter. The configuration of the cell was as follows :
Grphite/(NasS-NaOH-S)/Semiconductor (CdSe)//Metal /Fecl 3/Graphite

I Compartment II Compartment

The light source was 500 W tungsten filament lamp.
Water filter was interposed between the lamp and the call to
avoid excessive heating. Intensity of light was measured

with Suryamapi.

The semiconductor septum cell under illumination
causes generation of electron-hole pairs, the electrons jump
into the oconduction band form valence band. The eleotron
further moves towards the bulk of the semiconductor and via
metallic substrate travels into the other compartment where
it is received by the oxidized species and gets reduced. The
oxidized species get either reduced to lower oxidation state
or to metal. These species can again be reoxidized by
transfering ah electron to the metal electrode in
compartment II, in dark, while hole moves towards the

surface of the semiconductor and accepted by the reduced
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species present in compartment I and get oxidized. In dark
(discharging mode), these oxidized species accept electrons
from compartment II, resulted in the electricity flow

through external load.

When the semiconductor septum solar cell is
illuminated, the overall reactions may be written as
- +
Semiconductor M e (C.B.) + h (V.B.)
C.B and V.B represent conduction band and valence band of

semiconductor respectively.

In compartment I (light)

2ht + 82- — > §
S + 82 — > §3-
2ht + 2g2- > 83- net reaction

In compartment II (dark)

Fe3t + &= —— > Felt

In general

n.L~! + n.ht === 1-(n-1) .. . compartment I

n.MP + n.e” gem===> n.M0-1 ....compartment II
Where L and M denotes various redox species praesent .in
compartment I and compartment II respectively. During
charging these reactions shift from left to right and in the
opposite direction during discharging. Thus, the system

could be charged photoelectrochemically and discharged
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alecrtrochemically for the production of electricity wupon

demand as shown in Fig.3.9.

Iflcontactinq electrodes and electrolytes are the
same In both compartments, no net chemical change takes
place, because the reactions are opposite but equal. Such a
cell functions mereley as a transducer, changing light into

electrical enerqy.

3.2.12 Criteria for Selection of Redox Couples

A redox flow cell (or battery) ih one in which the
chemical species participate in storing electrical energy
and regenerate the energy when needed. The cell is charged
with the input of electrical energy to drive the overall
cell reaction. The oxidized species are produced in one
half-cell (anodic compartment) and the reduced species are

produced in another half-cell (cathodic compartment).

The most serious limitation for redox cell batter-
fes 1is in the selection of practical redox couples to pro-
duce a complete redox cell. This is because a number of
demanding conditions have to be fulfilled by candidate redox
couple in order to be useful for the formation of a complete

redox cell.

1. The thermodynamic potentials of the two redox couples

have to be suffiqiantly_different to give an acceptable
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open circuit cell potential; in practice more than’' one
volt difference is required. Lower open circuit poten-
tial differences necessiate an excessively high number ‘
of cells, which result in high capital costs, increased

membrane crossover probability and lower "round trip”
efficiency.

The kinetics of the redox couples must be (fast, in

"addition, when the potential of any of the redox c¢ou-

ples lies outside the range of thermodynamic stability
of water, the kinetiocs of water decomposition (Hz/or 03
evolution) have to be slow at the operating conditions,
not only at the inert electrode but also within the
electrolyte bulk.

All the species in the redox couple must be soluble
under all operating conditions (typically the solubili-
ty should be higher than 1 mole (litre).

The reactants should be readily available and inexpen-
sive.

The reactants should be environmentally acceptable
under normal operating conditions and under any antici-
pated system disfunctions.

It is important that the two redox couples be compati-
ble with each other in regard to their separation
requirements and the mechanism by which ionic 'conduc-

tivity takes place at the membrane.
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3.3 PROPERTIES OF SC-SEP SOLAR CELLS:RESULTS AND DISCUSSION

3.3.1 Variation of Ige and Voo with Light Intensity

The photoresponse is measured in terms of the PEC
cell parameters, namely open circuit voltage (Voc) and short
circuit current (Igg). The variation of Ige with white light
intensity is shown in Fig.3.10. Here only compartment I was
filled "with polysulphide solution and area of the film was

80 cm2. The plot is found to be linear and is in good agree-

e’ s

ment with the theory. The linear nature of the plot leads to

axpress them in a mathematical relation.} \r{Mr“ahWNJ' Slanats
N £ PR
X e AT e RO
I + CIj . v

AﬂﬂbJNJ“dmigere I;, is the intensity of light and C is proportionality

constant and it dependent on the fraction of light utilized
for the generation of charge carrlers and effactive separa-
tion of the generated charge carriers. The slope of the plot

‘give the magnitude of C.

