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Abstract  

 Photocatalytic degradation of benzene is a viable and environmentally friendly method with 
significant economic advantages. In this study, a composite photocatalyst consisting of TiO2 and Fe3O4 
supported by bentonite was synthesized for benzene degradation. The objective was to assess the impact of 
critical parameters in both batch and continuous systems. The results showed that in batch system, the 
effects of initial benzene concentration and pH were explored, showing optimal degradation at an initial 
concentration of 400 ppm and pH 5. Under these conditions, an impressive % removal value of 95.334 % 
was achieved. Meanwhile, continuous system analysis showed a negative correlation between feed flow 
rate and % removal, with the most effective degradation occurring at a flow rate of 15 mL/min. The study 
also delivered into the kinetics of benzene degradation in batch system, obtaining a first-order reaction 
based on Langmuir-Hinshelwood model with a reaction rate constant (kr) of 85.68175 mg/(L.min) and an 
adsorption rate constant (K) of 0.0003002 L/mg. The adsorption model was observed to follow the 
Langmuir model. These results contributed to the optimization of photocatalytic benzene degradation 
processes, offering insights into the critical factors affecting efficiency in both batch and continuous 
systems. The established optimum conditions and kinetic parameters provided a foundation for future 
advancements in the design and application of composite photocatalysts for benzene remediation. 
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Introduction 

 Benzene, a ubiquitous and persistent environmental contaminant, is a recognized carcinogen, posing 
severe health risks to humans and ecosystems [1-3]. This substance is very dangerous and classified as 
VOC (Volatile Organic Compound). The widespread presence in air, water, and soil underscores the need 
for the development of efficient and sustainable removal strategies [4,5]. Conventional methods often need 
to provide a comprehensive solution due to the challenges associated with the stability and resistance of 
benzene to degradation [6]. 
 In recent years, exploration of advanced materials and innovative technologies have been explored to 
overcome the challenges associated with benzene removal. Several methods to remove benzene in 
wastewater using physical, chemical, and biological methods include adsorption [7], oxidation [8,9], 
condensation [10], wet scrubbing [11], as well as membrane separation, and precipitation [12,13]. 
 Photocatalysis has been proposed as a promising method for the degradation of benzene, leveraging 
the ability of photocatalysts to induce chemical transformations under light irradiation [14-16]. The ongoing 
progress in advanced oxidation processes, specifically photocatalytic oxidation (PCO), is crucial for 
addressing urgent challenges related to environmental pollution and potential risks to public health. The 
PCO technique has demonstrated efficacy in eradicating microorganisms and breaking down harmful 
chemical micropollutants in both water and air environments [17]. In this context, reactive oxygen species 
produced by wide-gap semiconductors offer an efficient means of decomposing pollutants through deep 
oxidation, representing a hopeful method for the degradation of VOC [18-20]. Several metal oxides have 
been studied and showed sufficiently good activity for the photodegradation of organic pollutants [21-27]. 
For example, titanium dioxide (TiO2), with its well-documented photocatalytic properties was used for 
organic pollutants degradation [128-31]. However, to enhance the efficiency of photocatalytic processes, 
there is a growing interest in designing composite materials that combine multiple components 
synergistically. 
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Despite its advantages, TiO2 faces a fundamental drawback related to the substantial width of its band 
gap. Specifically, for anatase TiO2, the band gap measures 3.2 eV [32]. While TiO2 can absorb UV radiation 
(< 390 nm), it fails to harness the majority (up to 95 %) of solar radiation corresponding to the visible 
region. This limitation has spurred the exploration of new photocatalysts that are active under visible light. 
In addition to other narrow-band semiconductors (e.g., Ag3PO4, BiVO4) [33,34]. Recent advancements in 
the preparation of TiO2 can potentially broaden its applications in photocatalytic processes. Modified TiO2 
with an extended action spectrum shows promise as a photocatalyst for efficiently degrading pollutants 
under visible light [35]. 

