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ABSTRACT

The utilization of powdered photocatalysts can cause problems such as agglomeration and 
difficulty in separation in conventional applications. In this work, deposition of photocatalyst 
particles on a co-polymeric network was suggested to solve this issue. For this purpose, fer-
rite type perovskite BiFeO3 particles were immobilized on the sulphonated polystyrene-divi-
nyl benzene seeds via a facile impregnation process and the heterostructured catalyst (BFO@
co-STR/DVB) exhibited boosted removal performance towards tetracycline antibiotic. The 
co-polymer itself showed attractive adsorption (93% removal) towards tetracycline due to the 
robust π–π stacking or hydrophobic relationship. The photocatalytic performance of optimal 
BFO@co-STR/DVB catalyst had the greatest value of apparent rate constant (0.037 min-1), 
which was 6.16 times higher than that for bare BiFeO3 (0.006 min-1). Moreover, the hetero-
structured photocatalyst displayed the highest catalytic efficiency as 98.5% which was mainly 
assigned to the synergetic effect of adsorption and photocatalysis. Therefore, detailed adsorp-
tion mechanism was examined by applying three kinetic models and the pseudo-second order 
model (qe=88.9 mg/g; R2=0.993) was fitted well describing well the adsorption. The impact of 
perovskite amount on the polymer structure was also investigated. Apart from tetracycline 
molecule, the photocatalytic activity of the heterostructured catalyst with respect to different 
pharmaceutical (isoniazid) was also investigated and the adsorptive removal of isoniazid over 
the co-STR/DVB polymer was calculated as 80.0% while it significantly increased to 98.2% in 
the BFO@co-STR/DVB photocatalytic system. This study demonstrated the effective utiliza-
tion of the perovskite deposited co-polymeric network in the field of “photocatalysis”.

Cite this article as: Bilgin Şimşek E, Balta Z. Investigation of synergetic effect of adsorption 
and photocatalysis for the removal of tetracycline by BiFeO3 immobilized on copolymer seeds. 
Environ Res Tec 2022;5:2:128–136.

INTRODUCTION

In recent years, ferrite type perovskite materials have at-
tracted great attentions due to their excellent characteris-
tics in the field of photocatalysis. Among these perovskites, 

bismuth ferrite (BiFeO3) has been a great interest, because 
of its high chemical stability, magnetoelectric and optical 
properties [1]. The rhombohedral distorted BiFeO3 struc-
ture has been investigated as multiferroic material which 
have ferroelectric (TC=1103 K) and antiferromagnetic 
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(TN=643 K) characteristics over a wide temperature range 
[2]. The band gap of BiFeO3 (2.1–2.6 eV) lying in the visible 
region of the solar spectrum enables it to be applied as pho-
tovoltaic cell and photocatalyst [3]. Additionally, BiFeO3 
has been also used as Fenton-catalyst which can effectively 
catalyze the decomposition of H2O2 into •OH for the degra-
dation of organic pollutants in heterogeneous processes [4].

However, the powder forms of the perovskites can bring 
some drawbacks such as agglomeration and difficulty in 
separation which strongly restricts their catalytic activi-
ties as well as industrial utilizations. In addition, the bulk 
perovskites show relatively low surface areas, limiting 
their interaction with the target molecules. To address 
these problems, the usage of supporting materials for per-
ovskite oxides has been concerned as an effective strategy. 
The selection of support is essential as the physicochem-
ical features and catalytic activities of the photocatalysts 
are closely associated with the type and nature of the ma-
trix. For example, Wu et al. [5] investigated the effect of 
various supports (Al2O3, TiO2, CeO2, and SiO2) for the 
LaFeO3 particles and applied for the degradation of Acid 
Orange 7. Authors stated that the perovskite supported on 
Al2O3 exhibited the highest catalytic activity ascribed to its 
large surface area, oxygen vacancies, suitable redox prop-
erty, and fast electron mobility. Li et al. [6] tested different 
mesoporous silica supports for LaFeO3 for the catalytic 
oxidation of rhodamine B and concluded as the roles of 
the support were absorbing dye molecules from solution 
to the pores (i) and then transferring them from the pores 
to the active site (ii). Alpay et al. [7] demonstrated that 
the commercial polystyrene based resin (DiaionTM HP21) 
served as a well matrix for the deposition of LaFeO3 per-
ovskites and the composite catalyst displayed improved 
visible light absorption as well as high photocatalytic, deg-
radation activity towards many dyes and antibiotics.

