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Abstract: Poly (vinyl alcohol)/poly (acrylic acid)/TiO2/graphene oxide nanocomposite hydrogels were prepared using radical 

polymerization and condensation reacti006Fn for the photocatalytic treatment of waste water. Graphene oxide was used as an 

additive to improve the photocatalytic activity of poly (vinyl alcohol)/poly (acrylic acid)/TiO2 nanocomposite hydrogels. Both 

TiO2 and graphene oxide were immobilized in poly (vinyl alcohol)/poly (acrylic acid) hydrogel matrix for an easier recovery 

after the waste water treatment. By using different ratio of both TiO2 and GO to show the best performance for the degradation of 

MB dye. The photocatalytic activity of poly (vinyl alcohol)/poly (acrylic acid)/TiO2/graphene oxide nanocomposite hydrogels 

was evaluated on the base of the degradation of pollutants by using UV spectrometer. The improved removal of pollutants was 

due to the two-step mechanism based on the adsorption of pollutants by nanocomposite hydrogel and the effective decomposition 

of pollutants by TiO2 and graphene oxide. The highest swelling of nanocomposite hydrogel was observed at pH 10 indicating that 

poly (vinyl alcohol)/poly (acrylic acid)/TiO2/graphene oxide nanocomposite hydrogels were suitable as a promising system for 

the treatment of basic waste water. 
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1. Introduction 

The waste water treatments have been studied widely as the 

waste water from textile, paper, leather, ceramic, cosmetics, ink, 

and food processing industries becomes severer [1]. Synthetic 

organic dyes present certain hazards and environmental 

problems. Disposal of these dyes into water can be toxic to 

aquatic life. They cause a health problem because they may be 

mutagenic and carcinogenic [2-4]. Methods and effluent 

treatment for dyes may be divided into three main categories; 

physical, chemical, and biological. Among them adsorption 

technology is generally considered to be an effective method for 

quickly lowering the concentration of dissolved dyes in an 

effluent. In recent years, polymeric adsorbent have been 

increasingly used to remove and recover organic pollutants 

from waste waters [5]. Polymeric hydrogels have been the focus 

of research for environment scientists due to their characteristic 

properties such as adsorption- regeneration, economic 

feasibility and environmental friendly behavior [2]. The most 

common of these is that hydrogel is hydrophilic 3D polymer 

networks, that can swell in water or biological fluids and hold a 

large amount of them more than 20% of their dry weight, up to 

thousands of times their dry weight [4-5], yet are insoluble 

because of the presence of physical or chemical crosslinks, 

entanglements, or crystalline regions [5], produced by the 

simple reaction of one or more monomers [7]. Smart hydrogels 

are able to alter their volume and properties in response to 

environmental stimuli such as pH, temperature, ionic strength, 

and electric field [8]. To improve the mechanical properties of 

hydrogel, poly (vinyl alcohol) (PVA) was incorporated with 

poly (acrylic acid) (PAAc). PVA has attracted attention in the 

controlled drug delivery, due to the biocompatibility and the 

strong mechanical properties [9]. PAAc contains pendant 

carboxylic acid groups which can release proton in response to 

changes in pH. When the pH of medium is above the pKa of 

PAAc, the ionized PAAc network could be swelled [10]. 

Recently, environmental purification using TiO2 as a 

photocatalyst has attracted a great deal of attention because of 

its high activity, chemical stability, robustness against 
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photocorrosion, low toxicity, low pollution load, and 

availability at low cost [8]. The use of semiconductors (TiO2) as 

alternative photocatalyst is also limited mainly due to the 

recombination of the generated photo-holes and 

photo-electrons [11]. Hence, many researches currently focus 

on the improvement of photocatalytic efficiency [12]. The 

carbon materials works as the electron sink for the 

hindrance of charge carrier recombination. The 

photocatalytic decomposition of pollutants by TiO2 was 

improved with addition of GO [1]. The preparation of poly 

(vinyl alcohol)/poly (acrylic acid)/TiO2/graphene oxide 

nanocomposite hydrogels has been reported [1]. They used 

one ratio of TiO2 and different ratio of GO, but we used 

different ratio of both GO and TiO2. 

