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Abstract 

Rice husk (RH) is often mentioned as an agricultural by-product, often used in the pass as fertilizer and for raw burning. 

With modern science, RH have been researched and found many new potential benefits and applications. In this study, 

RH were used to synthesize amorphous SiO2, which was used to prepare the ZnO•SiO2 nanocomposites by a 

hydrothermal method. The as-synthesized materials were characterized by X-ray diffraction (XRD), scanning electron 

microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR), and N2 adsorption/desorption isotherm. Their 

photocatalytic properties were studied by an ultraviolet-vis spectrophotometer and a fluorescence spectrophotometer. 

The ZnO•SiO2 nanocomposite has an excellent ability to degrade organic substances such as dyes, antibiotics, caffeine, 

etc. The effects of operating parameters on the photo-degradation reaction progress, including catalyst dosage, initial 

dye concentration, and pH of the initial dye were investigated in detail. In addition, the photodegradation rate of the 

dye on the ZnO•SiO2 nanocomposite was evaluated using the pseudo-first-order model. The ZnO•SiO2 nanocomposite 

can be used as a photocatalyst for wastewater treatment as it detaches much more easily from the solution. 
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1. Introduction 

Vietnam is a developing country with a large-

scale rice sector. Rice husks account for about 20 

% by weight of rice seeds and are released into the 

environment during rice production process. 

About 11 million tons of rice husks were produced 

in 2024 [1]. The scientists report that only a small 

proportion of the rice husks are used as fuel in the 

milling plants and the surplus of the remaining 

rice husks has polluted the environment. Rice 

husk ash (RHA) is obtained after burning the rice 

husks and consists of about 80% by weight of SiO2 

[2]. The use of rice husks as a source of silica for 

* Corresponding Author. 

   Email: tuan.vuanh@hust.edu.vn (A.-T. Vu) 

the production of silica-based materials for 

applications in industry, chemistry, biology and 

agriculture is therefore attracting great interest 

from scientists. 

Water pollution is a major problem for 

aquatic  life, public health and environmental 

quality [3-5]. The disposal of wastewater 

contaminated with dyes from various industries 

such as textile, tanning, paper and pulp is a major 

environmental problem for industry, 

municipalities and science, as these substances 

and their degradation products are toxic, 

carcinogenic and mutagenic  to the entire 

ecosystem [6]. Therefore, industrial wastewater 

containing dyes must be treated before it is 

released into the environment. Meanwhile, 
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semiconductor photocatalysis has proven to be one 

of the most promising methods for wastewater 

treatment compared to other conventional 

techniques [7].  

Many years ago, SiO2 was already known as 

a potential adsorbent for the removal of pollutants 

in the aquatic environment. In 2016, M.A. Rafiq 

and colleagues [8] used the electrospinning 

method to synthesize porous SiO2 nanofibers that 

remove toxic dyes in an aqueous environment. The 

result of this study shows that the maximum 

adsorption capacity for methyl orange and 

safranin O was 730.9 and 960.4 mg/g, respectively 

[8]. In 2019, in an effort to research 

environmentally friendly materials, Thi Thu 

Hoang and her colleagues successfully 

synthesized porous SiO2 from rice husk which is 

an agricultural by-product. This porous SiO2 can 

remove methyl blue relatively well (91.9 % after 

50 min of adsorption) [9]. It can be seen that 

porous SiO2 is a good adsorbent that has received 

much attention from scientists in the field of 

wastewater treatment. The porous SiO2 is also 

considered as a potential carrier due to its 

excellent adsorption capacity. Recently, many 

scientists have explored the modification of SiO2 

to obtain materials with superior pollutant 

treatment capabilities. For example, Anh Tuan 

Vu and his colleagues [5] fabricated an 

ethylenediaminetetraacetic acid (EDTA) modified 

porous silica composite from rice husk in 2024 to 

improve the removal of Pb2+ from aqueous 

solutions. A large specific surface area and 

high pore volume of the EDTA-modified porous 

silica composite (PS-EDTA) were determined to be 

496.8 m2/g and 1.44 cm3/g, respectively. Under 

optimal reaction conditions, the PS-EDTA 

composite showed a Pb2+ removal efficiency of 

99.98 % and a qmax value of 84.70 mg/g [5]. 

