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a b s t r a c t 

In this study Co doped ZnO NPs (CoZnO) were synthesized by using polyvinyl alcohol hydrogel (PVA HG) 

as platform for methyl orange dye (MO) degradation. CoZnO/PVA photocatalysts are not only effective to 

degrade organic pollutants but also used for disinfection the water. Co-doped zinc oxide nanoparticles 

(CoZnO NPs) as an excellent photocatalyst were synthesized by the coprecipitation method. ZnO NPs due 

to its large band gap is only UV light mediated photocatalyst which is only 4% of solar spectrum. In 

order to fully utilize of solar spectrum, low cast Co transition metal was doped to ZnO NPs to make is 

visible light derived photocatalyst by lowering its band gap. A high adsorption power of PVA HG enhance 

photocatalyst activity. For this purpose, Polyvinyl alcohol hydrogel was used along with Co doped ZnO 

NPs to enhance the photocatalytic activity. Polyvinyl alcohol hydrogel (PVA HG) was prepared by basic 

hydrolysis of polyvinyl acetate gel which was prepared by free radical emulsion method using diacrylate 

crosslinker. Co-doped ZnO NPs were formed in the PVA HG matrix by coprecipitation method. The doping 

concentration of Co was changed from 0-16%(w/w). and optimized for best photocatalytic ability. The 12% 

Co-doped ZnO NPs showed best photocatalytic ability. So, 12CoZnO NPs were incorporated in the PVAHG 

for dye degradation and disinfection study. The 12CoZnO/PVA yielded composite showed an extreme rise 

in photocatalytic efficiency and completely mineralized MO in 48 min. The prepared composite showed 

better degradation of methylene blue than 12CoZnO NPs under UV-vis light radiation. The stability of 

PVA/CoZnO NC for photodegradation of dye was verified by a recycling experiment of the composite. 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

Photocatalysts are not only effective to degrade organic pollu- 

ants but also used for disinfection the water [1–3] . The photocat- 

lyst generate reactive oxygen species which effectively kill the mi- 
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roorganisms. ZnO NPs can safely be used as medicine and antimi- 

robial agent [4–6] . ZnO is commonly used in sunscreens, because 

t effectively absorber the UV radiation due to wide bandgap [7–

2] . The photocatalysts are also widely used to degrade the colored 

ollutant and wastewater treatment. Among the various type of 

hotocatalysts, heterogeneous photocatalysts are more promising 

ue to high potential in dye degradation and disinfection [8 , 13–17] .

he efficiency of heterostructure photocatalyst can be enhance by 

oping of metals into semiconductor nanomaterials. Photocatalytic 

roperties enhance many times when a heterostructure is formed 

etween metal doped semiconductors and polymer materials, car- 

on materials, microgels, etc [18–22] . 

Generally, electron hole pair ( e cb 
−

- h vb 
+ ). − is produced in the 

hotocatalytic reaction when photocatalyst is exposed to a suitable 

ange of solar light which provide sufficient energy to transfer the 

lectrons from valance band to conduction band of semiconductor 

hotocatalyst [23–27] . These electron hole pair life is very short 

nd recombine with the decapitation of heat which is the major 

rawback of photocatalyst efficiency [28–30] . These electron hole 

airs can be trapped at the surface of photocatalyst with adsorbed 

ollutant which result degradation of organic pollutants by redox 

eaction. The recombination of electron hole pair can be reduced 

y doping and formation of nanocomposites which effectively de- 

ay the recombination of e-h pair. So, in this work, Co was doped 

nto ZnO NPs to enhance its photocatalytic activity [31–34] . 

Wastewater containing colored impurities such as dyes and 

ther water-soluble pollutants are difficult to remove from water 

y filtration [35–37] . Globally, a lot of environmental and ecological 

ssues are associated with wastewater pollutants [38] . Each year, 

mount of colored pollutant discharged in wastewater increasing 

remendously [39] . The existing physical, chemical, and biological 

ethods for wastewater treatment are not efficient on large scale 

40] . Photo catalytically degradation of pollutants with the help of 

hotocatalyst in the presence of solar light is best method at the 

ime which is cheap and ecofriendly [41–43] . For efficient photo- 

atalyst system, the adsorbing material is very important and var- 

ous materials such as different polymers, clay, carbon materials, 

nd ceramics materials were used to enhance the adsorption of 

ollutants on the catalyst surface [44] . In this study Co doped ZnO 

Ps were synthesized by using polyvinyl alcohol hydrogel as plat- 

orm for methyl blue dye degradation [45–47] . 