Integrating magnetic nanoparticles such as iron oxide (Fe3O4) in the composite also provides a 
magnetic response, enabling easy separation and recyclability of the catalyst from the treated medium. 
Fe3O4 plays a crucial role in controlling the size of TiO2 anatase crystals [36,37], thereby addressing one of 
the challenges associated with the practical application of photocatalysts, and making the overall process 
more sustainable. 

Bentonite, a clay mineral abundant in nature, offers a compelling choice as a component in such 
composites. The high surface area, porous structure, and cation exchange capacity make bentonite an 
excellent adsorbent for organic pollutants. Combining bentonite with photocatalysts such as TiO2 can 
potentially improve the adsorption capacity of organic pollutants while concurrently facilitating 
photocatalytic degradation [38]. The synergy among bentonite, TiO2, and Fe3O4 in a composite material 
has the potential to enhance benzene degradation through improved adsorption, efficient photocatalysis, 
and facile recovery of the catalyst.  

Commonly, the degradation of benzene is conducted in both the gas phase or solution phases in a 
batch system [32]. Respectively, discovering a benzene photodegradation process implemented in a 
continuous system is rarely studied. This study was conducted to explore the synthesis, characterization, 
and application of such a composite, aiming to advance the understanding of its performance and 
mechanisms for the effective remediation of benzene-contaminated environments. The results are 
anticipated to contribute significantly to the field of environmental remediation and material science, 
offering a valuable step forward in the ongoing efforts to address benzene pollution. 

This study aimed to explore the synthesis, characterization, and application of these composites by 
coating on ceramics for benzene photodegradation in continuous system. The results obtained are expected 
to increase understanding of performance for effective remediation of benzene-contaminated environments. 
Additionally, this study delved into the degradation reaction kinetics of benzene in the batch system. 
 
Materials and methods 

 Materials 
 Materials used for the synthesis of TiO2-Fe3O4-Bentonite photocatalyst materials were TiCl4, 
FeCl2.4H2O, and FeCl3.6H2O. They were purchased from E. Merck.  Natural bentonite was obtained from 
Pacitan, East Java, Indonesia. N2 and O2 gases was supplied by Samator, Indonesia. 
 
 Synthesis of photocatalyst material 
 The synthesis of bentonite-TiO2-Fe3O4 photocatalyst material referred to a previous method [39,40]. 
The synthesis of TiO2-Fe3O4-bentonite was conducted via the sol-gel method. The ratio molar of Ti: Fe was 
1:3. The TiO2 was synthesized by dissolving 2.75 mL of TiCl4 in 50 mL of ethanol-water solution (1:1). 
The NH4OH solution was added to the mixture until pH 7. The mixture was stirred continuously for 24 h 
to form a sol-gel phase. The Fe3O4 was synthesized by mixing 19.8 g of FeCl2.4H2O and 27 g of FeCl3.6H2O 
into 200 mL of 0.7 M NH4OH solutions in the presence of N2 gas. The Fe3O4 solid then was mixed with 
TMACl 2 % and NaOH solution until pH 12.1. The mixture was agitated for 24 h. After that, 140 mesh 
bentonite was dispersed in water for 24 h. Then, TiO2, Fe3O4 and bentonite slurry were mixed and stirred 
at 50 °C for 24 h. After stirring, the mixture was washed with water to pH 7, dried and then calcined at a 
temperature of 500 °C for 6 h. Polyvinyl alcohol served as the binder for the photocatalyst material during 
ceramic coating. The application entailed coating a ceramic chamber with polyvinyl alcohol, allowing it to 
partially dry, then the photocatalyst was mixed with the binder at a ratio of 1:2 and applied to the ceramic 
surface using a spray method. Once the binder was completely dried, the ceramic chamber was considered 
ready for use in the degradation of benzene. 
 The examination of benzene concentration was carried out by Gas Chromatography (Agilent 7890A-
GC). The column used was HP-PLOT Q size 30 m×0.53 mm×40 μm and the detector was Flame Ionization 
Detector (FID). The oven temperature was 150 °C for 2 min and then increased by 15 °C every minute until 
it reached 250 °C, also, the carrier gas used was helium. 
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 Experimental setup for batch and continuous photocatalytic test  
 In the batch system, the experimental variables included initial benzene concentrations and solution 
pH, while the continuous system comprised varying feed flow rates. Benzene solution was introduced into 
a ceramic chamber coated with a photocatalyst and binder in batch setup. Subsequently, samples of 0.5 mL 
were extracted at specified intervals and analyzed using GC to determine benzene concentrations. The 
initial concentrations ranged from 100 to 500 ppm, and the pH values tested were 2, 5, and 10. The pH 
measurement was carried out using a pH meter, while adjustments were made with H2SO4 and NaOH 
solutions for acidic and basic conditions respectively. A processing system without UV light was also 
studied to compare the photocatalyst batch system. This system aims to observe the adsorption process that 
occurs in the system. 
 Meanwhile, in the continuous system, benzene solution at a specific concentration was continuously 
flowed through a ceramic chamber exposed to UV light, with varying flow rates. Once the chamber reached 
overflow after filling, 0.5 mL samples were collected at specific time intervals and analyzed using GC to 
quantify benzene concentrations. Feed flow rates were varied at 15, 25, 35, and 45 mL/min. 
 
