FREPARATION OF DYE-SENSITIZED SOLAR CELLS USING FLOATED
GRAPHITE'GRAPHENE COMMISITE FILM AS A COUNTER ELECTRODE
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1. NTRODUCTION

Silicon solar call is the most commarcially avadlable solar cell in the world dus to it high
sfficiency and dursbility. memﬂtmm“lmﬁu&mhplmﬂm
salar calls, Prodoction cost of sifcon solar call s wery high and advnced technologies are nsed to
maks silicon solar calls. Most of the highty efficient Silicon-based solar colls mses wingle orywial
ulicon Simgls crystals of slicon ame wery expensive cwing o the fact that silicon has been
synthesized fom peme silica end the process invehwe the mduction of slica at alnvated

s msing coke. This process generates toms of carbon dioxids [1]. Hence the fabrication
of silicon solar cells 35 not savironesenially fsndly at all. O Regan and Gramel fret reported high
efficiemcy DS Cs in 1991 DECs am comypetitive alsmatives to mditom] thcon-based solar calls.
DEC: are of low-cost and kbawe comvemiont fabmication procedurss. This  elsctrochamical call
comtams I'T; alectrolyte, smiconductor Ti0; mesoporons stucturs costed with monclyyer Bn
baned N-T1% dye and a countwr alectrods (CE). The kighest eported affcincy fora DSCis 11.5%
[Z]. When comspared to silicon solar cells DECs are low cost and sasy to Sticate [3]. na DEC
light is absorbed by 2 sensdtiver, which is attachsd to the serface of a wide band gap semvcondncior
material sech & Ti0,, o0 or 300, [4]. Charge separation taes place at the inturface via photo-
mmqmmhhﬂmhmhmﬂn&&nmﬂl Carrisrs ars
tansporied m the conduction band of the sspdcondnctor to the charge collector. The nse of
semitizers having 2 broad sbsorption band i conjemction with cxide Sibms of mmocrystalling
mesoporows mosphology pemmits to harvest a large faction of sunkight DECs also wse Lghtly
platinizod finorme-doped tin oxide (P+-FTO) a5 the counter alectrodes. Bat the me of platiomm
adds a high cost to the DEC device. To overcoma this probleam, #t is desimhle to wsarch for low-
cost alternative materials for plationm that kave high catahytic activity towards tri-fodide reduction
[5]. Graphits has a high slectromic conductivity and bensficial catalytic properties [§]. It is readihy
available in 51 Lanka and low cost. Graphene in another maderial got great atisoticon as CEs
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DECk dus to ity distinetive and mmiqne proparties [7]. Graphons nsed i this stady was synthevized
starting from 5r Lankoan wein graphite of over 98.0% [B] purity ming Hummen” method.
Dwruloping 2 low-cost, scresor-printed composie material comprising of graphsns and floaisd
graphits mixtue for wme 2 CE for DSCs cam be a good alemative for plationm. Floated
graphite’graphens composite materal was deposited cm an FTO gl plete and the resmlts
obtxingd from a device of the comfigumton FTONTIO,CheT-I, electolyiaFlosted graphite-
sraphane-FTD composite commisr alectmds & reported The optmiration o camied out by
changimg the thickmess of the compouts layer and the miwing raties of fSosted gaphite amd
Eraphens.

1 EXPERIMENTAL

In this stody, we developed a low-cost, sceen-printed composite materal comprising of
sraphono and floated graphite mixtere for wse a5 CF for DECs. Fimt, according to the modified
hum.m:mnﬂmd.hﬂmﬂhdmhrhtpu‘hshmcﬁpmj[]s}[gﬂ'u Bogala) was added i
Conc 50, scid (30 ml) (9E%, Marck) whils stiming n an ics-water bath. Then, EM=nO, 3 g}
{Sigma Aldrich) was gradually sdded by maintinmg the tecsperatrs undsr 10 *C. Then, the
solution was stxved 2t Toom temsperature for 25 minutes followsd by § mExutes soxication in an
uhrsonic bath. The stiming-somication process was repested for 12 times, 200 ml of distilled vater
was added and extra 2 hours ubrssomic treatment wat carmied out. Then, 1M MaOH swohtion (=
9B%, Sigra Aldrick) was added to adiust the pH at ~ &§ and the solution was sonicated for 1 hour
Tham, 20 g L-ascorbic acid (Sigma Aldrch) was dissobved in 200 ml distilled water and the
mixtare was slowly edded to the sxfolisted saphite cods mspsmion 2t reom tempamtue. Afsr
that, sobotion was hsated to 53 °C for | bowr Then, menltant black precipitres were dmphy
filtured by calluloss filter paper and wars forther wathed with 3 IM HCl acid solntion (37%,
Marck) and destilled water to meutral pH. Finally, the flirate was frews-drisd to obtzin graphene
powrdar [5].

