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Abstract 

Binary nanocomposites are one of the promising photocatalysts for the photodegradation of toxic industrial organic 

dyes which are used as dying agents in different industries including garments and textiles, leather, paint and 

varnish industries. For this study, TiO2-ZnO nanocomposites were fabricated by the hydrothermal process; where 

ZnSO4.7H2O is used as a precursor and TiO2 is used as a supporting material. The prepared TiO2-ZnO nanocompo-

sites were calcined at three distinct temperatures 300 °C, 400 °C, and 500 °C. These composite materials were 

characterized by Scanning Electron Microscope (SEM), X-Ray Diffraction (XRD), Energy Dispersive X-Ray (EDX) 

analysis, and Fourier Transform Infrared (FTIR) spectroscopy. Basic Violet 14 (BV14), an industrial dye, was mod-

elled to examine the photocatalytic role of TiO2-ZnO under different experimental setups such as calcined temper-

atures, catalyst loading, concentrations of the BV14 dye, pH, and light sources. TiO2-ZnO prepared at 500 °C acted 

as the best photocatalyst among three nanocomposites and the prepared TiO2-ZnO worked better than solitary 

TiO2 and ZnO to decolorize the BV14 dye. In the presence of sunlight, UV light, and visible light the percentages of 

degradation of BV14 were found to be 81.78 %, 69.58 %, and 31.24 %, respectively. The maximum photodegrada-

tion corresponded to 0.175 g/100 mL of suspension of nanocomposite with an initial 3.0×10−5 M of BV14 having so-

lution pH 6.88. The surface reaction constant and Langmuir-Hinshelwood adsorption constant were obtained to be 

5.5×10−8 mol.L−1.min−1 and 1.7×108 L.mol−1, respectively.  
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1. Introduction 

The disposal of different industrial effluents 

has grown into a significant issue in Bangladesh 

due to the country's recent fast industrial ex-

pansion [1]. Among several types of industries, 
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readymade garments and leather industries use 

an enormous volume of water regularly and ac-

cordingly produce a vast quantity of liquid pol-

lutants, which have a variety of toxic heavy 

metals and harmful organic and inorganic com-

pounds [2]. These effluents are generally 

dumped without any prior treatment or with 

relatively minimal treatment to lakes and riv-
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ers. Textile sector, the largest water consumer, 

is dumping various types of synthetic dyes and 

textile effluents which are extremely hazardous 

and carcinogenic [3,4]. Several materials are 

used to treat these effluents and dyes. 

Due to their delicate sizes with enormous 

specific surface areas, nanoscale composite ma-

terials typically exhibit remarkable electrical, 

optical, magnetic, and chemical properties that 

are markedly divergent from those of bulk ma-

terials. Pure ZnO powder has a higher photo-

degradation rate than that of pure TiO2 and it 

follows the pseudo- first order kinetics [5,6].  It 

is possible to achieve a more effective charge 

separation, and an improved interfacial charge 

transfer to the adsorbed compounds conducing 

their photodegradation efficiency through join-

ing two semiconductors with different energy 

levels for their corresponding conduction and 

valence bands [7]. To improve performance, 

various TiO2-ZnO heterogeneous [8,9] compo-

site photocatalysts of nanoparticles have been 

prepared and studies have been made to ob-

serve their effects, and the pseudo-first order 

kinetics is also observed [10,11]. ZnS-TiO2 and 

ZnO-TiO2, two binary composites of zinc and ti-

tanium compounds, were synthesized, charac-

terized, and used as photocatalysts to degrade 

textile dyes [12–15]. The band gap of TiO2-ZnO 

(3.09 eV) is lower than that of solitary TiO2 

(3.20 eV) and ZnO (3.29 eV). So, the photocata-

lytic performance of this composite photocata-

lyst (TiO2-ZnO) is greater than that of these 

solitary metal oxides. Semiconducting powders 

made by the coupling of ZnO and TiO2 exhibit-

ed photoactivities better than those of solitary 

TiO2 and ZnO [16]. Nowadays, TiO2-ZnO-

mediated photodegradation of organic dyes is 

widely studied by many researchers [17–19]. 

