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Abstract. Photocatalytic materials have become a field of expansion in research, as evidenced
by the many publication in science. With the many variation of semiconductors being tested as
photocatalytic, it is necessary it with other materials or different semiconductor materials.
Dealing with such an amount of information requires updated and educated guidance to select
the most significant realizations. The state of the art photocatalysis with regard to materials and
systems, considering the well-established results, but also the emerging aspect, and the
envisaged new directions of this technology in the near future. In simulation and optimization
of the photocatalytic reaktor model offer the last design. In addition, the opportunity for light
source to be increase durability, relatively low cost and increase flexibility in the design and
operation of future photocatalytic reactors.

1. Introduction

In recent years, semiconductors (e.g. Ti, Zn, WO, Sn) have received much attention for new
applications in catalysis, electronics, environmental and optics. In heterogeneous catalysis of
semiconductor metals with other material (example: carbon, zeolite, clay, silica) as catalysts have been
successfully used in the proscessing of dye wasted water, this process is urgently needed for prior
treatment before being released into water streams in order to avoid serious environmental problems
[1-3].

Various treatment techniques and process have been used to remove the dyes from dye-bearing
effluents. Among them, adsorption has been shown to be a good method of colored contaminant
removal. However, their process is non-destructive process due to transfer of pollutants from one
phase to another, rather than being eliminated. Therefore regeneration of the absorbent is needed
before its reuse. Another wastewater treatment is the photocatalytic process. Heterogeneous
photocatalysis using semiconductor as a photocatalyst is a promising Advanced Oxidation Process
(AOP) through mineralization of the toxic and after colored organic compounds under UV irradiation
or visible light [4].
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Degradation of discoloration occurs due to several factors, namely the type of catalyst, both
concentration and amount of catalyst, temperature, duration of irradiation and pH. The purpose of this
paper is to review the quality and effectiveness of the modified catalysts as photocatalyst.

2. Photocatalytic mechanism and factor influencing the degradation process

Photocatalytic mechanism is an n-type semiconductor when subjected to a light or photon that matches
or exceeds the photocatalyst material band gap energy, so the electrons will be excited from the
ground state to a higher energy level resulting in a hole (h") [5, 6]. At this stage the band gap energy
shows the wavelength of the light which is effectively absorbed in the photocatalyst material. After the
electrons and holes are separated, most of the electrons and holes will interact again on the surface
called the recombination effect. Each electron or hole will experience a process of reduction and
oxidation to the substrate [7].
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Figure 1. Schematic representation of semiconductor photocatalytic mechanism [8].

The catalysis process on the surface of the photocatalyst through the formation of holes and
electrons from the reduction and oxidation mechanism (redox mechanism). Both of the electrons or
holes can produce reactive ions which can be utilized in the process of deactivation and decomposition
of contaminants or harmful microorganisms [7].

The efficiency of the photocatalysis was depending with several factor, such us concentration of
dye, catalyst amount, pH, surface area, and particle size of catalyst. The photocatalysis processes
depend on the adsorption of dye in catalyst. The higher concentration of dye in wastewater, the more
of organic compound on the surface of catalyst, causing the less number of photons are available on
surface catalyst, furthermore the production of ¢OH was less, and the last is reducing the percentage of
degradation [9]. The higher amount of catalyst is equal with increasing number of active site of
catalyst. Furthermore, the increasing amount of catalyst will affect the turbidity and viscosity of
solution and the light/UV radiation was difficult to reach the catalyst and therefore the lowering in the
degradation [4].

The other factor is pH of the solution, the surface of catalyst act as Lewis acid and the surface of
anionic dye act as Lewis Base, this fact shown on the easily of dye to adsorb on surface of catalyst.
Moreover, the photocatalysis reaction on zero charge (isoelectric point), the degradation was
minimum. Because, the surface of catalyst was in positive charge below isoelectric point and carrier a
negative charge above it [§8].