2. Literature Review 

Yue et al. synthesized series of full interpenetrating 

polymer network (full-IPN) films of poly (acrylic acid) 

(PAA)/poly (vinyl alcohol) (PVA) were prepared by radical 

solution polymerization and sequential IPN technology [27]. 

Yun et al. examined the pH-sensitive photocatalytic system 

which prepared by embedding TiO2 into poly (vinyl 

alcohol)/poly (acrylic acid) hydrogel. Two different types of 

TiO2/hydrogel composites, such as matrix and nano fiber, 

were prepared to investigate the morphological effects on the 

photocatalytic activity. TiO2 was distributed uniformly in the 

composite hydrogel and kept the original anatase structure 

without any structural change. The PVA/PAAc/TiO2 

nanofibers gave faster and higher swelling due to the larger 

surface area as the pH of medium was changed into the basic 

condition. The photodegradation of dye was improved greatly 

by using TiO2 photocatalyst in PVA/PAAc hydrogel nanofiber 

supports. The TiO2 particles were observed in the PVA/PAAc 

hydrogel matrix without any crack at the interface between 

hydrogel and TiO2 particles. The TiO2 domains of various 

sizes were observed indicating that the TiO2 aggregations 

occurred somewhat in the hydrogel matrix depending on the 

content of TiO2 [28]. 

Jeon et al. prepared the pH-sensitive 

PVA/PAAc/TiO2/CNTs composite nanofibers by 

electrospinning method in order to treat the basic waste water. 

Various ratios of CNTs was dispersed into PVA/PAAc/TiO2 

solution in such various weight percentages as 0, 0.3, 0.7, and 

1.0% respectively. The photocatalytic activity of TiO2 for the 

efficient dye removal was improved further by incorporating a 

proper content of conductive CNTs. A strong interaction 

between TiO2 and CNTs contributed the efficient electron 

transfer in the TiO2/CNTs composites resulting in the 

reduction of electron/hole recombination and the 

improvement of photon efficiency. The higher swelling of 

PVA/PAAc/TiO2/CNTs composite nanofibers was observed 

under the electric field due to the enhanced ionization of 

PVA/PAAc hydrogel resulting in the higher electrostatic 

repulsion and hydrophilicity of the polymer chains [29]. 

Further work by Moon et al. has been carried out on prepared 

PVA/PAAc/TiO2/GO nanocomposite hydrogels using radical 

polymerization and condensation reaction for the photocatalytic 

treatment of waste water. Graphene oxide was used as an 

additive to improve the photocatalytic activity of 

PVA/PAAc/TiO2 nanocomposite hydrogels. Both TiO2 and 

graphene oxide were immobilized in PVA/PAAc hydrogel 

matrix for an easier recovery after the waste water treatment [1]. 

3. Experimental 

3.1. Materials 

Poly (vinyl alcohol) (PVA, 87–89% hydrolyzed, Mw: 

31,000–50,000) and acrylic acid (AAc, 99%) were purchased 

from Acros Organics. \A\S (GA, 25wt.% solution in water) 

and ethylene glycol dimethacrylate (EGDMA, 98%) 

purchased from Acros Organics were used as crosslinking 

agent for PVA and PAAc, respectively. Potassium persulfate 

(KPS, 99+%, A. C. S. reagent) obtained from Acros Organics 

was used as initiator. Titanium oxide (TiO2, 99%, anatase 

powder, average size: 50 nm) was purchased from MKnano as 

photocatalyst. Methylene Blue (MB) (C16H18N3SCl, λmax = 

665 nm) was purchased from Fisher Bio reagent. All other 

chemicals used were of analytic grades. 

