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Abstract This study presents on ZnO/TiO2 supported on PVC (ZnO/TiO2@PVC) in the 
photocatalytic removal of paraquat dichloride. The ZnO/TiO2@PVC was characterized using XRD, 
FESEM-EDX, FTIR, and AFM. Findings indicated that ZnO/TiO2@PVC allowed degradation of 
paraquat dichloride under UV irradiation by the rate of up to 73%. XRD pattern indicated the 
presence of both TiO2 (anatase) and ZnO (zincite) crystalline as well as PVC amorphous 
structures. FESEM and AFM results revealed the observed shape and surface of TiO2 
interconnected nanowires with ZnO nanorods uniformly distributed according to EDX mapping. 
The reduced surface roughness was also shown in the supported photocatalyst. FTIR analysis 
clearly demonstrate the combined spectra of immobilised ZnO/TiO2 powder catalyst onto the PVC 
in the composite. Kinetic study of the degradation process was performed according to pseudo-
first-order and the influence of ZnO/TiO2 coating onto PVC polymer and initial paraquat 
concentration were investigated on the treatment performance. Under optimized condition (pH = 
7, PQ =20 mg/L and catalyst coating =15%), the stability and reusability of the supported catalyst 
was also evaluated over ten sequential treatment runs, and the catalyst maintain high reactivity. 
High recyclability of the ZnO/TiO2@PVC composites as catalyst in photodegradation processes 
are also reported in this study. 
Keywords: composite ZnO/TiO2, supported nanostructures, paraquat dichloride, photocatalytic 
degradation. 
 

 
Introduction 
 
Organic polymers are considered as excellent substrates for photocatalytic removal based on TiO2 
nanostructure, which are typically prepared by sol–gel and hydrothermal synthesis [1]. The size, surface 
properties, and the reaction properties with active phase are also important factors that determine the 
activities of catalysts. The preparation processes of catalysts include bearing the active phases on the 
supports by the methods of impregnation, sol-gel, hydrothermal, and co-precipitation, drying, and 
calcination [2]. Drying is used to remove the water molecules that are physically adsorbed on the 
catalysts. Calcination is used to promote the formations of metal oxides and increase the combination 
strength between the active phases and supports. Calcination at different temperatures changes the 
surface properties of catalysts (such as surface areas and porosities) and the crystalline types of support 
(γ-Al2O3 becomes α-Al2O3 at high temperature) [3]. The solvent used in the binding of the support with 
the catalyst also play a very important role in the support material [4]. 
 
To increase the reusability of TiO2-catalysts, supported materials such as alumina, silica, zeolites, and 
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activated carbon had been introduced [5, 6]. Notably, the selection of supported materials is not 
straightforward. There are several properties to consider when selecting the support materials such as 
(1) cycle life of the supported catalysts (2) solvent and binder (3) distribution of the catalyst on the support 
material (4) beneficial catalytic activities, and (5) avoiding nanocrystalline deterioration [7]. For stable 
photocatalysis applications, the preparation of inorganic polymers composites is currently attracting 
significant attention. This includes the immobilization of semiconductors on poly (methyl methacrylate) 
(PMMA) [8], polycarbonate (PC) [9], polystyrene (PS) [10], polyamide (PA) [11], polyethylene (PE) [12] 
or polyethylene terephthalate (PET) [13]. 
 
On the other hand, wastewater contamination has been a serious challenge of the environment for 
decades and needs innovative approach. In recent decades, remarkable population growth has led to a 
rapid enhancement in the agricultural production and use of agrochemicals which led to generation of 
wastewater in underground and surface water. Among the contaminants, herbicide paraquat dichloride 
which composed of a wide range of toxic and hazardous compounds such as refractory organic 
substances, dissolved solid particles, ammonia-nitrogen, and chloride. Recently, there has been a 
growing interest in application of heterogeneous metal oxides catalysts for the degradation of organic 
pollutants. Moreover, several studies have been carried out on organic pollutants degradation via 
ZnO/TiO2 as catalysts. Most recently, the application of heterogeneous catalytic degradation processes 
for paraquat dichloride has been focused on providing support and recovery [14]. Accordingly, 
performance of prepared bimetallic ZnO/TiO2 as a heterogeneous catalyst was examined in the aqueous 
solution system, and high degradation efficiency was achieved [15]. 
 