Titanium dioxide–silica materials have been 

proposed as an alternative to conventional TiO2 

catalysts to facilitate the removal of solids after 

the photocatalytic reaction. In 2006, José Aguado 

and colleagues [10] successfully synthesized 

TiO2/SiO2 materials by the sol-gel method. This 

material has photocatalytic oxidation activity of 

cyanide in water [10].  

ZnO is one of the most important 

semiconductor photocatalysts due to its high 

photosensitivity and stability [11]. In 2020, Thi 

Anh Tuyet Pham and her colleagues [12] 

synthesized the ZnO nanoparticles via a facile 

precipitation method. These nanoparticles have 

excellent photocatalytic ability to degrade 2,2-

bis(4-hydroxyphenyl)propane [12]. In 2023, Thu 

Huong Nguyen and her colleagues [13] studied the 

tetracycline hydrochloride (TCH) degradation 

ability of the carnation-like ZnO material. This 

material showed efficient degradation of TCH 

with the decomposition efficiency and rate 

constant of 89.92% and 0.038 min−1, respectively 

[13]. However, the use of ZnO powder is associated 

with some difficult problems in terms of 

performance and recovery. In order to promote the 

advantages of ZnO and utilize agricultural by-

products, the synthesis of ZnO•SiO2 material was 

explored and used to treat dyes in the water 

environment. Zn2+ was loaded on the surface of 

porous silica (SiO2) through the hydrogen bonding 

between the hydroxyl groups in the hydrothermal 

process to reduce the primary particle size of zinc 

oxide (ZnO) and eliminate the agglomeration 

phenomenon to form a monodisperse state. After 

calcination of the precursors, dehydration 

condensation occurred between the hydroxyl 

groups and the ZnO nanoparticles on porous SiO2, 

forming produced the ZnO•SiO2 nanocomposite. 

The composite produced in this way was used to 

treat wastewater containing the Janus Green B 

dye. The properties of the materials were analyzed 

using modern methods to investigate the 

influence of morphology and structure on catalytic 

activity. In addition, the optimal conditions for the 

photocatalytic degradation of Janus Green B and 

the stability of the ZnO•SiO2 nanocomposite were 

also investigated.  

 

2. Materials and Methods 

2.1 Materials 

Rice husk was collected in Thai Binh 

province, a region in the Red River Delta in 

Vietnam. Janus Green B (JGB, 99%) was 

purchased from Sigma-Aldrich. Zinc nitrate 

(Zn(NO3)2.6H2O, 99%), hexamethylene tetramine 

(C6H12N4, 99%), sodium citrate 

(C6H5NaO7S.2H2O, 99%), sodium hydroxide 

(NaOH, 99%), cetyl trimetylammonium bromua 

(CTAB, 99%) were purchased from Merck. 

Hydrochloric acid (HCl, 36-38%), Tetracycline 

Hydrochloride (TCH, 99%), Caffeine, Methylence 

Blue (MB), Congo Red (CR), Tartrazine (TA) were 

obtained from China. All the chemicals were used 

without any purification and distilled water was 

used throughout the experiments. 

 

2.2 Preparation of Porous Silica from Rice Husk 

The method for the preparation of  porous 

silica was modified by adding the surfactant 

CTAB from the previous report [2]. RH was first 

washed with tap water and rinsed with distilled 

water in several times to remove the dirt. Then, 

RH was treated with hydrochloric acid 0.5 M for 

30 min at constant stirring to remove metal 

impurities. Subsequently, it was rinsed with 

distilled water again to remove excess acid, dried 

at 100 °C overnight and burned at 600 °C for 2 h 

under air flow to obtain RHA. An amount of 5 g of 

RHA was added into 100 mL of NaOH 2 M in an 

Erlenmeyer flask. The mixture was heated to 

https://www.sciencedirect.com/topics/materials-science/pore-volume
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about 60 °C for 2 h to completely dissolve the silica 

in the RHA. The slurry, which consisted of the 

residue of the digested ash, Na2SiO3, water and 

free NaOH, was then filtered to obtain a Na2SiO3 

solution with a pH of about 13, as shown in Figure 

1(a). 

As shown in Figure 1(b), an amount of 2.187 

g of CTAB was added to 34 mL of 0.6 N HCl for 6 

min. This mixture was added 40 mL of the 

Na2SiO3 solution obtained above, and pH was 

adjusted to 7.5 - 8.5 with HCl 6 N. After aging this 

mixture for 24 h at 50 °C, the white gel was 

obtained and then poured into an autoclave for 48 

h at 100 °C. The white solid powder was obtained 

by filtration and washed with distilled water to 

remove the excess amounts of surfactant and acid 

until a neutral pH value. Finally, the white 

powder was dried at 100 °C and calcined at 600 °C 

to obtain porous silica. 