Although composite TiO2–ZnO and ZnO-

supported natural volcanic Algerian clay 

(ZnO/CNA) showed better photocatalytic activi-

ty under solar light [20,21], a little research 

was done on comparison of photodegradations 

of organic dyes by using visible and UV light 

sources. It is true that synthesis, characteriza-

tion and application of semiconductor photo-

catalysts, such as ZnO, TiO2, and their nano-

composites, were investigated by many re-

searchers around the world [22–29]. However, 

little information has been gleaned on the effi-

ciency of those photocatalysts to degrade the 

dyes by the variation of different experimental 

conditions including various light sources, cat-

alyst loading, pH, concentration of dye, and so 

on. Therefore, it is vividly clear that no study 

has been conducted before on the photodegra-

dation of Basic Violet 14 (BV14) dye using 

nanocomposite TiO2-ZnO mediated surface 

which strongly motivates the authors.  

In the present study TiO2-ZnO nanocompo-

site photocatalysts have been synthesized and 

calcined at 300 °C, 400 °C, and 500 °C temper-

atures and then were characterized by the 

SEM, FTIR, XRD and EDX. Photodegradation 

of BV14 is explored to study their application 

by varying calcined temperatures, catalyst 

loading, solution pH, light sources and initial 

concentrations of BV14. The chemical structure 

of BV14 is given in the Figure 1. 

 

2. Materials and Methods 

2.1 Preparation of Nanocomposite 

To prepare TiO2-ZnO nanocomposite, ZnCO3 

was prepared in-situ from the aqueous solution 

of ZnSO4.7H2O (Xilong Scientific Co., Ltd.) and 

(NH4)2CO3. In this connection, solutions of 

ZnSO4.7H2O and (NH4)2CO3 (Merck, India) 

were prepared separately. (NH4)2CO3 was slow-

ly mixed with ZnSO4 at the same time TiO2 

(Chemours Company, US) was mixed with un-

interrupted stirring until a precipitation is 

formed. A medium heat was applied to speed 

up the reaction. The precipitation was divided 

into three parts. Then these three parts in 

three crucibles were heated individually in 

Muffle furnace (Isyzu Seisarysho Co., Ltd) for 4 

h at 300 °C, 400 °C and 500 °C respectively. In 

the nanocomposites the ratio of TiO2 and ZnO 

was 1:2. The nanocomposites prepared at 300 

°C, 400 °C and 500 °C were denoted as A1, A2, 
and A3. ZnO was synthesized from ZnSO4.7H2O 

without adding TiO2 [16,19]. The composite 

photocatalysts were characterized by Scanning 

Electron Microscope (SEM) (JSM-6490, JEOL, 

and Japan) and Energy Dispersive X-ray 

(EDX) (6490-LA, JEOL and Japan) to assess 

the surface morphology and confirm the pres-
Figure 1. Chemical structure of Basic Violet 14 

(BV14) dye. 
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ence of composition of the composites respec-

tively. They were also investigated by X-ray 

Diffraction (XRD) (XRD-6100, Shimadzu and 

Japan) and Fourier Transform Infrared (FTIR) 

spectroscopy (SHIMADZU Prestige-21 and Ja-

pan) to apprise the phase composition and com-

ponents of nanocomposite. Flowchart of a pre-

parative method of the nanocomposite TiO2-

ZnO is given in the Figure 2. 