In this study, we report the surface coating of ZnO/TiO2 photocatalyst on organic substrates of polyvinyl 
chloride.  Mechanochemical method was proposed for synthesis of heterogeneous ZnO/TiO2 
nanostructured catalyst and implemented for degradation of paraquat dichloride. The mono metal oxides 
of ZnO and TiO2 catalysts were prepared by facile sol-gel/hydrothermal method. The bimetallic 
supported catalyst was prepared by simple chemical deposition method. Physicochemical properties of 
the catalysts were characterized by XRD, FESEM-EDX, FTIR and AFM analytical techniques. The 
activity and kinetics of photodegradation of paraquat via PVC@ZnO/TiO2 catalyst was illustrated and 
used for interpreting the performance of the catalysts for degradation process at optimum conditions. 
The influence of different operating parameters such as catalyst loading, pollutant concentration, and 
co-catalyst ratio was also investigated on photocatalytic activity of the PQ. Furthermore, the stability and 
recyclability of the synthesized supported and unsupported catalysts were examined during ten repeated 
cycles of treatment at best selected conditions. 
 

Materials and methods 
 
Chemicals 
Titanium tetraisopropoxide (C18H28O4Ti, 97%, Sigma-Aldrich), zinc acetate dihydrate 
(Zn(CH3COO)2.2H2O, 99.9%, QReC), Polyvinyl chloride (Sigma Aldrich), sodium hydroxide (NaOH, 
98%, QReC), and hydrochloric acid (HCl, 37%, QReC) were purchased from VNK Supply & Services. 
The Tetrahydrofuran (THF) organic solvent was purchased from Merck. A surfactant of 
cetyltrimethylammonium bromide (C19H42BrN, 97%, Sigma-Aldrich) was provided from Merck. For the 
photodegradation test, a herbicide type of paraquat dichloride (C12H14Cl2N2, 99%, Sigma-Aldrich) was 
supplied by Sigma Aldrich.  
 

Synthesis of Photocatalysts 
Synthesis of Bimetallic Unsupported ZnO/TiO2 Photocatalyst 
To synthesize the TiO2 nanostructures a weighed amount of titanium tetraisopropoxide (TTIP) was 
dissolved with 150 mL of ethanol, before dropwise addition of 1 mL of water. The mixtures turned to a 
milky solution after 30 min of stirring and followed by addition of 0.5 mL HNO3. The solution was kept at 
room temperature for overnight and followed by drying in an oven at 75 oC for 48 h. Next, the dried solids 
were calcined at 500 oC for 2 h. Subsequently, the calcined solids were treated with 10 M NaOH and 
transferred into Teflon-lined autoclave before heated at 150 oC for 18 h. Considerable amounts of white 
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powders were collected by allowing the autoclave to cool at room temperature and consecutively washed 
until the ~pH 7 before stored to dry for overnight. After drying, the powder was calcined at 500 °C for 2 
h to give opal-white powder and labelled as TiNW. The second step was the synthesis of ZnO nanorod. 
Simply, a weighed amount of zinc acetate dihydrate was dissolved in 60 mL of distilled water, before 
dropwise addition of 25 mmol of cetyltrimethylammonium bromide in 1 mol of KOH. The mixtures were 
stirred for 1 h to give a cloudy solution. Later, the precipitates were collected, transferred into a stainless-
steel autoclave, and heated at 120 oC for 5 h. Afterwards, the solids were collected and consecutively 
washed until the ~pH 7 before stored to dry for overnight. After drying, the powder was calcined at 900 
oC for 2 h to give white powder and labelled as ZnNR.  Finally, to prepare the ZnNR/TiNW nanostructures, 
an appropriate amount of TiNW and ZnNR were mixed in a container under constant shaking. After a 
while, the solid mixtures were subjected to Planetary Ball Mill PM 100 (Retsch, Germany) using a high-
energy. The ball milling was operated at 400 rpm for 1 h with the mass ratio of balls to powder at 1:1 in 
an air medium. The final fabricated products resulted in white powder and were labelled according to the 
wt.% of ZnNR loadings as ZnNR/TiNW. 
 