2.3 Preparation of Porous ZnO•SiO2 

Nanocomposite 

ZnO•SiO2 nanocomposite was prepared by 

facile precipitation method [14]. Typically, 0.1 mol 

of zinc nitrate, 0.1 mol of HMTA and 0.01 mol of 

sodium citrate were dissolved in a 100 mL beaker. 

An amount of 0.6001 g of the porous SiO2 material 

was added into solution and then sonicated for 20 

min. This mixture was heated up to 90 °C for 1 h. 

The precipitate was filtered and washed serveral 

times with distilled water. Finally, this powder 

was dried at 100 °C overnight and calcined at 400 

°C for 2 h with a heating rate of 1 °C/min to obtain 

the ZnO•SiO2 nanocomposite. 

 

2.4 Characterizations 

The morphology and size of the as-

synthesized materials were observed by a field 

emission scanning electron microscopy (FE-SEM, 

Figure 1. Preparation procedure for porous silica from rice husk. 
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Samples SBET (m2/g) BJH Pore volume (cm3/g) Average pore width (nm) 

SiO2 496.9 1.44 10.0 

ZnO 26.4 0.48 53.7 

ZnO•SiO2 34.1 0.57 57.8 

JEOL-7600F) and a transmission electron 

microscopy (TEM, JEM-JEOL 2100). The 

crystalline phase of materials was investigated by 

X-ray power diffraction (XRD: Bruker D8 Ax XRD-

diffractometer). The XRD patterns were obtained 

with Cu Kα irradiation (40 kV, 40 mA) at the 2θ 

ranging from 10 to 80°. The textural properties of 

the samples were measured via N2 

adsorption/desorption isotherms using a 

Micromeritics (Gemini VII 2390). The specific 

surface area, pore volume, and pore diameter of 

the as-synthesized materials were obtained by 

using the Brunauer-Emmett-Teller (BET) 

method. The Fourier transform infrared 

spectroscopy (FT-IR) was measured by Madison, 

WI, USA measurement to explore the changes in 

functional groups of the ZnO•SiO2 nanocomposite 

by Nicolet IS50. 

 

2.5 Photocatalytic Test 

The ability of the as-synthesized materials to 

degrade organic substances was investigated in a 

batch test. Typically, 50 mg of the composite was 

added to a 250 mL glass beaker containing 100 mL 

of the organic substance 10 mg/L. At specific time 

intervals of 10 min, 2 mL of the suspension sample 

was withdrawn and then filtered by a syringe 

filter (0.45 µm PTFE membrane) to remove the 

material. The concentration of organic substance 

in the filtrate was analyzed by a UV-Vis 

spectrophotometer (Agilent 8453). The organic 

substance degradation efficiency (De) was 

calculated by Equation (1) [13,15,16]: 

 

0

0

(%) 100%t

e

C C
D

C

−
=     (1) 

 

The organic substance photodegradation rate can 

be evaluated by using the pseudo-first-order 

model as Equation (2) [13,15,16]: 

 

0ln
t

C
kt

C

 
= 

 
    (2) 

 

where, C0 and Ct are the organic substance 

concentration at initial (t = 0) and time t (min), 

respectively. k is the pseudo first-order rate 

constant. The k value was calculated from the 

slope of the ln (C0/Ct) – t plots. 

To compare the degradation organic 

substance of the ZnO•SiO2 nanocomposite, a 

series of organic matter degradation experiments 

including tartrazine (TA), congo red (CR), methyl 

blue (MB), caffeine, and tetracycline 

hydrochloride (TCH), performed similar to the 

JGB degradation process. The conditions of each 

reaction are detailed in Table 2. 

 

3. Results and Discussion 

3.1. Characterization of the As-synthesized 

Materials 

3.1.1 SEM analysis 

The morphology of as-synthesized materials 

was observed by SEM method and that is 

presented in Figure 2. The porous SiO2 was in the 

amorphous form and had a ragged surface, which 

was attributed to the nanopores as shown in 

Figure 2(a-b). The pore diameter was about 10.0 

nm, confirmed by N2 adsorption and desorption 

analysis (Table 1). These nanopores greatly 

increase the specific surface area of amorphous 

SiO2 and add to their adsorption ability. The 

Table 1. Textural properties of the SiO2 and ZnO•SiO2 samples. 