Photocatalysts are not only effective to degrade organic pollu- 

ants but also used for disinfection the water. These photocata- 

yst generate reactive oxygen species which effectively kill the mi- 

roorganisms. ZnO NPs can safely be used as medicine and an- 

imicrobial agent. ZnO is commonly used in sunscreens, because 

t effectively absorber the UV radiation due to wide bandgap. ZnO 

Ps due to its large band gap is only UV light mediated photo- 

atalyst which is only 4% of solar spectrum. In order to fully uti- 

ize of solar spectrum, low cast Co transition metal was doped to 

nO nanoparticles to make is visible light derived photocatalyst by 

owering its band gap. One important requirement of photocata- 

yst must have moderate adsorption of pollutants. A high adsorp- 

ion power of photocatalyst enhance its activity and low adsorp- 

ion ability makes its ineffective. For this purpose, Polyvinyl alcohol 

ydrogel was used along with Co doped ZnO NPs to enhance the 

hotocatalytic activity. In this study, we have designed Co doped 

nO NPs then these NPs were incorporated into polyvinyl alcohol 

ydrogel. CoZnO photocatalyst was used to remove organic pollu- 

ants from wastewater and for disinfection purpose under visible 

ight while polyvinyl alcohol hydrogel was used to enhance the ad- 

orption of pollutant and stabilize the CoZnO NPs. The system was 

ffectively sued for photo catalytically degradation of methyl blue 

ye and water disinfection. Co doped ZnO NPs were formed by co- 

recipitation method and polyvinyl alcohol hydrogel was synthe- 

ized by free radical polymerization method. 
2 
. Materials and methods 

.1. Materials 

All the analytical-grade reagents and solvents were acquired 

rom Sigma-Aldrich and utilized directly. zinc acetate dihy- 

rate (Zn(CH 3 COO) 2 .2H 2 O, 98%, Sigma), cobalt acetate dihydrate 

Co(CH 3 COO) 2 .2H 2 O, 97%, E. Merk), ammonium persulfate (APS, 

8.5%, Sigma), sodium hydroxide (NaOH, 99%, Sigma), methyl or- 

nge (MO, 98%, Sigma), de-ionized water and sodium lauryl sulfate 

ere used in this study. 

.2. Synthesis of ZnO NP’s 

ZnO NPs were prepared by precipitation method. In the 1st 

tep, Zn(CH 3 COO) 2 .2H 2 O (10.98 g, 50 mM) along with sodium lau- 

yl sulfate (200 mg) was dissolved into distilled H 2 O (100 mL) 

y stirring for 0.5 h. ZnO precipitates were formed by dropwise 

dding NaOH (4 M) until pH reached to 11 and heat for 0.5 h at

0 °C. ZnO NPs were filtered, washed with ethanol/H 2 O repeatedly, 

nd dried at room temperature overnight. The dried ZnO NPs were 

alcinated at 600 °C for 2 h in a muffle furnace. The calcinated ZnO 

Ps of the ZnO were grinded to a fine powder. 

.2.1. Preparation of polyvinyl alcohol hydrogel 

Polyvinyl alcohol was synthesized by hydrolysis of polyvinyl ac- 

tate hydrogel. In first step polyvinyl acetate microgel was pre- 

ares by free radical emulsion polymerization using 1,4-butanediol 

iacrylate as crosslinker and ammonium persulfate as initiator. 

riefly, water (200 mL), vinyl acetate monomer (10 mL), 1,4- 

utanediol diacrylate (1 ml), sodium lauryl sulfate (200 mg) and 

PS initiator (100 mg) were mixed ultrasonically and finally with 

igh mechanical stirring. The resulting emulsion was heated at 65 

C in 500 mL round bottom flask under mechanical stirring for 4 h 

hen at 70 °C for 30 min to get final polyvinyl acetate hydrogel 

In second step, the polyvinyl acetate hydrogel was hydrolyzed 

nder basic condition by using NaOH at pH 11 for 5 h. The fi- 

al polyvinyl alcohol was obtained by precipitation in acetone and 

ashed several times with acetone and water. 