3.2. Preparation of GO 

GO was prepared from a low-purity natural graphite 

powder by using the Hummers method [13]. 2.0 g of graphite 

and 1.0 g of NaNO3 were dissolved in 46.0 mL of 

concentrated H2SO4 under an ice bath. After about 15.0 min of 

stirring, 6.0 g of KMnO4 was gradually added into the 

suspension with stirring as slowly as possible in order to 

control the reaction temperature below 20.0°C. The 

suspension was stirred for 2.0 h, and then maintained at 

35.0°C for 30.0 min. 92.0 mL of deionized water was slowly 

poured into the suspension, resulting in a quick increase in 

temperature, and the temperature should be controlled lower 

than 98.0°C. After 15.0 min, the suspension was then further 

diluted to approximately 280.0 mL with warm deionized 

water. 20.0 mL of 30.0% H2O2 was added to the mixture to 

stop the reaction and the color of the mixture changed to bright 

yellow, indicating high oxidation level of graphite. The 

resulting mixture was washed by repeated centrifugation and 

filtration with 5.0% HCl solution in order to remove the metal 

ions. The final GO slurrqawy was sonicated for 1.0 h followed 

by filtering and drying in vacuum oven at 50.0°Cfor 24.0 h. 

3.3. Preparation of PVA/PAAc/TiO2/GO 

Nanocomposite Hydrogels PVA 

The PVA/PAAc hydrogels were synthesized by the free 

radical polymerization. PVA and PAAc were selected as the 

components mainly for improving the mechanical property 

and exhibiting the pH-sensitive swelling behavior of 

hydrogels, respectively. PVA solution (10.0.% w/v) was 

prepared by dissolving PVA in distilled water 90.0°C for 6.0 h 

and subsequent cooling down to room temperature. The 

PVA/PAAc hydrogels were synthesized by the free radical 

polymerization. PVA and PAAc were selected as the 
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components mainly for improving the mechanical property 

and exhibiting the pH-sensitive swelling behavior of 

hydrogels, respectively. The reaction mixture solution was 

prepared by mixing 8.0 ml of (10.0 wt.%) PVA solution, 8.0 

ml of AAc solution, 0.15 ml of GA solution, 0.90 ml of 

EGDMA, and 0.5 ml of (1.0 wt.%) KPS with TiO2. The 

reaction mixture was stirred for 30.0 min at room temperature 

followed by nitrogen purging for 30.0 min to remove the 

oxygen dissolved in the reaction mixture. The reaction 

mixture was stirred for 2.0 h at 70.0°C to prepare 

TiO2/PVA/PAAc/GO nanocomposite hydrogel. These 

nanocomposite hydrogels were washed with distilled water at 

room temperature by replacing with fresh distilled water every 

few hours. Hydrogels was cut into disc-like pieces. Swollen 

hydrogel disks were dried in vacuum oven. 

Table 1. Classification of PVA/PAAc/TiO2/GO nanocomposite hydrogels. 

Sample TiO2 (w/v%)/polymer GO (w/v%)/polymer 

1 TiO2 (0.5)/PVA/PAAc 0 

1.1 TiO2 (0.5)/PVA/PAAc 0.25 

1.2 TiO2 (0.5)/PVA/PAAc 0.75 

1.3 TiO2 (0.5)/PVA/PAAc 1.25 

2 TiO2 (1.0)/PVA/PAAc 0 

2.1 TiO2 (1.0)/PVA/PAAc 0.25 

2.2 TiO2 (1.0)/PVA/PAAc 0.75 

2.3 TiO2 (1.0)/PVA/PAAc 1.25 

3 TiO2 (3.0)/PVA/PAAc 0 

3.1 TiO2 (3.0)/PVA/PAAc 0.25 

3.2 TiO2 (3.0)/PVA/PAAc 0.75 

3.3 TiO2 (3.0)/PVA/PAAc 1.25 

3.4. Sample Characterization 

The anatase structure of TiO2 in PVA/PAAc/TiO2/GO 

nanocomposite hydrogel was studied by using X-ray 

diffraction (XRD) patterns. The samples were investigated on 

(schimad Zn 7000, Japan) diffractometer with Cu radiation 

and were analyzed from 5.0º to 80.0º in 2 (2θ) with a step size 

of 0.02º and a step time of 3.0 s. 

The surface morphologies of PVA/PAAc/TiO2/GO 

nanocomposite hydrogels were observed using a scanning 

electron microscope ((JEOL-JSM-5300). As a pretreatment, 

every sample was sputter coated with gold. 

