o

3t 3. 2.,

International Journal of All Research Education and Scientific Methods (IJARESM), ISSN: 2455-6211
Volume 9, Issue 3, March -2021, Impact Factor: 7.429, Available online at: www.ijaresm.com

Study of PEC Solar Cell with Variation in Volume of
Electrolyte

B.A. Thakar', Dipak Sahay’, R.K. Parmar’, R.J. Pathak’, V.M. Pathak’

'B.S. Patel Polytechnic, Ganpat University, Kherva, Gujarat, India
IGovt. Engineering College, Gandhinagar, Gujarat, India
*R.R. Mehta College of Science, Palanpur, Gujarat, India

'Department of Physics, S.P.University, V.V.Nagar, Gujarat, India

Email: bhavesh.thakar@ganpatuniversity.ac.in

BANNNRRNNNIRRRENS

ABSTRACT

Large fluctuations in energy prices have been a distinguishing characteristic of the Indian economy since the 1970s.
Turmoil in the Middle East, rising energy prices in the United States and evidence of global warming recently have
reignited interest in the link between energy prices and economical effect. There is acute shortage of energy in the
country. This leads to huge energy demand, which is apparent in frequent load shedding, power failure, closure of
factories, man-hour loss and decrease in production. Part of the problem is related to the InsufTicient energy
resources leading to the shortage in supply which is not able to meet the growing demands of power in the rapidly
expanding industrial, transport, agricultural and urban sectors. Solar energy seems fo be correct answer to this
entire problem. It is an urgent demand of the time to develop cheaper and efMicient solar cell. On that path MoSe; s
# promising material towards its application in photoelectrochemical solar cells. The MoSe, crystals grown by direct
vapor transport technique will be used to prepare a PEC solar cell. Various compositions of different electrolytes
are chosen to get a better response of the MoSe; based PEC solar cell. Here the authors report their investigations
on the MoSe; base photoelectrochemical Solar Cells with varying the volume of electrolyte which shows that the
Increase In volume of electrolyte increases the efficiency of the PEC solar cell.

Key words: Photoelectrochemical, volume, efficiency.
1. INTRODUCTION

Solar power in Gujarat:

GujnntImbeenuluderin»mpowergmbnmdcomibua?ﬂrdomnWOMWofplmohdclnmmmy.
The State has commissioned Asia's biggest solar park at Charanka village. The park is already generating 214 MW solar
powusomofi!smalplmmdapuhyof”OMW.mputhnbemﬁmaiouinxmnmu!ﬁ-dcvelopummulll-
beneficiaries' paradigm and has been awarded for being the most innovative and environment-friendly project by the CIL

\Vilhlvbewlomkzomdhinwasol-’dty.mSmwmw:mhopwhpowmuim
scheme.lhdalbiswheme.uueSmaplmtogmﬂvenepmofwlupowubyp\nﬁusohr:pmdsonmso
mwmauwlditmmdmmwmhildwmmmmoaplntoemulasetlﬁspmjecﬂnwkot.Suu.
Bhavnagar and Vadodara in 2013

msmephmwmmwlumﬂbyp\nﬁnzmlupmdsmlheNlmadawnlbrwdnes.Asnpnnofu\lsm
lheSuwhlulmdymmlssbnedamn-mmwmmhrplmtonahnd:ofmm-dnadmardnndnunmof
Anand taluka. This also helps by stopping 90,000-liter water/year of the Narmada River from evaporating.

Our effort towards renewable sources of energy:
Nowkbd&dmdb&vebpmﬁhﬂb.amimﬂq&xﬁkuﬂmwlyd\upu;mo{mm.
Pmkmbunkd(PEC)sduooﬂcoddbelhcm[ul.Sohrewlsnvallablclnmostpunoflhcwoﬂd.
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Especially in India intense solar radiation is available throughout the year. Our goal is to develop a simple and cheaper
technology which can convert solar energy into electrical energy.

