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Abstract: Nanocomposite hydrogels were produced by free radical polymer-
ization of acrylic acid and N-vinylpyrrolidone in the presence of SiO2 nanopar-
ticles. The chemical and morphological structures of the hydrogels were deter-
mined using Fourier transform infra-red spectroscopy (FT-IR) and field emis-
sion scanning electron microscopy (FESEM). The nanocomposite hydrogels 
were used for the adsorption and desorption of Methylene Blue dye from 
wastewater. Wastewater was referred to distilled water that contained Methyl-
ene Blue dye under laboratory conditions. The carbon, hydrogen and nitrogen 
contents of the dye, hydrogels and dye-adsorbed hydrogels were determined by 
elemental analysis. The influences of SiO2 nanoparticles and copolymerization 
on the adsorption capacity were studied. The maximum dye removal of 98.3 % 
was obtained with AA-co-VP (3:1) copolymeric hydrogel. The synthesized 
hydrogels could be evaluated as adsorbents in wastewater treatment, effectively. 

Keywords: wastewater treatment; textile dyes; acrylic acid hydrogels; vinyl 
pyrrolidone; SiO2 nanoparticles. 

INTRODUCTION 
Textile dyes are very toxic to aquatic life in waters and carcinogenic for 

human health.1 Dye molecules disperse into water and cause pollution in surface, 
ground, and drinking water. More than 100,000 types of dyes are utilized in 
different industries, such as paper, leather, pharmaceutical, cosmetic, and tex-
tile.2–5 A great number of coloured components generated by textile industries 
are directly delivered to water.6 In addition, the degradation of some organic dyes 
indicates to a potential environmental hazard due to the products containing aro-
matic amine compounds.7 Despite a number of dyes that are prohibited in most 
countries due to health hazards, others where the use of the dyes are not prohib-
ited generate hazardous components that are hardly treated using conventional 
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biological treatments through their stability to light, heat, and oxidizing agents.7,8 
Among the various dyes, one of the most used thiazine cationic dye is Methylene 
Blue (MB) in the textile industry. MB dye causes some health problems, such as 
eye burns, respiratory insufficiency, nausea, vomiting, and mental confusion 
even after exposure to small amounts.9,10 Various methods can be used for the 
removal of dyes from water, such as coagulation, precipitation, electrode-depo-
sition, membrane filtration,11 ion exchange,12 solvent extraction,13 electrodia-
lysis,14 advanced oxidation processes,5 etc. In recent years, adsorption is one of 
the most simple, easy and economical methods. This method has advantages such 
as providing regeneration, being sludge free and high efficiency when applied 
with a proper adsorbent.8,15 Adsorbents produced from synthetic and natural 
biopolymers can be used for the adsorption of dyes from waste water.16 Adsorb-
ents should be recovered after the adsorption process. An attractive proposal uses 
hydrogel materials as adsorbents in wastewater treatment due to reproducibil-
ity.17 Stimuli-responsive hydrogels, also called “intelligent hydrogels”, are 
highly important materials in various application areas, such as medicine, bio-
technology, sensor, agriculture and adsorbent industry.18 Recently, nanocompo-
site hydrogels have been largely utilized in several applications.19–23 These hyd-
rogels are 3-D networks of hydrophilic polymers that can absorb and preserve a 
huge amount of water in the presence of nanoparticles (NPs). The doping of NPs 
into the hydrogel supplies great mechanical strength and higher adsorption 
capacity.24 Various methods have been studied for the preparation of hydrogels. 
One of them comprises copolymerization/crosslinking of monomers using multi-
functional co-monomers, which is used with a crosslinking agent. In this appro-
ach, polymerization is initiated chemically. The polymerization reaction can be 
executed in bulk, solution, or suspension. The other approach comprises the 
crosslinking of linear polymers by irradiation or by chemical components.25–29 

In this work, nano-SiO2 doped AA and AA-co-VP nanocomposite hydrogels 
were synthesized with the purpose of the adsorption of MB dye from wastewater. 
AA was chosen as a highly hydrophilic co-monomer that supports high swelling, 
VP as a polar hydrophilic co-monomer that could provide polar interactions with 
dyes, while the SiO2 nanofiller should enhance the adsorption of dyes and other 
polar compounds. The effect of copolymerization and doping ratio of nano SiO2 
in hydrogels were optimized to obtain the highest adsorption capacity of the 
nanocomposite hydrogels. 