Floated graphite was prepamed by ball milled gaphite (particls wize < 43 pm) [(99%,

Bngh) Graphite powdsr was added to a water beaker and it was boded wiing a Bunsen bumer

floated graphite on water surface was collected using a glass sirip io 2 soml] beaker Than it
mhatnﬂ.np-boll]l} 'C to evaporats sxcess watr io get the floaed graphite poadar.

The mmmmhmm[ﬁ]mwmhm{m
foxed gaphite pownder (1:1 wi ratio), distlled water, sthanol and carboarylic metinyl celluloss
{CMC) and grounding well in 2 mortar. Then the paste was scesn prinked om a finorine-doped tn
cxide (FTO) glass plate and simterod at 300 *C for 30 mizetes. The thicknsas of the compoesite CE
was vansd by changing the mumber of screan prinied layers on the FTO mbrirade. The workmg
slsctrode (WE) of the sclar cell was prepared by sprayving the Ty colloddal sobetion om a FTO
gl plate by spray pyrelyuis methed at 1530 *C and Snally simered at 500 *C ma fomece for 30
minates [2]. The Sle thickness was maintuined at 12-14 pm. Then, the mesoporoas Tl Sm was
soaied im a 030 mM solntion of mitheniom dye N719 in an anbydrons. sthamal for 12 hours. The
WE and CE am smemblod Ty sandwriching the alectrolye I'T; a5 the medox compls. The current
demity-volzge (J-V) measeremsants of the DECs wars recorded undar the: ilemmation of halogam
light source.
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3. EESULTS AND DISCUSSION

By kespimg the simfermg temperatere and Carboxylic methy] calbalose (CMC) amount
-cmhm.ﬂ:.utnm: of the £lm was vaned, in order o End.'ﬂmcvphmﬁ]mﬂuﬂmn::iurd:ﬁum
floaed graphite, graphens compeowitions such 2z 1:0, 1:1, 1:2, 2-]1 and (:]1. The tiockmess of the
flm was vared by applymg seveml loyven of composie prstes onto the FTO glss plate using
soTeen printing techwique and the thickmess was measered wsing a digital mvcromseter.

Taktde 1= ¥ ¢ w anal effizinzios of & dtioed selar ceils ueny Mosted grapheie : grphere in 1:1
ratar COF m & Function of ihe frickness =f fhe zoorier clacimde.
A | Ve | sxmacy [ rr [ PRaman
30 0562 5.40 0.43 125
+ [ S.60 0.31 317
0 [T 107+ 0.60 438
[ 0750 11.1% .66 351
T 0754 10.31 D.62 481
1) Q650 837 0.63 345