IL EXPERIMENTAL

= MV
1
! S
I T\ j
')
IIL RESULT AND DISCUSSION
Presently we are working on PBCnhallﬂhm&,unwmuﬁmcwmdwpp«u.nrmekm
We have used combination of 0.035M I, 0.5M Nal and 0.5M Na;So, a3 an electrolyte, We have taken volume of the
electrolyte as variable parameter while semiconducting electrode and counter electrode of the cell remain constant for cach
experiment. We have found some interesting result which are shown blow. ®
Table: 1Experimental data (volume of electrolyte 250 ml).
I Ve le Efficiency (n
(mwicm?) (mv) (BA) Fus(aW) ek %)
10 514 317 8085 047 4.04
20 500 426 7590 0.36 1.90
30 481 4).2 6825 0.33 1,14
40 481 462 6875 031 0.86
50 490 46,7 8085 035 0.81
60 484 484 8175 035 0.68
70 493 50.2 7325 0.30 0.52
80 484 533 8600 033 0.54
90 452 50.7 8600 035 0.48
100 498 504 9600 0.38 048
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For each value of illumination intensity I, photo current 1, and photo voltage Vi has been measured. During the
experiment photo current I, and photo voltage Vi, is changed using port resister of | MQ and 200KQ. Then using
mcumed@uaoﬂphde,.mhaveMM?_,E(ﬁckmyuﬁﬁllfxwhbeenwﬁedalusimﬂ\eirfamdn.
Same experiment has been repeated for electrolyte volumes of 100ml, 150ml, 200ml, & 250ml..Table | and Fig. 2 shows
data and characteristic curve for electrolyte volume of 250mLIt can be seen from the graph that as illumination intensities I,
increases photocurrent also increases. Increase in illumination intensities I, generate extra photoclectron from the
semiconducting electrode. These extra photoelectrons generate additional photocurrent that can be seen from fig 2 and
fig.3. Open circuit voltage has been measured for each value of illumination intensitics I,. Here I, is varying from
10mW/em® to 120 mw/cm’,

Table: 2 Experimental data (volume of electrolyte 150 ml).

I Ve le P yax (nW) FF Efficiency (n
10 512 346 6055 0.34 3.03
20 534 41.1 9135 0.42 2.28
30 503 40.3 7450 037 1.25
40 527 41.7 7910 0.36 0.99
50 507 42.8 7105 0.33 0.71
60 521 43.1 8130 036 0.68
70 481 434 6875 033 0.49
80 515 394 8040 0.40 0.50
90 502 37 6900 0.37 0.38
100 510 39.3 6840 0.34 0.34
110 514 46.7 7575 0.32 0.34
120 516 49.1 8540 034 0.36

60

55

50

a5

40 4

kL

30

2

2

15

10

5

0 v v v - v - - —o A8 330

0 50 100 150 200 250 300 350 400 450 500 550
ph

Fig.2. photocurrent 1, — photo voltage Vpy characteristic of PEC solar cell for all I, (volume of electrolyte-250ml)
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Characteristic curve of photo current and photo voltage is illustrated in the sbove diagram. This agrees with the l;leotetical
aspect of PEC solar cell [7,8]. Here illumination intensities 1, occupy the values from 10 mW/cm® to 120 mW/em® for each

volume of the clectrolyte Using potentiometer for various resisiers I and V,, was being found out. For certain value of
Vi Iph remains almost constant,

()

10 A

T

0 50 100 150 200 250 300 350 400 450 500 550
Vph

Fig3, photocurrent Iy — photo voltage Vpy characteristic of PEC solar cell for all I (volume of electrolyte-150ml)
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Variation in fill factor with respect to illumination intensities is illustrated in the sbove diagram. Fill factor has been carried
out using following formula [8,9].

F.F.= Zos )
Foreldlnlueol'h,l’__v.mdl.wmmemed.Andforuchsinmionml factor was being calculated which are
shown in table 1 &.hbkz.meﬂudiagmnmeonchdeﬂml‘orl._-wmwm’ for volume 250ml fill factor attain
maximum value [8,9]).

