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INTRODUCTION

The colouring was an important factor in the fashion,

garment, equipment, paper and printing industries [1]. Dye is

a compound that gives colour to a material and usually used in

colouring process [2]. In every year, the dye was used reaches

about 280,000 tons per capita [3], the high demand of textile

industries in the world as an effect of human population on

clothing needs so this industry keeps development [4].

Methylene blue (MB) is a dye with the characteristic of

blue colour. The colourful waste produced by the industries

of dye and textile can cause the aquatic ecosystem damage

because of the high concentration of organic compounds

containing the waste [5,6]. The waste has gotten the most

attention because of it is spreading anywhere, strong effects

to the environment, ability in forming the poisonous aromatic

smell and low rate of decomposition [7]. This waste is through

out during the process of production and consumption.

The process of removing the dyeing wastewater produced

by the textile industries has become an issue of discussion

and regulation all over the world [8]. The photocatalyst based

on semiconductor has offered one of the best solutions for the

problem [9]. IUPAC Commission defined the photocatalyst

as a catalytic that involved the absorption of light by the catalyst.

The catalyst is a substance that increases the speed of reaction
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[10]. The photocatalysis was activated by the ultra violet (UV)

light to decompose the organic compounds [11].

Titanium dioxide (TiO2) is one of the semiconductor

oxides that has been studied extensively as a photocatalyst

since the effect of light sensitization was found by Fujishima

and Honda in 1972 [12]. TiO2 is mostly used as photocatalyst

because it has the characteristics of optic and electronic, very

photoreactive, non-poisonous, having long-term chemical

stability and relatively low-cost [13,14].

Some efforts had been done by the researchers to increase

the activities of TiO2, such as combining the process of photo-

catalysis and electrochemical, which is popular as a photo-

electrocatalysis method [15,16]. Photoelectrocatalysis proved

as a method that is very effective to degrade the organic pollu-

tants in the water [17,18]. The principal of the photocatalysis

is the oxidation efficiency that can be increased by the application

of potential bias to flow the electrons through the external circuit

so that it can prevent the recombination of the positive holes

and electrons.

The TiO2 photoelectrocatalysis activities can be increased

by adding the dopant to obtain the optimum result [19]. The

dopant added to the catalyst system is divided into two types,

which are metal and non-metal [20,21]. The addition of dopant

on S-TiO2/Ti as the new catalyst could active on the smaller

energy gap value for absorbing the visible energy. The dopant



of metal ions has the role in reductor absorbing and giving the

oxidizer space, then slowing the electron recombination, whereas

the non-metal dopant was used to move into TiO2 surface to

be active in visible light.

The decoration of S-TiO2/Ti electrode using Ag metal,

giving the plasma effect on the S-TiO2/Ti surface to be able

active under visible light [22]. It has advantages in spectral

absorption in the visible region that converted by electron

separation in the photoelectrochemical process. In this study,

the sulfur is used as the non-metal and silver as the metal sources

to give the plasmon effect on the S-TiO2 surface to enhance in

the visible light area. The development of this research to sun-

light utilization will be applied to solar energy.

EXPERIMENTAL

Preparation of TiO2/Ti electrode: The preparation of

TiO2/Ti was done by cutting the Ti plate with the size of 4 cm

× 0.5 cm, then it was cleaned by using sandpaper with the size

of 1200CC so that the surface became clean and shiny. After

that, it was washed by using detergent and distilled water

solution. Then, the Ti plate was soaked (etching) by using the

mixed HF: HNO3: distilled water in the ratio of 1:3:6 for 2 min.

The last step in this preparation was rinsing the Ti plate with

distilled water to remove the residues of etching solution on

the surface of Ti plate, then it was dried in the air.

Fabrication of TiO2 thin film by anodizing method: The

Titanium plate prepared was put into a probe filled with 0.27

M NH4F electrolyte solutions and 98 % glycerol. The anodizing

process was done by placing the Ti plate as an anode and the

Cu plate as a cathode by giving 25 volts bias potential. This

anodizing process was done in 4 h. The last step done was

heating the Ti plate for 1.5 h at 500 °C.

TiO2/Ti electrode doped sulfur (S): To obtain the S

source, the solution was made by using 9.8 mL titanium(IV)

isopropoxide (TTIP 97 %) added to 15 mL of 99 % ethanol in

a beaker and it was stirred for 2 h at the temperature of 30 °C.

Then, it was continued by adding 4 mL of 1 M acetic acid and

dropwise of 4 mL H2SO4 1 M, it was stirred for 0.5 h at 30 °C.

