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Abstract 

Gelatin mesoporous silica SBA-15 (GSBA-15) with rod-like morphology has been successfully synthesized by hy-

drothermal method using P-123:gelatin, then aged at 90 °C for 24 h and calcined at 550 °C for 5 h. GSBA-15 was 

impregnated with ZnO amounts of 1; 5; and 10 wt% to obtain Zn/GSBA-15. Samples were characterized by X-ray 

Diffraction (XRD), Fourier Transform Infra Red (FTIR), Scanning Electron Microscopy (SEM), and Brunauer-

Emmett-Teller (BET). The efficiency of methylene blue photodegradation was determined by a UV-Vis spectropho-

tometer. The FTIR result is functional groups of ZnO/GSBA-15, those were Si−O−Si, −OH, Zn−OH, and Zn−O. The 

morphology of ZnO/GSBA-15 was rod-like, and it consisted of silica, oxygen, and Zn. The surface area and pore vol-

ume of GSBA-15 declined (surface area from 520.8 to 351.9 m2/g and pore volume from 0.707 to 0.564 cm3/g) after 

ZnO impregnation due to pore blocking. At the same time, increasing pore diameter (from 2.82 nm to 3.19 nm) and 

crystallite size (from 5.1 nm to 12.6 nm) were observed due to the overlapping of ZnO-Silica particles. The increas-

ing incorporation of ZnO on the silica GSBA-15 framework increases the photodegradation performance from 

88.76% to 94.90% due to the high surface area, functional group rich, and dispersion of ZnO active sites. 
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1. Introduction 

One of the textile industry wastes is dye 

waste, usually containing organic compounds 

that are difficult to degrade biologically, such as 

methylene blue [1,2]. The methylene blue is a 

toxic aromatic hydrocarbon compound 

(C16H18ClN3S), with the permissible concentra-

tion threshold in waters being 5–10 mg/L [3,4] 
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which harms environmental ecosystems [5]. To 

minimize pollution, several technologies have 

been employed, such as using conventional 

physical methods, namely coagulation and floc-

culation [6], conventional biological methods [7], 

and advanced methods, such as Fenton [8] ozo-

nation process [9], photocatalytic [10] and ad-

sorption [11]. Among these methods, photocata-

lytic is considered the most efficient [10]. 

Zinc oxide (ZnO) is one of the photocatalysts 

that can be used in photodegradation because it 

is inert, abundant in nature, non-toxic, inexpen-
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sive to manufacture, environmentally friendly, 

and can be made under standard reaction con-

ditions with a band gap of 3.17 eV [12]. Previ-

ous research explained that ZnO catalysts have 

degradation performance for methylene blue 

[13–15]. However, metal oxide as the catalytic 

center has undergone agglomeration, reducing 

the catalytic performance [16]. To overcome 

this matter, the current research focus involves 

host or supporting materials for metal catalysts 

such as carbon, silica, and polymers [17–19].  

One of the supporting materials widely em-

ployed as a ZnO host is mesoporous silica. Its 

pore size can be adjusted from 2 to 50 nm by 

template engineering and optimization of reac-

tion conditions [3,4,16]. The other uniqueness 

of mesoporous silica is that it is inert and has a 

highly ordered structure, a large pore size, a 

large specific surface area, thick frame walls, 

high thermal stability. Moreover, its size can be 

controlled easily [20]. The use of mesoporous 

silica as a host of ZnO in the degradation pro-

cess of methylene blue dyes has been widely 

studied, such as ZnO/MCM-41 and 

ZnO/mesoporous silica, which have higher deg-

radation activity than ZnO [3,4]. However, the 

synthesis of mesoporous silica requires synthet-

ic soft templates, such as CTAB, P123, or F127 

[21–23], which have high prices with low levels 

of sustainability, and their production is com-

plicated and involves many chemicals, some of 

which require advanced handling at high costs. 

Several researchers overcame the problem by 

replacing the use of synthetic templates with 

environmentally friendly organic materials 

such as natural gelatin, starch, and gum arabic 

[23–25]. 

