Fabrication of dye sensitized solar cell using produced platinum doped multiwall carbon nanotube as counter electrode.
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Carbon nanotubes (CNTs) were synthesised by catalytic chemical vapour deposition (CCVD) method. The synthesised CNTs was purified with acid to remove the catalyst impurities and to enhanced deposition platinum (Pt) onto the CNTs surface. Platinum multiwall (Pt-MWCNTs) nanocomposites were produced by a wet impregnation technique and a known amount (0.5 g) nanocomposites was dispersed in Texanol and Acrylic resins to form a paste. The paste was screen printed on an FTO glass substrate. Surface morphology, chemical composition, crystallographic structure electrical performance of the obtained Pt-MWCNTs nanocomposites were confirmed by HRSEM, HRTEM, EDS, XRD. The produced MWCNTs and Pt-MWCNTs were used as counter electrode to fabricate the dye sensitized solar cell. The efficiency of MWCNTs, Pt-MWCNTs solar cell were found to be 0.28 and 1.71 respectively and the cell with Ecolcarb was found to: 

INTRODUCTION
Dye sensitized solar cells (DSSCs) have attracted much attention recently and becomes potential alternatives to conventional silicon solar cells. This is due to their ease fabrication process, environment friendly materials, relatively low cost and moderately power efficiency values (O’Regan and Gratzel, 1991; Nakade, et al, 2002; Siwach et al., 2017; Siwach et al., 2019). A typical DSSC device is made up of four main components: a photoanode (TiO2 or ZnO), a sensitizer which is the dye, a redox coupled electrolyte, and a counter electrode (CE). The photoanode is usually fabricated from titanium oxide (TiO2) or zinc oxide (ZnO) nanoparticles and the surface is covered with the sensitizer dye molecules. A redox couple made up of iodide/triiodide ions dissolved in acetonitrile serves as a liquid electrolyte in DSSCs. As a result of high catalytic activity towards reduction of electrolyte, platinum (Pt) is the most common material been employed as a CE in this device (Sedghi and Miankushki, 2014; Siwach, 2019). Pt based DSSCs have achieved high efficiency values of about 13.0 % (NREL 2024) but high cost and limited stores of this metal are the major factors that increase the overall cost of DSSCs and hence hinders the commercialization of this cell on large scale (Chiba et al., 2006). Recently, many carbonaceous materials such as carbon black, graphene, carbon nanotubes etc. are being studied and introduced into DSSCs system as a low-cost replacement of Pt CEs owing to their special properties such as high surface area, good corrosion resistance towards iodine, high catalysis for triiodide reduction and low cost when compare with the cost of platinum metal (Siriroj, et al., 2012; Siwach et al., 2019). Among them carbon nanotubes (CNTs) have attracted huge attention due to their outstanding properties like excellent electronic properties, high mechanical strength, and good thermal stability (Zheng, et al., 2015). Lee and his group employed single wall carbon nanotubes (SWCNTs) and multi wall carbon nanotubes (MWCNTs) as CEs in DSSCs and obtained efficiency of 4.03 % and 4.36 % for SWCNTs and MWCNTs CE respectively (Lee et al., 2010; Siwach et al., 2019). This value which is higher than the DSSC based on Pt based counter electrode. Hence there is a crucial need for a low-cost CE which possess high catalytic activity that can significantly increases the practical applications as well as commercialization of DSSCs. 
In this paper, CE based on Pt, MWCNTs, and Pt/MWCNTs were Synthesized and their effect on photoconversion efficiency of DSSCs were investigated.