 

2.2 Photodegradation Process 

In a 100 mL glass beaker photodegradation 

of Basic Violet 14 (BV14) (Raj Chemicals, Guja-

rat, India) dye was investigated. Suspension of 

nanocomposite was prepared by taking a vary-

ing amount of nanocomposites in 20 mL of de-

ionized water. Then this suspension was soni-

cated for 30 minutes by an ultrasonicator. Each 

suspension containing the BV14 dye solution of 

3.0×10−5 M was irradiated under UV light and 

the change in BV14 concentration was meas-

ured at specific time intervals using the spec-

trophotometer. The photodegradation was car-

ried out for 2 h. To investigate the effect of cal-

cination temperature, nanocomposites are pre-

pared at three different calcined temperatures 

and these nanocomposite suspensions (0.10 

g/100 mL) containing 3.0×10−5 M concentration 

of BV14 are irradiated under UV light for 2 h. 

As photocatalytic efficiency of A3 nanocompo-

site was maximum, the rest of the investiga-

tions was done by differing the amount of A3 

nanocomposite in the suspension. The effect of 

the BV14 concentration was observed from 

3.0×10−5 M to 4.5×10−5 M on its photodecompo-

sition with 0.175 g/100 mL suspension for 2 h 

under UV light. The pH effect on the photodeg-

radation was also investigated for this experi-

mental condition. Initial pH was balanced with 

dilute HNO3 (Merck, India) and dilute NaOH 

(Merck, India) solutions. The NaOH solution 

was added very carefully to avoid extra crowd-

ing in the medium. In this case the concentra-

tion of BV14 and A3 nanocomposite suspension 

were 3.0×10−5 M and 0.175 g/100 mL, respec-

tively. The effect of UV, visible and sunlight 

was assessed on degradation of BV14. The 

wavelength used in the UV-visible spectropho-

tometer (UV-1800PC, Shimadzu, Japan) was 

254 nm. An intense peak at 543 nm was ob-

served in the spectrum. This peak has been 

taken as the working max to follow the concen-

tration of BV14. 

 

3. Results and Discussion 

3.1 Characterization of Prepared TiO2-ZnO 

Composite  

Figure 3 shows the SEM images of prepared 

composite A1, A2, and A3. The particle sizes 

were 83 nm and 97 nm for nanocomposite A1 

and A2 respectively (both are spherical) in 

shape and nanocomposite A3 has particles with 

rod-like shape. Differentiation between TiO2 

and ZnO in the nanocomposite cannot be ob-

Figure 2. Flowchart for the preparation of TiO2-ZnO nanocomposites. 
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tained from SEM images due to the similar 

electronic arrangement of Ti and Zn [19]. That 

is why the prepared nanocomposites need to be 

characterized by the patterns of XRD to ob-

serve the better understanding of the crystal 

lattices. EDX spectra of the prepared A3 nano-

composite are shown in the Figure 4. The spec-

tra show the peaks for Ti, Zn, and O only which 

indicate the purity of the composite. The ZAF 

standardless method was used to know the 

abundance of zinc, titanium, and oxygen ele-

ments in the sample. From the standardless 

quantitative analysis, it was found that the ra-

tio of Ti, Zn, and O is 1ː 5.7ː5.1 in the prepared 

nanocomposite. An initial ratio of Ti, Zn, and O 

was 1ː2ː4. This finding demonstrates that ZnO 

and TiO2 interacted at the molecular level in 

the nanocomposite, demonstrating that the 

prepared sample is a nanocomposite of ZnO 

and TiO2 and not just a mechanical mixture of 

ZnO and TiO2 [30]. Figure 5 displays the com-

parative FTIR spectra of prepared A3 nanocom-

posite with ZnO and commercial TiO2.  Infrared 

spectra obtained from FTIR were recorded in solid 

phase using the KBr pellets in the range of 

wavenumber 4000–450 cm−1. The broad band 

features below 1200 cm−1 are the result of over-

lapping Ti−O and Zn−O modes [31,32]. The 

bands 659.04 cm−1 and 999.0 cm−1 are assigned 

to the stretching vibration mode of Zn−O and 

Ti−O bonds, respectively. The vibration peak at 

about 1200 cm−1 is assigned to the FTIR spec-

tra of pure TiO2 [33]. The observed broad 

bands of absorption at around 300 cm−1 and 

3500 cm−1 in ZnO and TiO2 are attributed to 

the presence of moisture, which are abolished 

from the spectrum of nanocomposite. The com-

parative XRD patterns of prepared nanocompo-

Figure 4. EDX spectra of TiO2-ZnO composite. 

