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Abstract. The researches on methylene blue (MB) and methyl orange (MQ) destructions were
carried out using indium sulfide (In:Ss) photoanode in photoelectrocatalytic system. It
consisted of In,Ss thin film as an anode synthesized by chemical bath deposition (CBD) on
FTO and platinum as a cathode. Characterization with EDX showed the presence of In,S; with
a composition close to InzS; for 10 min deposition. The In»S; band gap measurement was
obtained 249 eV. Photocurrent measurement revealed that InaS:; had n-type semiconductor
property. The application of InyS; thin film as photoanode in a photoelectrocatalytic cell for
MB and MO treatments gave degradation’s yields ca. 71 and 55 %, respectively, under
illumination with a 20 watt UV lamp, a bias voltage of 0.5 V for 150 min and with sample
concentration of 25 mg/L.

1. Introduction

Photoelectrocatalytic (PEC) cell is a very useful way to treat wastewater organic pollutants that can
convert them into non toxic product. Many researchers have focussed this method both for producing
electicity and hydrogen generation [1]. The active site of the photoelectrocatalytic cell is anode
electrode that made from n-type semiconductor, it is called as photoanode, while the cathode electrode
is made from platinum. Then, they are immersed in innert solution such as Na,SQs_ and the electrodes
are connected by wire with and without bias potential. Under illumination, photoexitation will be
occuredfE] photoanode producing electrons and holes. The electrons generated from this illumination
will go from valence band (V) to conduction band (V},), and will flow to external circuit and retured
back to catode to reduce water to generate hydrogen. Whereas, the holes producing from photoanode
will oxide organic wastes, or react with water or OH™ to form OH". The radical of hydroxy (OH") is
very strong oxidant (2.8V) that can be able to destruct organic wastes resulting carbondioxide, water
and other by-products [2].

Now days, several researchers have concerned to series of TiO: nanotubes [3—7]. They found
photoanode structural properties such as surface area and thickness that affected the ability of the
photoanode to utilize light and would hinder the transport of electrons generate by the light [6-8].
Photoanode of ZnO/Zn had been studied with a closed or open circuit system and without using
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electolytes [9]. However, the use of electrolytes can increase the performance of photoelectrocatalytic
cell [1,10-12] and sodium sulfate is ussually utilized as it is innert electrolyte and it is remained in the
solution when photoelectrocatalytic process occurs, since there is no reduction-oxidation reaction
taken place for sodium and sulfate ions. The presence of electrolyte in photoelectrocatalytic cell can
improve the conductivity of the solution and decrease the internal resistance of the cell. A decrease in
internal resistance can cause a larger potential difference at the two electrodes and stimulate the flow
of electrons at the cathode, which will leave a hole in the photoanode that is able to oxidize strongly.

Hitherto, there are not much applications of In,S{gghin film as a photoanode in a photoelectro-
catalytic system. Thin film of In.S; has been widely used as a buffer layer in solar cells [13] and
photoelectrochemical water splitting [14—1). In this research, synthesis of In,S; photoanode for
photoelectrocatalytic cell and its application for degradation of methylene blue and methyl orange was
conducted. Characterization of the In,S; and its application for destruction of MB and MO with varied
electrolytes were studied.

2. Experimental

2.1. (Flourine doped-tin oxide) FTO preparation

Before used for the In,S; deposition, FTO glass was cut into 1 cm x 2 cm and immersed in acetone and
sonificated for 10 min. Then soaked into distilled water for 10 min until homogenized with a
sonificator. Finally, soaked again in acetone and sonificated for 10 min and it was ready to be used as
a glass substrate.

2.2, Ins8; Deposition by Chemical Bath Deposition (CBD)

Synthesis of In»S; using CBD method was carried out in an acid cupboard. In 100 mL beaker, 25 mM
InCl;, 100 mM thioacetamide and 100 mM acetic acid were added to the beaker, then the FTO was
inserted into the beaker vertically using a clamp holder. Furthermore, the magnetic bars were inserted
in the beaker and in a water bath on the magnetic strirrer equipped with an electric heater. While
stirring at a speed of 100 rpm the bath was heated until the solution in the beaker reached a
temperature of 65 °C. After about 60 min a yellow deposit of In.S; appeared, and varied deposition
times started from this point. Finally, the beaker was removed from the water bath, then the FTO
coated with In»S; was taken out and washed with distilled water and dried by spraying with nitrogen
gas.