The morphology and the agglomeration on surface of catalyst will affect the photocatalysis process
because the contact and absorb on the surface of catalyst. The different form of metal oxide (example:
Ti0,) or the metal modified on catalyst will decrease the percentage degradation. The surface area of
catalyst is the important factor to be considered in the photocatalysis because the take place of
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catalysis on the surface catalyst. The higher surface area will increase the photodegradation of dye
because the active site more high than lower surface area [8].

3. Heterogeneous catalyst in photocatalyst process

The photo-degradation method can be done using a catalyst in the form of a semiconductor.
Semiconductor catalysts that are often used are TiO», ZnO, CdS and Fe,Os [10], but the photocatalyst
material is not optimal if it is used in a pure state because it has a relatively low surface area so it is
necessary to modify the catalyst. The following are some modifications to the catalysts that have been
used in the research listed in table 1.

Table 1. The several of material in photocatalytic process.

No Material Dye C?Itl?gSt Tﬁiﬁ?&?&) Degradation (%) Reference
1. Fe,0s- Congo Red 50 60 90.22 [10]
Montmorilonite
2. Clay-TiO; Indigo Carmine, 100 90 90.50; 31.75; [1]
Metanil Yellow 95.58
and Rhodamin
3. Agl/TiOs Acid Orange 7 34 120 99.25 [14]
4, Composite Rhodamin B 150 60 94.7 [18]
Kaolin-TiO,
5. TiO,-Bentonite Methylene Blue 50 60 93.93 [19]
6. Ti0O,-Zeolite Methylene Blue 50 50 75.93 [9]
7. ZnO-Actived Methylene Blue 50 300 99.97 [2]
Carbon
8. Ti0,-N/Zeolite Methylene Blue 50 50 96.81 [31]
9. WO;/C-dots Methylene Blue 30 60 76.22 [3]
10. Ti0,-DSBC Methylene Blue 1000 50 90 [33]
ZnO/a- Methylene - 210 85.3 [39]
Fe,O3/ATP Orange

3.1. Modification of material and their application

3.1.1. Fe;Os-montmorillonite. The combination of Fe,Os; with montmorillonite using the iron
polyhydroxy complex cation resulted in increased surface area, total pore volume, bandgap energy and
increased iron content. This makes Fe>Os-montmorillonite more effective than Fe,O; and
montmorillonite as adsorbents in degrading colors on a waste with the help of UV light.

Fe,Os-montmorillonite is one type of adsorbent that can be used in the industrial world to cope
with industrial waste that is discharged into the environment. With this combination it is able to
degrade the color of congo red by 90.22% with the help of UV light. If it degrades the color of congo
red with Fe,Os3 only or montmorillonite alone the results are not maximal, so also if it is not helped
with UV light the result is less than 85% [10].

3.1.2. Clay-TiO,. Many studies have been conducted to maximize the work of TiO; by distributing it
in supporting media, one of which is to impregnate it on activated carbon [11] and impregnate it on
zeolite [12]. Another method used to maximize the work of TiO: is to make it a pillar in TiO, pillared
clay, where TiO; acts as a pillar as well as a catalyst in photocatalytic reactions [13].

By synthesizing TiO; pillared clay using dodecylamine surfactant, the use of TiO; catalyst in
degrading organic compounds that pollute the environment can be done so that environmental
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pollution can be minimized. To determine the photocatalytic test, photo-degradation of indigo carmine
compounds, methanyl yellow, and rhodamine was carried out [1].

The photocatalyst process using clay-TiO, material can degrade indigo carmine, methanyl yellow,
and rhodamine dyes with the help of UV light. The result of indigo carmine dye degradation was
90.50%, methanyl yellow was 31.75% and rhodamine was 95.58% [1].

3.1.3. Agl/TiO; TiO; is the most important titanium compound, which is a white powder, which is
often used as a white dye on food, cosmetics and dyes. Based on the study of titanium dioxide it has
been detected that titanium oxide is inert biologically. lodide silver is more commonly known as
photosensitive material and is often used in photographic films. The advantage of silver iodide is that
its sensitivity to light is very good and during light exposure, silver iodide is relatively stable
compared to other silver halide groups [14].