Porous polymeric materials with tunable pore size and con-
trollable morphology have been effectively used as matrices 
for the deposition of fine particles [8, 9]. It is well known 
that the styrene-divinylbenzene co-polymers are mechani-
cally and chemically stable as well as they have high adsorp-
tion abilities towards many organics [10, 11]. Also, their 
distinct features of including abundant surface functional 
groups enable them to be applied as efficient adsorbents for 
binding organic molecules [12]. Besides, the sulphonated 
aromatic polymers have higher ion exchange capacity and 
water absorption features, and they can be effectively uti-
lized in wastewater treatment owing to their abundant sul-
phonic acid groups [13, 14]. The cross-linked polystyrene 
co-divinyl benzene has many phenyl rings which can be 
easily functionalized with sulfonated groups [15]. There-
fore, it was hypothesized that the sulfonated styrene-divi-
nylbenzene co-polymers can be a good candidate for the 
adsorption of the organics and can serve as a matrix for the 
immobilization of perovskite particles.

Inspired by these perspectives, in this work, BiFeO3 per-
ovskite particles were immobilized over the co-polymer 
surface through wet impregnation method. To the best of 
our knowledge, there has been no study reported yet about 
deposition of BiFeO3 particles over polymeric substances 
which might be ideal support for powdered photocatalysts. 
The as-prepared heterostructure catalyst was applied to the 
photocatalytic degradation of tetracycline antibiotic under 
visible light illumination. The enhancement of the pho-
tocatalytic activity was attributed to the synergistic effect 
of adsorption and photocatalysis. In addition, the loading 
amount of BiFeO3 over the resin was investigated. Besides, 
the photoactivity was tested towards another pharma-
ceutical namely isoniazid which is known as a persistent 
drug. We report for the first time on the facile fabrication 
of co-polymer supported BiFeO3 perovskites, integrating 
both adsorption and photodegradation to simultaneously 
improve elimination of pharmaceuticals from water media. 

MATERIALS AND METHODS

Materials
Bismuth (III) nitrate pentahydrate (Bi(NO3).5H2O%98) 
and iron (III) chloride (FeCl3·6H2O, 99%) were purchased 
from Sigma-Aldrich and Lab-Scan Analytical Sciences, 
respectively. Styrene (Fluka), divinyl benzene (Aldrich), 
chlorosulfonic acid (99%, Fluka) were purified before use. 
All other chemicals used in the studies were of analytical 
reagent grade.

Preparation of Raw BiFeO3 Perovskite
Perovskite type BiFeO3 particles were prepared by using pre-
cipitation method. First, defined amount of Bi(NO3)35H2O 
was dissolved in 2.5 M HNO3 solution. Meanwhile, equal 
molar amount of FeCl3.6H2O was prepared in deionized 
water. Then, both solutions were mixed and magnetical-
ly stirred for 30 min. The solution pH was adjusted to 10 
by adding NaOH (6 M) and kept stirring for 24 h at room 
temperature. At the end of the period, the precipitate was 
filtered and dried 90 ºC for 4 h. Finally, the powder was cal-
cined at 600 ºC for 3 h. Final product was coded as BFO.

Preparation of co-Polymer
Styrene-divinyl benzene (STR/DVB) co-polymer beads 
were synthesized with 50% of cross-linking divinyl ben-
zene. In a typical synthesis, styrene and divinyl benzene 
were first dissolved in toluene. Alumina and gum arabic 
emulsifier were prepared in a three-necked round-bot-
tomed flask under nitrogen gas. Then, the mixture of sty-
rene-divinyl benzene was added to the above solution. The 
polymerization reaction was allowed to continue for 4 h 
under continuous stirring at 75 oC. The obtained seeds were 
washed with excess water and dried at 60°C for overnight. 
The sulphonation procedure was followed according to the 
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procedure described in the literature [16]. 10 mL of chloro-
sulfonic acid was poured into a solution of formamide un-
der constant stirring at 0 oC and the cross-linked polymer 
beads (2 g) was added to the mixture and kept stirred under 
reflux conditions for 5 h. The resultant resins were filtered 
and washed with cold water and acetone. The final seeds 
were labelled as co-STR/DVB. 