Figure 2. FE-SEM images of (a-b) porous SiO2, (c-

d) ZnO nanoparticle, and (e-f) ZnO•SiO2 

nanocomposite. 
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unique microporous structure and 

environmentally friendly characteristics make 

SiO2 an excellent candidate for a carrier. ZnO 

nanoparticles aggregate into clusters as shown in 

Figure 2(c). The hydrothermal method was used 

to load the ZnO nanoparticles on the porous SiO2 

material. Initially, the zinc acetate solution 

entered the pores, and then, the ZnO was 

deposited as the reactions of that solution with 

HMTA and NH4OH had finished. Figure 2(e-f) 

shows the SEM images of the ZnO•SiO2 

nanocomposite. It could be observed that ZnO 

with rod-like shape growth on the surface of SiO2, 

the growth directions of the nanorods appeared 

relatively random on nonplanar substrates. The 

bulk shape had an average length of about 1.5 µm 

and a width of about 200 nm. 

 

3.1.2 TEM analysis 

Figure 3 shows the TEM image of the as-

synthesized materials. The porous SiO2 has an 

amorphous morphology with a dense pore system 

as shown in Figure 3(a-b). The pore diameters 

were about 10.0 nm, this result was suitable with 

the SEM and N2 adsorption/desorption results. 

Similar to the results of SEM analysis, TEM 

images of the ZnO material (Figure 3(c-d)) also 

show that ZnO nanoparticles with a size of about 

20 - 35 nm agglomerate into clusters and overlap 

each other. The ZnO nanoparticles were pretty 

even. As shown in Figure 3(e-h), it can be observed 

that the ZnO nanoparticles growth on the surface 

of the porous SiO2 material, which filled the pores 

of the SiO2 material. The combination of 

crystalline ZnO nanoparticles and amorphous 

SiO2 materials can be seen in Figure 3(g). The ZnO 

nanoparticles exhibited the (101) crystal plane of 

the hexagonal wurtzite structure, with the 

distance between the aircraft being 0.25 nm 

(Figure 3(h)). Thus, the ZnO nanoparticles were 

loaded on the pores and surface of SiO2 materials 

by the hydrothermal method. 

 

Figure 3. TEM images of (a-b) porous SiO2, (c-d) 

ZnO nanoparticles, and (e-h) ZnO•SiO2 

nanocomposite. 

Figure 4. XRD patterns of the porous (a) SiO2, 

ZnO•SiO2, and (b) ZnO samples. 
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3.1.3 XRD analysis 

Figure 4 shows the XRD patterns of the 

porous SiO2 carrier, ZnO nanoparticle, and 

ZnO•SiO2 nanocomposite. The XRD pattern of the 

porous SiO2 material shows two strong peaks at 

14° and 23°, indicating that the main phase was 

an amorphous phase corresponding to amorphous 

SiO2. In the XRD pattern of the ZnO•SiO2 

nanocomposite, in addition to the amorphous 

peaks of the porous SiO2 materials, the main 

peaks of the ZnO nanoparticles were identified at 

2θ = 32.5°, 34.9°, 37.1°, 47.60°, 56.65°, 62.92°, 

66.05°, 67.99°, 69.19° were identified, 

corresponding to the (100), (202), (101), (102), 

(110), (103), (200), (112), and (201) planes [17-19]. 

These peaks can be assigned to the hexagonal 

wurtzite structure of ZnO (JCPDS 36-1451) [20]. 

Thus, the ZnO nanoparticles with hexagonal 

wurtzite structure were successfully loaded into 

the porous SiO2. 

 

3.1.3 N2 adsorption/desorption isotherm 

The N2 adsorption/desorption isotherms and 

the pore size distributions of the porous SiO2 and 

ZnO•SiO2 nanocomposite are shown in Figure 5. 

It can be seen that the N2 adsorption capacity and 

pore volume (1.44 cm3/g) of SiO2 were significantly 

higher than those of the ZnO•SiO2 nanocomposite 

(pore volume 0.57 cm3/g), indicating that the ZnO 

nanoparticles were loaded into the porous SiO2 

and occupied a certain amount of pore volume, 

resulting in a decrease in the nitrogen adsorption. 