Open circuit voltage (Vog) of the PEC cell was
also found to -vary with the light intensity. Figure 3.11

shows the variation of Voo with white light intensity./7 L

3.3.2 Dark and Photo Voltage and. Current for Number of Calls
When only compartment I of the number of cealls

were filled with polysulphide and illuminated with light of
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‘intensity 80 mW/cm2, then on an average the variation in

voltage and current are as given in Table II and Table III.

Table shows the results for the films of area 100

cm?2 and that of Table III for area 80 cm2.

Table II Dark and Photo Voltage and Current for 100 cm? area

of the film
Dark Voltage Dark Current Photovoltage Photocurrent
V (volts) I (mA) Vph (volts) Iph (mA)

0.037 = 0.006 0.02 ¢+ 0.001 0.232 ¢+ 0.032 13.15 ¢ 2.75

Table III Dark and Photo Voltage and Current for 80 cm? area
of the film

Dark Voltage Dark Current Photovoltage Photocurrent
V (volts) I (mA) Vph (volts) Iph (mA)

0.012 + 0.001 0.05 = 0.001 0.136 + 0.042 7.3 £ 1.5

From Table II'and 11X, it is seen that for larger
area of the film, the photovoltage and photocurrents are
large. Thus current depends upon the area of the semiconduc-

tor film.

3.3.3 Effect of Counter Electrode in PEC Cell
The photo currents for two different counter

electrod«s were as shown in Table 1V



Table'IV Photo Currents for two different counter electrodes
at constant intensity

Counter Electrode Photo Current
‘ J
Graphite ‘ 6.5 ¥
St. Steel ' ' 0.52

% . )

For table'IV'it is observed that the photoocurrent
. for stainless steel cauntér electrode is very dsmall as
~compaired>£o graphite counter elactrode. This is due to the -
fact ?that;Fermi levels of counter electrode and substrate
are ;ame. So graphite or other metal, different than St-
steel :«can be used in PEC cells as counter elactrode. Photo-

current also depends upon the area of the counter electrode.‘

3.3.4 éell Formed With 1 M FeClj Electrolyte
(A) Aréa of the Semiconductor Septum Fiim = 100 cm2

The open circuit voltage and short circuit cur-
rents were measured between two graphite electrodes before
and after one hour charging the semiconductor septum cell.
The average values of cell voltages and currents for number
of cells are listed in Table V. The fntensity of light waé

80 mW/cm2.



Table V Cell Formed With 1 M FeCl3 and area of Semiconductor

Septum Film = 100 cm?

Voltage of Voltage of Short Circuit Short Circuit

cell before cell after current before currant after

charging 1 hr. charging 1 hr. charging
charging

Voc(volts) Voc (volts) Igc (mA) Igc (mA)

0.545+0.110 0.967+0.087 10.87+2.7 288+50

When current was measured after charging the
semiconductor septum solar cell, it was observed that the
currant drastically decreased initially and then slowly. The

values of the currents given in table V are the initial
values during the measurement of currents. For different

cells the values of voltage and currents are nearly same.

The magnitudes of voltage and currents of semicon-
ductor septum storage cell depend on the following factors
{35].

(i) Adaptability of alectrode/alectfolyte.
(11) Difference in redox Fermi levels.
(iii) Area of Semiconductor septum.

{iv) Total number of charges stored in compartments.

(i) Adaptability of electrode/electrolyte

The nature of electrode/electrolyte interface is
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dependent on particles present on the surface of the elec-
trode and the forces between the particles and the ions in
an electrolyte. These forces are different‘at the interphase
region compared with forces in the bulk. As per nature of
the forces, the solid-electrolyte 1n£er£aoe cab be classi-

fied into three types [36].

(i) electronically and chemically inert interface
(11) chemically inert but electronically active interface,
and

(i11) corrosive interface.