.3. Preparation of co-doped ZnO NPs inside of polyvinyl alcohol 

ydrogel 

Co doped ZnO NPs in the polyvinyl alcohol hydrogel were pre- 

ared by precipitation method as described in the synthesis of ZnO 

Ps section. In the 1st step, Zn(CH 3 COO) 2 .2H 2 O (10.98 g, 50 mM) 

nd Co(CH 3 COO) 2 .2H 2 O with different doping amounts along with 

odium lauryl sulfate (200 mg) was dissolved into distilled H 2 O 

100 mL) by stirring for 0.5 h. Then polyvinyl alcohol hydrogel (100 

) was soaked overnight in the Zn and Co precursor solution which 

as prepared in the previous step. Co doped ZnO precipitates in- 

ide the PVA were formed by dropwise adding NaOH (4 M) until 

H reached to 11 and heat for 0.5 h at 70 °C. Co doped ZnO NPs

ere filtered, washed with ethanol/H 2 O repeatedly, and dried at 

oom temperature overnight. The dried Co doped ZnO NPs were 

alcinated at 600 °C for 2 h in a muffle furnace. The calcinated 

nO NPs of the ZnO were grinded to a fine powder. 

. Results and discussion 

.1. Structural properties 

XRD was used to determine the crystal structures of the gener- 

ted materials ( Fig. 1 ). Using the usual hexagonal wurtzite struc- 

ure of ZnO, all of the diffraction peaks in the XRD patterns of ZnO 

nd CoZnO samples may be correctly indexed. It is probable that 
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Fig. 1. XRD pattern of ZnO, 12CoZnO, Poly(vinyl alcohol) and 12CoZnO/PVA. 
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o atoms have interstitially replaced Zn atoms in the hexagonal 

attices since the XRD’s sensitivity for cobalt doped samples was 

nadequate to detect the existence of CoO, Co 2 O, or Co phases. This 

s a result of Zn 

2 + (0.73 ̊A) ionic radius being close to Co 2 + (0.70 ̊A)

onic radius. Additionally, the principal peak of CoZnO samples ex- 

ibits a little shift toward a greater diffraction angle with increas- 

ng co-concentrations ( Fig. 1 ). This change is due to the ionic radii

f Co 2 + (0.70 ̊A) and Zn 

2 + (0.73 ̊A), which vary from one another. 

he ensuing variance proved that the Co doping into the ZnO lat- 

ice was successful. 12CoZnO nanostructures and nanofilms have 

reviously had similar explanations for this behaviour. In the XRD 

pectra of Poly(vinyl alcohol) microgel, a pronounced peak is pro- 

uced at 19.59, which originates from past studies. The compos- 

te 12CoZnO/PVA material’s XRD spectra, however, show distinct 

iffraction peaks for 2CoZnO and PVA. This result shows that the 

2CoZnO was effectively absorbed into the PVA microgel. 

In Fig. 2 , the produced materials’ TEM pictures are shown (a-d). 

he spherical, 18-28 nm sized ZnO NPs are shown in Fig. 2 a. The

2CoZnO are also spherical, despite their small size (09-19 nm). 

owever, equated to ZnO, the degree of aggregation of 12CoZnO 

Ps ( Fig. 2 b) is minimal. The PAV microgel that was created 

s translucent, semi-spherical in nature, and micrometers in size 

 Fig. 2 c). The TEM profile of the composite demonstrated in Fig. 2 d

hows that the cross-linking among 12CoZnO and PVA microgels 

as effective. Fig. 2 d makes it clear that the PVA microgel has 

venly distributed and swallowed the 12CoZnO NPs, which have 

 diameter of 11 to 22 nm. 