Preparation of PVC Supported ZnO/TiO2 
1g of polyvinyl chloride (PVC) powder was slowly dissolved in 25 mL of tetahydrofuran (THF) solution 
under vigorous stirring. The obtained clear solution was then poured onto a Petri dish and left for 10 min 
till the solution starts to solidify. The prepared photocatalyst was spread on top of the semi-solid PVC 
layer and left overnight to dry. It should to be noted that the formation of semi-solid PVC layer is very 
important as over-drying would lead to leaching of the catalyst as the catalyst would not be completely 
held on the film. The dried composite was further dried at 95 °C for 1 h to remove any moisture [7, 16]. 
The prepared composite was labelled as PVC@ZnNR/TiNW. 
 

Characterization Methods 
The X-ray powder diffraction (XRD) patterns were collected on SmartLab XRD (Rigaku, Japan) using 
CuKα radiation (1.54 Å). D-spacing was calculated using Equation 1 expressions as follows. 
 

λ = 2 d sin θ       (1) 
 

Where λ is the wavelength of the incoming X-ray beam and dhkl is the interplanar spacing of a plane 
with normal hkl. Accordingly, Debye-Scherrer Equation was used for the calculation of average crystal 
size according to the following expressions: 
 

D = (0.9 λ)/(β cos θ)                   (2) 
 

where D is the size of the crystal, λ is the wavelength of the X-ray, θ is Braggs angle (in radians), and β 
is full width at half maximum (in radians) of a peak. Field emission scanning electron microscopy 
(FESEM) images were retrieved using the JEM-2100 F FESEM (JEOL, USA) coupled with XMax 80 T 
(Oxford) detector for simultaneous elemental composition determination using electron dispersive X-ray 
(EDX) analysis. The chemical bonding and functional groups information of the samples were obtained 
using a Nicolet iS10 (Thermo Fisher Scientific, USA) on an attenuated total reflectance-Fourier transform 
infrared (ATR-FTIR) spectrophotometer. In the photocatalytic experiments, the absorbance changes in 
wavelength from 200 to 800 nm were monitored using UV-Visible Lambda 25 spectrophotometer (Perkin 
Elmer, USA). The AFM analysis was conducted using NanoWizard® 3 Atomic Force Microscope (JPK 
Instruments). 

 
Photocatalytic Activity 
The photocatalytic activity of all samples was assessed by their ability to degrade the aqueous solution 
of paraquat dichloride. In this experiment, 80 mg of each sample was suspended in 200 mL of 20 ppm 
paraquat dichloride aqueous solution. The reaction was performed in a photoreactor equipped with UVP 
Black-Ray J-221 (0.60 mW/cm2) of a UV lamp (Analytik Jena, USA) as the irradiation source. Prior to 
UV irradiation, the mixture was poured into a glass beaker and stored in a dark environment under 
continuous stirring for 30 min to achieve an equilibrium adsorption-desorption state. After every 60 min, 
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3 mL of the mixture was withdrawn, separated from the solid suspensions by a centrifuge, and analyse 
using UV-Visible spectrophotometer. The UV-Vis monitoring was conducted for 4 h and the residual 
concentration of paraquat dichloride was determined at the absorbance wavelength of 257 nm. The 
photodegradation activity was evaluated by using Equation 3 [17, 18]: 
 

Photodegradation (%) = (Co-Ct)/Co    x 100                                 (3) 
 
where Co is the initial concentration, while C is the final concentration after the photodegradation. 
 