Results and discussion 

 Characterization  
 XRD analysis 
 In Figure 1, the characteristic peak of the TiO2 anatase at 2θ = 54,0274, and magnetite phase (Fe3O4) 
at 30,3469, 35,8025, 43,4733, 57,4755, and 63,0634 are shown in XRD pattern. Anatase crystal was formed 
on the surface of bentonite more easily than the rutile phase [41-48]. The intensity of the magnetite phase 
surpassed that of TiO2, primarily attributed to the predominant ratio of Fe3O4 in material preparation. The 
presence of magnetite plays a crucial role in regulating the formation of the TiO2 anatase phase, thereby 
augmenting the photocatalyst process. Furthermore, the appearance of the peak associated with the TiO2 
anatase structure showed the crystalline formation within bentonite. This implies a relatively facile 
development of TiO2 oxide on the surface of bentonite. The peak of bentonite phases was shown in the 
XRD pattern at 2θ = 19,8572 and 21,8051. The successful creation of the photocatalyst material was 
evidenced by the detection of three phases namely TiO2 anatase, magnetite, and bentonite in the XRD 
analysis results. This achievement was attributed to the formation of TiO2 in the anatase phase and Fe3O4 
in the magnetite phase, both of which played significant roles in facilitating photocatalytic reactions. 
 

 
Figure 1 The XRD diffractogram of bentonite, Fe3O4, TiO2 and photocatalyst material. 
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 SEM-EDX analysis 
 The morphology of bentonite-TiO2-Fe3O4 photocatalyst before (Figure 2) and after (Figure 3) use in 
the photodegradation of benzene was studied by microscope image. In Figure 2, the illustration showcases 
white particles, signifying the attachment of Ti and Fe to the ceramic tub through the use of a PVA 
(polyvinyl alcohol) binder. Following the benzene degradation process, the photocatalyst material remained 
affixed to the ceramic tub, as evident in Figure 3, where the obtained white particles showed the presence 
of Ti and Fe metals. Detailed quantitative information regarding the attachment of the photocatalyst 
material to the ceramic tub was presented in the EDX analysis results.  
 To quantify the reduction in each element, the EDX analysis results presented in Table 1 were used, 
with the elements including O, C, Si, Fe, Al, Ti, Ca, Na, Mg, and K. The photocatalyst material primarily 
consisted of Ti, Fe, and O from TiO2 and Fe3O4, while elements K, Na, Mg, and Al originated from the 
carrier within the photocatalyst material. The alterations in composition levels are detailed in Table 1, 
where the ‘-’ signifies a reduction. The decrease in Ti and Fe levels after benzene degradation was attributed 
to the leaching of the photocatalyst material by the solution. This leaching resulted in reduced O levels in 
the EDX analysis, while an increase was observed in the levels of C, Si, Al, Ca, Na, Mg, and K. 
 