The addition of silver iodide to the TiO» photocatalyst is intended to increase the sensitivity of TiO»
to light. In addition, the addition of silver iodide can increase electron-hole separation or what is often
called an electron-hole joining reaction. In Agl/TiO, material with acid orange 7 through UV
irradiation it can be used as an alternative photocatalyst because the percent value of degradation
produced is quite large at 99.25% compared to degrade color with Agl/TiO;, TiO; + UV and the
resulting TiO; is 39.9 %, 30.69% and 26.6% [14].

3.1.4. Composite kaolin-TiO; Embedded TiO, material in natural zeolite and clay has a dual function,
namely as an adsorbent and as a photocatalyst [15], so that success in the synthesis of clay-TiO:
composites is an alternative solution for processing wastewater, especially liquid wastes of dyes [16].
Photocatalytic oxidation of organic pollutants on the surface of TiO, has been extensively developed
for air and also water remediation, because of its high effectiveness, capable of reducing toxicity and
low costs [17]. The form of uptake that is owned by kaolin which is a leaner and sharper preparation
shows a more homogeneous mineral composition than a kaolin sample without preparation.

Composite synthesis of kaolin-TiO, aims to obtain composites with better photo-degradation
properties and capabilities. In this synthesis TiO: sol solution was obtained using the sol gel method.
As a photocatalyst in this study, TiO; material that has a wide surface is needed, thus expanding the
contact area. The choice of the sol gel method is done because the process is shorter and easier, the
temperature used is lower, a homogeneous layer with a large area can be obtained [18].

Kaolin-TiO is able to degrade Rhodamine B at 94.7% by UV irradiation and in the dark place only
the adsorption process occurs, this also applies to the use of UV irradiation of kaolin. Kaolin-TiO, was
formed from kaolin samples which were purified and made as carrier material for TiO, then calcined
at 700°C for 3 hours and characterized using ultraviolet spectroscopy [18].

3.1.5. TiO:-bentonite. Bentonite activation is done by using 0.4 M HCI which aims to exchange
cations between H' ions with K, Na®, and Ca®" ions in the interlayer area and aims to remove
impurity metal ions such as AI**, Fe**, and Mg*" which cover the side active in the interlayer area.
Impregnation of TiO; in activated bentonites to obtain photocatalysts with multiple capabilities
between adsorption and catalysis in photochemical degradation of methylene blue dyes [19].

Whereas the TiO»-bentonite using H>O, oxidizer was able to degrade methylene blue dyes by
93.93%. H»>0, can produce OH -« radicals which can oxidize methylene blue so that it is more effective
at degrading methylene blue [19].

3.1.6. TiOs-zeolite. Photocatalytic TiO> is not optimal if used in a pure state because it has a relatively
low surface area. Thus, TiO, needs to be applied to an adsorbent. The usual adsorbent is zeolite
because zeolite has a 3-dimensional stricture with large pores so that it can adsorb other smaller
compounds. In addition zeolite is abundant in nature at affordable prices [20].

Radiation time is the length of interaction between the photocatalyst of TiO, and UV light in
producing OH radical (*OH). In addition, it also affects the length of contact between OH radicals
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(*OH) and degraded dyes, namely methylene blue. The longer the irradiation time will increase the
energy of the photons produced.

Increasing the energy of the photons produced will produce more OH radicals (*OH). OH radical
(*OH) here is a strong oxidizer that can be used to degrade methylene blue dyes. The amount of OH
radicals is produced, the more methylene blue dyes are degraded [21].

Photocatalysis of TiO:-zeolite degraded methylene blue by 75.93% by irradiation. The
modification of TiO»-zeolite is done because TiO; has a relatively low surface area so that it is not
optimal if it is used in a pure state so TiO needs to be applied to an adsorbent [9].

3.1.7. ZnO-actived carbon. Zinc oxide (ZnO) is one of the catalysts that can be used in
photodegradation with a bandgap value of 3.17 eV [22]. Research conducted by Wawrzyniak et al.
(2007) explained that ZnO catalyst can degrade methylene blue dyestuffs 50 ppm to 94.67% [23].