Results and discussion 
 
Characterizations 
XRD 
The XRD diffraction patterns of the ZnNR/TiNW, PVC@ZnNR/TiNW, and that of pristine PVC was 
compared as shown in Figure 1a. Based on Figure 1a, it can be seen from the diffractogram that the 
unsupported and supported photocatalysts are compared and the peaks from the 5-ZnNRTiNW clearly 
matched those in the PVC@ZnNR/TiNW. For TiO2, the characteristic peaks at 2θ values of 25.39o, 
37.72o, 48.27o, 53.86o, and 55.32o corresponding to (101), (004), (200), (105), and (211) planes. The 
crystal structure is in good agreement with the ICCD #21-1272. For ZnO (ICDD# 36-1451), the peaks at 
2θ values of 31.89o, 34.79o, 36.45o, 56.83o, 63.47o, and 68.39o corresponding to (100), (002), (101), 
(110), (103), and (112) respectively. It can be observed in Figure 1a that the spectrum of the bare PVC 
did not show any sharp peak, with the patterns exhibiting an amorphous background emanating mainly 
from the polymer amorphous phase [19] indicating the amorphous structure of PVC (shown in the inset), 
while XRD scan of PVC@ZnNR/TiNW films having 15 wt.%, (Figure  1a) indicated sharp peaks related 
to ZnNR and TiNW and amorphous regions of PVC at 2θ = 24.61°. In details, the following 2θ values 
were identified for the amorphous PVC (1,1,2-trichloroethane) 19.50o, 24.61o, 27.14o, 31.33o, and 31.90o 
which are assigned to (110), (11-2), (12-1), (031), and (004) planes, respectively. This was an evidence 
that ZnNR/TiNW bimetallic composite were incorporated in PVC matrix with no changes in the wurtzite 
crystal-like, and anatase structure of ZnO and TiO2, respectively. Notably, the crystallinity of polyethene 
materials is very low, its reflection peaks therefore did not appear obviously. These results were 
consistent to Sadek et al. [20] and Hasan et al. [21] on incorporating ZnO and TiO2 nanostructures PVC 
matrix. Meanwhile the average crystallite size of the ZnO/TiO2 supported bimetallic composite samples 
calculated using the Debye-Scherrer’s Equation (1) is ~15 nm. 

 
 

 
 

Figure 1. (a) XRD and (b) ATR-FTIR spectra of PVC supported ZnNR/TiNW compared with 
unsupported, and with bare PVC (inset) 
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FTIR 
Fourier infrared spectra measurement was conducted on the solid samples using ATR. Comparison was 
also made with the unsupported catalyst to demonstrate the immobilization of the bimetallic photocatalyst 
on the PVC thin film. Figure 1b shows the ATR-FTIR spectra of ZnNR/TiNW (Figure 1b(i)), bare PVC 
(Figure 1b(ii)), and PVC@ZnNR/TiNW (Figure 1b(iii)). The supported photocatalyst clearly demonstrate 
the combine spectra of the immobilized powder catalyst onto the polyvinyl chloride and confirmed the 
presence of ZnO/TiO2 and the PVC composites [22]. The characteristic stretching vibrations of the Ti‒
O‒Ti inorganic network are present in the composite samples between range of 400 and 800 cm−1 and 
are attributed to O–Ti–O from crystalline anatase titania form [23]. Typical vibrational bands of T–O−T 
are observed at 964 and 830 cm−1 attributed to TiO2, and for ZnO, the vibrational band at 694 cm−1 
confirms the presence of Zn–O bond. Previous works reported that bands below 1000 cm−1 are 
associated with the stretching vibration mode M–O owing to the formation of metal oxides [24]. For the 
PVC@ZnNR/TiNW composite, the C–Cl stretch corresponding to chlorine content in PVC was identified 
at a vibration band of 899 cm−1 [25]. The appearance of 1367 and 1219 cm-1 peaks indicate the presence 
of in-plane CH2 deformation of PVC, and of C–O bond, respectively [26]. The vibrational bands attributed 
to the C–H bonds of the aromatic rings are discernible in the range 3100–2800 cm−1, while the peak at 
1093 cm−1 is assigned to C–C of the aliphatic hydrocarbons in the polymer. The peaks at 1654 and 3467 
cm−1 are attributed to the O–H group of the surface and adsorbed water molecule in the samples. The 
peaks at 1093 and 779 cm-1 are attributed to tras C–H and cis C–H wagging, respectively. Similar results 
were reported by Ramesh et al. [27]. 
 