 
Figure 2 SEM image of photocatalyst material before used; (O) = metal oxides on pore of bentonite. 
 
 

 
Figure 3 SEM image of photocatalyst material before used; (O) = metal oxides on pore of bentonite. 
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Table 1 Element percentage of EDX results before and after process (% w/w = percentage of 
weight/weight). 

Elements % w/w before used % w/w after used Δ 

O 77.65 56.13 −21.52 

C 7.82 23.65 15.38 

Si 4.73 10.10 5.37 

Fe 6.93 3.83 −3.1 

Al 1.36 3.40 2.04 

Ti 1.24 0.95 −0.29 

Ca 0.12 0.67 0.55 

Na 0 0.55 0.55 

Mg 0.15 0.42 0.27 

K 0 0.30 0.30 
 
 
 These data suggest 2 possible scenarios, firstly, it is plausible that only bentonite remains attached to 
the ceramic tub, while TiO2 and Fe3O4 are carried away by benzene solution. This result was supported by 
the decreased levels of Ti and Fe as well as the increased amount of bentonite constituent. Secondly, it is 
possible that the entire photocatalyst material, including bentonite, is carried away by the benzene solution, 
resulting in elevated levels of C, Si, Al, Ca, Na, Mg, and K due to the ceramic composition. Based on the 
results, the leaching facilitated by the PVA binder was lower compared to the wall paint binders in a 
previous study [39,40]. 
 
 Photodegradation of benzene in batch system 
 Effect of initial benzene concentration 
 In batch system, varying initial benzene concentrations were tested, ranging from 100 to 500 ppm. 
The % removal outcomes consistently exceeded 97 %, with the optimal % removal achieved at an initial 
concentration of 400 ppm, reaching 99.785 %. Beyond 400 ppm, the possibility of the photocatalyst 
material interacting with UV light decreased [49-53]. This decrease was attributed to the obstruction caused 
by benzene molecules, which impeded the formation of OH*. The reduced reactivity of OH* led to a decline 
in % removal. Additionally, at higher initial concentrations, competition for adsorption on the catalyst 
surface occurred due to the greater quantity of organic molecules in solution compared to the available 
active sites on the photocatalyst. This led to a decrease in % removal at concentrations exceeding 400 ppm. 
Conversely, lower concentrations resulted in suboptimal % removal due to the limited amount of benzene 
relative to water. The reduced availability of benzene hindered its contact and reaction with the 
photocatalyst material, leading to suboptimal % removal. Variations in initial benzene concentrations 
yielded almost identical % removal values, as the intervals between concentrations were narrow. Figure 4 
shows a decline in benzene concentration within the first 2 h, followed by a relatively constant concentration 
over the next 3 h. To facilitate the dissolution of benzene in water, ethanol was added, playing a crucial 
role in aiding the binding of benzene with water. This action promoted mutual dissolution, given the 
minimal solubility of benzene in water. 
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Figure 4 Decrease in benzene concentration with time in the photodegradation process at various initial 
benzene concentration. 
 
 Effect of pH 
 In the degradation of benzene solution through photocatalysis, the reaction comprised both adsorption 
and oxidation, with pH playing a crucial role in influencing these processes. According to Sharma et al. 
[54], the optimal pH for this reaction is 5. This optimal condition is based on the potential of zero charge 
(pHZPC) for the photocatalyst material and the isoelectric point (pHIEP) of benzene solution [39-40]. The 
potential of zero charge refers to the condition where the solid surface possesses a net charge of zero, while 
the isoelectric point represents the pH at which a macromolecule carries no net charge due to the addition 
or loss of protons through acid-base reactions. When the pH is below the isoelectric point of benzene 
solution, it becomes positively charged, but when the pH is above, it becomes neutral or negatively charged. 
Furthermore, the surface charge on the photocatalyst material significantly impacts benzene degradation. 
A competitive force arises in situations where the pH lies between the pHIEP of benzene solution and 
material. This attractive force makes benzene molecules readily adsorbed onto the photocatalyst material, 
thereby enhancing the degradation process. The pHIEP of benzene is reported as 4.45 [54], while the values 
for TiO2 and Fe3O4 are 5.9 and 7.9, respectively. Bentonite, serving as the carrier, contains Ca2+, Na+, and 
Mg2+ ions, rendering it positively charged. 
 