EXPERIMENTAL 
The hydrogel samples were synthesized by crosslinking copolymerization of N-vinylpyr-

rolidone with N,N-methylene-bis-acrylamide (MBA) in aqueous solution using ammonium 
persulphate (APS) as a radical initiator. 
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Materials 
Acrylic acid (AA), N-vinylpyrrolidone (VP), ammonium persulphate (APS), N,N-meth-

ylene-bis-acrylamide (MBA), SiO2 nanoparticles (20–30 nm) were purchased from Aldrich, 
Methylene Blue (MB) dye was purchased from Sigma–Aldrich.  
Preparation of hydrogels and SiO2-doped nanocomposite hydrogels 

The AA and AA-co-VP hydrogels were synthesized by free radical polymerization in the 
presence of an initiator and crosslinking agent in aqueous solution. All chemicals according to 
Table I were mixed at the same time by brief stirring and filled in PVC straws. The PVC 
straws were placed in a water bath that was set at 80 °C. The ratio of AA-co-VP was opti-
mized to values of 3:1, 2:2 and 1:3. The concentration of polymerisable double bonds (inc-
luding the crosslinker) was always kept constant at 5.56 M. The initiator concentration was 
always 0.01M. The reaction mixtures were held at 80 °C for 4 h. After completion of the 
reaction, the PVC straws were cooled down to room temperature and hydrogels were released 
from the straws. The obtained hydrogels were cut in the same diameter (3–4 mm) and dried 
under ambient conditions for 24 h. 

TABLE I. Formulations for the synthesis of the hydrogel; 0.0308 g MBA (cross-linking agent); 
0.0091 g APS (initiator); water filled-up to a total volume of the reaction mixture of 4 mL 

Hydrogel ID Amount of 
AA, g 

CAA 
mmol 

Amount of 
VP, g 

CVP 
mmol 

Amount of SiO2 
nanoparticle, g 

AA 1.59 22 – – – 
AA-SiO2(0.05) 1.59 22 – – 0.002 
AA-SiO2(0.5) 1.59 22 – – 0.021 
AA-SiO2(1) 1.59 22 – – 0.041 
AA-VP(3:1) 1.19 16.5 0.61 5.5 – 
AA-VP(2:2) 0.79 11 1.22 11 – 
AA-VP(1:3) 0.40 5.5 1.83 16.5 – 
AA-VP-SiO2(0.05) 1.19 16.5 0.61 5.5 0.002 
AA-VP-SiO2(0.5) 1.19 16.5 0.61 5.5 0.021 
AA-VP-SiO2(1) 1.19 16.5 0.61 5.5 0.041 

The SiO2-doped nanocomposite hydrogels were synthesized in the same way as the 
SiO2-free ones. The only synthesis difference was the addition of nano-SiO2 (see Table I for 
the amounts). The dispersion of SiO2 in the solution was achieved during an initial brief 
stirring of the components of the reaction mixture. The experimental details were given in a 
previous study.25 Schematic representations of the possible structures of the homo- and co-
polymeric hydrogels is given in Scheme 1. 
Characterization 

Fourier transform infrared spectroscopy (FT-IR) measurements were performed in a Per-
kin Elmer Spectrum 100 FT-IR spectrometer over the range from 400–4000 cm-1 with the 
attenuated total reflectance (ATR) module under the conditions of 4 scans with a spectral res-
olution of 4 cm-1. 

The morphology of hydrogel surface and elemental analysis were investigated using a 
field emission scanning electron microscopy (Zeiss, Supra 40VP) under a 15-kV electron 
acceleration voltage after Au/Pd (80/20) coating of the sample. Prior to observation, the swol-
len hydrogels were put in a freezer (kept at –18 °C) for 12 h, then placed in a vacuum device 
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in the frozen state (instrument: Labconco, Freezone 2.5 (Canada) lyophilizer). After 16 h of 
freeze-drying, the hydrogels were examined by FESEM. 

 
Scheme 1. Schematic illustration of the preparation of crosslinked homo/co-polymeric 

hydrogels. 