FESEM-EDX 
Figure 2 depicts the FESEM micrographs of unsupported and PVC supported ZnNR/TiNW bimetallic 
composites. In the case of PVC@ZnNR/TiNW, almost regular distribution of ZnO, and TiO2 
nanostructure at 15 wt.% in PVC matrix can be clearly observed in Fig. 2b. Moreover, the wire-like 
structure of TiO2 and the rod-like ZnO nanostructures can be clearly seen. The field emission scanning 
electron microscopy (FESEM) analysis was used for observing the polymer coated surface [28]. By 
comparison of Fig. 2a and 2b, it can be demonstrated that ZnO/TiO2 nanostructures were successfully 
immobilized on the surface of PVC. Mixed particles of interconnected TiO2 nanowires with ZnO nanorods 
attached and uniformly distributed in the TiO2 matrix can be clearly seen. Figure 2b (inset) illustrates the 
FESEM image of the PVC film before coating at high magnification. The results of FESEM analysis were 
in agreement with previous studies [29, 30].  The energy dispersive X-ray (EDX) technique was utilized 
to analyze the elemental composition of PVC films with bimetallic ZnNR/TiNW coated after the UV 
irradiation. Figure 2c shows the elements and EDX images of PVC supported photocatalyst that 
demonstrated the bimetallic powder samples were well dispersed and mixed on the polymer materials 
[31]. The weight % composition of the Ti, Zn, O, C, and Cl elements are 28.6, 1.3, 22.3, 44.2, and 3.7%, 
respectively which matched well with the 5:95 ratio of the 15% metal oxides coated on the PVC polymer 
materials.  
 
EDX Mapping 
EDX images of supported PVC@ZnNR/TiNW are shown in Fig. 3. Based on the images of the Ti, Zn, O, 
C, and Cl elements, the presence of ZnO, TiO2 and PVC (C2H3Cl)n on the surface of PVC was proved. 
Fig. 3a-c show the distribution of Ti, Zn, and O respectively which are the elemental content of the 
ZnNR/TiNW photocatalyst and can be identified with the wt.% of 28.6 (green), 1.3 (orange), and 22.3% 
(purple) for Ti, Zn and O, respectively. The carbon and chlorine in PVC can be identified with red and 
blue colors having 44 and 3.7 wt.%, respectively (Fig. 3e, f). The EDX layered image (Fig 3f) indicated 
the total distributions according to the elemental composition of the PVC@ZnNR/TiNW photocatalyst. It 
can be clearly observed that Ti dominates the highest region with only few regions occupied by Zn, O, 
and Cl. Notably, the blue color representing the carbon in PVC cannot be seen as its covered by the 
coated ZnNR/TiNW material. 
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Figure 2. FESEM images of (a) ZnNR/TiNW and (b) micrograph, and (c) EDX pattern of PVC@ 
ZnNR/TiNW 
 