Table | shows the J-V data and comversion efficiancizs of the DECs fabricad by changing
the thickness of the composite counter slectrods ot keoping all other parameters constnt. Thare
is a systematic changs of short-circait curment demsity (J,-), Opsn circuit voltage (V) and £11
factor (FF), indicating a clear increass in sfficiency as the composite slectrode todmens & waried
from 30 pm to 80 pee. Incrosaing thickness forther is difficult due to the fact that 2 wmooth fle of
the componite material having a brgs thickmes: canmot be Sbricated without hening cracks m the
film Thiz mxy account for e deceess i efficiency after this opticyem composite maberial flm
thickness. The best parformancs (1= 3.51%) was achieved at the thickness of 0 pm and the bast
call showsd 2 short cinouit currsnt density (Jee) of 11.1 mA om™, upmmmrlml'hgﬂ-{'hmjofﬁﬂ
mV and £l fachor 65%. ﬁmmﬁnpmofltummmm
mesrtanrg (Roy), shest msdstmos (Bg) of the CF am imporiest Sechon. According to the abowe
photoveltaic parameters it can be cloarly sesn that the efficiancy of a solar cell pamly depends on
tha thickness of the catlytic layer. When mcreasing the thickness of the flms wp to 680 um the
eifficencies are ncreased may hd‘mboﬂnmnunfﬂndnﬁachmﬂ.fnnﬁhmﬂlmﬂ1h

edge plangs of the graphens lavers which are highly affect to the catalytic activity of a CE_ It is
claar that for a thick fim of CPu, the charge transfer madstancs i lower than for thin bryers and

this directly afects the Fill fSactor and Boy [10]. It can be sean that according to the abews table at
higher thicknesses the Gl factor is increased than at lowr thicknesses. Forther, the short cixcuit
cmmdmsrwﬂr}.mnwmdmnlmm thickness and thereaftar & dropped dus to the
aifect of sheet resistance As thickmess increased forther, the sheet resistance became prominent
and starts to affact the whort circudt current and rednrad the csll performansa.

Tubsle & Photrecliic peencion of T s with plstizum wd cosproiis cousior diecirodo (CEs

CEs Jsc (mid :-'bln Voo (V) FF Efficiency (Yo}
Pt 14.31 0,750 0.74 £

Copposite 1110 0748 066 331

1%
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The DEC Hbricated using usml FTO-Pt countor electods gave an efficiancy of B.0%% with
a short circuit curment density of 14.3] mA cm™, S0 factor of 0.7% and Ve of 7% =V. The
maxinemn power comersion efficiency of the foakd gaphite-gaphens composdts CF bawed DEC
is 3. Sl'i,wlnshm obtained from the contibutions of a shost-circuit currsat density of 11.10 mA
co”, 51 factor of 0.66 and Voo of 749 mV. Comsidering the couts of Pt and maphens-graphite that
wwmﬂmhlﬂkmmmmﬁil'iuﬁmmnummnlmﬂmﬁﬂm
afficiemcy for the platiwem-based countar alectroda. Tha J-V curves obtained for the dewvice: with
composite comnter alectrods and Pt-FTO countur slectrods ane shown in Fig. 1.
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Fig 1. The [-V Plots for P2 and |: | cosspeile cousier slecimde solar ozlb.

Appearancs and meaphiology of voresn-printed carbon layers graphens, graphsis, and 1:1
composite counter alectrodss ame shown in Fig. 2.

slectron microscopy {SEM) provides morpholegy 2nd stroctore of mnomateeials.
Tha SEM insges of the serface of the graphsns counter electrodes i shown in Fig. 2 (a) and 2 (h).
From the Fig. it can be obuerved thet graphene comnter electrods hes byered stuctom, widch
afford o whrathin and bomogeneons graphens fles The Fig. 2 {c) and 2 {d) shows the diffarent
magnifications of SEM imags of graphite coumer alectrods. From thess SEM images it i clear
that how the shests are salked together. The mmaphite counter slectods comuist of somall fakes and
bz nophomogeneons surface compared o graphene counter slectods. The SEM images of
composite counter electrods & showm in Fig. 2 (o) and 2 {f). The composite film forms an opan
lxyered stractnme with peres on the micromsster swcalo. From the throes different high magnification
SEM images shoun in Fig. 2 (), 2 (d) and 2 (£}, & cam be clearly sean that the diffsronces of the
surface morphologiss of graphszs, graphite and compesite counter slectrodes. Fig. 2 (f) simphy
shown the poreas surfacs of the composite counter slectrods at | pm megnification which kighby
affact to the serface ara of the film The SEM images of oow section of composite coumber

alectroda are shown i Fig. 2 {z) and 2 (k). These irages show how the layers am stack with sach
other.
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Fig 1 SEMimsgerof the muface of grphme couster loctrads (a) 10 g, (b) | pm, Mosted graphite counter
cectrods (o) 10 gm, () | g, compenite coumer electrode () 10 gm, () | g, oo section of composite ocunier
clectrode (g) x=d (h)