2.3. Characterization

The obtained In»S; thin film was characterized using EDX (a'lenom Pro-X desktop SEM with EDX),
SEM (JSM-6510LA), XRD (PANalytical X Pert’ Powder X-ray diffractdeter (Cu Ko, Ni filter)),
Raman (Jasco NRC 3100 Laser), and determination of the band gap used a UV-Vis spectrophotometer
(PG Instruments T60 UV Vis Spectrophotometer), as well as the photocurrent test (J-V) with artificial
light (1.5 AM solar simulator) in 1 M Na2SOs solution was measured by a potentiostat (Corr Test-150)
under chopped irradiation.

2.4. Application of In:S; photoanode for photoelectrocatalysis cell

Dye waste treatment using photoelectrocatalytic cell is schematically showed in figure 1. Photoanode
and platinum were assembled and put into the beaker filled wifldye to be destructed. Furthermore, the
irradiation was carried out using a 20 watt UV lamp (366 nm) and a bias voltage of 0.5 V. The
parameters studied in these dye waste treatment processes consisted of the treatment times, the uses of
no and varied electrolytes of NaOH, HCI, Na,SO.. The dye concentration analysis after the treatment
was carried out using a UV-Vis spectrophotometer.
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3. Results and discussion

The deposition of In28; on FTO glass is shown in figure 2. It is seen that the thin film was formed
evenly on the surface of FTO. A fine film was obtained with 10 min deposition time, and if it was
continued, larger In»S; crystals grew to form bulk crystals. However, the presence of bulk crystals will
inhibit the semiconductor properties of the photoanode as there was very small photocurrent as it was
observed from J-V curve measured by potentiostat.

Figure 2. In»S; thin film deposited on
the FTO surface.

3.1. Composition analysis of In:Ss thin films with EDX
The composition analysis of In,S; was performed using EDX and shown in table 1 as stated with

weight percentages.

Table 1. Percentage of In»S; on FTO glass.

Weight percentage prepared in

Element 10 min 20 min 30 min
O 58.00 77.01 50.79
S 12.05 1.26 16.73
In 6.90 0.39 9.88
Sn 23.06 21.34 22.61

From table 1 can be seen that there are 4 elements from the EDX observation, namely oxygen,
sulfur, indium and tin. The dominant elements are tin and oxygen. Tin and oxygen come from the
constituents of FTO, namely fluorine doped-tin oxide. These observations show that the composition
is close to In,S; for the sample prepared at 10 min. This is also supported by the existence of a large
photocurrent of the sample (in the next discussion). Although the 10 min sample does not exactly
match the percentage of In2Ss.

3.2. Characterization of the In:Sz thin film surface by SEM

Figure 3 shows SEM images of In.S; on FTO with varied times of deposition, it can be seen that the
crystals of InaSs have diameters less than 500 nm. Nevertheless. the FTO substrate is not well covered
with In2S; thin film precipitate. Even, the SEM is depicted that the film formed does not grow well for
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20 min deposition. After 30 min deposition, In,S; crystals form agglomeration not thin film anymore
such as in 10 min deposition.

e MO 4 O 211
Figure 3. SEM images of In2Ss on FTO for
30 min.

deposition times of: (a) 10, (b) 20, and (c)

€B. Analysis InS; thin film using XRD

Figure 4 shows the X-ray diffraction of In.S; deposited on FTO with a glass support. Because In:S; is
amorphous the diffractograms of In2Ss samples deposition at varied times do not show any differences.
The XRD peaks are dominated by the FTO peaks. The peaks at 20 = 34.29°, 38.32° and 62.15° are the
peaks from SnOs of the substrate used (FTO).
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. ) ﬁ won  Figure 4. XRD of In,S; thin film on
o % % 4 e e 70 so FTO deposited with time variations
20/degree of 10, 20, 30 min.

3.4. Analysis InzS53 with a Raman Spectrophotometer

Raman analysis shows the presence of spectra in the 200 and 300 ¢cm™! shoulder areas which are the
typical wave number regions for In.S; as shown in figure 5, namely spectra of [n.S; powder and In.S;
thin film on glass deposited for 10 min.

E In,S, on glass
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E Figure 5. Raman spectra of In.S;
a0 a0 oo s 1m0 Ppowder and In.S; on glass

Raman shift /cm” deposited for 10 min.
3.5. Measurement of the absorbance of the In:Ss thin film

In,S; thin film deposited for 10 min was then passed through the UV-Vis spectrophotometer pathlight
to see the absorbance of the In,S; thin film at various wavelengths. Figure 6 shows that the resulting
thin film shows transparency of more than 60% in the visible and near infrared regions at wavelengths
greater than 500 nm. At shorter wavelengths (below 500 nm) there is a decrease in transparency due to
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the photoexitation of the band gap (E;). Furthermore, by calculation band gap (hu) using the
relationship hv = 1239/A and insertion the wavelength value from figure 6 (496.7 nm) the In»S; band
gap can be obtained equals 2.49 eV.