MATERIALS AND METHODS
[bookmark: _Hlk498509068]Materials for Dye sensitized Solar Cells (DSSCs). 
All chemicals that were employed for this study were analytical grade, ranging from 98.0 to 99.9 % purity. 
Synthesis and characterization of MWCNTs and Pt/MWCNTs counter electrodes for dye sensitized solar cells was previously done in our earlier study (Ibrahim et al., 2017; Aliyu et al., 2017; Afolabi, 2009). N749 dye (Black dye), FTO (15 Ω sq-1) were purchase from Solaronix in Switzerland, and MWCNTs which was previously synthesized was used to produced Pt-MWCNTs and finaly the prepared Pt-MWCNTs was used as counter electrode (CE) material. The 
 Polyethylene glycol (PEG20000) was purchased from Himedia (India). De-ionized water was used throughout the experimental procedure to avoid contamination. The DSSC photoanodes were fabricated by doctor blading the TiO2 nano powder on pre-cleaned FTO substrate as it was discussed by (Siwach, et al., 2017).  
The MWCNTs was treated with acid before their use as CE of DSSCs. The procedure for acid treatment of MWCNTs was described in our previous studies (Ibrahim, et al., 2017; Afolabi et al., 2011) The Pt CE film was prepared by dropping H2PtCl6 solution on the FTO glass and then annealed at 400 °C for 30 min. The MWCNTs CE and Pt/MWCNTs CE films were prepared by coating their pastes on the conducting side of the FTO glass with doctor blade method and annealed at 400 °C for 30 min. 
The paste of MWCNTs was prepared by grinding the acid treated MWCNTs powder and the binder carboxymethyl cellulose (CMC) with de-ionized water in a mortar & pestle for about 1 h. Similarly, Pt/MWCNTs paste was also prepared by treating MWCNTs (0.2 wt%), CMC and H2PtCl6 (0.2 wt%) with acid using pestle and mortar for about an hour. (Ibrahim et al., 2020: Abdulkareem et al.,2016) 
The DSSCs having different CEs were assembled by using a sandwich-type configuration. Now, the DSSCs with different CEs such as Pt CE, MWCNTs CE, and Pt/MWCNTs CE were assembled in a sandwiched configuration i.e. by putting dye loaded TiO2 photoanodes on the top of each CE, respectively and finally filled with an iodide/triiodide based liquid electrolyte to complete the cell structure. Solar simulator was used to to determine the current-voltage(I-V) characteristics of the cell.
For UV- Spectroscopy measurement, UV-VIS Spectrometer, 1800 series was used to measure the absorbance of the particular layer:



RESULTS AND DISCUSSION

Figure 1: The peak absorbance of MWCNTs and Pt-MWCNTs. 
The optical band gap of CNTs and Pt-MWCNT were evaluated from the absorption spectra using Tauc plot and using the equation (1) below.

Where:
A is a constant, Eg is band gap, n is different allowed transition
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Figure 2: Optical band gap of MWCNTs was found to be 1.62 eV
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Figure 3: Optical band gap of Pt-MWCNTs was found to be 2.52 eV
Current-voltage analysis
The efficiency of the cells was calculated by the product of Voc, Jsc and FF divided by a Voc of 100mW/cm2. It was under an illumination of AM 1.5 (Pin). 
The formula that was used for the fill factor (FF) and efficiency are:
FF (fill factor) = 
  =  x 100

ECOLCARB: - Current voltage analysis
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Figure 4: Current-voltage Curve for Ecolcarb
DSSC Efficiency FOR ECOLCARB WAS CALCULATED AS:
		Jmax = 0.39 mAcm-2
		Vmax = 0.41V
		Jsc = 0.62 mAcm-2
		Voc = 0.46V
 		
		
 =16 %
MWCNTs: Current voltage analysis of MWCNTs

Figure 5: Current-voltage Curve for MWCNT
DSSC Efficiency FOR MWCNTS WAS CALCULATED AS:
		Jmax = 0.61 mAcm-2
		Vmax = 0.38V
		Jsc = 0.75 mAcm-2
		Voc = 0.46V
 		
		
 = 
Current voltage analysis of Pt-MWCNT
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Figure 6: Current-voltage Curve for Pt-MWCNT
DSSC Efficiency FOR Pt-MWCNTS WAS CALCULATED AS:
		Jmax = 0.40 mAcm-2
		Vmax = 0.41V
		Jsc = 0.72 mAcm-2
		Voc = 0.46V
 		
		
 = 
Table :  I-V Characterisation Parameters of DSSC with MWCNTs, Pt- MWCNT and Ecocarb 