Table 1 summarizes three physical parameters, 

namely the surface area, total pore volume, and 

average pore diameter of the amorphous SiO2 and 

ZnO•SiO2 materials. These data show that the 

porous SiO2 material had the large surface area 

and pore volume, confirming its stronger 

adsorption ability and great potential for 

application as a carrier. After loading with the 

ZnO nanoparticles, these parameters of the 

porous SiO2 were significantly reduced due to the 

ZnO nanoparticles filled the pores and blocked the 

absorption of N2. These indicates that the ZnO 

nanoparticles were successfully loaded into the 

micropores of the amorphous SiO2 material. 

 

3.1.4 FT-IR analysis 

The FT-IR was used to analyze the chemical 

groups of the as-synthesized materials and also to 

assess whether a chemical reaction took place 

between the ZnO nanoparticles and the 

amorphous SiO2 materials. As shown in Figure 6, 

Figure 5. (a) N2 adsorption/desorption isotherms, 

(b) and (c) pore size distributions of the porous 

SiO2 and ZnO•SiO2 samples. 

Figure 6. FT-IR spectra of the porous SiO2, ZnO, 

and ZnO•SiO2 materials. 
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Organic substance Reaction conditions Observation 

Janus Green B (JGB) [ZnO•SiO2] = 0.5 g/L, [JGB] = 10 mg/L, and 

under a 250 W Hg lamp 

97.87 % JGB was degraded 

after 60 min 

Tartrazine (TA) [ZnO•SiO2] = 0.5 g/L, [TA] = 10 mg/L, and 

under a 250 W Hg lamp 

99.37 % TA was degraded 

after 30 min 

Congo Red (CR) [ZnO•SiO2] = 0.5 g/L, [CR] = 10 mg/L, and 

under a 250 W Hg lamp 

99.98 % CR was degraded 

after 5 min 

Methyl Blue (MB) [ZnO•SiO2] = 0.5 g/L, [MB] = 10 mg/L, and 

under a 250 W Hg lamp 

99.84 % MB was degraded 

after 50 min 

Caffeine [ZnO•SiO2] = 0.5 g/L, [Caffeine] = 10 mg/L, 

and under a 250 W Hg lamp 

89.97 % Caffeine was 

degraded after 60 min 

Tetracycline 

Hydrochloride (TCH) 

[ZnO•SiO2] = 0.5 g/L, [TCH] = 10 mg/L, and 

under a 250 W Hg lamp 

98.97 % TCH was degraded 

after 60 min 

 

 

 

Catalyst  Reaction conditions Observation Reference 

ZnO•SiO2 [ZnO•SiO2] = 0.5 g/L, [JGB] = 10 

mg/L, pH = 6, and under a 250 W Hg 

lamp 

97.87 % JGB was 

degraded after 60 

min 

This study 

Au/ZnO [Au/ZnO] = 0.5 g/L, [JGB] = 10 mg/L, 

pH = 6, and under a 250 W Hg lamp 

98.97 % JGB was 

degraded after 100 

min 

[21] 

TiO2 [TiO2] = 2.0 g/L, [JGB] = 0.2 g/L, and 

under a 300 W tungsten visible 

lamps 

76 % JGB was 

degraded after 90 

min 

[22] 

Sr-TiO2 [Sr-TiO2] = 2.0 g/L, [JGB] = 0.2 g/L, 

and under a 300 W tungsten visible 

lamps 

92 % JGB was 

degraded after 90 

min 

[22] 

Ag•ZnO•Activated 

Carbon (Ag•ZnO•AC) 

[Ag•ZnO•AC] = 0.5 g/L, [JGB] = 10 

mg/L, pH = 6.5, and under a 250 W 

Hg lamp 

100 % JGB was 

degraded after 60 

min 

[23] 

the carbonyl stretching vibration peak (vc=o 1529 

cm−1) of the ZnO did not migrate after loading into 

the SiO2 materials. This shows that there were no 

hydrogen bonds between ZnO and SiO2. Moreover, 

the carbonyl stretching vibration peak of the ZnO 

nanoparticles became weaker after loading into 

the amorphous SiO2 materials, which may be due 

to the embedding effect of the SiO2 materials. 

Compared with the infrared spectra of ZnO and 

SiO2, there were no new peak formations in the 

spectra of the ZnO•SiO2 nanocomposite, 

indicating that the ZnO and SiO2 did not 

chemically react but formed physical adsorption. 