Fourier-transform infrared spectrometer (FT-IR, 

Thermo-Nicolet 380) was used to investigate the functional 

groups on GO. The FT-IR spectra of samples were obtained in 

the range of 400.0–4000.0 cm
−1

. To investigate the elements 

present in graphite and GO. 

3.5. Swelling Studies 

Swelling experiments were performed by placing the 

prepared polymer discs in buffer solutions of varying pHs of 

(3.0 - 12.0) at room temperature 25.0°C and measuring weight 

gain as a function of time. The discs were withdrawn from the 

buffer solutions and weighed after removal of excess surface 

water by gentle blotting with a tissue. Percent swelling is 

expressed as the percent weight ratio of water held in hydrogel 

to dry hydrogel at any instant during swelling. 

%	swelling	 
 	
weight	of	swelled	hydrogel	– 	weight	of	dry	hydrogel

Weight	of	dry	hydrogel
� 100 

Equilibrium degrees of swelling values are the maximum 

swelling values of the samples. 

3.6. Dye Adsorption Test 

The dye adsorption tests were carried out in 100.0 ml of dye 

solution with an initial concentration of methylene blue (MB) 

5.0 mg/L and 1.0 g of PVA/PAAc, PVA/PAAc/TiO2 and 

PVA/PAAc/TiO2/GO nanocomposite hydrogels. The 

nanocomposite hydrogels were placed in dye solution at 

25.0°Cfor 24.0 h in dark. The variations in concentration of 

dye solution were measured by Visible spectrometer (visible 

spectrophotometer Alpha 1102) at the wavelengths of 

(662.0-665.0 nm) corresponding to the maximum absorption 

position MB. qe is the amount of dye adsorbed onto unit dry 

mass of the hydrogels (mg/g). The adsorption (qe) was 

calculated as follows: 

q��mg/g� 
 �C� 	� C �V/W 

where C0 and Ct are the concentrations of dye solution at t = 0 

and t, respectively. V (L) is the volume of dye solution, and W 

(g) is the weight of hydrogels. The removal dye efficiency 

(R%) was calculated by the following equation: 

Removal	dye	R% 
 %�C� 	� C �/C�& � 100 

R% 
 %�A� 	� A �/A�& � 100 

where A0 and At are the absorptions of dyes solution at t = 0 

and t, respectively [14]. 

3.7. Photocatalytic Decomposition of 

Pollutant Dyes 

The photocatalytic activities of various PVA/PAAc/TiO2 

and PVA/PAAc/TiO2/GO nanocomposite hydrogels were 

evaluated based on the decomposition of model pollutant dye 

MB. The dye decomposition experiments were carried out 

with an ultraviolet (UV) lamp (365.0 nm, 40.0 W) inside using 

100.0 ml of dye solution with an initial concentration of 5.0 

mg/L, 10.0 mg/L and 1.0 g of PVA/PAAc/TiO2/GO 

nanocomposite hydrogels. The variations in concentration of 

model dye were determined by Visible spectrometer (visible 

spectrophotometer Alpha 1102) based on the absorbance at 

the wavelength of 665.0 nm for MB. The photocatayltic dye 

decomposition calculated from Ct/C0 and photocatalytic dye 

decomposition efficiency (De%) was calculated by the 

following equation: 

De% 
 %�C� 	� C �/C�& � 100 

De% 
 %�A� 	� A �/A�& � 100 
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Where C0 and Ct are the concentrations of dye solution at t = 

0 and t, respectively. A0 and At are the absorptions of dyes 

solution at t = 0 and t, respectively [15]. 

4. Results and Discussion 

4.1. Characterization of GO and 

PVA/PAAc/TiO2/GO Nanocomposite 

Hydrogels FT-IR 

FT-IR spectra of both GO and PVA/PAAc/TiO2/GO 

nanocomposite hydrogels TiO2 (1.0) and GO (1.25) (w/v%) 

are presented in Figure 1. In GO spectrum, the absorption peak 

at 3000–3500 cm
−1

 corresponding to the OH and the 

absorptions peak at 1639 cm
−1 

due to the C=O stretching of 

COOH groups. The absorption bands at 1040 corresponding 

to the epoxy ring deformation [16]. These results indicated 

that many oxygen-containing functional groups were 

produced during the oxidation of graphite. 