The method used to make ZnO-activated charcoal composites is the sol-gel method because it is
carried out at low temperatures and the time required for the formation of compounds is relatively
short. The results of ZnO-activated charcoal composite synthesis will be characterized using X-RD
(X-Ray Diffraction) and FT-IR (Fourier Transform Infra Red) [2].

ZnO-activated carbon material has hexagonal characteristics with a crystal size of 23.13 nm; 23.38
nm and 40.52 nm with X-RD similar to FT-IR, there is a strain vibration of Zn-O, C-O aliphatic group,
C-H bending group, C-C aliphatic group and O-H group. In addition, activated charcoal functions to
transfer methylene blue molecules to the surface of the catalyst so that the degradation will become
more maximal. The percentage of degradation of methylene blue at optimum conditions is 99.97 +
0.02% [2].

3.1.8. TiO>-N/zeolite. The photocatalytic activity of TiO, can be increased by adding a dopant such as
N dopant from urea which will cause the photocatalyst to be more active in the visible light region.
The presence of N dopants in the TiO, matrix will reduce the band gap of TiO, so that there is a shift
in absorption of the spectrum of light from UV light to visible light that is abundantly available in the
sun. Based on the research of Hartoyo et al. (2013) [25], TiO, with dopant N showed an increase in
photocatalytic activity of up to 40% in phenol degradation under visible light. In addition to the
addition of dopants to the TiO, matrix, administration of carriers such as zeolite can also increase the
photocatalytic activity of TiO.. Based on the study of Lestari et al. (2015), the TiO, material embraced
on zeolite has a dual function, namely as an adsorbent and photocatalyst which is able to absorb and
decompose LAS surfactants with an effectiveness of 94.30% [26]. Another advantage with the
presence of a stable photocatalyst on the carrier surface is that it can be used up to several times the
photodegradation process (reusable) [26].

Color degradation of methylene blue with TiO»-N/zeolite material with a long irradiation for 50
minutes resulted in 96.81% degradation using sunlight. Other factors that cause a decrease in the
degradation of methylene blue are due to differences in temperature and intensity of sunlight when
doing the photodegradation process, so the amount of radical OH produced is not the same for each
use. The difference in the intensity of sunlight that reaches the earth is influenced by the season,
geographical location and the presence of clouds. However, from the results of this study it can be
seen that TiO»-N/zeolite photocatalysts are effective enough to be used in photodegradation of
methylene blue resulting in percentage of degradation above 50% [26].

3.1.9. WO3/C-dots. One of the semiconductor materials that has now been widely used in research on
photocatalyst degradation processes is WO3 where WO3 is a substitute for TiO, material which has
long been a catalyst for dye degradation. WO3 material is the center of attention of researchers because
it is considered as a material that is sensitive to visible light because it has a small band gap energy of
about 2.7-2.8 eV [27]. According to the statement of Morales (2008), WO; has excellent
photocatalytic ability [28]. WOj3 is also a material that is not harmful to the environment.
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In the pure state of semiconductor powder WOs3 used in photocatalyst applications has a less than
optimal performance, because according to Purwanto and Widiyandari (2010) stated that photoactivity
carried out under visible light can be increased by adding a doping element or insertion of other atoms
in semiconductors as efforts to increase optical properties in the range of visible light [29]. Therefore
the doping compound used to stabilize electrons in WOj3 uses carbon nanodots (C-dots), this is based
on the nature of C-dots as photoluminasens agents [30], has good optical properties, low toxicity, and
have photoinduction properties [31]. C-dots also have the ability to be able to act as electron transfer
intermediaries; this can significantly improve the efficiency of the photocatalyst process as did Li et al.
(2012) [32].

At WO3/C-dots photocatalysis it is more effective as a compound that can degrade methylene blue
dyes by 76.22%. The photocatalytic degradation process with WO3; material which is carried by C-dots
begins by adsorbing the enemrgy of photons sourced from UV-Vis by the WO3/C-dots material which
will then lead to the process of photoxitation or charge separation at WOs3 [3].