The previous research has combined gelatin 

with a synthetic template to produce carbon 

foam worm-holes, mesoporous carbon micro-

spheres, and hexagonal flake-like hematite 

with a high surface area of 90 to 220 m2/g with 

pore size up to 5–10 nm [11,26,27]. The use of 

gelatin which contains amine (−NH2) groups 

that have a high affinity to interact strongly 

with hydroxyl (OH) by hydrogen bonds, gives 

advantages as a pore directing agent to produce 

the unique material in the previous reports 

[28–31]. So, in this study, the mesoporous silica 

was synthesized using gelatin. To minimize the 

synthetic organic template, ZnO metal oxide 

was impregnated into resulted mesoporous sili-

ca from gelatin template (GSSBA-15), and the 

photodegradation of methylene blue perfor-

mance was investigated.  

2. Materials and Methods 

2.1 Materials 

All of the chemicals were analytical grade 

purchased from Sigma Aldrich Co., LLC (St. 

Louis, USA), such as P123 (MW 5750 g/mol), 

Commercial Gelatin (MW 90.000 g/mol), TEOS 

(MW 208.33 g /mol), Zn(CH3COO), ethanol (pa) 

and methylene blue (MW 319.85 g/mol), and 

HCl 37% (MW 36.5 g/mol). 

 

2.2 Synthesis of mesoporous silica GSBA-15 

Synthesis of mesoporous silica applied gela-

tin as a template labeled as GSBA-15. It was 

prepared by adding 4 g of P123 and 0.04 g of 

gelatin to 19.5 mL of 37% HCl in 127 mL of 

distilled water. It was then stirred at 40 °C 

(500 rpm) for 3 h. The 8.62 g of TEOS was add-

ed to the mixture, and the stirring was contin-

ued for 24 h. The resulting mixture was carried 

out for hydrothermal process at 90 °C for 24 h 

in autoclave with Teflon liner (Figure 1). The 

resulting sample was filtered, washed, and 

dried for 24 h at 70 °C and followed by a second 

drying step at 100 °C for 24 h. Finally, the dry 

sample was calcined in a furnace at 550 °C for 

5 h and then labeled as GSBA-15. For activa-

tion, 1.5 g of GSBA-15 was mixed with 50 mL 

of 0.1 M HCl for 24 h. It was then filtered, 

washed, and dried for 24 h at 100 °C. 

 

2.3 Impregnation of ZnO/GSBA-15 

1% of Zn(CH3COO)2.2H2O (0.033716 g) was 

dissolved in 42 mL of ethanol solvent while 

stirred with a magnetic stirrer at 70 °C for 2 h. 

The solution obtained was cooled to room tem-

perature. It was then mixed with a Zinc Oxide 

(ZnO) solution with 1 gram of activated GSBA-

15 while vigorously stirring. Next, it was dried 

at 80 °C for 24 h for eliminating solvent. It was 

then calcined in a furnace at a temperature of 

Figure 1. Hydrothermal reaction in stainless 

steel jacket and inner Teflon liner. 
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550 °C for 4 h to form 1% ZnO/GSBA-15. The 

number of ZnO ratios was increased to obtain 

the ZnO:G-SBA ratios of 5% and 10%. 

 

2.4 Photocatalytic Activity of ZnO/GSBA-15 

The photocatalytic activity of ZnO/GSBA-15 

was evaluated by measuring the degradation of 

methylene blue in wastewater solution under 

UV radiation. The experiment was carried out 

in a photocatalytic reactor in an Erlenmeyer 

containing 200 mL of the methylene blue solu-

tion with an initial concentration of 5 mg.L−1. 

The 50 mg of ZnO/GSBA-15 samples from each 

ZnO mass variation were dispersed into the 

methylene blue solution by shaking for 30 min 

in the dark to achieve adsorption-desorption 

equilibrium. The photocatalytic reactor was set 

up to degrade methylene blue with the black 

box, which was used to prevent light from sur-

rounding for dark adsorption reaction. After-

ward, the mixture was placed vertically under 

a 300 W Xenon lamp equipped with an optical 

transmission filter (λ = 365 nm). A total of 10 

mL of the suspension was collected at a fixed 

reaction time and centrifuged to remove the 

catalyst. The concentration of methylene blue 

supernatant was determined by measuring the 

absorbance of the solution at a wavelength of 

665 nm with a UV-Vis spectrophotometer 

(Shimadzu UV-3600). The percentage of meth-

ylene blue photodegradation was calculated us-

ing the equation as follows: 

 

(1) 

 

where, C0 and Ct represent methylene blue con-

centration in the solution before and after the 

UV irradiation, respectively. 