Immobilization of BiFeO3 Over co-Polymer Structure
The immobilizing of BiFeO3 particles on co-STR/DVB 
structure was performed via impregnation method. Brief-
ly, 5 mg BFO particles mixed with 50 mg of co-STR/DVB 
seeds (0.2 g). The suspension was mixed at orbital shaker 
for 48 h. Then, the brown seeds were collected, washed with 
de-ionized water and subsequently dried at 60 oC overnight. 
The product was coded as BFO@co-STR/DVB (1:10). In or-
der to examine effect of perovskite ratio, the amount of BFO 
particles were changed as 10 and 25 mg; the resultant sam-
ples were coded as BFO@co-STR/DVB (2:10) and BFO@
co-STR/DVB (5:10), respectively.

Characterization Tests
The surface morphology and elemental analysis were inves-
tigated by scanning electron microscopy (FEI Inc., Inspect 
S50 SEM, EDAX Octane Prime). The Fourier transfer in-
frared (FTIR) spectra were obtained on Perkin Elmer Spec-
trum One using attenuated total reflectance method. X-ray 
powder diffraction (XRD) data were collected using CuKα 
radiation (Panalytical X’Pert PRO Model).

Adsorption and Photocatalytic Degradation Studies
In order to examine the adsorptive removal of TC-HCl 
over co-STR/DVB seeds, the adsorption kinetic tests were 
performed with initial concentration of 10 mg/L at 298 K 
and pH 6.5. Photocatalytic decomposition of tetracycline 
(TC-HCl) was investigated under visible light irradiation 
by using a square‒shaped photochemical reactor coupled 
with two visible metal halide lamps (λ: 400‒800 nm). The 
fan at the bottom of the system was used to decrease the 
temperature to ambient conditions. For each test, 0.01 g of 
catalyst was dispersed with 50 mL TC-HCl solution with 
an initial concentration of 10 mg/L. After 30 min of dark 
adsorption period, the mixture was exposed to light, and 
aliquots were taken at time intervals. The residual TC-HCl 
concentration was analyzed by UV-vis spectrophotometer 
at the wavelength of 360 nm. The degradation efficiency 
was calculated by Eq.(1):
Degradation%=[(C0-C)/C0]×100 (1)
In order to examine the photocatalytic performance of 
the as-synthesized catalyst towards different pharmaceu-
tical, the degradation of isoniazid was also investigated 
under similar conditions and the equilibrium isoniazid 
concentration was determined by UV–Vis spectropho-
tometer at 262 nm.

RESULTS AND DISCUSSION

Characterization
In order to examine the surface functional groups after im-
mobilization, FTIR spectra of BFO, BFO@co-STR/DVB and 
co-STR/DVB samples were obtained, and the results were 
shown in Figure 1. In the spectrum of bare BFO perovskite, 
the presence of nitrate ions was observed at nearly 1450 
cm-1 [17] while the absorption bands at 800–900 cm-1 were 
assigned to the symmetric stretching vibrations of O–Bi–O 
in the BiFeO3 structure [18]. The FTIR spectra of as-synthe-
sized co-polymers confirmed the presence of aromatic ring 
features of skeletal C=O and C=C in plate-stretching vibra-
tions at 1601 and 1450 cm-1, respectively. The peak at 701 
cm-1 was assigned to the bending vibration of the substitut-
ed benzene ring (C–H) [19]. The sulfonation was verified 
from the peaks in the range of 1000–1130 cm-1. The band 
at 1126 cm-1 was ascribed to the presence of -SO3H groups 
while the band at 1006 cm-1 indicated the vibrations of the 
aromatic ring released from the para-substituted sulfonic 
acid [19, 20]. The O–H stretching vibration of water was 
observed at about 2900–3400 cm-1. The peaks at 700 and 
831 cm-1 were assigned to the aromatic ring C–H bend and 
stretching vibration of C–O–C bonds, respectively. After 
immobilization of BiFeO3 particles on co-STR/DVB sur-
face, the peak intensities slightly decreased but the charac-
teristic peaks were still observed confirming that the incor-
poration of perovskites did not alter the functional groups 
of bare co-STR/DVB.
X-ray diffraction (XRD) was employed to detect the crys-
tallinity of bare BiFeO3 perovskite. As shown in Figure 2b, 
the diffraction peak was well indexed to the standard XRD 
data of rhombohedral BiFeO3 (JSPDS file No. 86-1518), in-
dicating successful synthesis of crystal perovskite. Regard-
ing the peak intensities, the sharp peaks at 2θ=23.2, 30.2, 
32.2, 40.9, 45.0, 50.0, 51.0, 54.2, 55.0 and 67.3o were related 