The carbon, hydrogen and nitrogen contents of dye, hydrogels and dye-adsorbed hydro-
gels were determined by elemental Analysis (LECO, CHNS 628). 
Swelling behaviour 

The swelling behaviour of the hydrogels in water was followed for 56 h at room tempe-
rature. The swelling ratio (S, %) was calculated using Eq. (1):  

 1

1
100 tm mS

m
−=  (1) 

where mt is the mass of the swollen hydrogels at time t and m1 is the initial mass of the 
hydrogels. 
Methylene Blue (MB) adsorption 

The batch adsorption studies of MB were carried out by placing nanocomposite hydro-
gels (AA, AA-SiO2, AA-co-VP, AA-co-VP-SiO2) in an aqueous solution of MB. The initial 
concentrations of MB were 2–10 mg L-1 tested for adsorption by ≈70 mg of hydrogels. The 
dry hydrogels were submerged into 10 mL of MB solution and allowed to equilibrate for 56 h 
at room temperature. The pH of the solution was 8.4. The equilibrium time was specified as 
25 h for each hydrogel. The concentration of Methylene Blue in the supernatant was deter-
mined on a UV–Vis spectrometer (Perkin Elmer, Lambda 25) at a detection wavelength of 
664 nm. The quantity of Methylene Blue dye adsorbed was determined using Eq. (2):  

 0 t
t

C Cq V
m
−

=  (2) 

where qt is the adsorption quantity at time t / mg g-1, C0 is the initial concentration of Methyl-
ene Blue dye solution, mg L-1; Ct / mg L-1 is the Methylene Blue concentration at time t, V / L 
is the volume of the Methylene Blue solution, and m / mg is the mass of adsorbent.  

The equilibrium adsorption amount of Methylene Blue dye for the determination of the 
isotherms was calculated using Eq. (3): 
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 0 e
e

C Cq V
m
−=  (3) 

where qe is the equilibrium adsorption amount, mg g-1, and C0 and Ce are the initial and 
equilibrium concentrations of the MB dye solution (mg L-1). All sorption experiments were 
conducted in duplicate.  
Desorption and reusability of Methylene Blue loaded hydrogels 

Desorption studies of SiO2 doped and undoped AA homopolymeric nanocomposite hyd-
rogels containing 2, 4, 6, 8 and 10 mg L-1 dye were performed. The effect of SiO2 addition on 
desorption was investigated. To specify the reusability of the hydrogels, 8 sequential cycles 
were performed. In each cycle, Methylene Blue dyed loaded hydrogels were taken into 10 mL 
aqueous solution (pH 6.4) and 24 h was waited for equilibration of the desorption. At the end 
of the equilibration time, the sorbent was separated from dye and the residual Methylene Blue 
dye concentration in the supernatant was measured. The percentage of dye adsorption was 
determined by measuring the absorption of the solution 664 nm using a UV–Vis spectrophoto-
meter (Perkin Elmer, Lambda 25) and calculated using Eq. (4): 

 0 e

0
 = Removal, % 100 C C

C
−  (4) 

RESULTS AND DISCUSSION 

In this study, SiO2-doped acrylic acid and acrylic acid-co-vinyl pyrrolidone 
(AA-co-VP) nanocomposite hydrogels were synthesized by the free radical 
polymerization technique. Experimental conditions were optimized as a tempera-
ture of 80 °C and a reaction time of 4 h without stirring. Chemical components of 
polymerization were 5.5 M monomer, 0.05 M crosslinking agent and 0.01 M 
initiator. 
Swelling behaviour 
Swelling tests of hydrogels and nanocomposite hydrogels were performed at 
room temperature with deionised water. The swelling behaviours of the gels were 
monitored for 56 h. The equilibrium of the swollen was achieved after 25 h. The 
swelling values of the hydrogels in water were calculated according to Eq. (1). 
According to Fig. 1, as expected, hydrogel (AA hydrogel) and co-polymeric 
hydrogel (AA-co-VP (3: 1) hydrogel) had the highest swelling value. 

Unexpected results for AA-co-VP-1% SiO2 showed that 1 % of the 
nanoparticles were non-homogenously agglomerated in the hydrogel pores. SiO2 
nanoparticles dispersed in the pores of hydrogels increased the surface area and 
reduced the pore diameter. In such cases, the doped hydrogels exhibited lower 
swelling behaviour than the undoped hydrogels. 

