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ABSTRACT

The present study is to investigate the effect esAmic membrane coating with titania (B)Oagaints the
performance of photovoltaic cell using electrolgelution KI/Kk and carbon as an electrode under sunlight
irradiation.The aim of titania coating by sol-geiethod is in order to minimize pore size and siamgbusly
decreasing Jdiffusion. Effect of membrane coating was obsemeazbrrelation to the cell performance. Change in
concentration after process was determined by ubiWeVis spectroscopy method. From the results efcilrrent
measurement and the stability determination of ghaitaic cell can be concluded that the membranih fiwe
times coating repetition shown the best results pamad to other membranes with Imax 296 pA. Othentlie
lowest absorbance will indicate that this membraas the best performance in blocking iodine molkesfilom K}
solution.
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INTRODUCTION

Increasing of global energy demand and its varfmnablems has become an important concern nowadasgy
requirements predicted become doubled in 2050 fpidd in the end of the 21st century [1-2]. In@ieg in energy
needs is followed by growth of energy producti@stimated to be jumped form 17 PWH becoming 288/H in
2035 [3]. To supply this energy requirement aré ddiminated by using fossil fuels such as oitunal gas and coal

[4].

One of the alternative technology that can be appid convert the solar into electrical energyhstovoltaic cells
[5-6]. Photovoltaic cell is one among the growimgl goromising technology that can be used as anriapioenergy
source [7]. One of the photovoltaic cells that dendeveloped in the present work is a photovoltait using
KI/KI 3 as electrolyte solution and carbon as electrogehis photovoltaic cell, iodide ion from ionizatiof Kl
play a role in absorbing photons, and then electronld be excited to conduction band and can bd ase current
source. Electrons are generated by excitation fiide ion in half part of photovoltaic cells (ate). Electrons
flow through the outer circuit and accepted pyh Kl; solution in the other half part of the cells (ath). After
capture electrons; would be reduced to iodide ion, |

In this photovoltaic cell, KI and Klsolution was separated by ceramic membrane. Tlhef@eramic membrane is
to decrease the diffusion of form Kl solution to Kl solution. Diffusion of,lmust be decrease becausedn
disturb the performance of the cell, wheresisnblecules can capture the electrons generated dsaitation of 1
ion and then decrease the performance of photovalédls. Therefore, in this study we concern tfieat of titania
coating on ceramic membrane to decrease pore nuamdesize of the membrane and reduciagliffusion in Klg
solution.
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EXPERIMENTAL SECTION

The equipments used in this study were analyiance, UV-Vis Spectrophotometer Nanostar, ScanBlactron
Magnetic (SEM) Hitachi S-3400N, Ampere meter (Hglessistors, glass glue, PVC pipe, ceramic mendsaand
laboratory glasswares. Materials experiment whigte used are carbon electrodes, potassium iodiigeck),
iodine (Merck), Titanium isopropoxide (TIP) (Merck¥opropanol (Merck), diethanolamine (Fison), ctafMerck)
and distilled water
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Figure 1. Scheme of photovoltaic cell
Photovoltaic cells was constructed as shown inrfeigu

Sol titania was prepared via sol-gel method, 30isopropanol mixed with 4 mL DEA, and 6 mL TIP, timéxtures
were stirred for four hours at room temperaturgeAthat the ceramic membrane was dipped intoigitaal for
twenty second and then drying in oven at°@r fifteen minutes. Then, membranes were calethat 406C for
one hour. Coating process of membrane was varigd timie of repetition such as one time, three tinzesl five
times in repetition.

To observe the peformanace of cell, each half gfgphotovoltaic cell was filled by 35 mL Kl solutialanode) and
35 mL Klzsolution (cathode). Producing current was meashyasvo method that are non-continuous flow current
and continuous flow current. Irradiation measurereas effectute by using direct sun light as lightirce between
11:00 and 13:00 and every thirty minutes the cuners measured .

The stability of cells was measured by using thmesanethod as in the measurement of producing durren
Measurement was done at the same time for all &&#lasuring was used continuous current for thregs da
consecutively.

Determination of the,lconcentration in each part of photovoltaic cellslime by measuring the absorbance of the
solution using UV-Vis sepctroscopy. Sample solutias added by solution of 1% starch as complextagen

RESULTSAND DISCUSSION

SEM and EDX analysis

Figure 2 show the images of SEM of ceramic membyafore and after coating with titania. There arg an
difference found between ceramic membranes befode after coating with titania. Ceramic membraneobef
coating has large pore size compared with the deramambrane after coating with titania. Ceramic rheane after
coating with titania has a smaller pore size bezédusas been covered by the titania particles.

To determine the composition of membrane surface amalized by using EDX analysis. The results efabdramic
membrane surface composition can be seen in Table 1

Table 1 shows the composition of the main elementthe surface of ceramic membrane. In the ceramimbrane
before coating, composition of titanium is 0.148m weight percent, it indicated that the ceramiembrane is
already contain with titanium. This amount was &ased to 12.84% which show that the amount ofititarwas
increased during coating process on the surfaceraimic membrane.
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Table 1. EDX analysis of ceramic membrane surface

Before coating After coating
Element| Weight (%) | Element] Weight (%)
(©] 56,18 O 50,73
Al 4,56 Al 5,07
Si 31,56 Si 15,12
Ti 0,14 Ti 12,84

M easurement current of photovoltaic

Measurement of producing current of photovoltaitsceas done in two ways, that is non-continuousent flow
and continuous current flow. In non continuous flauring the irradiation, both electrode is nohigected to
conductor and only connected during measuremerite whcontinuous flow, during the irradiation, batlectrode
is connected to the conductor continuously.