 

2.5 Characterization of ZnO/GSBA-15  

Instruments employed to test samples in-

cluded X-Ray Diffraction (XRD) brand Panana-

lytical (version PW3050/60), Fourier Transform 

Infrared Spectrophotometer (FTIR) brand with 

a Shimadzu 21 resolution of 0.5 cm−1, Scanning 

Electron Microscopy-Energy Dispersive X-Ray 

(SEM-EDX) with a JEOL JSM-700 microscope 

at a voltage speed of 15.0 kV, a Brunauer-

Emmett-Teller (BET) brand Quantacrome No-

va 1200e, a Spectrophotometer Ultra Violet 

Visible (UV-Vis) brand Shimadzu UV-3600 

with a wavelength of 665 nm. The crystal size 

(D) of the samples was calculated by the Debye 

Scherrer equation (Equation (2)). 

 

(2) 

 

D is the crystal size in Å, λ is the wavelength 

source used in the XRD test (1.54056 Å), and β 

is the half-peak width in radians. θ is the an-

gular position of the peak formation. The crys-

tallinity of the sample could also be computed 

by Equation (3). 

 

(3) 

 

 

 

3. Results and Discussion 

3.1  X-Ray Diffraction (XRD) Characterization 

Figure 2 shows the X-ray diffractogram of 

ZnO/GSBA-15 with ZnO mass ratios of 1, 5, 

and 10% w/w. The prominent peaks for meso-

porous silica (JCPDS-850897) were observed in 

the amorphous phase at 21.08°, with the miller 

field (100), which is in accordance with the lit-

erature that there is no crystal phase of meso-

porous silica GSBA-15. It also exhibits the suc-

cessfully mesoporous silica synthesized by gel-

atin addition in the synthetic organic template 

[20]. When ZnO was increased from 1% to 10%, 

Figure 2. Diffractogram of the GSBA-15, 

ZnO/GSBA-15 1, 5, and 10 wt% samples. 

Sample λ (Å) β (rad) Peak Position 2θ %Crystallite D (nm) 

GSBA-15 1.5405 1.398 0.0697 23.3 5.7 

ZnO/GSBA-15 1 wt% 1.5405 1.319 0.442 33.3 6.0 

ZnO/GSBA-15 5 wt% 1.5405 2.335 0.969 36.7 8.2 

ZnO/GSBA-15 10 wt% 1.5405 0.628 0.068 43.4 12.7 

Table 1. Crystallite Size of GSBA-15 before and after ZnO incorporation. 

0

0

% 100t
C C

Removal
C

−
= 

0 9

 
=

.

cos
D

(%)

100

=


+

Crystallinity
crystalline peak area

crystalline peak area amorphous peak area



 

Bulletin of Chemical Reaction Engineering & Catalysis, 17 (2), 2022, 366 

Copyright © 2022, ISSN 1978-2993 

there were no significant ZnO peaks (JCPDS 

361451) and no differences in mesoporous silica 

peaks' position. This fact suggests that the low 

amount of ZnO (according to EDX that Zn is de-

tected close to 1–6%) does not change the sta-

bility of mesoporous silica GSBA-15. This opin-

ion is also based on several previous studies re-

porting that the peak of ZnO in the supporting 

material was detected by XRD when the mass 

ratio of ZnO to the supporting material was 

more than 30–40% w/w [3,14,15,17,32,33]. Fur-

ther, XRD does not give information regarding 

the existence of ZnO due to the low content of 

ZnO, which may be thoroughly dispersed in the 

mesoporous silica GSBA-15 matrix. Hence, the 

amorphous structure of mesoporous silica 

GSBA-15 has a quenched crystal-line structure 

of ZnO. However, the detection of ZnO can be 

done by EDX and FTIR, but the structure of  

mesoporous silica GSBA-15 has been confirmed 

from nitrogen adsorption-desorption isotherms. 