The formed sol was evaporated at the room temperature for

24 h and then it was heated at 80 °C for 20 min. The formed

sol-gel was put into a beaker. The coating process was done

by covering TiO2. The dyeing technique was applied for 10 min

and then it was lifted slowly. In last step, it was calcined at

500 °C for 0.5 h.

S-TiO2/Ti electrode doped Ag metal: The electrodepo-

sition process of S-TiO2/Ti electrode was done by using AgNO3

solution with a 0.04 g of electrolyte solution dissolved in 100

mL distilled water, with the addition of 0.5 g EDTA in 100

mL, then both solutions were mixed. The electrodeposition

was done in 5 sec, with 1.0 volt bias potential. The formed

Ag@S-TiO2/Ti electrode was kept in a desiccator for 24 h.

Degradation test by photoelectrocatalysis system:

Methylene blue was made by the concentration of 0.5, 1.0,

2.0 and 3.0 ppm (+0.1 M NaNO3). The degradation test was

done by multi-pulse amperometry (MPA) method with the

duration of 10 min and 0.5 volt bias potential in the condition.

Then, the absorbance measurement was done by using UV-

visible spectrometer to observe the concentration decreasing

of dye. The measurement was done to the Ag@S-TiO2/Ti

electrode.

RESULTS AND DISCUSSION

Characterization of TiO2/Ti electrode by XRD: The

electrode has been prepared by the anodizing method in the

process of oxidation-reduction. This method was to grow the

metal oxide on Ti surface were placed in the anode, whereas

Cu was placed on the cathode. The anodizing method was

mostly done by the researchers because of its simple use, a

good stability and it also produced the TiO2 nanotube structure.

The anodization process got the uniformity of the nanotube

surface and then it was ended by the calcination process at

500 °C to obtain the anatase TiO2 crystals.

The characterization result of TiO2/Ti electrode by using

XRD (Fig. 1) showed that the TiO2 thin film was formed by

the anodizing method. The diffraction pattern compared with

the Joint Committee on Powder Diffraction Standards (JCPDS)

No. 21-1272 were confirmed the TiO2 crystal structure formed

in the fields of 101, 004, 200, 105, 211, 204, 116 [23].
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Fig. 1. XRD spectrum of TiO2 on the surface of TiO2 plate

Characterization of Ag@S-TiO2/Ti electrode by FTIR:

Qualitative determination of existence the non-metal elements

in the TiO2 lattice was detected by using FT-IR analysis. The

bonding of non-metal element (S) was identified the functional

group of S-bonded to other metal or non-metal. Fig. 2 indicated

the Ti-O bond and S-bonded by O (S-O).
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Fig. 2. FTIR spectrum of S-TiO2/Ti
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The wavenumber of 1250-400 cm-1 indicated the Ti-O

stretching bond with the absorption area of 413 cm-1 [24]. The

wavenumber of 1200-1000 cm-1 was observed the bond of S-O

from sulfur bonded to one of the oxygen atoms of TiO2 with

the asymmetric stretching at 1120 cm-1 [25,26]. The existence

of S indicated the occurrence of interstitial bonds in the anionic

TiO2 anatase crystal lattice by replacing some O atoms from

the TiO6 octagonal. According to Umebayashi et al. [27], the

low intensity of S-O bonds on the FTIR spectrum was relatively

easy to obtain in the experiment with the calculation of ab

initio analysis of 3p mixing S and the decreasing of band gap

happened. The success of S doping had been done by Liu et

al. [28] that could decrease the band gap value of 2.68 eV.

Characterization of Ag@S-TiO2/Ti electrode by SEM-

EDX: The SEM-EDX was performed by analyzing the

existence of Ag and S elements on the TiO2/Ti electrode. The

high energy giving the electrons and protons in the sample

gave the electromagnetic emission difference with the specific

peak of each element of Ti, O, S and Ag.

The surface morphology (Fig. 3A) showed the occurrence

of nano-particle sol-gel coating of S and Ag on TiO2/Ti surface.

The sol-gel method had various advantages in term of purity,

homogeneity, flexibility, stoichiometry [29]. The morphological

analysis of Ag@S-TiO2/Ti electrode, the spread of silver evenly

was done by electrodeposition method. The use of electric current

in the same direction with silver doping that placed the nano-

sized metal deposit was distributed more evenly on the surface

of Ag@S-TiO2/Ti electrode [30]. Supported by the EDX spectra

(Fig. 3C), the peaks showing each existence of Ti, O, S and

Ag elements were reached in the area of 4.5, 0.52, 2.3 and 2.9

keV with the percentages of existence 68.72, 30.79, 0.13 and

0.36 %, respectively.