(d

Figure2. SEM images of ceramic membranes before (a) 5000x (b) 10000x and after (c) 5000x (d) 10000x coating with titania

Figure 3 show curve of producing current from plottaic cell with non-continuous flow current (N@nd a
continuous flow current (CC). Figure 3 show therent that was produced from photovoltaic cells wittn-

continuous flow current is increase in the measerd time between 11:00 and 13:00. This increas&ldme occur
due to capacitors effects of carbon electrode anit liquid because increase the number of elegttonber around
electrode form excitation of iodide ions [8-9].

From Figure 3 also shown the producing current tviias generated by the photovoltaic cells in camtirs flow
current. Current was decreased during measurenmet The decrease of current in the continuous fthug to
electrons generated during excitation of iodide tierough the external circuit was progressiveljueed. Similar
results were also obtained in other studies corduby Fuji in production of hydrogen gas, whereal& found
such decrease of current, the decreasing was cahygaatticles H was formed surrounding the electrode (cathode)
which interfere the electrode to capture electid6$.

In Figure 3 shows that the increasing number ofiogaepetition with titania to ceramic membransaaincrease
the producing current of photovoltaic cells. Thigrease is due to that membrane has a role t& lelectrons
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moving from KI solution to K{ solution. By increasing the number of coating titjees, membrane pores will be
smaller and more difficult to pass hyibn, in other words, the membrane is more likaliator.
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Figure 3. Curve of producing current of photovoltaic cells
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Figure4. Curve of producing current of photovoltaic cell at (a) first (b) second and (c) third day
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Figure 5. UV-Vis spectrum of K| solution + amulim from a half part of photovoltaic cell (anode) at (a) first (b) second (c) third and (d)
fourth day
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Figure 7. UV-Vis spectrum of Kl3 solution form a half part of photovoltaic cell (cathode) at (a) second and (b) fourth day

M easuring Stability Photovoltaic Cells
Measurements were performed for three consecutiys during the time interval between 11:00 and @.3Buring

the measurement, both electrode is connected cmnisty by a conductor (continuous flow current).

At the beginning, measurement result a higher ati@ad then decreases as the length of the measnréime and
be relatively constant at the end of the measureriiée same pattern was seen in the measuremerntefeecond
and third day and occurs every day occur recovery. fThis recovery occurs because when the twareldes are
not connected in a long time, it makenholecules that was formed (adsorbed) on the eldet{(anode) becomes
soluble/diffuse back into solution so it increase ability of the electrode to capture the elattro

On measurement the stability of the cells shows ¢kl using membrane with five times coating répet with
titania show the best results when compared witierotells. It show that coating ceramic membran wiania

affect the performance of photovoltaic cells.

Deter mination of the concentration of 1, generated and lost in each part of Photovoltaic Cells
During the irradiation process, in one part of gfetovoltaic cell (anode), iodide ions will turntaniodine. To
determine changes of concentration iodine was medsform absorbance of the solution to form iodéterch

complex.
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Figure 5 show UV-visible spectroscopy measuremenn fKI solution of photovoltaic cells with time vation
(day) after was added starch. In Figure 5a vigilgak at a wavelength of 253 nm which is the absmrgieak of
iodide ions [11]. In Figure 5b, 5¢, and 5d there tree peaks, namely at a wavelength of 288 nBing4 and 544
nm which is the peak of a complex of iodine stasttich is consistent with previous studies [11-1BE seen in the
Figure 5 the increasing number coating repetit@@mic membrane with titania, the value of the dtesace of the
solution becomes smaller, this proves that theigaif ceramic membrane with titania play a raledecreasing
diffusion |, from Kl3 solution.

Figure 6 shows the correlation between the absogbahthe solution was measured at a wavelengBd®mnm with

number of coating repetition ceramic on the seatay From Figure 6, it appears that the coatingtitpns three
times and five times in a line that began to platedth this result we can conclude that coatingnieane ceramic
with titania after five time coating repetition ke optimum condition for aplication in photovottaiell using

elctrolyte solution KI/K§.

Figure 7a and 7b are UV-Vis spectrum of the sotuid; from half part photovoltaic cell (cathode) whiclasv
added starch. From Figure 7 shows that the detlitiee concentration of, in solution Kk shown with decreasing
absorbance of the solution of the originak Kblution. Decreasing the concentration oiinl KI; solution is caused

by several factors such as the influence of diffasthrough the ceramic membrane and also becawse th
decomposition ofjlafter capture electrons into(feduction).

CONCLUSION

Coating membrane with titania has a correlatiopgiformance of electrolyte photovoltaic cell with/iKl 5 solution
using carbon as electrode. After observed perfocmani photovoltaic cell, cell with ceramic membraafeer five
times repetition coating with titania give the bestult with current maximum 296 pA. Result meswstrusing
UV-Vis Spectroscopy from Kl solution indicate thfate times repetition coating is the optimum coruatit for
application in electrolyte photovoltaic cell with/KI ; solution using carbon as electrode.
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