Table 1 shows the effect of the ZnO addition 

on the crystallite size of the mesoporous silica 

of GSBA-15, which exhibits an enlargement 

with the increasing ZnO amounts. It reveals 

that ZnO has fully dispersed onto the surface 

of the mesoporous silica and has a significant 

effect on the crystallite size because ZnO and 

the resulting silica particles overlap. 

During ZnO precursor infiltration, the over-

lapping particle has been done to the mesopore 

structure. The overlapping step has a big op-

portunity to produce a big crystallite size and a 

larger space as a new pore (Figure 5). The oth-

er factor that influences the enlarging crystal-

lite size after ZnO incorporation is the growth 

of ZnO, which is affected by precipitation rate, 

Zn-supporting material, and the calcination 

temperature [40]. The growth of ZnO in GSBA-

15 is detected by the change of the crystallite 

size by XRD before and after impregnation da-

ta. In conclusion, the growth of ZnO particles 

in GBA-15 is governed by increasing the 

amount of Zn precursor, which has a signifi-

cant impact on the ZnO distribution, crystallite 

size, and new space in the composite 

 

3.2 Fourier Transform Infrared Spectropho-

tometer (FTIR) Characterization 

Figure 3 displays the FTIR spectra of 

GSBA-15, which exhibited some significant dif-

ferences between silica samples before and af-

ter ZnO impregnation. The intensity of the 

peaks at 3381.52–3453.69 cm−1 significantly in-

creases for the sample at higher ZnO concen-

tration, suggesting ZnO's influence in increas-

ing hydroxyl region (−OH) of mesoporous silica 

that is associated with stretching vibrations of 

the Si−OH group. In the ZnO/GSBA-15 1% and 

GSBA-15 samples, the absorption bands are 

observed at 2108.71 cm−1 wavenumber, which 

indicates a stretch of CO2 due to the partial de-

composition of gelatin. The peak at 1630 cm−1 

corresponds to the bending modes of adsorbed 

water [16]. The high intensity of mesoporous 

ribbon character at 1042.84 cm-1 is for symmet-

ric modes stretching of lattice vibrations 

Figure 3. IR spectra of GSBA-15, ZnO/GSBA-15 

1, 5, and 10% at wave numbers 450-4000 cm−1. 

Spectra Wave Number Type Vibration Reference 

GSBA-15  

2108.71 Stretching CO2 [16] 

1042.84 Stretching Si−O−Si [16] 

807.65 Stretching Si−O−Si [36] 

449.15 Si−O [36] 

2323.50 Stretching CO2 [16] 

1% ZnO/GSBA-15  

1053.47 Stretching Si−O−Si [16] 

801.35 Stretching Si−O−Si [16] 

439.69 Vibration Zn−O [35] 

404.86 Vibration Zn−O [17] 

Table 2. FTIR analysis data from samples GSBA-15, ZnO/GSBA-15 1, 5, and 10 wt%. 
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Si−O−Si, and symmetric modes stretching of 

lattice vibrations at 801 cm−1 is O−Si−O 

[16,33,34]. The absorption peak is also investi-

gated at 420–430 cm−1, representing the char-

acteristic vibrational mode of Zn−O [17,35], 

which confirms the success of ZnO incorpora-

tion onto silica GSBA-15. The FTIR analysis 

peak in this work is in line with previous re-

search in Table 2. 

 

2.3 Brunauer-Emmett-Teller (BET) Surface  

Area Characterization 

Analysis of surface area using the BET 

method determines the surface area, pore     

volume, and pore diameter of GSBA-15 and 

ZnO/GSBA-15. Based on the BET analysis, the 

adsorption-desorption curves of GSBA-15, 

ZnO/GSBA-15 5 and 10 wt% are exposed in 

Figure 4. 