FT-IR and FESEM analyses 
The FT-IR spectrum of the Methylene Blue dye (black line) and that of the 

non-adsorbed AA-co-VP (3: 1) hydrogel (red line) are shown in Fig. 2a. The 
spectrum of Methylene Blue absorbed on AA-co-VP (3: 1) hydrogel is shown in 
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Fig. 2b. The FT-IR spectra of the other hydrogels and nanocomposite hydrogels 
synthesized in this study are given in the Supplementary material to this paper, 
Fig. S-1. The wide bands at 3059, 2923 and 2846 cm–1 comply with the CH3 
stretching vibrations of dimethylamino groups of MB. The peaks at 2812 and 
2701 cm–1 accord with the heterocyclic C–N–(CH3)2 vibrations. The region of 
1440–1650 cm–1 contains free molecules of MB dye.30 The intense band with a 
peak at 1584 cm–1 accords with the C=N and C=C vibrations of the MB hetero-
cycle. The band at 1490 cm–1 accords with the C–N vibrations MB. The peaks at 
1337 and 1379 cm–1 accord with the C–N and C=S+ stretching vibrations of MB. 
In addition, C–N and C–S–C vibrations of the MB+ heterocycle are visible at 876 
and 1132 cm–1, respectively. 

 
Fig. 1. Swelling behaviour of AA and AA-co-VP nanocomposite hydrogels; maximal swelling 

degree of hydrogels at equilibrium time (25th h). 

 
  (a)      (b) 

Fig. 2. a) FT-IR spectra of MB dye and hydrogel (AA-co-VP (3:1)) and b) MB adsorbed 
AA-co-VP (3:1) hydrogel. 

The strong absorption band visible in the range 1475–1780 cm–1 is due to 
the –C=O of VP and carboxylic acid of AA. The peak at 1439 cm–1 demonstrates 
the OC–O–H stretching vibration. The peak at 3440 cm–1 is due to the –OH band 
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of AA. The peak at 1481 cm–1 belongs to the tertiary amine groups of VP. The 
peak at 1149 cm–1 with a shoulder accords with the stretching vibration of the 
C–O of PAA.  

SEM image of Methylene Blue at 1000× magnification is given in Fig. 3. 
The EDX spectrum of the dye shows that the average values of the chemical 
content of the dye. According to these values, the increase of the N content in the 
dye-adsorbed hydrogels proves the presence of the dye on the hydrogel, as given 
in Table II. 

 
Fig. 3. SEM image and EDX spectrum of MB. 

TABLE II. Elemental contents except hydrogen before and after MB adsorption on AA mono 
polymeric hydrogels 

Element Content, wt. % 
Before After 

C 59.12 57.65 
N 0.00 2.47 
O 40.88 39.87 

The morphological structure of the MB dye not adsorbed/adsorbed on AA 
monopolymeric hydrogels can be seen in Fig. 4a and b. The AA monopolymeric 
hydrogel was chosen for SEM analysis, because of the absence nitrogen in their 
chemical structure. Therefore, differences between doped/undoped hydrogels 
were determined by EDX analysis.  

The hydrogels with absorbed MB lost their elasticity. In addition, the porous 
structure generated by freeze-drying of the gels loaded with MB was different 
and less homogeneous than the porous structure generated by freeze-drying of 
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MB-free gels (compare Fig. 4a and b). The different porosity of the dried MB-
loaded gels well correlates with their observed stiffness in the swollen state.  

 
Fig. 4. SEM images of lyophilized: a) AA hydrogel before MB adsorption and 

b) AA hydrogel after MB adsorption. 

The images in Fig. S-4 of the Supplementary material taken at 5000 magni-
fication belong to copolymeric hydrogels prepared in three different ratios 
(AA-co-VP (3:1), (2:2) and (1:3)). Among the copolymeric hydrogels, AA-co- 
-VP (3:1) had the highest number of pores in its structure. The swelling 
behaviour of AA-VP, which has the highest percent swelling value among 
copolymeric hydrogels, was also proved morphologically. Unexpectedly, the per-
cent swelling value of the copolymeric nanocomposite hydrogel containing 1 % 
SiO2 was the same as for the pure hydrogel. This is because SiO2 cannot be 
homogeneously distributed in the hydrogel structure. 