 
Figure 5 The effect of pH variation towards benzene percentage removal. 
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 Figure 5 shows that % removal was lower under highly acidic and highly alkaline pH conditions 
compared to pH 5. In highly acidic conditions, the entire surface of the photocatalyst and benzene solution 
becomes positively charged, causing repulsion due to the lower pH than pHIEP and pHZPC. At pH 10, the 
entire surface of the catalyst and benzene solution became negatively charged, leading to repulsion because 
the pH was above the zero potential charge of the photocatalyst material and the isoelectric point of benzene 
solution. The optimal pH was obtained at pH 5, where benzene solution became negatively charged and the 
photocatalyst surface was positively charged, enhancing %removal. Based on the results, %removal values 
for each pH variation were 88.607, 95.334, and 94.622. At pH 10, %removal was higher than at pH 2 due 
to the final reaction forming CO2 and H2O, producing H2CO3. Carbonic acid, being a weak acid, had a 
significant impact on pH at 10, approaching the optimum conditions (pH 5) and resulting in higher % 
removal compared to acidic pH. Table 2 shows a substantial decrease in pH from the initial conditions at 
10, bringing the final pH closer to the optimal conditions at pH 5. This circumstance contributed to a 
significantly high % removal of benzene degradation under alkaline pH compared to acidic. 
 
Table 2 Comparison of initial and final pH at various pH in benzene photodegradation. 

Initial pH Final pH 

2.008 2.16 

5.016 5.395 

10.008 7.525 
 
 Kinetics of benzene photodegradation in batch system 
 Batch kinetics were computed using the initial concentration and the optimal pH, showing that within 
the initial 100 min, there was a reduction in benzene concentration, followed by a period of constancy. The 
determination of the reaction order in batch system was conducted using the formula proposed by 
Levenspiel [55]. The first-order kinetics was plotted with the equation ln CA0

CA
 against time, resulting in a 

linear regression of 0.9627 with a linear equation of y = 0.0198x, hence, the reaction rate constant was 
calculated as 0.0198/min. Figure 6 shows that the experimental decline in benzene concentration over time 
was consistent with theoretical expectations. 
 

 
Figure 6 Assessment of the reduction in benzene concentration, examining the variance between 
experimental observations and theoretical predictions for first-order kinetics. 
 
 For the second-order kinetics, a plot was generated by plotting 1

CA
 against time, resulting in a linear 

equation y = 0.0017x - 0.0736 with a linear regression of 0.793, yielding a reaction rate constant of 0.0017 
L/(mg.min). The comparison of the experimental and theoretical decline in benzene concentration based on 
the second-order kinetics equation is depicted in Figure 7. Additionally, a t-test analysis was used to assess 
the precision between the two sets of data from the same population. For first-order kinetics, the t-test value 
was 90 %, while for second-order kinetics, the value was 21 %. The kinetics of benzene photocatalytic 
degradation reaction was consistent with first-order kinetics, signifying that the reaction rate was solely 
influenced by the concentration of benzene at a specific time and not by the concentration of OH*. 
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Figure 7 Assessment of the reduction in benzene concentration, examining the variance between 
experimental observations and theoretical predictions for second-order kinetics. 
 