In case of first type of interface, for example,
glass rod immersed into an electrol&te solution, there will
not be either charge transfer reactions or the chemical
reactions. A stable metal into an elecfrolyte gives the
second type of interface in which charge transfer reaction
ocours across the interface but the interface is chemically
inert. The last type of interface, called as corrosive

interface, involves both the charge transfer reactions as

well as chemical reactions across the interface. Conse-

quently a metal electrode does not remain as a metal

=

alectrode. We are interested in the sedond type of
isintdabaoinde
interfaces. The properties of interface depend on

arrangemant of particles and the forces operating on them. -

Since  new forces exist near the phase boundary, new
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structure would tend to exist. Theoretical treatment of
metal-electrolyte interface has been extensively reviewed

[(37-43].

A charged surface in contact with an electrolyte
solution is expected to attract'ions of opposite charge and
to repel ions of like charge, establishing an ion atmosphere
in the immediate vicinity of the surface. Two parallel
layers of ocharges are formed, the charge on the surface
itself and the layer of oppositely charged ions near the

surface. This structure is called the electric double layer.

The direction of charge transfer depends on the
metal, but in general charge separation occurs and an elec-
tric potential difference is developed between the metal and
electrolyte. Hence, we get different céll voltages and
currents from different electrodes in an electrolyte. Here

the graphite electrode was used.

(ii) Difference in Redox Fermi Levels

The cell voltage depends on electrolytes presant
in compartments. We know that there are different electro-
lytes in compartment I and compartment II. The polysulphide
electrolyte 1is present in compartment I (photoanode side)
and FeCl3 electrolyte is present in compartment. II (dark
compartment). These electrolytes in compartments I and II

of cell are. such that. their chemical potential levels
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EF,redox1l and Ep,redogz do not coincide. This is necessary,
first, to raise the output voltage and second, to use more
effectively the energy of light generated carriers (or it is
some times said to completely use the semiconductor forbid-

den band width).

Upon 1illumination, the storage cell get charged

owing to the occurrence of reactions.

Red; + ht > OX +e.. (comp. I)

00Xy + e~ > Redj «... {comp. II)

Therefore, the Ep raedoxl 2nd Efp redox2 levels
shift still further from each other. Thus, the cell is
charged and cell voltage depends on the position of the band

edges of semiconductor and Fermi! levels of redox system.

(111) Area of Semiconductor Septum

The semiconductor septum electrode acts as phtoa-
node as well as separator of two aqueous compartments. The
short circuit current of cell depends on area of separator.
It we use large area then charging and discharging rate will
be large. In case of starting battery, for heavy discharge

within few seconds, area of septum cell should be large.

From table VII it is seen that for 100 cm2 area of semicon-
ductor septum film current is 306 mA and that for 80 cm3

area it is 200 mA.



(iv) Total number of cﬁarqes stored in compartments

The short circuit current of cell> depends on
number of charges stored In compartments. The maximum amount
of electricity delivered by a cell 1is referred to as
ampere-hour (Ah) capacity. The Ah capacity depends on volume
of electrolytes and valencies of metal 1ions. From table
VIII, it 1is seen that the capacity of cell is more for

higher concentration of electrolytes.

The charging curves for 5 number of cells were
recorded and the mean curve is shown in Fig.3.12, with error
flag. The nature of the graphs shows that the charging is
exponential. The nature of the curves for all the cells are

more or less same.

(B) Area of the Semiconductor Septum Film = 80 cm2
The open circuit voltage and short cirocuit cur-
rents for number of cells in an average are listed in table

VI. The intensity of light was 80 mW/cml.
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Fig.3.12. Charging curves for 5 no. of cells formed
with 1M FeCl, and area of semiconductor
100 cm*. 3



Table VI Cell Formed with 1 M FeCl3 and Area of Film =
80cm2

Voltage of Voltage of Short Circuit Short Circuit
cell before cell after current before current after

charging 1 hr. charging 1 hr. charging
charging

V (volts) V (volts) Ige (mA) Ige (mA)

0.443+0.021 0.785+£0.100 19.0£2.2 186 ¢+ 10.00

The charging curves for 3 numbars of cells were
recorded and the mean curve is shown in Fig.3.13, with error
flag. In the charging mode it was observed that initially
there is a decrease in open circuit voltage till the equi-
1ibrium is established. Then it increases rapidly with time

and attains saturation value.