X-ray diffaction (XRD amalysis) is a unique methed in determization of crystallinity of a
compound. It iz the most widsly used techniqus for gemeral aystalling material charactenzation
XED i used to measume the average spacing’s betwesn laysrs or rows of atoms, determins the
crisataticn of 3 simgle arystal or zram. The XRD pattern obtained for graph graphite and 111
composite counter electodss were gven below. X-ray powder diffraction analysis was performed
using Siemens D3000 Powder X-Ray diffactomster maing Cu K a-radiation of wavelength A =
1.54060 om. The X-ray intensity was measured in the range of 15° < 26 < 45°. The observed XRD
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patiern for graphite film screen printed on a FTO glss plate is shown i Fig 3. | shown the
diffaction puzk of graphite £lm found arownd 16 = 266", cormesponding o the kighly organied
layer structors with inbarlryer distanes ~3.35 A" along the (102} orentxtion.

Fig 1. ¥RDxpecinem for febrceied graphis counier dlostrede

Tha 3FD patiem obearved for graphene film screan printed om @ FTO plate i showm in
Fig 4. The psaks which marked with stars ame comesponding to e (110), (101} and (2040) peaks
of the FTO pattern  The diffraction psak foend around 28 = 25 §° comesponding to the graphene
layer stroctore with average meclayer distance ~3.45 A” along (02} crisntation. Above two XRD
wpectums show there is 2 significant shift in &e psak positon of gaphsne and Faphite flos
alomg (M02) orentation, indicating am increass in o spacing from 3.37 A% 10 345 A7
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Fg. 4. XB.0 spectrum for Exbricaied graphens Fg. 5 ¥R D spectnum of compoeiis oouner
coumier cleckrde clerimde

The XFD pattern observed for gaphsns to graphite (1:]1 mtic) composite Slm soresn
printed om a FTO plate is shown in Fig. 5. The diffraction peak of graphene flm found around 26
= 1545" cormusponding to the graph layer stucters with aveags imterayer distaincs ~3.35 A"
alemg (002} onentation.
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3. CONCLUSION

In conchision, scresn-printed floated graphite/zaphens & a promising catabyst for DSC
comnter alecmodes. A wmecassfil procodnre was developed to Sbmicate foxted papkit-grapkne
composite skctrodes on FTO surfaces nsing 2 puposaly developed soesn printisg teckhmology.
Graphens weed was symthesived by Hommer's method starting fom S Lankan vein graphite of
over 58.0% purity. The thickzess of the composite hiyer was warsd by increasing the mnsher of
layers screen primded oo mooessdive lovers. The composite slectrods was mwed = the counter
alectrode i DECs and the -V parameters and comvenion efficiencios were determimed at sach
thickness. The best comverdon efficency of 5.51% was obiumed for the composite film with S0
mMmLMM\uamdmﬁmmlﬁmaﬁmttmtmmﬁ
1110 mA ez » Bl fctor of 0.66 and an opsn cixcuit voltage of 749 mV. Increasing the composite
lnwﬂnnhnubnrnnd.sﬂpmmnmmnﬂdnnmﬁnmﬁmhymmmﬁﬁhnfnmm

without cracking. The SFM image of the 1:1 composition simply mvealed that the high porosity of
the composite counter slectrode kad it to a kighest sfficiency and the sxfolixton of Fraphens
shesty ware confimeed by the XFD and the 5FM images. Also the obtained effickncy for the
composite Elm was comparable with that of Pt alectrodss. The DEC Sbricated ming usml FTO-Pt
coumter slectrode gave an efficiency of .09 % with 2 short cirouit current demsity of 1431 mA
cm’®, 6l facter of .74 and open circnit veltags of 759 mV. The lower effciency of the low cost
DEC commteraigh the higher afficiancy of the cxpensive Pt-comumter slectroda based TISC.
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