Based on Figure 4, all samples in the ad-

sorption-desorption match with the type IV iso-

therm of mesoporous materials with hysteresis 

loop type of H-1, which is related to porous ma-

terials with a narrow pore size distribution 

[16]. Thus, it is apparent that there is an in-

flection position located at a relative pressure 

(P/Po) in the range of 0.4–0.9, which indicates 

that ZnO loading in GSBA-15 causes a change 

in the shape of the hysteresis loop. Still, there 

is no significant difference in the isotherm form 

between GSBA -15 and ZnO/GSBA-15.  

Table 3 presents experimental data based 

on the analysis of the surface area, pore vol-

ume, and pore diameter. Positive correlation 

results are found in Table 3 where a higher 

surface area would result in lower pore diame-

ter. It can be seen in the declining surface area 

from 500.8 to 351.9 m2/g and pore volume from 

0.71 to 0.56 cm3/g, suggesting that ZnO is con-

fined inside the pores of mesoporous silica 

GSBA-15. However, the decreasing surface ar-

ea after impregnation significantly influences 

the increasing pore size from 2.82 nm to 3.19 

nm, which is close to 11.5%. Typically, after 

impregnation, the pore diameter of silica would 

be smaller than before due to the pore blocking 

of ZnO to the silica. However, the increasing 

pore size after ZnO impregnation is logical due 

(A) 

(B) 

Figure 4. (A) Isotherm adsorption and (B) pore 

size distribution of ZnO/GSBA-15. 

Sample Type GSBA-15 5% ZnO/GSBA-15 10% ZnO/GSBA-15 

BET Surface Area (m2/g) 520.8 390.4 351.9 

Total Pore Volume (cm3/g) 0.707 0.602 0.564 

Pore Diameter (nm) 2.82 3.07 3.19 

Table 3. Results of sample porosity analysis using BET characterization. 

Figure 5. Illustration of pore size silica GSBA-

15 after ZnO impregnation. 
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Figure 6. SEM image and particle distribution of (a) ZnO/GSBA-15 1% (b) ZnO/GSBA-15 5% (c) 

ZnO/GSBA-15 10%. 

(a) 

(b) 

(c) 

Photocatalyst 
Diameter of particle, 

µm 

Elemental Composition Analysis 

C, % O, % Si, % Al, % Zn, % 

GSBA-15 0.52 9.4 49.03 41.57 − − 

ZnO/GSBA-15 1% 0.46 16.41 49.18 32.79 − 1.62 

ZnO/GSBA-15 5% 0.40 6.69 48.24 39.59 − 5.48 

ZnO/GSBA-15 10% 0.35 − 45.75 44.42 2.65 6.12 

Table 4. Analysis of elemental composition and average particle diameter of GSBA-15, ZnO/GSBA-15 

1, 5, and 10 wt%. 
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to the overlapping between ZnO-ZnO and ZnO-

silica particles to form a larger space as a new 

pore size (Figure 5). 

 

2.4 Scanning Electron Microscopy-Energy Dis-

persive X-Ray (SEM-EDX) 

SEM characterization was employed to ex-

amine the morphology, distribution, and parti-

cle shape of GSBA-15, ZnO/GSBA-15 1, 5, and 

10 wt% powders. The morphology of all sam-

ples is almost the same, giving general infor-

mation that increasing ZnO incorporated to sil-

ica surface amount does not significantly affect 

the stability of the silica GSBA-15 framework. 

Figure 5 demonstrates the surface GSBA-15 as 

the number of white granules pipe as rod-like 

morphology. According to histogram measure-

ments, the average size of the particles formed 

is between 345 nm to 525 nm (equal to 0.35-

0.53 µm), so it can be concluded that the parti-

cles formed are micro-sized. Histogram by SEM 

reveals that increasing ZnO has a significant 

effect on decreasing the sharp distribution par-

ticle due to the ZnO growth, the overlapping 

between ZnO and silica particles as the same 

explanation by XRD. Silica GSBA-15 and 

ZnO/GSBA-15 are mesoporous samples that 

are categorized as bulk. The particle size is not 

identical to the crystallite size in the bulk 

scale. Crystallite is part of the grain, while the 

grain is part of the particle, so that the crystal-

lite size < grain (grain) < particle. Therefore, 

the crystallite sizes of GSBA-15 by XRD are 

smaller than particle sizes by SEM. 