Figure 5. Transmittance vs. Wavenumber. Figure 3. SEM images of composites. 

A1 

A2 

A3 
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site TiO2-ZnO with ZnO and commercial TiO2 

were shown in the Figure 6. All the diffraction 

peaks can be indexed to the hexagonal phase 

ZnO reported in JCPDS card (No. 36-1451, a = 

0.3249 nm and c = 0.5206 nm). Four peaks ap-

pear at 31.77°, 34.42°, 36.25°, and 47.50° which 

correspond to (100), (002), (101), and (102), re-

spectively [34]. It is clear from this observation 

that the prepared sample is ZnO. The XRD pat-

terns of commercial TiO2 show five peaks at 

25.7°, 37°, 38°, 39°, and 48° which correspond 

to (101), (103), (004), (112), and (200), respec-

tively. All these diffraction peaks can be in-

dexed to the anatase phase TiO2 reported in 

JCPDS card (No. 84-1286) [19,35]. The XRD 

patterns of prepared composite contain the dif-

fraction peaks of ZnO at 31.77° and 47.50°. It 

also contains the diffraction peaks of anatase 

TiO2 at 25.7°, 38°, and 39°. However, the (101) 

plane of ZnO and (103) and (200) planes of ana-

tase TiO2 are missing in the XRD patterns of 

the prepared nanocomposite. It suggests that 

TiO2 and ZnO interacted at the molecular level, 

and the synthesized sample is most likely a 

nanocomposite photocatalyst of TiO2 and ZnO 

[19]. 

3.2 Effects of Calcined Temperature on the 

Photodegradation 

With the rise of calcined temperature of pre-

pared nanocomposite, percentage degradation 

gradually increases as shown in the Figure 7. 

The photodegradations of BV14 using A1, A2 

and A3 nanocomposite were 46.58%, 49.64%, 

and 50.58%, respectively. When the calcined 

temperature was 500 °C, the shape of the par-

ticles in composites changed from spherical to 

rod-like. The surface area of the composite hav-

ing rod-like shape increases so adsorption also 

increases.  This can be attributed to the fact 

that the enhancement of photodegradation of 

BV14 was the highest in A3 composite [19].  

 

3.3 Effects of Catalyst Loading 

Finding out optimal loading of the catalyst 

is an efficient way to decolorize the dye mole-

cules. A series of investigations were done by 

altering the amount of photocatalyst from 0.05 

g/100 mL to 0.20 g/100 mL and keeping the 

concentration of BV14 constant at 3.0 × 10−5 M. 

Figure 8 shows that photodegradation of BV14 

initially increases with the increase of concen-

tration of nanocomposite, passes through a 

maxima and then decreases. The maxima cor-

respond to the value of 0.175 g/100 mL of sus-

pension. The total surface area enhances with 

enhancing nanocomposite dose, at the same 

time increasing in the turbidity of the suspen-

sion results a decrease in UV light penetration 

[36] because of increased scattering effect and 

hence photoactive volume of suspension de-

creases [37]. Furthermore, it is difficult to 

maintain the suspension homogeneous due to 

particle agglomeration at higher catalyst load-

ing, and this causes a decreasing number of ac-

tive sites which bring on lower photodegrada-

Figure 6. XRD patterns comparison. 

Figure 7. Temperature variation curve. 

Figure 8. The effect of catalyst loading on the 

photodegradation of BV14. 
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tion which is consistent with previous works 

[19,38,39]. 