 
 Langmuir-Hinshelwood 
 The kinetics of benzene degradation in photocatalytic reaction adhered to the Langmuir-Hinshelwood 
theory [56]. Experimental data were plotted with ln ( ) on the y-axis and time on the x-axis, based on the 

equation ln ( ) = K kr t -  (CAo-CA). In this equation, K represents adsorption rate constant, kr denotes 
the reaction rate constant, t is time, and C signifies the concentration of benzene. The plotted results yielded 
an R2 value of 0.9599, with the linear equation being y = 0.0257x - 0.1131. According to the slope and 
intercept, the values of adsorption and reaction rate constants were K = 0.0003002 L/mg and kr = 85.68175 
mg/(L.min) respectively. The higher value of kr compared to K showed the dominance of photocatalytic 
reaction over adsorption in the degradation process of benzene. 
 In batch system without UV lamps, the adsorption data were collected to determine equilibrium 
models, specifically the Freundlich and Langmuir. The Freundlich model is depicted by the 
formula log x

m
 = 1

n
log C + log KF , while the Langmuir model is represented by: . It is 

stated in Figures 8 and 9.  
 
 

 
Figure 8 Langmuir adsorption isotherm model fitting with benzene adsorption on bentonite-TiO2-Fe3O4. 
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Figure 9 Freundlich adsorption isotherm model fitting with benzene adsorption on bentonite-TiO2-Fe3O4. 
 
 
 The regression results from both models were compared, showing that the Langmuir model (r2 = 
0.9253) was closer to 1 than the Freundlich (r2 = 0.6759). The obtained values for the Langmuir model 
constants were b (monolayer capacity) at 69.444 and the equilibrium constant at 0.0394. This adsorption 
model suggested the presence of active sites on the photocatalyst material surface, where the quantity was 
proportional to the surface area. Each active site selectively adsorbs one molecule through a physical or 
chemical bond [39-40]. Chemical interactions between bentonite and benzene in the molecular form can 
occur through ion exchange and chemical bonds. The negatively charged bentonite surface can interact 
with benzene, which has zero or slightly positive charge. It can produce electrostatic bonds between the 
bentonite and benzene surfaces. The silica surface can also have silanol groups (Si-OH), which can interact 
with benzene via hydrogen bonds. The experimental results indicated that the photocatalyst material 
showed homogenous adsorption capability and formed a monolayer. 
 
 Benzene degradation processes in continuous system 
 Effect of inlet flow rate 
 The impact of the inlet flow rate in Continuous System was influenced by the flow rate of benzene 
solution. The investigation aimed to determine the optimal % removal with variations in the inlet flow rate, 
specifically 15, 25, 35, and 45 mL/min. Based on the results, the % removal values observed were 76.836, 
71.541, 60.684, and 52.547, respectively. This suggested that higher inlet flow rates led to lower % removal 
results. The critical factors influencing this outcome were the contact and residence time within the ceramic 
tub. For instance, at the same volume of the ceramic tub, an inlet flow rate of 15 mL/min resulted in a 
residence time of 97.28 min, while the inlet flow rate of 45 mL/min had a residence time of 32.427 min. 
The extended residence time at lower flow rates contributed to greater benzene degradation in the solution. 
The experimental results for various flow rate variations are detailed in Table 3. 

 
 

Table 3 The efficiency at different variations of the inlet flow rate for an initial concentration of 400 ppm 
at pH 5. 

Flow rate (mL/min) τ (min) % Removal 

15 97.28 76.836 

25 58.368 71.541 

35 41.691 60.684 

45 32.427 52.547 
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 CSTR and PFR performance 
 In continuous system, there are 2 models, namely continuous stirred tank reactor (CSTR) and the plug 
flow reactor (PFR). The efficiency values for both CSTR and PFR were computed and compared 
experimentally. For the PFR model, the efficiency was calculated using the formula XA = 1 - e−k.τ, while 
for the CSTR model, it was calculated with [55]. In these equations, k represents the reaction 

rate constant (per minute), XA denotes the degradation of benzene conversion, and τ is the residence time 
(in minutes). The calculations presented in Table 4 showed that the experimental results were more 
consistent with the performance of the PFR model compared to CSTR. This suggested that the absence of 
a mixing process in the ceramic tub during the degradation of benzene contributed to the experimental 
results being more consistent with the PFR performance. In the PFR model, the concentration of benzene 
changed at each point along the ceramic tub, from entry to exit. However, this study only analyzed the 
concentration exiting the ceramic tub. 