Activity test of TiO2/Ti and Ag@S-TiO2/Ti electrodes:

The activity test of photocurrent response on each electrode of

TiO2/Ti and Ag@S-TiO2/Ti showed the current produced by

each electrode measured during the irradiation process of UV

and visible light. The response was measured by using LSV

method started from -1 to +1. The LSV data showed the oxid-

ation process on the working electrode occurred in the system

as a photocurrent signal that induced by the electron transfer

process [11]. The electrons flow could be observed as photo-

current and proportional with the electrolyte in solution.

Fig. 4A showed the activity test of TiO2/Ti electrode. The

electrode was active when irradiated by UV light, compared
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Ag@S-TiO2/Ti electrodes

to irradiate with visible light. The energy needed to activate

the performance of TiO2/Ti oxidation was more because TiO2

was more responsive to the UV rather than visible light. Whereas

the electrode doped by Ag@S-TiO2/Ti gave the better activities

when it was irradiated by visible light, compared to when it

was irradiated by UV light or in the darkness. This showed the

activate of Ag@S-TiO2/Ti electrode by giving low energy in

the visible light.

Degradation of methylene blue by photoelectrocatalysis:

The degradation test of methylene blue compound was performed

by photoelectrocatalysis with the variation of concentration 0.5;

1.0 ; 2.0 ; and 3.0 ppm using the potential current and the radiation

variation of UV and visible light. In the potentiostat system, the

bias energy of +0.5 volt, the electrons were moved to the back

contact on the working electrode that was then transferred to the

counter electrons (Pt). Thus, the reaction on the working electrode

initiated the oxidation reaction (h+) entirely, whereas on the

electrode, counter electrons initiated the reduction reaction (e-)

so that the photoelectrocatalysis became more efficient and faster

because counter electrons suppressed the recombination of

electrons and holes [2]. Therefore, it could accelerate the process

degradation of methylene blue.

Fig. 5A showed the methylene blue degradation using

TiO2/Ti electrode by photoelectrocatalysis for 1 h with the

variation of UV and visible light showing the decreasing in

the UV irradiation. Degradation percentage (%) (Fig. 5B) of

methylene blue at the concentration of 0.5 ppm was 73.91 %.

The TiO2 was active on the UV light so it can work well com-

pared to when it was irradiated by visible light.
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Fig. 5. Graphic of methylene blue degradation by using TiO2/Ti electrode:

(A) the curve of concentration decreasing, (b) of degradation

Fig. 6A shows the methylene blue degradation by photo-

electrocatalysis using Ag@S-TiO2/Ti electrode showed the

decreasing concentration of methylene blue on the UV-visible

light irradiations. Ag@S-TiO2/Ti electrode could work well

on the irradiation by either UV or visible light. The percentage

of degradation (Fig. 6B) could be seen that the comparison of

electrodes performances in degrading of methylene blue showed

the highest result when it was irradiated by the visible light at

the concentration of 0.5 ppm with the value of 81.15. This result

proved that performance of the TiO2/Ti working electrode could

be improved from the UV area in the visible area after being

doped by using Ag and S.

Conclusion

The TiO2/Ti electrode gave the better activities when it was

irradiated by the UV light, whereas Ag@S-TiO2/Ti gave the
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Fig. 6. Graphic of methylene blue degradation by using Ag@S-TiO2/Ti

electrode: (A) the curve of concentration decreasing (B) of

degradation

better activities when it was irradiated by visible light. The result

of methylene blue degradation for each of TiO2/Ti and Ag@S-

TiO2/Ti electrodes showed the optimum value to degrade methylene

blue at the concentration of 0.5 ppm with the percentage of

degradation were 73.91 and 81.15 %, respectively.

ACKNOWLEDGEMENTS

The authors acknowledge for the financial support from

DRPM-Ministry of Research, Technology and Higher Education,

Republic of Indonesia.

REFERENCES

1. Maulidiyah, H. Ritonga, R. Salamba, D. Wibowo and M. Nurdin, Int.

J. Chemtech Res., 8, 645 (2015).

2. Maulidiyah, M. Nurdin, D. Wibowo and A. Sani, Int. J. Pharm. Pharm.

Sci., 7, 141 (2015).

3. R.M.S.R. Mohamed and N. Mt Nanyan, Asian J. Appl. Sci. (Faisalabad),

2, 650 (2014).

4. A.E. Ghaly, R. Ananthashankar, M. Alhattab and V.V. Ramakrishnan,

J. Chem. Eng. Process. Technol., 5, 1 (2014).

5. S. Ameen, M.S. Akhtar, H.-K. Seo and H.-S. Shin, Chem. Eng. J., 247,

193 (2014);

https://doi.org/10.1016/j.cej.2014.02.104.