From Table 4, it is apparent that each pho-

tocatalyst has the highest percentage of ele-

mental O content, which is more than 45%. In 

the GSBA-15 photocatalyst, which had been 

impregnated with ZnO, it was identified the 

presence of Zn in it so that the Zn impregnation 

process into GSBA-15 silica was successfully 

carried out. The percentage of Zn increased sig-

nificantly with the mass % of Zn contained in 

GSBA-15, but the content of the Zn10% in 

ZnO/GSBA-15 photocatalyst was different from 

the percentage of Zn added, which was only 

6.12%. The difference in the percentage of Zn 

between the experiment and EDX detection is 

predicted due to the leaching of ZnO during the 

washing and filtrating step from the GSBA-15 

surface. In addition, the incorporation of ZnO 

onto GSB-15 decreases %C due to the high ZnO 

insertion during interaction onto silica surface. 

So, the high ZnO on GSBA-15 can improve the 

stability of silica during organic decomposition 

at high temperatures and have a significant in-

fluence on reducing carbon.  

 

2.6 Photocatalytic ZnO/GSBA-15  

Testing the ZnO's effect onto GSBA-15 as a 

photocatalyst on the degradation process of 

methylene blue is to determine which type of 

photocatalyst is most effective in producing 

•OH radicals. Figure 6 describes the duration 

of irradiation in the photodegradation process, 

which illustrates the effect of the interaction 

(contact) between photocatalyst and light (hv) 

in producing •OH radicals and contact be-

tween •OH radicals and methylene blue in the 

degradation process. In dark conditions or 

when the photocatalyst is at first 30 min, high 

MB removal values were obtained due to the 

high surface area of GSBA-15, not only via 

physical interaction on surface and pore but  

also chemistry interaction between MB-Silica 

and MB-Silica-Zn. The second step at min 30 to 

90 was the photodegradation reaction in which 

a total MB removal improved due to the light 

source as the photon energy to produce •OH 

radicals. This interaction was strong that the 

methylene blue was not only adsorbed on the 

silica surface but also degraded optimally 

[15,33] due to the excitation of electrons from 

the conduction band to the valence band by 

photon, so that any •OH radicals were formed 

[22]. The total efficiency value of the degrada-

tion product using ZnO/GSBA-15 photocatalyst 

was higher than in the dark condition, conclud-

ing the significant effect of ZnO incorporation. 

According to Table 5, the value of the degra-

dation efficiency improves with the increase in 

the ZnO mass. It is in accordance with the pore 

diameter value in the BET analysis, which also 

enlarges, so that the absorption of methylene 

blue is maximized. The mechanism of the deg-

radation reaction of methylene blue in the pho-

tocatalyst ZnO and ZnO/GSBA-15 under UV 

light irradiation can be written as follows: 

 

ZnO + hv → ZnO (e− + h+) (1) 

OH− + h+ → OH (2) 

H2O + h+ → •OH + H+ (3) 

Photocatalyst 
Degradation Efficiency 

(%) 

GSBA-15 24.80 

1% ZnO/GSBA-15 88.76 

5% ZnO/GSBA-15 94.90 

10% ZnO/GSBA-15 90.40 

Table 5. Efficiency of degradation methylene 

blue by photocatalysts GSBA-15, ZnO/GSBA-15 

1, 5, 10 wt%, and ZnO at 90 min of irradiation 

time. 
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•OH + MB → CO2 + H2O (4) 

MB + e− → 16CO2 + 6H2O + HCl 

+ HNO3 + H2SO4 (5) 

 

The activity of ZnO oxide on GSBA-15 as a 

photocatalyst significantly enhanced MB re-

moval. Before irradiation, the initial adsorption 

has optimized the interaction between MB and 

the ZnO-silica surface. The photodegradation 

process can occur through the direct reaction of 

hydroxyl radicals with MB adsorbed on the sur-

face of the photocatalyst. The high silica sur-

face area supports the interaction of MB with 

ZnO/GSBA-15 higher than direct photo-

catalytic degradation without adsorption. 