The chemical contents before and after the dye adsorption process are given 
in Table II. Accordingly, the increments of the nitrogen content (2.47 %) evi-
denced the adsorption of Methylene Blue dye onto the hydrogels.  
Adsorption studies 

The adsorption studies were performed using 2, 4, 6, 8 and 10 mg L–1 
aqueous solutions of MB under ambient conditions. Batch adsorption studies 
were performed to optimize the experimental parameters, such as the doping ratio 
of SiO2. The used adsorbent dose was similar in all batch experiments (≈70 mg). 
In all batch experiments, the swollen hydrogel was submerged in 10 mL of dye 
solution.  

Removal values of MB dye on hydrogels are given in Table III. As could be 
seen in Table III, the maximum dye removal was obtained with undoped hydro-
gels, due to their superior swelling properties. In comparison, the maximum dye 
removal was obtained with AA-co-VP (3:1), which includes more anionic groups 
than the other copolymers. It is possible to explain dye interaction between 
anionic adsorbent and cationic dye. The SiO2 addition (1, 0.5 and 0.05 wt. %) in the  
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hydrogels was kept to low amounts due to agglomeration. Therefore, the ads-
orption amount of hydrogels did not change greatly on varying the MB dye con-
centrations (2, 4, 6, 8 and 10 mg L–1). 

Adsorption isotherms 
The adsorption isothermal studies were performed without shaking in a 

series of vials by adding the chosen quantity of adsorbent (≈70 mg) and 10 mL of 
MB solution of different concentrations (2, 4, 6, 8 and 10 mg L–1) at 25 °C and 
pH 8.4 until equilibrium was attained. The UV–Vis absorbance of the samples 
was measured over three days and the concentrations of MB were determined. 
The equilibration time was 25 h for each hydrogel. The adsorption capacity of 
adsorbent for MB was determined using Eq. (3). The isotherms of SiO2 doped 
and undoped hydrogels in MB dye solution are shown in Fig. 5. 

 

 
Fig. 5. Isotherms of SiO2-doped and undoped hydrogels in MB dye solution. 

Reusability of hydrogels 
The MB desorption studies were performed with hydrogels previously equi-

librated in 2, 4, 6, 8 and 10 mg L–1 MB dye solutions at pH 8.4. The desorption 
was performed in distilled water (pH 6.4) in eight cycles of 24 h per cycle. The 
amount of desorbed MB dye was determined by UV–Vis spectrometry. The rec-
overy range was between 25–40 % for various dye loadings (Fig. 6).  

At lower concentrations, the dye recovery was in the range of 35–40 % (Fig. 
6). The maximum recovery values were obtained from undoped (SiO2-free) hyd-
rogels. As the amount of SiO2 increased, the recovery was reduced by about 5 % 
(Fig. 6). The SiO2 nanoparticles obviously bonded the Methylene Blue more 
strongly than the (AA, AA-co-VP) polymer chains. While at pH 8.4, the adsorpt-
ion was highly efficient (80–98 % observed), in case of distilled water at pH 6.8, 
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the reverse process (desorption) was moderately favoured: maximum released 
MB amounts of 40 % were achieved. This demonstrates the pH-sensitivity of the 
adsorption process. 

Fig. 6. Effect of SiO2-doping ratio on 
dye desorption on SiO2-doped AA 
homo-polymeric hydrogels. 

Elemental analysis (C, H, N) 
The C, H and N weight contents of the dye-adsorbed hydrogels were deter-

mined by elemental analysis. The amount of nitrogen arising from MB was det-
ermined in both homo and co-polymeric doped and undoped SiO2 hydrogels. 

The elemental N distributions of the dye-adsorbed hydrogels are given in 
Fig. 7. As could be seen, the amount of nitrogen showed the presence of the dye 
on all hydrogels but in different amounts, whereby the amount of dye attached to 
AA-co-VP/SiO2 (1 wt. %) co-polymeric hydrogel was the greatest.  

 
Fig. 7. Nitrogen contents in non-adsorbed hydrogel and MB adsorbed hydrogel. 
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CONCLUSIONS 