Table VII shows the values of open circuit voltage
and short circuit ocurrent of the semiconductor septum solar
cell for the areas of semiconductor film 100 cm2 and 80 cm? -

with 1 M FeCl3 concentration.
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Table VII System Formed with 1 M Polysulphide (comp. I) and

1 M FeCl3 (comp. IT)

Area of Semiconductor Current after Voltage after
Septum Film 1 hr. charging 1 hr. charging
: Isc {mA) Voc (voltsg)
100 cm? 2 300 0.9
80 cm2. ~ 200 0.9

3.3.5 Cell Formed with 0.5 M FeCl3 Electrolyte

In this cell 0.5 M concentration of FeCl3 in
compartment II and 1 M polysulphide in compartment I was
used. Area of semiconductor septum film was 80 cm2,
Intensity of light was 80 mW/cmZ. The cell voltage 0.620
volts and short circuit current 83 mA after one hour

charging were observed. Fig.3.14 shows charging curve.

3.3.6 Cell Formed with 0.1 M FeCl3 Electrolyte
The cell voltage 0.602 volts and short circuit
current 22 mA after one hour charging were observed.

Fig.3.15 shows charging of cell.
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Table VIII Area of Semiconductor Septum Film = 80 cm?2

Concentration Current after Voltage after
of FeClj 1 hr. charging -1 hr. charging
Isc (“\A) . ’VOC (VOlts)
1.0 M 200 0.9
0.5 M 80 0.7
0.1 M 22 0.6

3.3.7 pischarge Across Load Resistance
After ¢écharging the semiconductor septum solar cell
for one hour, the cell was allowed to discharge through 1 KQ

resistance.

Under the illumination the oxidation reaction

takes place in compartment I while reduction takes place in

compartment II.

During the discharging of the cell the reduced
species in compartment II can again reoxidized by transfer-
ring an electron to the metal electrode and oxidised species
in compartment I accept electrons from the compartment II
through the external circuit, which results in the elec-

tricity flow through external load.

The discharging magnitudes of current and wvoltage

were noted for different concentration of FeClz in the
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compartment JII. 1 M polysulphide was kept constant in ' com-

partment I. The value of load resistance was Rj, = 1 K

For 1 M FeCl3, the discharging curve is shown in-

Fig.3.16.

For 0.5 M FeClj, the discharging curve is shown in
Fig.3.17.

For 0.1 M FeClj3, the discharging curve is shown in
Fig.3.18.

There was a continuous and nearly constant power
generation through the external load for 4 hours as shown in

Fig.3.19.

3.3.8 Corrosion of Semiconductor Septum Cell
Formed with FeClj Electrolyte
For a practical long-life semiconductor septum
solar cell, the semiconductor electrode must bhe stable
against : (i) dissolution, (ii) photocorrosion and (1ii)

electrochemical corrosion.

Semiconductor septum also must be stable against
corrosion due to electrolyte used in compartment II for a

practical long life semiconductor septum solar cell.

The‘ strong oxidising and reducing species in the

- -4 A
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electrode may corrode electrochemically which may be en-
hanced on illumination. Photogenerated or intrinsic elec-
trons and holes in the semiconductor may accumulate at the
elaectrode instead of getting injected into the electrolyte.
This would either oxidise or reduce the aehiconductor glec—
trode wultimately leading to its dissolution. Brattain and
Garrett [44, 45) were the first to study the corrosion of
germanium. Subsequently many studies hé&é‘ﬁéen carried out

[46' 47]0

Almost all semiconductors corrode in varyina
degree both 16 dark and under {llumination. The charge
transfer reaction at the electrode-electrolyte interface is
solely responSile for the dissolution or corrosion since it
is a matter of common knowledge that semiconductors kept in
vacuum do not corrode. In a broad sense, corrosion 1is the
oxidatipn of a material without the passage of an electric
current [46]. As a result, the oxidation of the solid elec-
trode 1is accompanied by the reduction of some other compo-
nent of the system. Most often the corrosion has an electro-
chemical nature. At the solid-liquid interface both cathodic

and anodic reactions take place at the same rate :

M > M* + @~

X + e~ > X©

For metals, the above two reactions are regarded
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as completely Independent. For semiconductor, the mobile
charges of both Sings (e.g. electrons and holes) participate
in the solid electrode - electrolyte exchange. So, the
recombination and generation of free carriers must be taken
into account. In a simplified model Gerischer ([48) consid-
ered electrons or holes in s semiconductor as ‘'defects'’
which result in weakening of the covalent bonding between
the constituent atoms of a semiconductor. Semiconductor

decomposition can take palcein the following tow ways 1@

{a) Cathodic decomposition - Electrons participate in this
reaction.
(b) Anodic decomposition - Holes participate in this

reaction.