 
Table 4 Comparative analysis of theoretical and experimental performance for CSTR and PFR models. 

Flow rate  
(mL/min) Trial (%) CSTR (%) ΔCSTR PFR (%) ΔPFR 

15 76.83558 65.82533 11.01025 85.42910 8.59353 

25 71.54140 53.61106 17.93034 68.51586 3.02554 

35 60.68420 45.22020 15.46400 56.19798 4.48622 

45 52.54709 39.10044 13.44665 47.37864 5.16845 
 
 
Conclusions 

 In conclusion, this study underscores the viability of photocatalytic degradation as an environmentally 
friendly method for benzene remediation, accompanied by significant economic advantages. The synthesis 
of a TiO2-Fe3O4-bentonite composite photocatalyst aimed to assess critical parameters in both batch and 
continuous systems. The research explored the effects of initial benzene concentration and pH in batch 
systems, while continuous system analysis focused on the correlation between feed flow rate and % 
removal. The initial concentration of benzene affects the efficiency of the degradation process in a batch 
system, where an increase in benzene concentration leads to an improvement in efficiency. However, 
excessive concentration results in a decrease in efficiency. From this study, an optimal initial concentration 
of 400 ppm was determined. pH influences the efficiency of the degradation process based on the isoelectric 
point of the photocatalytic material, and an optimum pH of 5 was obtained. The flow rate of benzene 
influences the efficiency of the degradation process in a continuous process, with higher flow rates leading 
to a decrease in efficiency. The optimal flow rate for the continuous system was found to be 15 mL/min.  
 Additionally, the study investigated the kinetics of benzene degradation in batch systems and analyzed 
the adsorption model. The reaction kinetics of the photocatalysis process follow first-order based on 
Langmuir-Hinshelwood kinetics, with a reaction rate constant (kr) of 85.68175 mg/(L.min) and an 
adsorption rate constant (K) of 0.0003002 L/mg. In a batch system without UV light, the adsorption process 
follows the Langmuir model, yielding a monolayer capacity constant of 69.444 mg/g and an equilibrium 
constant of 0.0394.  
 Overall, this research contributes valuable insights into the optimization of photocatalytic benzene 
degradation processes, offering a foundational understanding of critical factors affecting efficiency in both 
batch and continuous systems. The established conditions and parameters provide a basis for future 
advancements in the design and application of composite photocatalysts for benzene remediation, fostering 
progress in environmentally sustainable approaches to address benzene contamination. 
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Metrics based on Scopus® data as of March 2025

12 months ago

We have a paper about graph coloring. Our coloring method is unprecedented. Can our paper be

included in the physical sciences scope with the subscope of information theory and computation?

Thank you

reply

SJR

The SJR is a size-independent prestige indicator that ranks
journals by their 'average prestige per article'. It is based on
the idea that 'all citations are not created equal'. SJR is a
measure of scienti c in uence of journals that accounts
for both the number of citations received by a journal and
the importance or prestige of the journals where such
citations come from It measures the scienti c in uence of
the average article in a journal, it expresses how central to
the global scienti c discussion an average article of the

Total Documents

Evolution of the number of published documents. All types
of documents are considered, including citable and non
citable documents.

2012 33
2013 76
2014 90
2015 90

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The chart
shows the evolution of the average number of times
documents published in a journal in the past two, three and
four years have been cited in the current year. The two
years line is equivalent to journal impact factor ™
(Thomson Reuters) metric.