SiO2-doped acrylic acid and acrylic acid-co-vinyl pyrrolidone nanocompo-
site hydrogels were synthesized by the free radical polymerization technique. The 
experimental conditions were optimized as a temperature of 80 °C and a reaction 
time of 4 h without stirring. FT-IR spectroscopy and SEM analysis proved the 
successful synthesis of nanocomposite hydrogels. Copolymers (AA-co-VP (3:1)) 
showed similar behaviour to the homopolymer but they possessed some new 
characteristics, which are based on the interaction between the co-monomers and 
the adsorbed dyes. The SiO2-free (both homo-polymeric and co-polymeric) hyd-
rogels showed a higher swelling than SiO2-doped nanocomposite hydrogels, due 
to some physical crosslinking by the SiO2 nanoparticles in the nanocomposite 
hydrogels. Of the copolymeric hydrogels, AA-co-VP (3:1) has the highest num-
ber of pores in its structure. The percent swelling value of the copolymeric nano-
composite hydrogel containing 1 % SiO2 was the same as for the pure hydrogel. 
Adsorption of Methylene Blue on SiO2-free and on nanocomposite hydrogels 
was proved by comparing the amounts of C, H, N. Due to existence of anionic 
functional groups, the acrylic acid-based nanocomposite hydrogels behaved as 
adsorbents for cationic dyes (MB) from aqueous solutions. The hydrogels showed 
high MB adsorption ability. The cross-linked hydrogel network was expanded in 
water, and the adsorption of MB was realized. Positively charged of MB dye 
were adsorbed by anionic carboxylic centres of the hydrogels. The best dye ads-
orption was obtained with the AA-co-VP (3:1) copolymeric hydrogel at a con-
centration of 10 mg L–1. The copolymeric hydrogels adsorbed about 15–20 % 
more MB dye than the mono polymeric hydrogels. This shows that the composite 
formed by combining two monomers of different properties was advantageous to 
using single monomers. It could be stated that with increasing amount of SiO2 in 
the adsorbent, the dye holding property of the adsorbent increased. In the 
desorption studies, interactions between SiO2 and the MB dye were clearly 
stronger than those between the hydrogels and the MB dye. The SiO2 nanopar-
ticles showed excellent adsorbent properties. When the EDX result and the CHN 
result are compared, it could be seen that they are corrected to each other. Con-
sidering the FT-IR results, the presence of N peaks of the MB dye was observed 
on the hydrogels. Experimental results showed that the MB adsorption followed 
non-linear isotherm curves, revealing the adsorption occurred through monolayer 
and multilayer adsorption on both hydrogels and SiO2-doped nanocomposite 
hydrogel. Considering their excellent adsorption properties, these functional 
hydrogels have the potential to be used as high efficiency adsorbents for removal 
of MB dye from contaminated water. 
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И З В О Д  
СИНТЕЗА, КАРАКТЕРИЗАЦИЈА И АПСОРПЦИОНА ИСПИТИВАЊА 

НАНОКОМПОЗИТНИХ ХИДРОГЕЛОВА И УТИЦАЈ SiO2 НА СПОСОБНОСТ 
УКЛАЊАЊА МЕТИЛEНСКО ПЛАВОГ 

SINAN TEMEL1, ELIF YAMAN1, NURGUL OZBAY2 и FATMA OZGE GOKMEN1 
1
Central Research Laboratory, Bilecik Seyh Edebali University, 11230, Bilecik, Turkey и 

2
Chemical 

Engineering Department, Bilecik Seyh Edebali University, 11230, Bilecik, Turkey 

Нанокомпозитни хидрогелови су добијени полимеризацијим преко слободних ради-
кала акрилне киселине и N-винил-пиролидона у присуству SiO2 честица. Хемијска и 
морфолошка структура хидрогелова је одређивана коришћењем инфрацрвене спектро-
скопије са Фуријеовим трансформацијама (FT-IR) и скенирајуће електронске микроско-
пије (FESEM). Нанокомпозитни хидрогелови су коришћени за апсорпцију и десерпцију 
метиленско плавог из отпадних вода. Као отпадна вода је корићен у лабораторијским 
условима припремљен раствор метиленско плавог у дестилованој води. Садржај угље-
ника, водоника и азота у боји, хидрогеловима, као и у хидрогеловима са апсорбованом 
бојом, је одређен на основу елементарне анализе. Изучаван је утицај садржаја наночес-
тица SiO2 и састава кополимера на апсорпциони капацитет хидрогелова. Максимално 
уклањање боје од 98,3 % остварено са кополимерним хидрогелом АA-co-VP (3:1). Пока-
зано је да се синтетисани хидрогелови могу ефикасно користити као адсорбенси у трет-
ману отпадних вода. 

(Примљено 17. маја, ревидирано 12. октобра, прихваћено 24. октобра 2019) 
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