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ABSTRACT

The objectives of this research were to prepare dye sensitized solar cells (DSSCs) using titanium
dioxide (TiO2) based on three natural dyes of tamarind, eucalyptus globulus and teak plant.
These dyes were co-sensitized in equal proportions then used in the solar cell.

The performance of DSSCs was improved through co-sensitization of the natural dyes. The
results showed that combination of teak and tamarind had the highest open circuit voltage of
0.58V and then combination of teak, eucalyptus and tamarind also had the highest short circuit
current density of 0.75mA/cm?and the highest efficiency was obtained with the three
combinations of the dyes and it was 0.27%.

Dye sensitized solar cells were fabricated using TiOz as a semiconducting layer and natural dyes
as photosensitizers. Thin layers of nanocrystalline TiO> were prepared on transparent fluorine
doped tin oxide (FTO) conductive glass. Doctor blade method was used in the coating process.
Three natural dyes were used namely; leaves of teak, eucalyptus globulus and tamarind. The
absorption spectra of these dyes were performed. The I-V characteristic curves of all fabricated
cells was measured, plotted, and analyzed. The parameters related to the solar cell performance
were presented such as the maximum absorption peak ( Amax), short circuit current (Isc), open
circuit voltage (Voc), maximum power point ( Pwmax), fill factor (FF), and efficiency (1), where
the absorption spectra of all dyes and the J-V characteristic curves of the fabricated cells were

presented. The output power was calculated.
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TiO2 Titanium dioxide

Amax  peak wavelength

DSSC Dye Sensitized Solar Cell
Rtp Room Temperature

Te Teak

Ta  Tamarind
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FTO Fluorine Doped Tin Oxide
Voc Open circuit voltage

Isc  Short circuit current



LIST OF FIGURES

Figure 1 World energy cONSUMPLION DY SOUICE 2014 ......c.coviiriiiiiieiieeisisieieie et 0
Figure 2 leaves of teak plant Figure 3 leaves of tamarind Figure 4
1EAVES OF BUCAIYPIUS ....ecvvee ettt sttt et et e s ae e b e be e st e sbeete e st e sbeereenbesreennenreans 2
Figure 5 a schematic diagram of @ DSSC aSSEMDBIY ........ccviiiiiiiiiiccc e 5
Figure 8 showing the structure tamarindus INICA ...........cccvvveviiiiic i 13
Figure 9 showing the structure of teCtona grandiS .........cccvvvvieiiiiiiic i 14
Figure 10 showing the structure of eucalyptus globUIUS............ccviiiiiicic e 16
Figure 11 preparation of the titania PaSte..........cccveii i e 21
Figure 12 sintering 0f the BlECITOUES........cciiie et re e e 22
Figure 13 Assembled dye sensitized Solar Cell 1 ..o 23
Figure 14 UV-Vis absorption Spectra 0f the dYeS.........cccciiiiiiiiiic i 24
Figure 15 FTIR spectra for the EUCAlYPIUS EXIFACT.........ccciiiiiiiiiieeees e 25
Figure 16 FTIR SPectra fOr teak EXIIACT.........ciiriiiiieiiis e 25
Figure 17 FTIR spectra for tamarind eXIFACE ...........coviiiiiiiiieieeeees e 26
Figure 18 J-V CUIVE TOr NDZ GYE .....c.oiiiiiiiiiieiteieeee sttt ettt 27
FIgure 19 J-V CUIVE TOr ND5 YES......cciiiiiiiieiiiieieiee sttt bbbttt nn s 27
Figure 20 J-V CUIVE TOr NDB TYE .......oouiiiiriiiieiieieieeee sttt nb e 28
Figure 21 J-V CUIVE TOr ND7 Y ..ottt bbbttt sttt 28
Figure 22 showing dye extraction Figure 23 UV-VIS

Characterization OF The Y ..ottt 35
Figure 24 assembling of the DSSC Figure 25 testing

OF TNE DISSC ...ttt et b et sttt e e Rt R Rt R e b e Re bR bt e Rt e Rt Rt R e R R R nn et nenes 35

Vi



LIST OF TABLES

Table 1 Photovoltaic parameters of different dyes fabricated ............cccoeiriiiiiiieicc 10
Table 2 Performance parameters obtained by modifications in electrolyte ... 11
Table 3 showing the various composition of the dye exXtractS ...........cceveiiiiiiiiineeee e 19
Table 4 performance analysis of the SOIar CEIIS ........ooiiiiie e 29

viii



Table of Contents

ABSTRACT ettt h et h e e ht et e s bt et e s bt e a e et e s bt et e e b e e he e bt e bt e a b e bt e at et e ehe et e sheeatenbesaeenes ii
DECLARATION ..ottt ettt ettt sttt s he et bt et e st e e bt et e s be e st e bt eae et e sbeeatesbeeatenbesbeentenbeeateneas iii
APPROWVAL ...ttt ettt et b e s bt st st e e bt e bt e e bt e she e s ate s abe s bt e be e bt e sbeesheeeateeteenbeens iv
ACKNOWLEDGEMENTS ...ttt sttt ettt he e st e st e st e bt e b e e sbeesbeesateeateebeesbeesaeesanenas v
LIST OF ACRONYIMS ...ttt ettt sttt et h et s bt e a e e s bt e ae et e s bt et e st e eatenbesbeentenbeeaseneas vi
LIST OF FIGURES ...ttt ettt sttt st et b e s ht et bt et et eat et e sbe et e sbeeaeebesbeenee vii
LIST OF TABLES ... .ottt ettt ettt sttt e b e b e e s bt e sae e sateeateenbeesbeesbeesaeeeane viii
Chapter 1; Background t0 the STUAY ........cc.coueieiririnereiee ettt 0
1.1 INEFOTUCTION ...ttt st b ettt e bbbt st b et et et et e st eseebesbeebenten 0
11,1 ENEIQY FBSOUICES ..ceeuveerureeeiteeeaeteesiteeesseeesseeesseeessseeasessssseesssesesseesassessssesssssesssseesssessssessnseessnsenenns 0