 
AFM 
Figure 3g-h represents the two and three-dimensional images of the surface of PVC film surface coated 
with 0.2 g ZnNR/TiNW photocatalyst. The surface roughness is shown by the image in Figure 3g and 
the root-mean-square roughness (Rrms) value of the photocatalyst loading is 6.24 nm. The low Rrms 
value proves the reduction in the amount of catalyst exposed on surface [32]. Thus, the decrease in 
number of catalyst particles on PVC surface can lead to reduction of the adsorbed UV light intensity. 
Moreover, the contact between photocatalyst and pollutant also become less and can cause the 
decrease in the activity as compared to the powdered catalyst which has sufficient contact during the 
reaction. In general, the AFM images of the PVC supported photocatalyst show non-homogeneous 
surfaces with some agglomerated particles and scratches (like hill-chains aspect). Figure 3h clearly 
shows the formation of mainly bigger particles of oxides containing ZnO nanorods. This also supports 
the fact of the existence of well separated polycrystalline phases in the layer [1, 16, 19]. 
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Figure 3. EDX Mapping of FESEM micrographs for elemental distribution of (a) Ti (b) Zn (c) O (d) C (e) 
Cl, and (f) PVC@ZnNR/TiNW and AFM image of 0.8 g/L PVC@ZnNR/TiNW (g) 2D and (h) 3D 
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Photocatalytic Activity 
Supported and unsupported (powdered) photocatalysts were compared to investigate their efficiencies 
towards degradation of paraquat. Further, this study also investigated the reusability of the supported 
photocatalyst on the degradation of paraquat dichloride for large scale application. Figure 4 shows the 
plot of percentage degradation against the time of the supported and unsupported samples. As can be 
observed, the powdered (unsupported) ZnNR/TiNW shows higher degradation than supported 
PVC@ZnNR/TiNW with 82.75, and 73.33%, respectively in the percentage degradation of paraquat 
dichloride. The reason for the low performance of the supported might be due to the reduced surface 
and trap in the number of active sites by the PVC polymer that reduced the % degradation by ~10%. 
 
 

 
 
Figure 4. (a) Photocatalytic degradation (%) of paraquat dichloride under UV light irradiation, over 
unsupported ZnNR/TiNW and supported PVC@ZnNR/TiNW, and (b) Kinetic Linear Fit of paraquat 
photocatalytic degradation under UV irradiation, of unsupported compared with PVC supported 
ZnNR/TiNW 
 
Kinetics 
Figure 4b shows the linear plot of ln Co/Ct against time for the degradation of paraquat dichloride. The 
linear relationship also indicates that the photodegradation mechanism followed the pseudo-first-order 
kinetics and is similar to photodegradation of common herbicides such as atrazine [33], bentazon [34, 
35], carbaryl [36], triazinone [37], and 2,4-dichlorophenoxyacetic acid [38, 39]. During the first 600 min 
of the degradation experiment, the photocatalytic performance of both the unsupported and supported 
samples progress in the same rate. However, the ZnNR/TiNW nanostructures maintain higher due to 
stable photogeneration of e- and h+. Table 2 present the rate constant (k), half-life (t1/2), and percentage 
degradation (%) for unsupported and supported samples. The k values for ZnNR/TiNW and 
PVC@ZnNR/TiNW are, 7.50 x 10-3 and 5.26 x 10-3, respectively. Remarkably, the calculated t1/2 value 
for the ZnNR/TiNW was 93 min indicating rapid photodegradation reaction as compared to the supported 
(132 min) and work done by others [3, 10]. Based on the findings, it is, therefore, suggested that 
ZnNR/TiNW nanostructures have the most photogenerated radicals that are useful on the catalyst 
surfaces to enhanced degradation activity compared to the supported PVC@ZnNR/TiNW. To compare 
the catalytic activity with other nanostructured materials, the photodegradation of paraquat obtained from 
this method is also higher than Kanchanatip et al. (70%), [40] and Trovo et al. (66.6%) [41] as reported 
in Table 1. 

 
 
 
 



 
 

 
655 

  Ashiru et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 17 (2021) 647-658 

Table 1.  The rate constant (k), half-life (t1/2), and percentage degradation (%) of synthesized samples 

Sample Rate constant, k 
(min-1) 

Half-life, t1/2 
(min) 

Percentage degradation 
(%) 