	Counter Electrode
	V0C
	JSC
	FF
	 %

	ECOCALB
	0.46
	0.62
	0.16
	0.16

	MWCNTs
	0.46
	0.62
	0.66
	0.28

	Pt-MWCNTs
	0.46
	0.72
	5.15
	1-71


SUMMARY: Current-Voltage Analysis 
Table :  I-V Characterisation Parameters of DSSC with  ECOLCARB; MWCNTs, Pt- MWCNT 
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Absorbance (a.u)




3.2497989999999998E-3	9.6576560000000006E-3	1.6649001E-2	2.2692321000000001E-2	2.8402673999999999E-2	3.4908845000000001E-2	4.1475426000000003E-2	4.7788440000000001E-2	5.3092430000000003E-2	5.9615976000000001E-2	6.5101289000000007E-2	7.1785196999999995E-2	7.8005618999999998E-2	8.3718992000000006E-2	8.9976534999999996E-2	9.5899256000000002E-2	0.101925527	0.1080846	0.114097095	0.11997705	0.126193897	0.13246967000000001	0.13850327100000001	0.14442159600000001	0.15018057900000001	0.15600837300000001	0.16205540399999999	0.167878733	0.17389829500000001	0.18036627	0.186801992	0.19309499899999999	0.19883152600000001	0.20444794699999999	0.21134424800000001	0.21637103599999999	0.22275988199999999	0.22963525200000001	0.23532544399999999	0.24111865399999999	0.246974207	0.25378000699999997	0.25966115699999998	0.265354751	0.27101092500000001	0.27720528999999999	0.28316264400000002	0.28867042399999998	0.294743166	0.30119568699999999	0.30733946099999998	0.31384783999999999	0.32006776199999998	0.32621119599999998	0.33245458	0.33835062300000002	0.344404031	0.35059815599999999	0.35703265299999998	0.362350375	0.36805368700000002	0.37467211900000003	0.38049359799999999	0.38657816900000003	0.39314166299999997	0.399173318	0.40471701999999998	0.41104362	0.41762703699999998	0.42307605500000001	0.42883157199999999	0.43499191300000001	0.44112357099999999	0.44742298699999999	0.45372912999999998	0.45930405699999999	0.46434892100000003	0.47101005099999999	0.47695585400000001	0.48360294599999998	0.48905892099999998	0.49513396900000001	0.50205625700000001	0.50764480000000001	0.75273000000000001	0.75741000000000003	0.75681999999999994	0.75144999999999995	0.74425999999999992	0.74548999999999999	0.74004999999999999	0.74038000000000004	0.74155000000000004	0.74238999999999999	0.73939999999999995	0.73814000000000002	0.73649999999999993	0.73952999999999991	0.73368	0.73102	0.72980999999999996	0.72160999999999997	0.72017999999999993	0.71604999999999996	0.71447000000000005	0.72117999999999993	0.71856999999999993	0.70891000000000004	0.7113799999999999	0.70960999999999996	0.70368000000000008	0.70943999999999996	0.70281000000000005	0.70169000000000004	0.70268999999999993	0.69740000000000002	0.69498000000000004	0.6874300000000001	0.68453999999999993	0.68825999999999998	0.6874300000000001	0.68391999999999997	0.68066000000000004	0.67747000000000002	0.67544999999999999	0.67980000000000007	0.67345999999999995	0.6711100000000001	0.67865999999999993	0.67487000000000008	0.67042000000000002	0.67031999999999992	0.66914000000000007	0.66286	0.65890000000000004	0.65516999999999992	0.65068000000000004	0.64888000000000001	0.64455000000000007	0.62525000000000008	0.62142999999999993	0.63371	0.62779000000000007	0.61362000000000005	0.61412999999999995	0.60935000000000006	0.59355999999999998	0.58965000000000001	0.57216999999999996	0.55814000000000008	0.54259000000000002	0.52010000000000001	0.49025000000000002	0.45384000000000002	0.41162000000000004	0.35122999999999999	0.28977000000000003	0.22519	0.14465	3.0700000000000002E-2	-6.454E-2	-0.18513000000000002	-0.32449	-0.46857000000000004	-0.64272000000000007	-0.85682000000000003	-1.0560700000000001	-1.2403999999999999	Voltage (V)


Cureent density J (mAcm-2)
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