When the ZnO and ZnO/GSBA-15 photocata-

lysts absorb photons with an energy equal to or 

greater than the energy width of the ZnO 

bandgap, then the electrons in ZnO are excited 

from the valence band to the conduction band. 

Then, electron-hole pairs are generated. 

Where, e− and h+ are electrons in the conduc-

tion band (e−) and electron vacancies in the va-

lence band (h+), respectively. These two entities 

can migrate to the surface of ZnO and 

ZnO/GSBA-15 and enter into redox reactions 

with organic pollutants; in this case, it is meth-

ylene blue on the surface. Hole electrons will 

react with H2O or OH− to produce a hydroxyl 

radical (•OH). The active radical degrade N−C3 

bond then −CH3 is oxidized to HCHO or 

HCOOH, then active radical break the mole-

cule with C−S and C−N bonds and produce un-

stable smaller organic as side product. This 

radical is a powerful oxidizing agent and the 

primary oxidizer in the photocatalytic oxida-

tion of methylene blue to carbon dioxide, water, 

and other mineralized products, such as hydro-

chloric, sulfuric, and nitric acid. Meanwhile, 

the electrons (e−) will react with methylene 

blue to produce reduced products as smaller or-

ganic, namely CO2 and H2O as primary prod-

Figure 7. Effect of dark adsorption and irradia-

tion time on the efficiency of degradation meth-

ylene blue. 

Figure 8. Decolorization performance from 0 min (left) to 90 min (right) on the 10% ZnO/GSBA-15 sam-

ple. 

Time (min) 
%MB removal  

GSBA-15 1% ZnO/GSBA-15 5% ZnO/GSBA-15 10% ZnO/GSBA-15 

Dark adsorption  

30 24.3 85.38 89.80 87.19 

Photodegradation  

40 24.3 85.72 89.91 88.22 

50 24.4 86.06 90.59 88.66 

60 24.6 87.08 91.04 89.46 

70 24.6 87.42 92.52 89.80 

80 24.7 87.76 92.97 90.02 

90 24.7 88.32 94.90 90.48 

∆t90−t30 0.40 2.96 5.09 3.28 

Table 6. The effect of dark adsorption and photodegradation on total MB removal. 
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ucts, and other ion, such as Cl−, SO4−2 and NO3, 

as side product  [37,38]. 

Based on Figures 7 and 8 and Table 6, the 

degradation of methylene blue (MB) advances 

with the increase in UV irradiation time. At 0–

30 minutes of dark adsorption, there was a rea-

sonably significant increase in degradation, 

while at 30–90 min, the degradation advanced 

from 2.96 to 5.09, along with increasing ZnO 

from 1–5%. The average MB decolorization via 

dark adsorption and photodegradation using 

ZnO/SBA-15 achieved 85% and 4%, respective-

ly. This high decolorization during dark adsorp-

tion is predicted to come from a high surface 

area and large pore, which facilitates MB ad-

sorption. However, the % MB removal using 

GSBA-15 after ZnO impregnation was higher 

than before due to the inert character of GSBA-

15. The inert (neutral character) of GSBA-15 

facilitates adsorption of MB species by the pore 

and interaction between MB and Si−O−Si only, 

which explains the lower MB removal during 

dark adsorption than after ZnO incorporation. 

This result is in line with the previous report 

[15]. According to the previous research, meso-

porous silica had a very small amount of acidic 

site compared to the silica after ZnO incorpora-

tion, in which the acidity increased 8–9 times 

due to the dispersion of zinc oxide [15]. It clari-

fies the higher % MB removal of GSBA-15 after 

incorporating ZnO during dark adsorption, 

which ZnO on silica surface facilitates the ad-

sorption via strong electrostatic attraction be-

tween MB, Si−O−Si, and the active site of ZnO. 

Thus, it can be concluded that the electrostatic 

interaction between catalyst surface and MB as 

organic dyes plays a major role in the dark ad-

sorption step. 

From the literature, we found that the band 

gap of the ZnO bulk is 3.3 eV [32] to 3.3 eV 

[15]. However, after impregnating onto silica-

based material, the band gap of ZnO improved 

by 3.38 to 4.01 eV from 5–30% ZnO weight 

[15,32]. This information demonstrates that 

ZnO/GSBA-15 in this work has the same prob-

ability of absorbing light in the UV region. For 

that reason, we correlated the bandgap infor-

mation from previous research with the photo-

degradation performance of ZnO/GSBA15.   