 

3.4 Effects of Initial Concentration of BV14 on 

Photodegradation 

The initial dye concentration is a key factor 

to treat industrial pollutants. To investigate 

the effect of initial concentrations of BV14 on 

the photodegradation, several experiments 

were performed with different initial concen-

trations of BV14 varying from 3.0×10−5 M to 

4.50×10−5 M and keeping suspension of A3 

nanocomposite constant as 0.1753 g/100 mL. 

Figure 9 shows that with the increase of initial 

concentration of BV14 photodegradation de-

creases. The results suggest that higher the ini-

tial concentration of BV14, lower the photodeg-

radation of BV14. Similar results are also 

found in other studies for the photodegradation 

of other dyes [40–43]. With the higher concen-

tration of BV14, the color of BV14 solution 

turns to be darker that causes reducing the 

penetration of light to the surface of the cata-

lyst and lowering the number of energetic dye 

molecules that engender lower photodegrada-

tion of BV14. 

 

3.5 Effects of Solution pH on the Photodegrada-

tion 

The effect of pH was researched in the pH 

range 4.50 – 9.00 so that changes of phtodegra-

dation of BV14 can be observed in acid, neutral 

and alkaline medium. In the Figure 10, it is 

shown that the percentage of photodegradation 

of BV14 is minimum at pH of 4.5 where the 

surface is positively charged, and dye BV14 is 

also positively charged in solution. Due to elec-

trostatic repulsion, adsorption is the minimum 

triggering photodegradation minimum. As the 

pH increases, positive charge on the surface de-

creases, and adsorption will increase due to the 

increase of electrostatic force of attraction be-

tween surface and positively charged dye as a 

result photodegradation increases with the in-

crease of pH [44,45]. It was also observed that 

photodegradation is the maximum at pH of 

6.88 where the surface is almost neutral and 

beyond this pH, photodegradation starts to de-

crease. This is also aligned with other works 

[46]. With the increase of pH, the surface be-

comes negative, and it is expected that the ad-

sorption of positively charged dye molecules 

should increase to negatively charged surface. 

However, the observation was not consistent 

with this assumption. This can be explained by 

the fact that in presence of light electron-hole 

separation occurs on the surface of the photo-

catalyst. 

  

Solid surface + hν ⇌ h+ + e−  (1) 

 

In basic media (pH 7 to 9), the surface is 

negative in nature and the negative electric Figure 9. Effect of different initial concentra-

tions of BV14 on the photodegradation. 

Figure 10. The effect of initial solution pH on 

degradation of BV14. 

Figure 11. Comparison of photocatalytic prop-

erty of TiO2, ZnO, and TiO2-ZnO composite. 
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field formed around nanocomposite particles is 

not favorable for the transfer of h+ to the sub-

strate. It can be predicted that reaction pro-

ceeds slowly through the formation of •OH rad-

ical. 

 

TiO2-ZnO (h+) + H2O → 

•OH + H+ + TiO2-ZnO (2)  

 

Then, the proton retained on the surface makes 

the positively charged dye molecules difficult to 

adsorb that slows down the adsorption. This 

process decreases with the increase of pH and 

finally, the adsorption and thereby photodegra-

dation becomes minimum.  

 

3.6 Comparison of Photocatalytic Property of 

ZnO, TiO2, and TiO2-ZnO Nanocomposite 

Figure 11 demonstrates TiO2, ZnO and 

TiO2-ZnO mediated photodegradation of the 

BV14 dye. Among the three photocatalysts, the 

photodegradation is maximum for the prepared 

TiO2-ZnO nanocomposite [20,47]. This attrib-

utes to a lower band gap energy of TiO2-ZnO 

(3.09 eV) than that of solitary TiO2 (3.20 eV) 

and ZnO (3.29 eV) oxide which conforms to the 

result of previous work [19]. 

 

3.7 Effects of Light Sources on the Photodegra-

dation 

In the Figure 12, the results are shown that 

percentages of degradation were 81.78%, 

69.58%, and 31.24% under sunlight, UV light 

and visible light, respectively. It is reasonable 

to consider that the energy and intensity of the 

sunlight are higher than those of UV and visi-

ble light as a result, photodegradation is much 

higher when it is irradiated by the sunlight 

[20] instead of visible and UV light. Photodeg-

radation increases with the increase in the in-

tensity of light; this can be attributed to the 

fact that the number of photons striking per 

unit time per unit area of A3 composite increas-

es. 