3.1.10. TiO>-DSBC. In the present study, TiO, pillared DSBC were prepared from SBC and Titanium
oxide in the presence of polymeric surfactant rarasaponin and the as prepared materials were
characterized by X- Ray Diffraction (XRD), Fourier Transform Infra Red spectra (FTIR) and
Scanning Electron Microscopy (SEM). The influence of optimum concentration and contact time of
this material photocatalyst was investigated by evaluated methylene blue degradation. The
fundamental information derived from this study is important in developing catalyst or adsorbent of
pore structure from layered clays [33].

With TiO,-DSBC catalyst, it is able to degrade methylene blue by 90%. TiO,-DSBC material can
be reused while maintaining 84% methylene blue degradation.

Modification of the catalyst material in the photocatalysis method is very diverse and serves to
maximize the results of dyestuff degradation in the waste sample. With these modifications, it will be
more efficient both in terms of time, process and cost in using materials as catalysts, so that industry
can use the material as an effective catalyst [33].

3.1.11. Nanometer ZnO/o-Fe;O3/ATP. Nanometer ZnO hardly causes light scattering, and has large
specific surface area and a wide band, so it is considered to be one of the promising photocatalysts for
degradation of hazardous organic compounds [34]. a-Fe;O3 can absorb a wide spectrum of solar
radiation. It’s the most stable iron oxide under ambient conditions and also is a resistive material
towards photocorrosion in acidic and alkaline media [35]. Attapulgite (ATP) is a hydrated magnesium
aluminum silicate presented in nature as fibrillar mineral [36-38], used in wastewater treatment with
superior colloidal adsorption with a unique fibrous crystal structure

Nano ZnO/0-Fe;O3/ATP could degrade methyl orange efficiently. The composite materials had
stable photocatalytic performance and excellent degradation rate. Furthermore, their degradation rate
can achieve 85.3% within 3.5 h under natural sunlight. The degradation reaction of methyl orange was
consistent with first-order kinetic equation. The adsorption property and photo-degradation
performance of the composite materials ZnO/a-Fe,O3/ATP, nano-ZnO/ATP, and attapulgite were
decreased in turn [39].

4. Conclusions

The research work involves the degradation and mineralization of synthetic dyestuffs present in
industrial effluents by heterogeneous photocatalysis. UV or Visible (Solar) photocatalytic degradation
proves to be economically cheap and simple method for the waste water treatment. The modification
of material as composite was successfully synthesized and used as precursor material.

Acknowledgement

The authors are thankful to KEMENRISTEK DIKTI for funding the research project under research
grants PDUPT No: 075/UN17.41/K1/2018.



ICMSC2018 IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1277 (2019) 012006  doi:10.1088/1742-6596/1277/1/012006

References

[1] Saefudin A, Darmawan A, and Azmiyawati C 2008 Respository Dipenogoro University
http://eprints.undip.ac.id/2857/ 1-13

[2] Wismayanti DA, Diantariani NP, and Santi SR 2015 Journal of Chemistry 9(1): 109-116

[3] Basthiani IA 2018 Skripsi Faculty of Math and Science, University of Islam Indonesian (1-49)

[4] Shirish B, Bharat A and Gumfekar B S 2016 Chemical Engineering and Processing DOI :
http://dx.doi.org/doi:10.1016/j.cep.2016.08.016

[5] Chen X, S Shen, L Guo and S S Mao 2010 Chemical Reviews 110 6503-6570

[6] Syam B, and H Widyandari 2014 Youngster Physic Journal 2(1) 15-24

[7] Prihod'’ko R V and Soboleva N M 2013 Journal of Chemistry ID 168701, 1-8

[8] Samsudin E M, Goh SN, Wu T Y, Ling T T, Hamid S B A and Juan JC 2015 Sains Malaysiana.
44(7) 1011-1019

[9]1 Andari ND, and Wardhani S 2014 Chemistry Progress 7(1)

[10] Wijaya K, Tahir I and Haryanti N 2005 Indonesian Journal of Chemistry. 5(1) 41 - 47

[11] Subramani A K, Byrappa K, Ananda S, Ray K M L, Ranganathaiah C, and Yoshimura M 2007
Bull. Mater.Sci Indian Academy of Sciences 31 37-41