6. M. Nurdin, M.Z. Muzakkar and Maulidiyah, J. Mater. Environ. Sci., 7,

3334 (2016).

7. M. Nurdin, Int. J. Pharma Bio. Sci., 5, 360 (2014).

8. B.R. Babu, A.K. Parande, S. Raghu and T.P. Kumar, J. Cotton Sci., 11,

141 (2007).

9. P.V. Bakre, P.S. Volvoikar, A.A. Vernekar and S.G. Tilve, J. Colloid Interf.

Sci., 474, 58 (2016);

https://doi.org/10.1016/j.jcis.2016.04.011.

10. R.S. Dariani, A. Esmaeili, A. Mortezaali and S. Dehghanpour, Optik, 127,

7143 (2016);

https://doi.org/10.1016/j.ijleo.2016.04.026.

11. Maulidiyah, M. Nurdin, E. Widianingsih, T. Azis and D. Wibowo, ARPN

J. Eng. Appl. Sci., 10, 6250 (2015).

12. A. Fujishima and K. Honda, Nature, 238, 37 (1972);

https://doi.org/10.1038/238037a0.

13. M. Nurdin, A.H. Watoni and M. Maulidiyah, Int. J. Chemtech Res., 9,

483 (2016).

14. M. Nurdin, A. Zaeni, M. Maulidiyah, M. Natsir, A. Bampe and D. Wibowo,

Orient. J. Chem., 32, 2713 (2016);

https://doi.org/10.13005/ojc/320545.

15. M. Nurdin and Maulidiyah, Int. J. Sci. Technol. Res., 3, 122 (2014).

16. Maulidiyah, M. Nurdin, Erasmus, D. Wibowo, M. Natsir, H. Ritonga

and A.H. Watoni, Int. J. Chemtech Res., 8, 416 (2015).

17. Maulidiyah, D.S. Tribawono, D. Wibowo and M. Nurdin, Anal. Bioanal.

Electrochem., 8, 761 (2016).

18. Maulidiyah, H. Ritonga, C. Faiqoh, D. Wibowo and M. Nurdin, Biosci.

Biotechnol. Res. Asia, 12, 1985 (2015);

https://doi.org/10.13005/bbra/1865.

19. M. Maulidiyah, D. Wibowo, H. Hikmawati, R. Salamba and M. Nurdin,

Orient. J. Chem., 31, 2337 (2015);

https://doi.org/10.13005/ojc/310462.

20. Z. Arham, M. Nurdin and B. Buchari, Int. J. Chemtech Res., 9, 113

(2016).

21. Ruslan, M. Mirzan, M. Nurdin and A.W. Wahab, Int. J. Appl. Sci., 12,

399 (2016).

22. H. Yang, L.-Q. He, Z.-H. Wang, Y.-Y. Zheng, X. Lu, G.-R. Li, P.-P.

Fang, J. Chen and Y. Tong, Electrochim. Acta, 209, 591 (2016);

https://doi.org/10.1016/j.electacta.2016.05.120.

23. F. Huang, Q. Li, G.J. Thorogood, Y.-B. Cheng and R.A. Caruso, J.

Mater. Chem., 22, 17128 (2012);

https://doi.org/10.1039/c2jm32409a.

24. T.C. Jagadale, S.P. Takale, R.S. Sonawane, H.M. Joshi, S.I. Patil, B.B.

Kale and S.B. Ogale, J. Phys. Chem. C, 112, 14595 (2008);

https://doi.org/10.1021/jp803567f.

25. S.-H. Nam, T.K. Kim and J.-H. Boo, Catal. Today, 185, 259 (2012);

https://doi.org/10.1016/j.cattod.2011.07.033.

26. S. Amreetha, S. Dhanuskodi, A. Nithya and K. Jothivenkatachalam,

RSC Adv., 6, 7854 (2016);

https://doi.org/10.1039/C5RA25017J.

27. T. Umebayashi, T. Yamaki, H. Itoh and K. Asai, Appl. Phys. Lett., 81,

454 (2002);

https://doi.org/10.1063/1.1493647.

28. Q.-L. Liu, Z.-Y. Zhao and Q.-J. Liu, RSC Adv., 4, 32100 (2014);

https://doi.org/10.1039/C4RA03891F.

29. A.E. Danks, S.R. Hall and Z. Schnepp, Mater. Horiz., 3, 91 (2016);

https://doi.org/10.1039/C5MH00260E.

30. Z. Chen, L. Hao and C. Chen, Colloids Surf. A, 401, 1 (2012);

https://doi.org/10.1016/j.colsurfa.2012.02.020.

2508  Maulidiyah et al. Asian J. Chem.