Thus one of the challenging problems in PEC oell
is the stabilify of photoelectroda (thin film) in polysul-
phide. This problem was partially solved by several workers
[49, 50]. Another challenging problem is the stability of
semiconductor septum with FeClj electrolyte. In semiconduc-
tor septum solar cell, as the concentration of redox couples
increases, the number of ions increases and results in more
current and étrenqth of the battery. However, as concentra-
tion increases, there starts the corrosion of semiconductor
septum solar cell. The mechanism of corrosion is studied and

reported here.
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3.3.8.1 Durability of Semiconductor Septum with Concentration
of FeClj Electrolyte
The Schematic diagram of the redox storage cell is
presented in Fig.3.7. The configuration of the cell was as

follows

Graphite/(NazS-Na0H~S)/Semiconductor(CdSe)//Metal/fecl3/Graphite'
I Compartment IT Compartment
Under the illumination the mode of charging was studied. One
of the cells after charging for one hour showed that the
open circuit voltage (Vge) = 1.01 volts and short circuit
current (Igc) = 200 mA. After 20 days it was observed that
Voc = 0.875 volts and Igec = 130 mA. Concentration of FeClj
was 1 M in compartment II. After one and half month this
cell was damaged due to corrosion of steel plate with FeCl3.
At 1 M FeCl3z, the septum gets gorroded and holes were

observed on steel plate as shown in Fig.3.20.

The durabllity of the cell with concentration of

FeCl3 is shown Fig.3.21.

Another cell showed Voo = 0.722 volts and Ige = 85
mA after charging in 60 minute. For this cell after 20 hours
it was observed that at two, three points -on the steel
plate, blackish solid like drops appeared into the first

compartment. This means steel plate corrode due to high
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concentration of FeClj. The corrosion was not uniform but

appeared at particular points.

In another cell we have used 0.1 M FeCl3, then
after one hour charging, it was observed that Voo = 0.59%4
volts and Igec = 23 mA. Thus as the concentration of FeClj
decreases, the current also decreases. The variation of Ig¢

with time is shown in Fig.3.22.

The power extracted from the cell is more for the
cell with 1 M FeCl3 and it decreases with‘gecrease in con-
centration of FeClj. However, it is found that as concentra-
tion increases, there starts the corrosion of semiconductor
septum solar cell. At 1 M FeCl3, the septum gets corroded
and holes were observed on steel plate. This might be due to
the fact that stainless steel contains Ni, Cr, Co and Fe, so
when steel is In contact with FeCla} then there is a removal
of Ni, Cr and Co from the steel and only Fe remains as it is
so holes are created. If we use iron instead of steel then

there might be no corrosion.

3.4 MODELLING OF SC-SEP SOLAR CELLS : RESULTS AND DISCUSSION
3.4.1 Priliminaries

The smallest active elements of photovoltaic
generators are modules in which single solar cells are
combined into one mechanical and electrical wunit. Output

voltage and output current are matched to demand through a
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combination of modules in series or parallel circuits. The

number of modules determines the plant's capacity.

Analogous to modules, where lndividual cells are
interconnected, the characteristic electrical features of
photovoltaics are retalned in the construction of larger
generators. Solar generators, therefore, can also be charac-
terized in terms of the short circuit ocurrent, no-load

voltage, maximum power point (MMP) and the fill factor.

Generally, a large generator 'field is divided
electrically into individual groups, each of which c¢an

deliver ‘the required system voltage. These groups can & shut

down separately in the event of malfunction and can be
maintained without having to shut down the entire genaerator.
Within each individual g¢group there are many modules in

series that are connected again in parallel circuits.