 

3.8 Kinetic Study of Photodegradation 

According to the Langmuir-Hinshelwood 

equation [48]: 

 

(3) 

 

Slope = 1/kc = 18078097.225; kc = 5.53×10−8 

mol.L−1.min−1; Intercept = (1/kc)KL-H = 109.357; 

KL-H  = 1.7×108 L.mol−1. According to the equa-

tion of the first order reaction [48]: 

 

(4) 

 

The photodegradation of BV14 follows pseudo 

1st order kinetics with respect to the concentra-

tion of BV14 which was investigated by plot-

ting a graph of ln(Co/Ct) vs. irradiation time. 

The pseudo 1st order rate constants of photo-
Figure 12. The effect of light sources on the 

photodegradation of BV14. 

Figure 13. Kinetics study of photodegradation 

of BV14 for different initial concentrations. 

Figure 14. Evaluation of L-H model by plotting 

1/k vs [BV14]. 
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degradation of BV14 were found to be de-

creased with the increase of the concentration 

of BV14 as shown in the Figure 13. This result 

is aligned with other works [19]. This can be 

explained by the decreasing number of energet-

ic sites on the photocatalyst surface due to cov-

ering the surface with BV14 molecules which is 

proportional to the initial concentration of 

BV14. Adsorption decreases due to decreasing 

vacant sites on the surface with the increase of 

BV14 concentration, this can be explained as 

decreasing photodegradation with the increase 

of substrate concentration [49]. A plot of 1/k vs 

[BV14]0 gives a straight line that is shown in 

the Figure 14. So, it is evident that the photo-

degradation process follows Langmuir-

Hinshelwood kinetics. From slope and intercept 

of this curve, the rate constant of surface reac-

tion and the Langmuir-Hinshelwood adsorption 

constant were found to be 5.53×10−8 

mol.L−1.min−1 and 1.7×108 L.mol−1, respectively. 

 

4. Conclusion 

In present study, TiO2-ZnO nanocomposite 

was successfully prepared and effectively ap-

plied to degrade industrial dye, BV14. The com-

posite photocatalyst was characterized by the 

SEM, FTIR, EDX, and XRD. The peaks ob-

tained from the XRD and EDX have estab-

lished the presence of a composite photocata-

lyst of TiO2-ZnO. With the help of SEM, the dif-

ferent particle sizes and shapes of TiO2-ZnO 

nanocomposite were found by varying the tem-

peratures during calcinations. Photodegrada-

tion of BV14 enhances with enhancement of 

light intensity. So, the maximum photodegra-

dation was observed under sunlight and the 

minimum photodegradation was observed un-

der visible light. It is found that the nature of 

light sources influences photodegradation of 

BV14. Nanocomposite A3, prepared at high 

temperature (500 °C), degrades BV14 more ef-

fectively than nanocomposites A1 and A2 pre-

pared at low temperature 300 °C and 400 °C, 

respectively. This abnormality was attributed 

to the larger surface area of rod-like shaped 

nanocomposite A3. It is suggested that A3 nano-

composite is an effective photocatalyst under 

sunlight irradiation. It is confirmed that photo-

degradation of BV14 follows pseudo first order 

kinetics. By all means, and with proven out-

comes, this research has clearly demonstrated 

that TiO2-ZnO acts as a better composite photo-

catalyst to decolorize BV14 under optimum ex-

perimental conditions such 3.0×10−5 M of BV14, 

0.1753/100 g of composite, sunlight and neutral 

pH. In future studies, it is important to identi-

fy whether TiO2-ZnO nanocomposite photocata-

lyst can be applied to degrade inorganic dyes. 
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