In PVA/PAAc/TiO2/GO spectrum, the absorption peak at 

3000–3500 cm
−1

 corresponding to the OH for PVA, PAAc and 

GO overlapped with each other. The absorption peak at 1724 

cm
−1 

and
 
1637 cm

−1 
corresponding to the C=O stretching of 

COOH groups at edges of PAAc and GO, respectively. 

C−O−C/C−OH vibrations at 1000–1400 cm
−1

 [1]. 

 

Figure 1. FT-IR spectrum GO and PVA/PAAc/TiO2/GO nanocomposite hydrogels TiO2 (1.0) and GO (1.25) (w/v.%). 

4.2. Structural Analysis of GO, TiO2 and 

PVA/PAAc/TiO2/GO Nano Composite 

Hydrogels 

The structural characteristics of anatase TiO2, GO and 

PVA/PAAc/TiO2/GO nanocomposite hydrogels TiO2 (1.0) 

and GO (1.25) (w/v.%) were studied by XRD as shown in 

Figure 2. GO, the peak centered at 11.3º corresponding to the 

(002) lattice plane. All of the above results demonstrated that 

the oxidation conversion process from graphite to graphite 

oxide was successful, XRD of GO similar to XRD of GO in 

[17]. The typical high (101), (200) diffraction peaks at 25.3º 

and 48.0º suggesting that the samples had an anatase phase 

structure [18]. The structure of anatase TiO2, which was 

known as an effective photocatalyst, remained intact during 

the polymerization process in the preparation of 

nanocomposite hydrogels [8]. The absence of the typical 

diffraction peak of GO in the PVA/PAAc/TiO2/GO 

nanocomposite hydrogels might be attributed to the 

combination of polymer matrices with GO resulting in the 

enhanced sonication of GO and the low diffraction intensity in 

the nanocomposite hydrogels [1]. 

 

Figure 2. X-ray diffraction patterns of TiO2, GO, and PVA/PAAc/TiO2/GO 

nanocomposite hydrogel TiO2 (1.0) and GO (1.25) (w/v.%). 
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4.3. Morphology of PVA/PAAc/TiO2/GO 

Nanocomposite Hydrogels 

SEM was used to characterize the cross-sectional surface of 

PVA/PAAc/TiO2/GO nanocomposite hydrogels as presented 

in Figure 3. The TiO2 and GO (w/v.%) ratios (a) 3.0 and 1.25, 

(b) 3.0 and 0.75, (c) 1.0 and 1.25, (d) 1.0 and 0.25 and (e) 0.5 

and 1.25. 

 

Figure 3. SEM micrograph of various PVA/PAAc/TiO2/GO nanocomposite hydrogels TiO2 and GO (w/v.%) (a) 3.0 and 1.25, (b) 3.0 and 0.75, (c) 1.0 and 1.25, 

(d) 1.0 and 0.25 and (e) 0.5 and 1.25. 

Figure 3 (a, b) showed that when the amount of GO sheets 

was increased to 1.25 and 0.75 (w/v.%) with increasing TiO2 

3.0 (w/v.%), the cross section morphology of the hydrogel was 

very different. It was apparent that the aggregation of GO 

sheets and TiO2 in the matrix during the polymerization. 

Moreover, Figure 3 (c, d, e) the surfaces of the 

nanocomposites containing a small amount of GO sheets and 

TiO2 were relatively uniform, indicating that GO sheets did 

not form large agglomerates in the matrix. Also showed that 

the surface was also very compact, indicating that GO sheets 
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were dispersed homogeneously in the polymer matrix and 

there were interfacial interactions between GO and the matrix. 

4.4. Swelling Behaviors of PVA/PAAc/TiO2/GO 

Nanocomposite Hydrogels 

The swelling behavior of PVA/PAAc/TiO2/GO 

nanocomposite hydorogels was investigated at various 

contents of TiO2 and GO to study the pH-sensitive properties 

as shown in Figure 4. PAAc is a pH-responsive polyacid 

because it has the carboxylic acid groups in the side chain. The 

pendant carboxylic acid groups of PAAc component are 

generally ionized into carboxylate anions above its pKa of 4.7. 