Figure 6 exhibits that the degradation curve 

can be divided into two stages. One is a rapid 

adsorption process from zero min to 30 min. 

The other is a photocatalytic degradation pro-

cess from 40 min to 90 min. There is an in-

creasing degradation from 2.9% to 5% due to 

an increasing ZnO content from 1–5%, as pre-

sented in Table 7. 

This phenomenon confirms two factors: 

first, the low content of ZnO in GSBA-15. Pre-

vious studies report that 17%TiO2/SBA-15 

achieved 4% photodegradation for 350 min and 

58% MB removal via 60 min dark adsorption 

[39]. Other literature mentioned that 

ZnO/Silica with amount ZnO 5–20% achieved 

85 to 99% of total MB removal from dark ad-

sorption (60–120 min) and photodegradation 

(120–350 min) which the real ZnO element by 

EDX is 4.9 to 20.1 %w/w [15,32,33]. However, 

the photodegradation in our manuscript was 

higher than in previous studies with higher 

ZnO content as an active site due to the high 

surface area of silica GSBA-15 as a supporting 

catalyst 

Another factor is time for dark adsorption 

and irradiation time. The previous research re-

ported a longer time for both steps and reached 

Material 

Degradation 

in dark ad-

sorption (%) 

Photodegradation 

after dark adsorp-

tion (%) 

% w/w 

Zn by 

EDX 

Total % Removal 

(Total time dark 

adsorption + photo-

degradation) 

Ref. 

ZnO/SBA-15 50.0 (120 min) 41.0 120 min 30 91.0 (240 min) [15] 

17%TIO2/SBA-15 58.0 (60 min) 4.0 (150 min) 17 62.0 (90 min) [39] 

15% ZnO/SBA-15 n.d. (10 min) 22.0 (350 min) 19.89 73.0 (360 min) [33] 

1% ZnO/GSBA 85.3 (30 min) 2.9 (60 min) 1.62 88.3 (90 min) this work 

5% ZnO/GSBA 89.8 (30 min) 5.09 (60 min) 5.48 90.4 (90 min) this work 

10% ZnO/GSBA 87.2 (30 min) 3.28 (60 min) 6.12 94.9 (90 min) this work 

5% ZnO/Silica Not detected Not detected 4.9 85 (180 min) [32] 

10% ZnO/Silica Not detected Not detected 10.2 99 (180 min) [32] 

20% ZnO/Silica Not detected Not detected 20.1 85 (180 min) [32] 

Table 7. The comparative study of %MB removal 
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total MB removal from 85 to 99%, the same as 

with ZnO/GSBA-15, which resulted from 88% 

to 94%. However, the low irradiation time of 

MB removal by ZnO/GSBA-15 achieved a 

smaller MB removal than dark adsorption. 

Hence, the second reason concludes that the 

lower irradiation time significantly affects the 

photodegradation performance. However, the 

higher total MB removal of ZnO/GSBA-15 is 

not only from the surface area but also from the 

site active distribution factor. This result is in 

line with previous research [15,32,33,39]. 

 

4. Conclusion 

Mesoporous silica (GSBA-15) with rod-like 

morphology has been successfully synthesized 

using gelatin and P123 with the template 

method. Increasing crystallite size and pore di-

ameter of GSBA-15 after ZnO incorporation 

was due to variation of weight ratios between 

ZnO and GSBA-15 from 1% to 10%, but the 

surface area decreased from 520 m2/g to 345 

m2/g due to the pore blocking and overlapped 

silica-ZnO particle. The FTIR data of GSBA-15 

after impregnation show the formation of 

Si−O−Si and Zn−OH bonds, and the main ele-

ment of Si, Zn, and O were observed in EDX. A 

combination of dark adsorption and photocata-

lytic degradation of methylene blue using 

ZnO/GSBA-15 achieved 94%, implying the ap-

propriate catalyst for dye molecule degrada-

tion. 
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