*Efficiency of PEC solar cell:

0s

C o4
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Fig S.efficiency v — illumination Intensities I, (for volumes of electrolyte 100m,150m1,200m! &250mI)

Emdeucyofl’ﬂcmodlImbemwﬂedmﬁxud:vﬂmorl,.wfordiﬂmvolumao!melemolytemlng
following formula.

(o) N = ;o x100% @

\Vehveusedmkonduain;midofmeﬁuZMXImsﬁwofvmonhlllmimﬁmwmmm
of electrol hﬂ»mh&eﬁovedlmmmhﬂeﬂmul;iumemamymmeah-
10mW/cm PECsol-cellmﬂmmimumefﬂcﬂy.kmﬂlfomdhlheexp«hmlh:bownlnlhehbkl&hblc!.
Wedwmlodedubrwulalllmhhnmmmvolumeollbeebuolmlncmaemdemyofﬂ\el'ﬁcm
cell dlohmslnmlnvolmofdecmmemnmbaoﬂomwmh volumes. These increase in fon
duu!lyouuﬂhuebplﬁomwumdulﬂmulyhumemdmyoflhmwall [7.8).

CONCLUSION

l.PotunhlofSolarpowerprodwimlnMnhveryhage,Tedmlogymunbelmmvedloimnohrmgy
production o certain level,

z.mmmmmummmmmmmwm
3.lnowuperiuulmMMWeﬂkiatyofPECaolralldeermuwhhlllunhmhn intensities.

4. The decrease in efliciency is because of corrosion on the cooper electrode,

5. By changing the volume of electrolyte we can increase the efficiency of PEC solar cell.
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ABSTRACT

The MoSe;, 2 member of group-VI has come out to be one of the most promising materials towards its various
applications. Molybdenum Diselenide (MoSe;) have been grown using direct vapour transport technigue (DVT).
Resistivity and Hall Effect Measurement: The variation of resistivity with temperature, activation energy and
anisotropy properties were analyzed. Hall Coeflicients, Carrier concentrations and mobility have been calculated
using Hall Effect experiment. The variation of resistance with pressure for MoSe; crystals has been analyzed. TEP
Measurements: Measurements of thermoelectric power in temperature range 300K — 425K confirms that MoSe;
possess n-type conductivity. The variations thermoelectric and electrical properties with temperature are discussed.

Keywords: Direct vapour transport technique (DVT), Resistivity, Hall Effect, Thermoelectric power (TEP).

L INTRODUCTION
(1) Resistivity and Hall Effect Measurement
(§) TEP Measurements
(1) Resistivity and Hall Effect Measurement

According to the band theory, the energy levels of semiconductors can be grouped into two bands, the valence band and the
conduaimblnd.lnlluptesemeofmexlmllcleaﬂcﬁeldklslhecleamlnnvﬂmehnddmunmftedy.
thereby responsible for the electrical conductivity of the semiconductors, In case of intrinsic semiconductors the Fermi level
lies in between the conduction band minimum and valence band maximum. Since the conduction band lies above the Fermi
levcl.uox.mnmw“dmm“wﬂuh.mmmmmmmmﬂd&wmnmlsnol
mw-mmmumgmwlmmormmwmmw
mﬂﬂmhmofmmkmwofﬂnmbmdm.mmwmwmfollowsmuponemill
relation with temperature which is denoted by following equitation. [1).
R=Roel™/T ... ~(1)

The electrical resistance of the crystals along the basal plane was determined by Van der pauw method. Hall measurements
were carried out to determine Hall coeflicient, mobility and carrier concentration [2-4].