Figure 1. FTIR spectra of BFO, BFO@co-STR/DVB and co-
STR/DVB samples.
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to their Miller indices (0 1 2), (1 0 4), (1 1 0), (2 0 2), (0 2 4), 
(1 1 6), (1 2 2), (0 1 8), (2 1 4), (2 2 0), respectively.

Scanning electron microscope (SEM) images of bare BFO, 
co-STR/DVB and BFO@co-STR/DVB catalysts were pre-
sented in Figure 2a, Figure 3. It could be seen that bare BFO 

perovskite exhibited irregular polyhedral structure which 
was in accordance with previous studies [21]. The raw co-
STR/DVB sample indicated smooth spherical shape (Fig. 
3a) enabling active surface sites to promote the adsorption 
and degradation towards the tetracycline molecule. After 

Figure 2. (a) SEM image (a) and XRD spectrum of raw BFO.

(a)
(b)

Figure 3. SEM images of raw co-STR/DVB (a), BFO@co-STR/DVB (b, c) and EDS spectrum of BFO@co-STR/DVB com-
posite catalyst.

(a)

(c) (d)

(b)
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immobilization of BiFeO3 perovskites over the co-polymer 
structure, the spherical shapes morphology of the polymer 
was not altered (Fig. 3b, c). It was clearly observed that the 
surface was fully covered with BiFeO3 perovskite particles. 
The particle diameter of the heterostructured catalyst was 
nearly 100 µm, which was decreased from 200 µm reveal-
ing that the impregnation route might impact the particle 
size of the polymer seeds. The EDX elemental distribution 
demonstrated the presence of Bi, Fe, O, C and N elements 
in the composite catalyst verifying effective immobiliza-
tion of BNQDs into the perovskite framework. The weight 
ratio of Bi, Fe and O elements were estimated as 14.8%, 
10.6% and 15.4%, respectively.

Adsorption Kinetics Over co-STR-DVB
The kinetics of adsorption over co-STR/DVB seeds were 
studies to ensure the required time for equilibrium as well 
as to find the rate limiting steps of the process. As seen in 
Figure 4a, at the end of 90 and 120 min, the TC-HCl re-
moval percentages of raw co-STR/DVB were achieved as 
93% and 98%, respectively. This robust interaction could 

be attributed to the predominant π–π stacking or hydro-
phobic relationship between tetracycline and the co-poly-
meric structure [11]. The adsorption kinetic data were 
applied to three kinetic models namely, pseudo-first or-
der, pseudo-second order and Weber-Morris intra-parti-
cle diffusion. Table 1 shows the kinetic model parameters 
with their related correlation coefficients (R2).

The pseudo-first-order kinetic equation is based on the sur-
face physisorption mechanism, and it is defined as:

log(qe–qt)= log qe– t (2)

where qe and qt are the amounts of adsorbed TC-HCl 
(mg/g) at equilibrium and at time t (min), respectively, 
and k1 is the rate constant of pseudo-first-order mod-
el (min-1) which was determined from the plots of log 
(qe–qt) vs. time (Fig. 4b). From Table 1, the correlation 
coefficients (R2) for the pseudo-first model were found 
slightly lower indicating the model is not fitted well the 
adsorption kinetics of TC-HCl over co-STR/DVB seeds, 
revealing physical forces were not involved in the adsorp-
tion process.

Figure 4. (a) TC-HCl adsorption kinetics, Pseudo-first order (b), Pseudo-second order (c) and Intra-particle diffusion 
kinetic modelling over co-STR/DVB.