Cites / Doc. (4 years) 2012 0.000
Cites / Doc. (4 years) 2013 0.303
Cites / Doc. (4 years) 2014 0.385
Cites / Doc. (4 years) 2015 0.503
Cites / Doc. (4 years) 2016 0.533
Cites / Doc. (4 years) 2017 0.530
Cites / Doc. (4 years) 2018 0.528
Cites / Doc. (4 years) 2019 0.540
Cites / Doc. (4 years) 2020 0.575
Cites / Doc. (4 years) 2021 0.673

Total Cites Self-Cites

Evolution of the total number of citations and journal's self-
citations received by a journal's published documents
during the three previous years.
Journal Self-citation is de ned as the number of citation
from a journal citing article to articles published by the
same journal.

f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document and
external citation per document (i.e. journal self-citations
removed) received by a journal's published documents
during the three previous years. External citations are
calculated by subtracting the number of self-citations from
the total number of citations received by the journal’s
documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several countries.
The chart shows the ratio of a journal's documents signed
by researchers from more than one country; that is
including more than one country address.

2012 15.15
2013 10 53

Citable documents Non-citable documents

Not every article in a journal is considered primary research
and therefore "citable", this chart shows the ratio of a
journal's articles including substantial research (research
articles, conference papers and reviews) in three year
windows vs. those documents other than research articles,
reviews and conference papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years windows,
that have been cited at least once vs. those not cited
during the following year.

Uncited documents 2012 0
Uncited documents 2013 24
Uncited documents 2014 93
U it d d t 2015 154

% Female Authors

Evolution of the percentage of female authors.

2012 22.35
2013 24.83
2014 22.83
2015 31.84
2016 37.43
2017 41 53

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public
policy documents according to Overton database.

Overton 2012 0
Overton 2013 0
Overton 2014 0
Overton 2015 0
Overton 2016 0

Documents related to SDGs (UN)

Evolution of the number of documents related to
Sustainable Development Goals de ned by United Nations.
Available from 2018 onwards.

SDG 2018 26
SDG 2019 27
SDG 2020 47
SDG 2021 85

Estimated APC

It estimates the article processing charges (APCs) a
journal might charge, based on its visibility, prestige, and
impact as measured by the SJR. It does not re ect the
actual APC, but rather a calculated approximation based on
journal quality.

2012
2013

Estimated nancial value

It represents the potential nancial worth of a journal. It is
obtained by multiplying the journal's Estimated APC by the
total number of citable documents published over the past

ve years. This value re ects the hypothetical revenue a
journal could generate based on its estimated publication
costs and scholarly output.
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12 months ago

Dear Mahmud,

Thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a

portal with scientometric indicators of journals indexed in Elsevier/Scopus.
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1 year ago

I want to ask regarding Trend in Science Journal. Is the Trend Science journal still covered by

Scopus?

reply

2 years ago

Respected sirs and Mams

I am researcher in material science in Tribhuvan University, Nepal, working in the eld of oxidation

of antibiotic by different oxidants in alkaline medium. May I submit my original research article

(manuscript) to your reputed journal right now or not? Being a Ph D student, I will be thankful to

your journal for this kind information.

I have read carefully regarding all guidelines and other instructions conveyed by your reputed

journal.

reply

2 years ago

Sure you can submit it to the journal. However, we are only accept all high standard articles.

2 years ago

Where's the homepage link?

reply

2 years ago

https://tis.wu.ac.th/index.php/tis/index

Name

We suggest you visit the journal's homepage (See submission/author guidelines) or

contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

N

1 year ago

Dear Nyoman, thank you very much for your comment. We suggest you consult the

Scopus database directly. Keep in mind that the SJR is a static image (the update is made

one time per year) of a database (Scopus) which is changing every day.

The Scopus’ update list can also be consulted here:

https://www.elsevier.com/solutions/scopus/how-scopus-works/content

Best Regards, SCImago Team

SCImago Team

Y

T

2 years ago

Dear Yuvraj,

Thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a

portal with scientometric indicators of journals indexed in Elsevier/Scopus.

We suggest you visit the journal's homepage (See submission/author guidelines) or

contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

I

T

2 years ago

Dear Indra, thank you for contacting us. We will proceed to update the journal's website

information as soon as possible. Greetings from Spain and thank you for using the

SCImago products, SCImago Team

SCImago Team
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