  

3.2 Comparison of the Degradation Organic 

Substance of the ZnO•SiO2 Nanocomposite  

A series of experiments were carried out on 

the organic degradation of the ZnO•SiO2 

nanocomposite. The reaction conditions and study 

results are present in Table 2. It can be seen that 

the ZnO•SiO2 nanocomposite can degrade most of 

the dyes in an aqueous environment. Especially, 

99.98% CR was degraded within 5 min. As shown 

in Table 2, the ZnO•SiO2 nanocomposite degraded 

not only the dyes, but also other organic 

substances such as caffeine (89.97%) and 

tetracycline hydrochloride (98.97%). These results 

show that ZnO nanoparticles doped on SiO2 

effectively promotes their catalytic ability. The 

tiny size, high pore volume (0.57 cm3/g), and large 

surface area (34.1 m2/g) can enhance the 

interaction between the ZnO•SiO2 nanocomposite 

and the organic pollutants. This improves the 

ability to degrade these pollutants. It can be 

concluded that the ZnO•SiO2 nanocomposite has 

an excellent ability to degrade organic substances.  

Several studies of the JGB degradation are 

listed in Table 3 to compare the degradation 

ability of the different materials. A variety of 

materials have been investigated including 

Table 2. The degradation organic substances of the ZnO•SiO2 nanocomposite. 

Table 3. Some study results on the JGB degradation. 
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Au/ZnO [21], TiO2 [22], Sr-TiO2 [22], and 

Ag•ZnO•Activated Carbon (Ag•ZnO•AC) [23]. 

Each study has different reaction conditions. 

Therefore, it is very difficult to compare 

objectively. As shown in Table 3, the JGB 

degradation efficiency of the ZnO•SiO2 

nanocomposite was lower than that of other 

materials. However, the ZnO•SiO2 

nanocomposite has JGB degradation ability in a 

short time and achieved the degradation efficiency 

of 97.87 %. Besides, unlike the Au/ZnO or 

Ag•ZnO•AC materials, the ZnO•SiO2 

nanocomposite was synthesized from RH, which is 

cheap and environmentally friendly. Thus, the 

ZnO•SiO2 nanocomposite is both only time-saving 

and cost saving and above all environmentally 

friendly. 

 

3.3 Effect of Reaction Parameters to the JGB 

Degradation Efficiency 

3.3.1 Effect of the ZnO•SiO2 nanocomposite 

dosage 

The JGB adsorption capacity of the as-

synthesized materials was studied and that is 

shown in Figure 7(a). It can be seen that the as-

synthesized materials can adsorb the JGB. The 

longer the adsorption time, the higher the 

adsorption capacity of JGB. However, after 30 

minutes, adsorption equilibrium was established. 

Especially, the porous SiO2 has the best JGB 

adsorption ability with an efficiency of 30.24%. 

The JGB adsorption ability of the ZnO 

nanoparticles was insignificant, which only 

achieved 12.57% after 70 min. After doping the 

ZnO nanoparticles into the porous SiO2, the JGB 

adsorption efficiency achieved 18.13%. These 

experimental results are completely consistent 

with the study of the characteristics of the as-

synthesized materials. The higher the pore 

volume and SBET of the material, the better its 

adsorption capacity. 

To investigate the influence of the ZnO•SiO2 

nanocomposite dosage, the photocatalytic 

experiments were carried out by employing 

different amounts of the ZnO•SiO2 nanocomposite 

(25, 50, 75, and 100 mg) under the constant 

conditions: [JGB] = 10 mg/L, reaction temperature 

of 25 °C, and pH = 6. The JGB degradation 

efficiency and reaction rate at the different 

ZnO•SiO2 nanocomposite dosages are shown in 

Figure 7(b-c). For the ZnO•SiO2 nanocomposite 

dosage of 0.25 g/L, the JGB degradation efficiency 

achieved 78.20 % with the reaction rate of 0.025 

min-1. When the ZnO•SiO2 nanocomposite dosage 

was increased to 0.5 g/L, the JGB degradation 

efficiency and reaction rate were also significantly 

increased. It can be seen that there was an 

appreciable increase in the reaction rate of JGB 

degradation with increasing the ZnO•SiO2 

nanocomposite dosage. The reason for this 

observation is thought to be that increasing 

photocatalyst dosage results in an increase in the 

number of active sites available at the surface of 

Figure 7. (a) The JGB adsorption capacity of the 

as-synthesized materials, (b) effect of the 

ZnO•SiO2 composite dosage on the JGB 

degradation process and (c) the first-order kinetic 

curves. Reaction conditions: [JGB] = 10 mg/L, 

[ZnO•SiO2] = 0.25–1.00 g/L, pH = 6, T = 25 °C, and 

a 250 W Hg lamp. 
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the catalyst [24]. Another acceptable explanation 

is that the density of catalyst particles in the 

illumination area is improved after the ZnO•SiO2 

nanocomposite dosage was increased [25,26]. 