[12] Wijaya K, Sugiharto E, Fatimah I, Sudiono S, and Kurniaysih D 2006 Berkala MIPA 16(3) 27-35

[13] Ding Z, Zhu H'Y, Lu G Q, and Greenfield 1999 Journal Colloid and Interface Science 209 193-
199

[14] Amrinah | 2011 Skripsi Faculty of Math and Science, The University of Indonesia 1-33

[15] Fatimah I, and K Wijaya 2005 TEKNOIN 10(4) 257-267

[16] Chong M N, V Vimonses, S Lei B Jin, C Chow, and C Saint 2009 Microporous and Mesoporous
Materials 117 223-242

[17] Kibanova D, M Trejo H, Destaillats and J Cervini-Silva 2009 Applied Clay Science 42 563-568

[18] Sunardi, Irawati U and Sybianti NR 2012 Science and Applied Chemistry 6(2) 118 - 129

[19] Suhernadi A, Wardhani S, and Purwonugroho D 2014 KIMIA STUDENT JOURNAL 2(2) 569 -
575

[20] Slamet, Ellyana M and Bismo 2008 Skripsi Chemical Engineering Department, Faculty of
Engineering, University of Indonesia

[21] Anwar D 12011 Thesis Faculty Of Math and Science Gadjah Mada University Yogyakarta

[22] Attia A J, Kadhim S H, and Hussen F, H 2007 E-Journal of Chemistry 2 219-223

[23] Ratih M I G A A 2009 Skripsi Udayana University Bukit Jimbaran

[24] Wawrzyniak B, Janus M, Grzmil B, and Morawski A W 2007 Polish Journal of Chemical
Technology 9(1) 51-56

[25] Hartoyo A W W, Wahyuni S, Harjito 2013 Indonesian Journalof Chemistry. Science 2(2) 108-
113

[26] Lestari YD, Wardhani S, and Khunur MM 2015 Student Journal 1(1) 592 - 59

[27] Youngfu S, Yi X, Changzheng W, Shudong Z and Shishi J 2010 Nano research 3(9) 620-631

[28] Morales W 2008 Thesis The University of Texas at Arlington

[29] Purwanto A and Widiyandari H, Ogi T, and Okuyama K 2010 Catalysis Communication 12 525-
529

[30] Yang Z, Li Z, Xu M, Ma Y, Zhang J, Su Y, Gao F, Wei H, Zhang L 2013 Nano-Micro Letters
5(4) 247-259

[31] Lim SY, Shen W, Gao Z 2015 Chemical Society Reviews 44(1) 362-381

[32] Li H, Kang Z, Liu Y, Lee ST 2012 Journal of Materials Chemistry. 22(46) 2423024253

[33] Hindryawati N, Panggabean AS, Fadillah ND, Erwin and Daniel 2018 I0P Conference Series:
Earth and Environmental Science 144 012048. doi :10.1088/1755-1315/144/1/012048

[34] Wang XF, Wang W, Liu P, Wang P and Zhang LM 2011 Journal of Wuhan University of
Technology, 26 222-225

[35] Gurunathan K and Maruthamuthu P 1995 International Journal of Hydrogen Energy 20 287-295


http://eprints.undip.ac.id/2857/
http://dx.doi.org/doi:10.1016/j.cep.2016.08.016

ICMSC2018 IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1277 (2019) 012006  doi:10.1088/1742-6596/1277/1/012006

[36] Zhao J, Chen Y, Liu MS, Zhou SY, Xue AL, Xing WH 2009 Journal of Hazardous Materials.
171 640-646

[37] Ma XJ, Liu LH and Zhu K 2012 Research on Chemical Intermediates. 38 223-232

[38] He MY, Zhu Y, Yang Y, Han BP, Zhang YM 2011 Applied Clay Science. 54 292-296

[39] Ran W, Jian P, Juan J | A, Hong-yu Z and Wei-dong LIANG 2018 International Conference on
Power, Energy and Enviromental Engineering (ICPEEE) ISBN:978-1-60595-545-2