The carboxylic acid groups are feasibly ionized to release the 

protons under basic condition resulting in the repulsive 

molecular interactions.[14-15]. The highest swelling was 

observed at pH 10 indicating that the nanocomposite 

hydrogels were effective for the treatment of basic water 

pollutants [12]. 

 

Figure 4. Swelling behavior for hydrogels contain (0.0, 0.25, 0.75 and 1.25) 

(w/v.%) of GO (a) 0.5 (b) 1.0 (c) 3.0 (w/v.%) of TiO2 at pH 10.0 after 48.0 

hour at 25°C. 

We observed that at Figure 5 (a, b) with small content of 

GO the swelling increased reached approximately to twice of 

swelling without GO. The significant improvement of the 

swelling capacities of the nanocomposites containing 

extremely low GO content might be mainly due to the fact that 

the GO sheets containing plenty of functional groups, such as 

COOH, C=O, O-H and C-O-C groups on the surface [13], 

could dramatically increase the density of the hydrophilic 

groups of the polymer networks. Besides, the GO sheets 

dispersed homogeneously in the matrix might influence the 

microstructure of the polymer networks because of the 

exceptional nanostructure character of GO, which also could 

influence the swelling capacities [13, 25]. The swelling ratio 

of nanocomposite hydrogel decreased somewhat as the 

content of GO increased this might be owing to the fact that 

the excessive GO sheets and TiO2 tended to aggregate and 

weakened the synergetic interactions between GO sheets and 

the polymer networks as shown in Figure 4. 

The observation was been in Figure 5 (c) 3.0 (w/v.%) of 

TiO2 and GO content (0.0, 0.25, 0.75 and 1.25) (w/v.%), GO 0 

showed the highest swelling ratio among the various 

nanocomposite hydrogels because with addition GO to 

hydrogels contain 3.0 (wt/vol%) of TiO2 tended to aggregate 

and the swelling ratio of nanocomposite hydrogel decreased 

somewhat as the content of GO increased due to the hindrance 

to the swelling of hydrogel matrix. 

 

Figure 5. Illustration of the reaction between GO and MB. 

4.5. Dye Adsorption Behavior of 

PVA/PAAc/TiO2/GO Nanocomposite 

Hydrogels 

The dye adsorption behavior of various 

PVA/PAAc/TiO2/GO nanocomposite hydorogels was studied 

at pH 10.0 after 24 h and initial concentration 10.0 mg/L as 

shown in Figure 6. The MB dye adsorption increased with 

increased GO content, the adsorption increased gradually 

from (0.0<0.25≤0.75<1.25) (w/v.%) of GO and reached to 

maximum at 1.25 (w/v.%) of GO. 

GO is highly oxygenated and hydrophilic which can be well 

dispersed in water. GO has a large theoretical specific surface 

area (as high as 2620 m
2
/g) with huge number of functional 

groups, i.e., hydroxyl, epoxyl and carboxyl [16]. The higher 
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the graphene oxide amount, the better the adsorption capacity. 

The ionic interactions between cationic dyes and the 

negatively charged groups can be formed in the company of 

abundant ᴫ–  conjugations between methylene blue ᴫ
molecules and the aromatic rings of graphene oxide sheets, 

which could lead to the higher adsorptivity as shown in figure 

5 [16, 19-20]. 

 

Figure 6. MB dye adsorption initial concentraction 10 mg/L with 

PVA/PAAc/TiO2/GO hydrogel composition of both GO (0.0, 0.25, 0.75 and 

1.25) and TiO2 (0.5, 1.0 and 3.0) (w/v.%) at pH 10.0 after 24.0 h at 25°C. 

4.6. Photocatalytic Decomposition of 

Pollutant Dye 

The effect of GO and TiO2 content on photocatalytic dye 

decomposition behavior at pH 10, where 

PVA/PAAc/TiO2/GO nanocomposite hydrogels showed the 

best performance, was investigated as shown in Figure 7. 