Even with optimum matching, the circuitry symmetry
can be ‘'disturbed by degradation of individual cells,
breakage, corrosion of leads or partial shadowing. Because
such asymmetries lead in extreﬁe cases to the destruction of
the cell due to thermal overload ("hot spots"), protective
diodes must be installed.

Bypass or shunt diodes prevent shadowed cells or

those with low short-circuit currents in a serial circuit



from 'beinq operated in reverse as consumers. They also
ensure that only a small number of cells become i{neffective
and that the whole string doesn't fail because of a break in
the serial circuit. Since the break-through voltage
potential of solar cells operated in reverse direction is
above 10 V but thelr open - circuit voltage is at most 0.6
volts, it is sufficlent to combine 10 to 15 cells in series

with one parallel diode.

Blocking diodes are switched between parallel
strings. They protect a string with low output voltage from
having to absorb current in reverse direction, reducing a
group's total output voltage as lnfernal load. In contrast
to bypass diodes, blocking diodeé conduct current in normal
generator operation.

Here series combination, parallel combination and
series-parallel combination of SC-SEP solar cells have been

studied and explained in the following sectlions.

3.4.2 Series Combination of SC-SEP Célls

For number of electric devices, one needs differ-
ent power supplies with certalin voltages and current capaci-
ty. 1In order to_qet power supply and the desired wvoltage,
one has to connect the primary unit cells in series. In view
of this, we have studied, .the series combination of semicon-

ductor septum solar cells. .
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(a) When the two cells of semiconductor septum film area
100 cm2 filled with 1 M polysulphide in compartment I and 1
M FeCl3 in compartment II, were connected in series, then it

was observed that Voo = 1.73 volts and Ige = 143 mA.

The . light emitting diode (LED}) when connected

across the electrodes of these two cells, it gets enlighted.

This means that the current capacity of one cell

is sufficient to operate light emitting diode.

(b) The variation of voltage and current with number of

septum cells in serles were studied.

The variation of voltage with 5 number of ocells in
series for different areas of semiconductor film and differ-
ent concentration of FeCl3 in compartment II is shown in
F;q.3.23.

"From Fig.3.23, it is seen that as number of cells
is series increases, the voltage increases, which is in good
agreement with theoretical concept. It is also seen that the

cell voltage decreases as concentration of FeClj3 decreases.

For the series combination the value of current

nearly remaing constant. '

3.4.3 Parallel Combination of SC-~-SEP Cells

For getting hiqher current we have to connact the
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number of cells in parallel. in view of this, we have stud-
fed, the parallel combination of semiconductor septum solar

cells.

The: varlation of current with number of semicon-
ductor septum solar cells in parallel for different areas of
semiconductor film and different concentration of FeClz in

compartment II is shown in Fig.3.24.

From Fig.3.24, it is seen that as the number of
cells in parallel increases, the current increases, which is
in good agreement with theoretical concept. The value of the
voltage nearly remains constant. So one can achieve the
required current by connecting the number of cells in

parallel.

It also seen that, for higher concentration of
FeCl3 in compartment II, the current is high, and for lower
concentration, the current is low. This is mainl} due to the
fact that, the increase in concentration increases the
number of Fe3t ions and therefore, more number of electrons
generated in the semiconductor septum are utilised to

convert Fe3+ into Fel*t.

3.4.4 Series - Parallel Combination of SC-SEP Solar Cells
From the idea of PV system, it 1is possible to

connect the number of cells in series and parallel to meet
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the requirement and a desired power supply. We have studied

the series - parallel combination of SC-SEP solar cells by

different number of ways.

For example, the three semiconductor septum solar

cells show separately the values of Voo and Igc as follows :

For cell 1, Voc = 0.80 volts and Ige = 100 mA
For cell 2, Voo = 0.80 volts and Ige = 110 mA
For cell 3, Voc = 0.90 volts and Igg = 90 mA

When these three cells were connected in series, then'it was
observed that

Voc = 2.56 volts and Ige = 80 mA
When tﬁese three cells were connected in parallel then it
was observed that

| Voc = 0.797 volts and Igc = 250 mA

When cells 1 and 2 were in paralle}l] and cell 3 wae in serias
with this, then it was observed that,

Voc = 1.4 volts and I = 150 mA

We have studied the series - parallel combination for 6

number of cells. The series - parallel combination is shown

in Fig.3.25.