SEM-EDS microscopy was employed to analyse the surface mor- 

hology and fundamental components of ZnO, 12CoZnO, PVA, and 

2CoZnO/PVA nanocomposites. The results are shown in Fig. 3 

a-h). Nanomaterials made of ZnO that have been produced are 

isible in SEM pictures as 3D floral structures. The incomplete 

anosheets of ZnO that make up the "petals" of these flower-like 

orphologies ( Fig. 3 a) have a diameter in the micron range. The 

nO and 12CoZnO ( Figs. 3 b and 3 d) showed the O, Zn elements

nd Co, O, Zn elements in the EDX spectrum, respectively, demon- 

trating the purity of these NPs. Instead of particles, the agglomer- 

ted nanoflakes make up the 12CoZnO NPs’ morphology ( Fig. 3 c). 

n contrast to nanoflakes and particles, pure PVA has a translu- 

ent nanosheet-like structure ( Fig. 3 e), and its EDX spectrum ex- 

lusively exhibits C and O peaks ( Fig. 3 f), demonstrating the micro- 

el’s purity. Fig. 3 g depicts the semispherical, somewhat agglomer- 

ted structure of the 12CoZnO/PVA NCs. Fig. 3 g, a SEM image of 

2CoZnO/PVA, shows how evenly distributed the 12CoZnO NPs are 

hroughout the transparent network of Poly (vinyl alcohol) gel. Ad- 
s

3 
itionally, 12CoZnO/elemental PVA’s composition ( Fig. 3 h) was as- 

ertained using the EDX assessment, which established the com- 

osite’s purity. 

The results of the further XPS analysis of the chemical states 

nd elemental arrangement of the constructed 12CoZnO/PVA NCs 

re shown in Fig. S1. Fig. 4 a displays the FTIR measurements for 

he synthesized ZnO, 12CoZnO, PVA, and 12CoZnO/PVA NCs. Wide- 

and are noticed in the FTIR measurements of ZnO and 12CoZnO at 

bout 3298 cm 

−1 owing to -OH extending and at 1626 cm 

−1 due to 

OH twisting. The bands about 1097 cm 

−1 are the result of the pro- 

uction of Zn-O-O-Zn (metal peroxide). Stretching of the Zn-O link 

auses the band at 593 cm 

−1 , which is caused by an increase in

o doping, to be moved to a higher frequency [48] . Therefore, FTIR 

pectra proved that ZnO and 12CoZnO were synthesized ( Fig. 4 a). 

Peaks at 752 cm 

−1 correspond to the -CH 2 rocking mode in the 

TIR spectra of PAV microgel and 12CoZnO/PVA NCs ( Fig. 4 a), how- 

ver peaks at 1060 cm 

−1 belong to the C-CH 2 widening. The key 

eaks in the spectra of the PVA microgel and 12CoZnO/PVA NCs 

nclude the -CH 2 bending peak at 1441 cm 

−1 , the COO- peak at 

449 cm 

−1 (symmetric), the COO- stretching peak at 1570 cm 

−1 

antisymmetric), and the peak in 1711 cm1 which is caused by the 

ree carboxyl group (COOH). The -OH group is responsible for the 

eaks at 2729 cm 

−1 , 2839 cm 

−1 , and 3429 cm 

−1 , which are caused

y the CH- extending mode and the -NH stretching mode, respec- 

ively [49 , 50] . The peaks of 12CoZnO NPs have been obscured in

he FTIR spectra of 12CoZnO/PVA NCs by Poly(vinyl alcohol) link- 

ges. 

To test the materials’ capacity for photo-induced charge sep- 

ration, PL spectroscopy, a commonly used technique, was used. 

ig. 4 b displays the PL spectra of the samples under consideration 

t a 415 nm excitation wavelength. The fact that ZnO emits in a 

ecognizable band at around 396-408 nm is consistent with earlier 

ndings. The redshift in 12CoZnO and 12CoZnO/PVA is caused by 

odifications to the electrical structure, the appearance of defects 

n the visible area, and a reduction in bandgap. Although the PL in- 

ensity was low compared to ZnO and 12CoZnO, the 12CoZnO NPs 

ere introduced into the PVA microgel. Due to the homogeneous 

istribution of 12CoZnO in the PVA microgel and efficient charge 

ransfer in the 12CoZnO/PVA NCs, the composite may have a lower 

L intensity. Therefore, the conjugation of the PVA microgel with 

he 12CoZnO/PVA photocatalyst could successfully stop the e-h set 

ecombination [51] . 

Fig. 4 c shows the findings of the BET technique’s evaluation 

f the surface area of the manufactured materials using the N 2 

dsorption-desorption method. Comparing 12CoZnO/PVA to ZnO 

nd 12CoZnO, a high surface area was found. It is generally agreed 

pon that larger surface areas result in more active sites and make 

t easier for the photocatalyst to absorb an increasing content of 

ollutants. As a result, 12CoZnO/PVA NCs exhibit the maximum 

hotocatalytic degradation and dye adsorption when compared to 

ther samples. For pure ZnO, 12CoZnO NPs, and 12CoZnO/PVA NCs, 

he computed specific surface areas are as high as 14.52, 25.61, and 

3.71 m 

2 g −1 , respectively. 