However, when surpassing the limit value 

because the suspension is increased, the short 

wave tail photons cannot enter the reaction 

mixture and the decrease in UV light penetration 

as a result of increased scattering effect [27], the 

degradation efficiency decreased. As the JGB 

degradation efficiency at the ZnO•SiO2 

nanocomposite dosage of 1.0 g/L was 96.73% with 

the reaction rate of 0.058 min−1. Thus, with the 

JGB degradation efficiency of 97.87% and reaction 

rate of 0.062 min−1, the ZnO•SiO2 nanocomposite 

dosage of 0.5 g/L was chosen as the optimal dosage 

for the smooth JGB degradation process. 

 

3.3.2 Effect of initial JGB concentration 

Figure 8 shows the effect of the initial JGB 

concentration on the JGB degradation efficiency. 

Experiments were conducted by varying the 

initial JGB concentration from 5 to 20 mg/L. The 

ZnO•SiO2 nanocomposite dosage, reaction 

temperature, and initial pH were constant at 0.5 

g/L, 25 °C, and 6, respectively. It can be seen that 

the initial JGB degradation efficiency was 

significantly lowered with an increase in the 

initial JGB concentration. The JGB degradation 

efficiency with the initial JGB concentration of 5 

mg/L increased sharply in the initial 60 min 

(100.0%). In contrast, for the more highly JGB 

concentrations, such as the initial JGB 

concentration of 20 mg/L, only 59.94% JGB loss 

was observed after the same reaction time. It can 

be seen that the higher the initial JGB 

concentration, the longer the reaction time and 

the decrease in the JGB degradation efficiency. 

This effect can be interpreted by the following 

reasons: When the increases of the initial JGB 

concentration, the photons get intercepted before 

they can reach the surface of the ZnO•SiO2 

nanocomposite, resulting in the generation of 

•OH and •O2− radical decreases, meaning the 

Figure 8. (a) Effect of the initial dye concentration 

on the JGB degradation process and (b) the first-

order kinetic curves. Reaction conditions: [JGB] = 

5–20 mg/L, [ZnO•SiO2] = 0.5 g/L, pH = 6, and T = 

25 °C, and a 250 W Hg lamp. 

Figure 9. (a) Effect of the initial pH on the JGB 

degradation process and (b) the first-order kinetic 

curves. Reaction conditions: [JGB] = 10 mg/L, 

[ZnO•SiO2] = 0.5 g/L, pH = 3-11, and T = 25 °C, 

and a 250 W Hg lamp. 
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JGB degradation efficiency decreases and a large 

number of the JGB molecules along with the 

intermediates generated may compete for the 

constant total active sites available for adsorption 

at the fixed ZnO•SiO2 nanocomposite dosage 

[25,28]. Additionally, with the increase in the 

initial JGB concentration, the solution becomes 

more intensely colored and the path length of 

photons entering into the solution decreases [29], 

thus the absorption of photons by the ZnO•SiO2 

nanocomposite decreases, and consequently the 

degradation rate is reduced. 

 

3.3.3 Effect of initial pH 

The pH solution is an important parameter in 

photocatalytic degradation reactions for 

industrial applications [30,31], thus the effect of 

initial pH solution to remove dye was examined 

and the result is presented in Figure 9. The effect 

of initial pH solution on degradation of JGB was 

investigated in the pH range of 3–11, at the 

ZnO•SiO2 nanocomposite dosage of 0.5 g/L, the 

initial JGB concentration of 10 mg/L, and reaction 

temperature of 25 °C. The pH of the JGB solution 

was adjusted by NaOH 0.1 M and HCl 0.1 M, 

before light irradiation and it was not controlled 

during the reaction. The obtained results 

indicated that the JGB degradation process was 

significantly influenced by the initial pH. In the 

initial 5 min, the JGB degradation rate and 

degradation efficiency increased significantly 

when the initial pH increased from 3 to 11. The 

JGB degradation efficiency for the initial pH of 3, 

5, 6, 9, and 11 were 85.90%, 92.76%, 97.87%, 

92.83%, and 93.54%, respectively, in the reaction 

time of 60 min. It can be seen that the alkaline 

condition was very beneficial to the JGB 

degradation process. The initial pH solution of 6 

was chosen as the optimal condition because the 

JGB degradation efficiency and rate were the 

highest at 97.85% and 0.062 min−1, respectively.  