ZnNR/TiNW 7.50 x 10-3 93 82.75 
PVC@ZnNR/TiNW 5.26 x 10-3 132 73.33 

C60/V-TiO2 [40] 1.71 x 10-1 4 70 
Fe2+/H2O2 [41] - - 64.6 

 
Reusability Studies of PVC@ZnNR/TiNW for Paraquat Degradation 
The reusability of the photocatalyst was also evaluated by carrying out series of photocatalytic reactions 
using the supported PVC@ZnNR/TiNW and compared with the unsupported powder catalyst. Figure 5a 
shows the experimental runs with the photocatalyst over the sequential treatment. The supported 
catalyst showed high reactivity over ten repeated cycles carried out with the PVC@ZnNR/TiNW samples 
as the representative photocatalyst under UV light irradiation. While the powdered ZnNR/TiNW catalyst 
attain it deactivation point after the sixth run with a decreased activity of ~5%. There was a slight 
decrease (~5%) in paraquat degradation efficiency after the first cycle in the case of the supported 
catalyst. The results demonstrate that after repeated degradation use, only ~5% decrease in 
photocatalytic degradation efficiency can be observed, indicating good stability of the PVC@ZnNR/TiNW 
supported photocatalyst [42]. 
 

 
  
Figure 5. (a) Experimental runs for degradation of paraquat over unsupported and PVC supported 
ZnNR/TiNW, and (b) ATR-FTIR spectra of degradation process of paraquat dichloride over supported 
and unsupported ZnO/TiO2 photocatalysts 

 
ATR-FTIR Analysis of Degraded Products 
To prove the capability of the treatment process in paraquat dichloride degradation, comparison of 
functional groups using ATR-FTIR analysis of the paraquat samples before and after the degradation 
process was conducted. The degradation products were studies and the results showed that aromatic 
compounds in the paraquat were converted to aliphatic components after the degradation. Figure 5b 
represents the FTIR spectra of the unsupported, supported, and the degradation products of 4 hour at 
different time interval. It can be observed in Figure 5b that the spectra of the initial and degraded paraquat 
solution matched in the region of 4000 to 2000 cm-1. The peaks below 2000 cm-1 shown at 1734, 1370, 
and 1212 cm-1 appeared at 1 hour degradation and keep increasing up to 4 hours’ time. Similar 
observation was reported by Karimipourfard, et al. for the degradation of leachate samples [43]. 
Meanwhile, after 4 h degradation, only transmittance peaks around 3600, 1600, and 1200 cm-1 attributed 
to OH groups and C=O, and N≡H of final degradation product of H2O, CO2 and NH3 are retained. The 
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analysis of the ATR-FTIR results showed that the PVC@ZnNR/TiNW composite was a promising 
catalyst in paraquat dichloride degradation. 
 
Conclusions 
 

In this study, ZnNR/TiNW@PVC was successfully prepared by hydrothermal/surface coating, and 
directly used in photocatalytic removal of paraquat dichloride in water system. Effect of parameters like 
paraquat initial solution, ZnO wt.% ratio and catalyst loading were investigated for the optimum efficiency 
of the process. The highest photocatalytic efficacy of the unsupported catalyst system was 83% which 
was attributed to 20 ppm paraquat initial solution, ZnO 5 wt.% ratio of and catalyst loading of 0.8 g/L. At 
the optimized condition, performance of the supported catalyst (73.33%) was also compared with 
performances of the unsupported 5-ZnO wt.% having degradation of 83%. These data demonstrated 
that the proposed PVC@ZnNR/TiNW bimetallic system showed decrease in performance compared to 
the unsupported ZnNNR/TiNW, this is due to the reduction the number of defects and active sites on the 
surface of the coated catalyst. Interestingly, after ten times reusability experiment, the supported 
photocatalyst proved to be more stable than the unsupported which deactivated at the sixth run. 
Furthermore, ATR-FTIR analysis performed on the paraquat solution samples before and after the 
photocatalytic process confirmed the presence of expected by-products in the treated samples. The 
results showed that aromatic compounds were converted to aliphatic components after degradation. 
From the results obtained, it could be concluded that the paraquat dichloride photocatalytic system 
treated by the supported bimetallic ZnO/TiO2 is promising in polluted water environmental remediation. 
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