(i) TEP Measurements
TMDCshlvebemmedfwwyymuwlumlmumoovolhidmmnknw:mm converters,
Schottky and liquid junction solar cells, catalysts in many industrial epplications and in secondary batteries etc [5-6].
wuwarumormwmmm-lnmymmwmm
elecwchemlal(PmlishmoflmmwmnmmwpmmTheyIuvellaol‘mmduse
in Schottky barrier devices, photovoltaic and photo electrochemical solar cells ns a flexible electronic material In recent
years [4-6].

IL EXPERIMENTAL/METHODOLOGY

()] Resistivity and Hall Effect Measurement

The de resistivity (p) of MoSe; crystals perpendicular to c-axis and parallel to c-axis was investigated by using dc resistivity
apparatus. It can be investigated by the following techniques: (1) Van der Pauw technique and (2) four probe resistivity
method. mmiuivityofllu:pocimmmbeMudlﬂmmmmmbypr'mmm We have used
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four probe resistivi mhodsfawhvewmnmmwdcmmvhy mmm;mfwned.on
bo:tl plane in Il:‘,direcxionpudld 10 c-axis and in the temperature range 378K-823K. The crystals having irregular
shape and larger size were normally selected for investigating their electrical behavior through four probe resistivity
MMI-ZLNManthm;:;ldwwm(grm
P = 2SR...ccearacsnn
"hutsisxhe&ﬁmbummm-\d‘k'klhcnﬁmb«mmuobc[l-é].

(ii) Thermoelectric Power measurement .
lfu!wmmaﬁmarbamnthcmcndaohmhumn,nwndseunmopowerohmnl
is conventionally defined as:

Where AV is the thermoelectric voltage seen at the terminals.
Hae.lgain.mﬂnfumulsfah&ebwkeoemdmuﬁmudgnm:xpﬁdc

7P _Vulc = Vﬂ#
Tiep — Tright... ..o )

B BT ccorsecummamirission (5)

M'kﬂ'w'ﬁ#mmmaumwmmemodmuimlsmdemoodumu
mullipliuion.MifSlsposhive.lhaﬂwiﬂnheMgbuwbuﬂtlawetvohagc.lndvlcc-vmmdlh
daclﬂcﬁddwillpoimmmemdmlonud\emmwmul.Mhlmhmﬁgnlnn\eMeqmion:uﬂs
bmummmﬁmmmwwmwhwmmmuemmm
mmumwummmgmmmlml.

1L RESULTS AND DISCUSSION

() Resistivity and Hall Effect Measurement
‘n:emlslivityouﬂnedﬁmd\eabweeqmbnisplonedulfumionofuwmdmdnmhﬂgml-\d
Figure 2 for MoSe; crystal [1, 3).

ltkmﬁmﬁﬁﬂy@mawmﬂdbw&hm%hmmmmumlw
mmwumiaormWemlmmmmmowomm&,wh-mwu
material. ‘
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Figure 1: Variation of resistivity with temperature Figure 2: Variation of resistivity with temperature.
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Figure 3 and Figure 4 shows the variations of the electrical resistivity p (represented as log p) against temperature
(represented as 10’ /T). It is clear that the electrical resistivity of all investigated samples decreases with increasing
temperature, i.e. exhibits semi-conducting behavior, according to the well known relation

: PP €XP (“EJKT) coocinninninnnnnarannnns (10)
Here p, is a constant and Ea is the activation energy of the resistivity [5-7].

Activation Energy:
30 25
2% 1 2
20 4
fogpL 15 ! "’l 15
@m0 om g
05 05
00 v =y s 0 v v v
333333333 1949%39“333'3337
1000/7 1000/ 7
e - U . XIS Cla 21
Figure 3: Variation of resistivity with the Figure 4: Variation of resistivity with reciprocal of
reciproeal of temperature (< to C Axis) temperature (|| to C Axis).