1.2 ProbIem SEAIEMENT........c.eiieiiteiete ettt 2
1.3 ODJECHIVES OF the STUAY ....c.veeeeeieiieieee ettt sbe b e 2
1.3.1 M@IN ODJECTIVE ..ttt ettt eb et b ettt et et eseeaeebeneenen 2
1.3.2 SPECITIC ODJECTIVES ...ttt sttt ettt sbe s 2

1.4 JUSEITICALIONS ...ttt ettt ettt b ettt b e 2
1.5 Scope and limitations 0f the PrOJECT..........cveiiieee e e 3
Chapter 2 LITERATURE REVIEW ..ottt sttt 4
2.1 INEFOAUCTION ...ttt ettt se et b et nn e 4
INEFOTUCTION ...ttt ettt b bbbttt b e b et e et e et e b e e b e ens 4
2.2 Components of a dye sensitized SOIAr CEll ...........coi i 4
2.2. 1 WOTKING EIECIIOUE ..ottt sttt ettt et e ae et s be e e e st e eraenbesbeessenteereenes 5
W =14 a L Tole] oo [N Tox (o gl Y U 5
2.2.3 DY ettt b bbb bbbttt 6

2.3 The concept Of SENSITIZALION. ......c.cciiieiieceeece ettt et st be bt este e e e besreenes 7
2.4 Review of improvements in SENSITIZENS ......c.oovieeciiieeeececece ettt ettt s re e besaeenes 8
2.4.1 Development Of NOVEI AYES.......ccviieiiiceeeseee ettt st reenes 8
2.5.2 Other IMPIrOVEIMENTS.......eciiiiieeeiieteeiese ettt et e este et e s e e e e te et esesreessessesseessessesssesessaensessenneas 10
2.5.3 Review of improvements in leCtIOIYIE ........ooveeveieceeeceeeeee e 11

2.6 Key Challenges and ReCOMMENTALIONS..........eeoieriirieriiriee ettt ettt st st 12
2.7 Plant leaf extracts Used as dYe SENSITIZEIS ......ccviieeiieeiieeie e st e ete et teeteesteesre e sre e teesteesreesanesnneens 12
2.7.1 TamaArinAUS INOICA.....c..euirieuirieiirieiirietrt ettt ettt 12

F O - Tox (o g W o = T [ RO 14



2.7.3 EUCAIYPLUS GIODUIUS ...ttt sttt s ra e st esbesaa e s e neennas 16

Chapter 3 METHODOLOGY ..ottt sttt sttt s te et te s e saesvaessestessaensessaessessesssessesseessessesseans 19
B L INEFOTUCTION ...ttt ettt b sttt ettt e bt b e s b e st e b e e e e et et eaeebenbenrenneneens 19
3.2 DEVICE TADITCALION ...ttt ettt sttt ettt e b sbe b bt 19

B2 L MALETIAIS ..ottt 19
BL2.2 TOOIS ettt ettt r e 19
3.2.3 Preparation of natural dye SENSITIZETS ........ccevvevieieieireresteseee et 20
3.2.4 Preparation Of TiO2 PASTE.......ccueviieirirtenterteteet ettt ettt ebe e seenes 20
3.2.5 Preparation of TiO2 EIECIIOUE.........cceririreirieieieee et 21
3.2.6 DSSC ASSEMDIING.....ccitiitieieitieieiteiteeteste ettt te et e st e et e s be et e steebeesbesteessesbeessessesseensesteesaensesanenes 22

Chapter 4; ReSUIS and DISCUSSIONS .......ceevviitirierieireeiesteeeestesteestesteseessesreessestessaesesseessessesssessessesssessesseens 24

4.1 AbSOrption SPECtra OF the AYES.....c..cveiiiririirieie e ettt 24
4.1.1 UV-VIS SPECLra OF the AYES ......cveuieiiriiriinierieeteeet sttt ettt s 24
4.1.2 FTIR Spectra Of the dYe eXITACTS .......cccevirirerieieieieeiestesteste ettt 25

4.2 J-V Characterization 0F DSSCS .........ccuviiriiiriiinieieieret ettt 27

4.3 Performance analysis 0f the SOIar CElIS ..o 29

CHAPTER 5; CONCLUSION, CHALLENGES AND RECOMMENDATIONS ......ccoccoiiiirieineenieneene 30
CONCLUSION ...ttt sttt ettt sttt et e s bt e sat e satesabesabe e beesbeesseesasesnteenseeteesaeesasesas 30
CHALLENGES ...ttt ettt ettt e bt sat e s ae e st e s bt e bt e sbeesbeesateeateeateenbeesaeesanenas 30
RECOMMENDATIONS ...ttt st sttt s b e st e s bt e s ab e s at e st e e beebeesbeeemeesaeeeneeentean 30
RETEIEICES. ...ttt bbbt b e bbb bttt b et e st bttt b e bt e ens 32
APPENDICES ...ttt b e ettt h et b e a et sb e et e s b e sbe e besbeent e b sae et e ebeeanen 35