 

3.4 Reusable of the ZnO•SiO2 Nanocomposite  

One of the major advantages of the ZnO•SiO2 

nanocomposite was the reusability. Therefore, the 

stability of catalytic activity of the ZnO•SiO2 

Figure 10. Reusability test of the ZnO•SiO2 

nanocomposite. 

Figure 11. (a) ZnO loaded on SiO2, (b) generation 

of free radical, (c) UV-Vis spectral change of  the 

JGB solution during degradation along the 

reaction time, and (d) possible pathway for the 

destruction of JGB by ZnO•SiO2 composite. 
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nanocomposite is significant for practical 

application. In this work, repeated tests were 

conducted to determine the decrease of catalytic 

activity of the ZnO•SiO2 nanocomposite. As 

shown in Figure 10, the decolorization ratio in 

one-hour reaction decreased gradually from 

97.87% at the first test to 97.80% at the third test 

and it kept almost constant at the following two 

tests. The catalytic activity could be maintained at 

relatively high level and kept stable. This proves 

that this ZnO•SiO2 nanocomposite could be a 

potential product for practical application. 

 

3.5 JGB Degradation Mechanism 

The degradation mechanism of JGB was 

proposed and that is presented in Figure 11. The 

porous SiO2 material was synthesized from RH, 

then the ZnO nanoparticles were loaded into the 

pores and surface of the SiO2 material, resulting 

in the ZnO•SiO2 nanocomposite, as shown in 

Figure 11(a). When the energy of the irradiated 

photons is higher than the energy of the band gap 

of the ZnO nanoparticles, electrons and holes are 

generated on the ZnO•SiO2 nanocomposite. At the 

same point, they react with the H2O in the 

solution and the O2 in the air to form the •OH 

radicals, as shown in Figure 11(b).  

The UV-Vis spectral change of JGB and the 

colour of the dye solution were measured in a time 

interval of 10 min during degradation, in Figure 

11(c). Before oxidation (t = 0), the absorption 

spectra of JGB was characterized by the bands in 

the ultraviolet region at 288 and 393 nm and by 

another band in visible region at 611 nm. The 

peak at 288 nm is due to the benzene-like 

structure of the molecules, while the bands in the 

visible region are associated with the 

chromophore containing an azo bond [23]. The 

disappearance of the absorption peak at 611 nm 

with the reaction time could stem from the 

fragmentation of the azo links by oxidation [32]. 

The decrease in intensity of band at 393 nm could 

be attributed to breaking the −N−C− bond [2].  In 

addition to this rapid degradation, the decay of the 

absorbance at 288 nm was considered as the 

evidence of degradation of aromatic fragments in 

the dye molecule and its intermediates. Moreover, 

the different base line in UV-vis spectra was 

observed, but the maximum absorption had no 

displacement, it was assigned to formation of 

intermediate products. According to the UV-vis 

absorption spectra, the possible route of the 

destruction of JGB by as-synthesized ZnO•SiO2 

composite was suggested in Figure 11(d). Thus, 

under irradiation of the 250 W Hg lamp, the 

ZnO•SiO2 nanocomposite made the •OH radicals 

to destruct the JGB to the environmentally 

friendly products.  

 

4. Conclusions 

In summary, zinc oxide on SiO2 prepared rice 

husk was successfully synthesized. The ZnO•SiO2 

nanocomposite had a high specific surface area 

and the activity composite was stable in the 

degradation reaction. The degradation of JGB dye 

molecules mainly occurred on the surface of the 

ZnO•SiO2 nanocomposite. The gradual decrease 

in the activity of the degradation reaction during 

the first three tests was attributed to the decrease 

in the SiO2 adsorption capacity of the ZnO•SiO2 

nanocomposite. This catalyst could still maintain 

a relatively high and stable activity during the 5 

tests. The ZnO•SiO2 nanocomposite not only 

degraded the dyes but also other organic 

substances including caffeine and TCH. This 

nanocomposite is a promising and potential 

material because of its economical and 

environmentally friendly material.  
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