Modifying equation (10) we get following relation between resistivity and temperature
logp = = ez [¢] # Aerinici an

ltmmuu&whoflog(p)-ollTllmﬂdbenﬂfdghll‘m‘!‘heMoHo;(p)vm 1000/T shows almost a
straight line which matches with the graph observed by Mahalway and Evans for MoSe; [8]. Using standard formula of
straight line and eq. (11) we get the following formula for the activation energy,

Ea=2303 x kxslope (eV) coovivvanens (12)
lluekhnaduammmmlvubnmylsbdmc-ﬁedwuslngslopo!ﬂnﬂgu:!mdﬂmtm
xﬁmimmvdmdewmhedﬁmmeﬂmsmdrigm4hubuludhhbk 1. The value shows that the
xﬁnﬁmwfawﬂlclmcnbhmﬂmwcuhmcuhn-ll.

Table 1: The activation energies calculated from Log (p) vs. 1000/T.

Activation Energy E, (eV)
Sample ()l c-axis) (L c-axis)
MoSe; 0.2854eV 0.2060eV
Anisotropy:
0.05 1
0.04

0.03 35
pl /ell
0.02 -
0.01 - \\

LY YV VVVIVVL S TV
0.00 r—v—

223333233333 337
1000/7T (K?)
Figure 5: Variation of anisotropy with the reciprocal of temperature
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In our investigation anisotropy measurements have been carried out in the temperature range 378K-823K. From the ratio of
the data of high dc resistivity measured from parallel and perpendicular to the c-axis. It is seen in Figure 5 that the
anisotropy ratio  increases with the increase in temperature, This variation of anisotropy with temperature shows an
identical behavior to that reported by Zheng et al [2].

Table 2. Results obtained from resistivity, Hall effect and optical absorption measurements for the crystals of MoSe,.

: Crystals MoSe,
Hall coefficient (cm’/coul.) 14.685
Hall mobility (cm?/VL( 5) 7936

Carrier concentration (cm™) 4256 x 10"

The variation of resistance with pressure for MoSe; is shown in figure 6, In this case it is seen that the resistance for crystal 0
decreases gradually with pressure up to 8 GPa. However, the samples became more conducting in nature at higher pressures

[9]. This decrease of resistance is probably attributed to the charge carriers of valence band contributing to the conduction

band carriers. The results of measurements are listed in table 2.

1.2 LogR Vs Pressure(Gpa)
11
14
e 09 -
o 0.8 4
8 o7
06 -
05 p
0.4 ' v . .
0 2 Pressure (Gpa) ¢ 8

Figure 6: The variation of resistance with pressure

(i) TEP Measurements ’

The crystals of MoSe; were grown by direct vapour transport technique using a two zone horizontal furnace. The crystals o
grown were found to be in the form of thin platelets having opaque appearance with perfectly shining surfisces. These

grown crystals were first characterized by thermoelectric setup developed for this purposes [8, 10).

S{uV)/(AT) VS 1000/T .
.!!5?1&:5!:555 Vo, il 2
4000 5 . L
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S 2000 2 !
e e
-4000 Rt
4200 1008/7
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~Teoe i
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Figure 7: Thermoelectric power variation with Figure 8: Plot of Seebeck coefficient(S) vs.

laverse of temperature temperature (T). 1
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TMVﬁubnoflhmbcukwm‘S‘fmcrymdMoSe,ndlﬂmm
s= XA+ 2]y

Ilhubeuluenﬂmlhethetmoelectﬂcpowu' y

drpunduneoflh:lhamoclecuicpowor-

peratures nre shown In Flgure §,

' prouloflanpamamﬂ’ fze o
Wﬁmwhae&wAunbedaum
TEP wi " e u\ed.ﬁ'onlhulopemi!m!xp(

respectively. Fi 7 shows G varlation of
unmmforMoSe;crysulslwl. e

CONCLUSION

. MoSe.uymlmwubyDVl‘kthm

mmuwhmummﬁ.mmknoztmvumvmm
It is observed that TEP increases with Muhnmmhrowuum».mivsmn
found to be equal to -6104.52 (uVyk,

nnmdixlm:dephololndu.
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