To identify the light-harvesting and bandgap properties of the 

roduced samples, Figs. 4 d and S2 show the UV-vis diffuse re- 

ectance spectra. Since the ZnO displayed an optical absorption 

and roughly around 389 nm, it may be concluded that these NPs 

ave a significant bandgap of 3.21 eV and are not visible light ac- 

ive. The band gap of 12CoZnO NPs has decreased (Eg = 2.97 eV), 

hich is consistent with a large increase in the absorption of vis- 

ble light. Absorption toward a longer wavelength was brought on 

y the incorporation of 12CoZnO into the Poly(vinyl alcohol) sys- 

em (redshift). In line with this, a further reduction in the bandgap 

f 12CoZnO/PVA in comparison to 12CoZnO NPs (Eg = 2.91 eV) is 

een, allowing for greater visible-light absorption. [47,48] 
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Fig. 2. TEM micrographs of (a) ZnO (b) 12CoZnO (c) PVA microgel and (d) 12CoZnO/PVA, respectively. 

Fig. 3. SEM-EDX profiles of a, b ZnO, c, d 12CoZnO, e, f PVA, and g, h 12CoZnO/PVA. 

4 
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Fig. 4. (a) FTIR spectra of ZnO, 12CoZnO, PVA and 12CoZnO/PVA, (b) Photoluminescence spectra of ZnO, 12CoZnO and 12CoZnO/PVA, (c) surface area of ZnO, 12CoZnO and 

12CoZnO/PVA and (d) UV-Vis diffuse reflectance spectra of ZnO, 12CoZnO and 12CoZnO/PVA, respectively. 
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.2. The photocatalytic activity 

Under the influence of sunlight, the photocatalytic degrada- 

ion of MO by ZnO, CoZnO (4, 8, 12 and 16 wt.%), PVA and

2CoZnO/PVA samples was investigated. Figs. 5 a and 5 b show the 

ates of MO degradation by CoZnO and the resultant percentage 

egradation, 12CoZnO/PVA. Before the light was turned on, each 

ample had 35 min to attain adsorption-desorption equilibrium 

ith the dye (4, 8, 12 and 16 wt. percent CoZnO). Compared to 

heir contemporaries, the adsorption of the 12CoZnO NPs was at 

ts highest. After achieving equilibrium, the NPs solutions in MO 

ere exposed to sunshine. Fig. 5 c displays the rates of MO deteri- 

ration. It is clear from Figs. 5 a and 5 c that 12CoZnO NPs outper-

ormed other ZnO and CoZnO NPs in terms of photocatalysis and 

estroyed 85% of the MO in 112 min. 

It’s possible that the higher photocatalytic activity of 12CoZnO 

Ps is caused by Co doping, which results in more entrapping sites 

defects) in the ZnO. These flaws reduce the rate of e − and h 

+ sets

ecombination and increase lifespan. The dye that has been ad- 

orbed is subsequently destroyed by the charge carriers when they 

each the photocatalyst surface [52 , 53] . The 12CoZnO NPs have a 

maller energy bandgap than ZnO. The lower energy band gap also 

ontributes to 12CoZnO’s superior photocatalytic performance over 

nO. When a photon with energy equal to or greater than the 

hotocatalyst’s band gap is absorbed, an electron/hole pair is pro- 

uced. So, changing the wavelength also changes the activity of the 

hotocatalyst. 

The photocatalytic efficiency of the 12CoZnO/PVA NCs was then 

ssessed against MO in comparison to samples of ZnO, 12CoZnO 

Ps, and pure PVA. Afterward, 12CoZnO NPs and PVA were mixed 

o generate this material. The 12CoZnO/PVA NCs showed enriched 

hotocatalytic proficiency in equated to ZnO, 12CoZnO, and PVA 

hotocatalytic practices ( Fig. 5 d). The enhanced photocatalytic ef- 

cacy of 12CoZnO/PVA NCs may be attached to the equivalently 
c

5 
istributed 12CoZnO in the PVA system ( Fig. 5 d). The incorpora- 

ion of 12CoZnO into the PVA system resulted in quick charge pas- 

age through the PVA system, which successfully prevented the re- 

ombination of e-h couples. Because of their strong affinity for or- 

anic pollutants, the dye molecules are further adsorbate in the 

VA microgel system, where they are subsequently destroyed by 

he 12CoZnO photocatalyst present in the NCs [55] . 