0.84

o7 ‘—-/\

0.6
@
£ o5 A
© \\
g 0.4

496.7 nm

W 0.34
o \f/\//
0.2

0.1 ‘ Figure 6. Absorbance vs wavelength

0.0 . . . - . 1 1 1 F: i

) P P A e e T T curve“{)f I‘ngsj thin film at 10 min
wavelength / nm deposition time.

3.6. Measurement of photocurrent of InzSs thin fmn

Photocurrent test was done by positioning In.S; photoanode as the working electrode, Ag/ AgCl as the
reference electrode and Pt as the counter electrode. Furti§fiinore, to see the presence of photocurrent,
the three electrodes were inserted into the 1M Na:SOs solution as a hole scavenger and during the
measurement process with the Potentiostat and Galvanostat CS-150 the light was tumed off and on to
see the difference in photocurrent that occured. Measurements were made from potentials of 0.8 to -
0.8 volts. Figures 7a, b, ¢ show the resulting In,Ss thin film has a n-type semiconductor property. For
10 min deposition, In,S; gives a better photocurrent profile compared to the 20 and 30 min depositions
which is indicated by a higher and flatter dark pattern and light current. At a potential of 0.5 V gives a
photocurrent ca. 001 mA/cm® for In>S3 deposited for 10 min. Further, application of In>S3 thin film
deposited for 10 min as a photoanode for dye destruction was used, since it has a better photocurrent.
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Figure 7. J-V curves for [n2S; thin films deposited for (a) 10, (b) 20, (c) 30 min.

3.7. Application of the In:S; thin film as a photoanode for the destruction of MB and MO

The application of the In,S; thin film photoanode deposited for 10 min in a photoelectrocatalytic cell
to degrade MB and MO was carried out by irradiation with a 20 watt UV lamp (366 nm) at a distance
of 20 cm and a bias voltage of 0.5 V. Figure 8 shows degradation of MB without and with the addition
of 0.1M electrolytes of sodium sulfate, NaOH and HCI, respectively with In,S; photoanode for 2.5 h
with a bias voltage of 0.5 V. From this figure can be seen MB without using electrolytes provides the
smallest decrease in treatment compared to using electrolytes. Whereas the use of HCI provides the
smallest reduction compared to sodium sulfate and NaOH electrolytes. When NaOH electrolyte used
gave the greatest treatment close to 71% for 150 min. The presence of hydroxide ions in solution
increases a further possible methylene blue destruction to occur.
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Methyl orange (MO) was also treated in the similar ways as with MB and the results with varied
electrolytes as shown in figure 9.
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Figure 9 shows that the treatment patterns are similar when using MO compared to MB although
the greatest destruction occurred only up to 55%. This can be the structure of MO is more complicated
than that of MB, so it takes a longer process to break down into a smaller molecules.

3.8. UV-Vis measurements of MB and MO at varied electrolytes

UV-Vis measurements of MB and MO were adjusted according to the electrolyte used, because the
maximum wavelength is greatly influenced by the type of electrolyte used, as shown in figure 10.
Therefore, the reduced MB and MO absorbances after photoelectrocatalytic processes were measured
based on the related wavelength of the sample’s electrolyes applied. Figure 10a shows that MB gives
the same maximum peaks for MB, MB with HCI and Na,SOy and gives a different maximum peak for
MB with NaOH. However, for MO with HCI (figure 10b) gives a different maximum peak compared
to other treatments that give similar maximum peaks namely for MO with NaOH, Na:SOs electrolytes
and without electrolyte.
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Figure 10. Curve profiles for MB (a) and MO (b) measured without and by using
electrolytes (HCI, Na;SO, and NaOH).
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4. Conclusion

The synthesis of In»S; thin film by chemical bath deposition (CBD) had been successfully carried out.

Characterization with EDX obtained the In.S; composition close to 10 min deposition. SEM image

revealed that it did not provide much information regarding In.Ss deposition, but for 30 min deposition

gave agglomeration deposition. XRD analysis showed the presence of amorphous IniS; which haf
sharp peaks. From absorption measurement of In,S; thin film deposited for 10 min could be derive a

band gap of 2.49 eV. A n-type semiconductor property was showed by photocurrent test of [n.S; thin

film. Application of In.S; deposited 10 min as a photoanode in a photoelectrocatalyst cell for

methylene blue and methyl orange treatments resulted degradations up to 71 and 55 %, respectively,

for 25 mg /L samples for 2.5 h.
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