When TiO2 (0.5, 1.0) (w/v.%) the photocatalytic performance 

of PVA/PAAc/GO nanocomposite hydrogel improved, GO 

content increased reached to best performance with 1.25 

(w/v.%) of GO. But when TiO2 (3.0) (w/v.%) the best 

performance with 0.75 (w/v.%) of GO. The photocatalytic 

decomposition efficiencies of PVA/PAAc/TiO2/GO 

nanocomposite hydrogels also increased significantly as GO 

content increased. The combination of TiO2 and GO strongly 

contributed to the efficient electron transfer between TiO2 and 

GO. GO played the role of an electron acceptor that 

accelerated the interfacial electron-transfer process between 

TiO2 and GO upon UV irradiation. Therefore, GO strongly 

prevented TiO2 photocatalyst from the recombination of 

electron–hole formed under UV irradiation resulting in the 

improvement of photocatalytic activity [23-24]. GO also 

played as effective adsorbent of dyes with offset face-to-face 

orientation via-conjugation until adsorption-desorption 

equilibrium similarly as various carbonaceous materials. 

Graphene and its allotropes have also been studied extensively 

to improve the photocatalytic activity as shown in Figure 8. 

 

Figure 7. Photo catalytic degradation of different hydrogels with various 

content of GO (0.0, 0.25, 0.75 and 1.25) (w/v.%) and (a) 0.5 (b) 1.0 and (c) 3.0 

(w/v.%) of TiO2. 

 

Figure 8. Photocatalytic mechanism for MB degradation over TiO2/GO 

nanosheet photocatalyst under UV-light irradiation. 
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4.7. Recycling of PVA/PAAc/TiO2/GO 

Nanocomposite Hydrogels 

The recycling tests were carried out using 

PVA/PAAc/TiO2/GO nanocomposites hydrogels TiO2 and 

GO (a) (0.5 and 1.25) and (b) (1.0 and 1.25) (w/v.%) under pH 

10.0 MB solution initial concentration 5.0 mg/L as seen in 

Figure 7 in order to confirm the stability of photocatalytic 

performance of samples. After every photocatalytic 

decomposition test, PVA/PAAc/TiO2/GO nanocomposites 

hydrogel sample was placed in the pH 10.0 buffer solution to 

remove any residual pollutant followed by vacuum drying at 

60°C for 24.0 h. The cleaned PVA/PAAc/TiO2/GO 

nanocomposites hydrogel sample was used consecutively for 

the next cycle of photocatalytic decomposition. 

As seen in Figure 9. The photocatalytic activity of 

PVA/PAAc/TiO2/GO nanocomposite hydrogel decreased as 

number of cycles increased. The removal efficiency% at first 

cycle and fourth cycle for (TiO2) (0.5 and 1.0) with GO (1.25) 

(w/v.%) were (94.0 and 74.0) and (91.0 and 73.0). 

 

Figure 9. Recyclability of PVA/PAAc/TiO2/GO nanocomposite hydrogels for 

photocatalytic degradation of MB in pH 10 buffer solution initial 

concentration 5.0 mg/L (a) (0.5 and 1.25) and (b) (1.0 and 1.25) (w/v.%). 

5. Conclusions 

The pH-sensitive PVA/PAAc/TiO2/GO nanocomposite 

hydrogels were prepared by radical polymerization and 

condensation reac- tion in order to treat the basic waste water 

more efficiently. The significant improvement of the swelling 

capacities of the nanocomposites containing extremely low 

GO content might be mainly due to the fact that the GO sheets 

containing plenty of functional groups, such as COOH, C=O, 

O-H and C-O-C groups on the surface, could dramatically 

increase the density of the hydrophilic groups of the polymer 

networks. The favorable electrostatic attraction is the main 

interaction between methylene blue and graphene oxide. As 

graphene oxide has the special nanostructural properties and 

negatively charged surface, the positively charged methylene 

blue molecules can be easily adsorbed on it. GO strongly 

prevented TiO2 photocatalyst from the recombination of 

electron–hole formed under UV irradiation resulting in the 

improvement of photocatalytic activity. The best performance 

hydrogels which contain 1.25 (wt/vol%) of GO with (0.5 and 

1.0) (wt/vol%) of TiO2. 
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