The 12CoZnO/PVA NCs mineralize MO to 98 percent of its origi- 

al state in 48 min when exposed to sunshine ( Fig. 5 d). These find-

ngs suggest that the MO degradation process was effectively en- 

anced by the insertion of 12CoZnO NCs into the PVA microgel. As 

 result, 12CoZnO/PVA NCs have strong photocatalytic activity. The 

seudo-first-order kinetics governs the photocatalytic dye degrada- 

ion when exposed to solar light, and the rate constant was deter- 

ined using the rate law. 

n 

(
C o 

C 

)
= kt 

Where Co is the starting dye concentration, C is the dye con- 

entration at any time (t), and k is the rate constant, respec- 

ively ( Fig. 5 d). In terms of MO degradation, the 12CoZnO/PVA NC 

as a higher k value (0.025 min 

−1 ) than ZnO (0.0125 min 

−1 ) and

2CoZnO (0.0150 min 

−1 ). Here, we demonstrate that dye degrada- 

ion occurs somewhat more quickly (48 min.) than in previous re- 

earch ( Table 1 ). [35 , 54] . According on BET research, 12CoZnO/PVA 

Cs had the most surface area when equated to other manu- 

actured samples ( Fig. 4 c). The 12CoZnO/PVA NCs’ significant im- 

rovement in photocatalytic performance may be attributed to 

heir large specific surface area (53.71 m 

2 g −1 ) and quick charge 

ransfer between the PVA microgel system and 12CoZnO interface. 

mportantly, it was shown that 12CoZnO/PVA NCs were the great- 

st photocatalyst, and they were subsequently employed in the re- 

ycling experiment. 
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Fig. 5. Photocatalytic mineralization rate of MO by (a), (c) undoped and cobalt doped ZnO and (b) 12CoZnO/PVA. (d) Pseudo- first-order kinetic plots of MO, ZnO, 12CoZnO, 

PVA and 12CoZnO/PVA. 

Table 1 

Comparison of the 12CoZnO/PVA NCs’ photocatalytic efficiency with certain earlier investigations. 

Sr. No Catalyst Dye Light Source Irradiation Time (min.) Degradation % Ref. 

1 ZnO CV UV 400 95 [55] 

2 Ni-ZnO-p(AAc) MB Solar 60 95 [56] 

3 ZnO-In 2 O 3 MO Solar 60 100 [57] 

4 CeO 2 -CuO MB Solar 300 80 [58] 

5 12CoZnO/PVA MO Solar 60 100 Present study 

Fig. 6. (a) The 12CoZnO/PVA photocatalysts’ cyclic stability up to the sixth cycle and (b) By comparing XRD patterns taken before the first cycle and after the sixth recycling 

experiment, structural stability of 12CoZnO/PVA was discovered. 
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.3. Reusability of composite catalysts 

By degrading MO six times progressively, the stability of the 

2CoZnO/PVA NCs was examined. The obtained results demon- 

trated efficient MO decomposition and maintained over 90% even 

fter the sixth recycling ( Fig. 6 a). Nevertheless, the catalytic rates 
6 
apidly declined after the 1st cycle. The slight decline in catalytic 

fficiency might be attributed to the partial blocking of active sites. 

s a result, the 12CoZnO/PVA catalysts could work as efficient, de- 

endable, and reusable NCs. The XRD patterns of 12CoZnO/PVA 

Cs from the first and sixth cycles of dye photodegradation evalu- 

tions are shown in Fig. 6 b, respectively. According to the stability 
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Table 2 

Bactericidal efficiency of ZnO, 12CoZnO, and 12CoZnO/PVA NCs. 