When three cells were in series and another three
cells 1in series and connecting thase two combination in
parallel, it was observed that

Vog = 2.50 volts and Ige = 280 mA.
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According to theoretical concept, it is exhéctad
that, if each cell gives voltage 1 volts and current 100 mA,
then when these cells are connected in series, it should
give voltage 3 volts and current 100 mA and;when these cells
are connected in parallel it should give voltage 1 volt and

current 300 mA.

However, in our study it is not so. When the cells
were connected in series or parallel or series - parallel
combination, then it was observed that the'results were less
than the expected one. This may be due to the fact that,
when the number of cells are connected in series - parallel
combination, then there will be charge transfer reactions
between the number of cells, internal losses of the ocells

which results in decrease in voltage and current.

By using number of semiconductor septum solar
cells in series - parallel combination, one c¢an obtain

desired power supply.

3.5 CONCLUSION

Cadmium selenide (CdSe) films of area 80 cm?2 were
deposited on stainless steel substrate‘by D.C. electrodepo-
sition method having all parameters optimized. The same
stainless’ steel was used as counter electrode. If was ob-

served that the films were very much sticky and uniform as
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compared to the films obtained by graphite as céounter

electrode.

It is demonstrated that the solar energy oan be
stored in the form of chemical energy using n-CdSe semicon-
ductor septum solar cells. When only compartment I was
filled with polysulphide solution, then photovoltage and
photocurrent  were increased with increase in light
intensity. Photocurrent also found to dpend upon the area of
film. When graphite was used as counter electrode in PEC
cell, then photocurrent was 6.5 mA and when stainless steel
was used, then it was 0.52 mA. Thus stainless steel is not

suitable for PEC cell as a counter electrode.

Semiconductor septum solar cells of different area
of films were studied. For 100 cm? area of the film, one of
the cells showed that Igo = 300 mﬁ and Voo = 1.00 volts. For
80 cm2 area of the film Igg = 200 mA and Voo = 1 volts.
These are the values after charging the cell in 1 hour, with
intensity of light 80 mW/cm2. In compartment I, polysulphidae
solution of 1 M concentration was kept fixed and varying the
concentration of FeClj in compartment II was also studied.
It was obsrved that for 1 M concentration of FeCljz Ige = 200
mA and Voo = 1 volts in one of the cells. In another cell it
was observed that Igc = 163 mA and Voo = 0.822 volts. For

0.5 M concentration of FeClj3, it was observed that Voo = 0.7
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volts and Ig; = 80 mA. For 0.1 M concentration, Vge¢ = 0.6
volts and Ige = 22 mA, after charging the cells in 1 hour,
with intensity of light 80 mW/cmZ. Thus it ie concluded that
at high concentration, the current is large. The current

capacity of the cell decreases with decrease in concentra-

tion of FeCl3. This might be due to the fact that, the
availability of number of Fe3' ions for the reduction reac-
tidn in compartment II. The increase in concentration in-
creases the number of Fe3* jons and therefore more number of
electrons generated in the semiconductor septum are util-
lised to convert Fe3t into Fe2*. Discharging characteris-
tics were also studied. Continuous powér could be generated
through an external load more than 4 hours. The power ex-
tracted from the cell was more for the cell with 1 M FeClj
~and it decreased with decreased in concentration of FeClj.
However, it was found that as concentration increases, there
starts the corrosion of semiconductor septum cell. At 1 M
FeCl3, the septum gets corroded and holes were observed on.
steel plate. So high concentration of FeCl3 is not suitable
for the cell.

The series combination of semiconductor septum
solar cell was studied. When the two cells each having, 100
cm? area of the film and filled with 1 M poly;ulphide in

»

compartment I and 1 M FeCl3 in compartment II, it was ob-



.served that Vg¢ 8131.73 volts and Igc = 143 mA. Light
emitting diode (LED)?@as-opeiated, with these two cells in
series. When 5 cells';eie éonnected in series, it gives
maximum voltage of the order of 4.2 volts, while parallel

system gives maximum cutrent of the order of . 540 mA.

Six cells in series-parallel combination gives Vg,
= 2.50 volts and Igs = 280 rA. By using number of semicon-
ductor septum solar cell in series and parallel combination

one can obtain desired power supply.

A
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