Antimicrobial agent Escherichia Coli (mm) Bacillus subtilis (mm) Streptococcus salivarius (mm) Staphylococcus aureus (mm) 

Positive control 18 19 22 17 

ZnO 6.9 4.8 7.4 6.5 

12CoZnO 10.5 9.8 12.7 11.6 

12CoZnO/PVA 20.4 15.7 21.7 20.4 

Fig. 7. The suggested mechanism for MO photocatalytic degradation using 

12CoZnO/PVA composite. 
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Fig. 8. Zones of inhibition of the ZnO, 12CoZnO NPs, and 12CoZnO/PVA against the 

used bacterial strains. 
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tudy, there were no discernible changes in the crystal phase struc- 

ure of the 12CoZnO/PVA NCs before or after the organic pollutants 

ecycling studies, indicating chemical structural resilience. 

The manufactured NCs’ photocatalytic mechanism under sun- 

hine is described in Fig. 7 . XRD patterns taken before the first cy-

le and after the sixth recycling experiment revealed the structural 

ntegrity of 12CoZnO/PVA. ROS (O 

−
2 , 

•OH and 

•OOH) are formed 

hen the photogenerated e − and h 

+ sets interact with the oxygen 

nd H 2 O chemisorbed on the composite [59] . These ROS sparked 

 series of oxidation cases that efficiently mineralized the densely 

dsorbed and entrapped MO molecules in the microgel assembly. 

n 12CoZnO/PVA catalysts, the photocatalytic destruction of MO 

organic pollutants) may be triggered by the transfer of holes or 

y •OH radicals. 

Additionally, the created holes may yield 

•OH radicals and di- 

ectly oxidise MO [60] . In comparison to PVA and 12CoZnO NPs, 

he 12CoZnO/PVA NCs exhibit more photoactive sites for pollu- 

ant degradation [61] . Therefore, the chemical interaction between 

VA and 12CoZnO may be accountable for the enhanced photocat- 

lytic performance of the 12CoZnO/PVA NCs. The distinctive PVA 

icrogel structure prevents the ZnO photo-corrosion from occur- 

ing while the dye is being degraded by light. As a result, the 

2CoZnO/PVA NCs are excellent candidates for use in photocat- 

lytic decontamination of environmental organic contaminants. 

.4. Antibacterial study 

Gram-positive and Gram-negative classes of bacteria were sub- 

ected to the antibacterial activity of the ZnO, 12CoZnO, and 

2CoZnO/PVA NCs. Using the common ager diffusion methodology, 

he antibacterial activity was carried out. The antibacterial test- 

ng was conducted against four distinct bacterial strains: Staphylo- 

occus aureus, Bacillus subtilis, Escherichia coli, and Streptococcus 

alivarius. The Petri dishes were removed and positioned under a 

aminar flow hood after the incubation time. Table 2 contains the 
7 
easurements and records of the zones of inhibition for each sam- 

le, including the positive and negative controls. The zones of in- 

ibition for each nanomaterial against each of the four bacterial 

trains were measured and recorded using the same process. 

It was discovered that all four bacterial strains had a zone of 

uppression when exposed to the nanomaterials ZnO, 12CoZnO 

Ps, and 12CoZnO/PVA NCs. The 12CoZnO/PVA NCs has the high- 

st bacterial inhibition zones, while ZnO had the lowest. The max- 

mum antibacterial activity of the 12CoZnO/PVA NCs may have re- 

ulted from the enhanced formation of ROS caused by the nar- 

owing of the ZnO bandgap and the high surface area given by 

2CoZnO NPs for surface contact NCs with bacterial membrane. All 

enerated samples were examined for zones of inhibition against 

he four bacterial strains shown in Fig. 8 below. The ternary com- 

osite exhibits superior antibacterial activity than the other syn- 

hetic nanomaterials, as seen in the bar graph below. 

. Conclusions 

Among different Co-doped ZnO NPs, 12% Co doped ZnO NPs 

howed best photocatalytic activity and degraded 85% the dye 

ithin 112 min. 12% CoZnO NPs incorporated PVA HG degraded the 

ye (98%) within 48 min. The size of CoZnO NPs were in the range 

f 30-50 nm and uniformly distributed in PVAHG as confirmed by 

EM and TEM images. The high antibacterial activity and photo- 

atalytic ability of 12% CoZnO NPs composite in PVAHG was due to 

oderate adsorption ability of hydrogel and high surface area. The 

2CoZnO/PVA NCs has the highest bacterial inhibition zones, while 

nO NPs had the lowest. 
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