(a)

(c) (d)

(b)
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The pseudo-second-order kinetic model is generally utilized 
to explain the adsorption mechanisms driven by surface 
chemisorption process and the model is shown as Eq. (3):

 (3)
where k2 is the second-order rate constant (g/mg min). 
The k2 and qe values are evaluated from the intercept and 
the slope of the plot t/qt versus t. Initial adsorption rate (h, 
mg/g min) is calculated from Eq. (4):

 (4)
According to the obtained R2 value and second order rate 
constant, the second-order model displayed high correla-
tion coefficients (R2=0.993) for of TC-HCl adsorption over 
co-STR/DVB sample (Fig. 4c). Moreover, the theoretical 
and experimental adsorption capacities of the pseudo-sec-
ond-order model were found nearly identical, indicating 
that this model was more proper for describing that the TC-
HCl adsorption was mainly occurred through on π-π stack-
ing interactions. Similar observation was reported by Yang 
et al. [22] and they underlined the fact that electrostatic in-
teractions played minor role in the tetracycline adsorption.
The intra-particle diffusion model was also applied to de-
termine the rate determining step. The model is shown as: 

 (5)
where qt is the amount of adsorbed TC-HCl at the time 
(mg/g); kid (mg/g min0.5) is the Weber-Morris intra-parti-
cle-diffusion rate constant; t is the time (t); C is intercept 
(mg/g). The intra-particle-diffusion model parameters in-
cluding kid-1, kid-2 and R2 were listed in Table 1, and the plots 
were shown in Figure 4d. The plot of this model exhibit-
ed two linearity, verifying the existence of two adsorption 

states (phase I-fast adsorption and phase II-slow adsorp-
tion) of mass transport. The first linearity is related with 
macropore/mesopore diffusion while the second line deals 
with the micropore diffusion [23]. In the first step, approx-
imately 48% TC-HCl was removed by co-STR/DVB within 
30 min which was attributed to the fast utilization of the 
most active adsorptive areas on the co-polymer surface. 
Then, 83% of TC-HCl was eliminated within 60 min. The 
kinetic rate constant of first step (kid-1=6.749 mg/g min0.5) 
was found much higher than the second step of adsorption 
(kid-2=2.434 mg/g min0.5). Furthermore, R2 values of the 
phase I were higher than the phase II suggesting that the 
external mass transfer could be the rate-limiting step in the 
adsorption process.

Photocatalytic Performance Tests of BFO@co-STR/DVB 
Heterostructure Catalyst
The photocatalytic activities of the BFO@co-STR/DVB 
heterostructured catalysts were evaluated towards tetracy-
cline degradation from 50 mL of 10 mg/L aqueous solution. 
Figure 5 revealed the TC-HCL elimination over the pho-
tocatalysts, in which the degradation degree of bare BFO 
was found low (76.9%) even after 240 min of visible irra-

Table 1. Adsorption kinetic model constants of co-STR/DVB

qe (mg/g) 78.54

Pseudo-first order  

 qe (mg/g) 64.01

 k1 (min-1) 0.082

 R2 0.988

Pseudo-second order 

 qe (mg/g) 88.92

 k2 (g/mg min) 0.00014

 h (mg/g min) 1.160

 R2 0.993

Weber–Morris intra-particle diffusion   

 kid-1 (mg/g min0.5)  6.749

 R2 0.822

 kid-2 (mg/g min0.5) 2.434

 R2 0.972

Figure 5. Photocatalytic degradation curves and related ki-
netic constants of BFO and BFO@co-STR/DVB catalysts.
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diation. This could be owing to its limited light absorption 
and high recombination of electrons and holes. Moreover, 
the photodegradation rates over the BFO@co-STR/DVB 
catalysts increased for the increasing BiFeO3: co-STR/DVB 
ratios of (1:10) and (2:10). Notably, the BFO@co-STR/DVB 
(2:10) photocatalyst displayed the highest catalytic efficien-
cy as 98.5% while that of for BFO@co-STR/DVB (1:10) was 
determined as 94.5% at the end of 90 min of irradiation. 
However, the increasing perovskite content over the het-
erostructure led to decrease in the removal efficiency and 
78.6% photodegradation was calculated for BFO@co-STR/
DVB (5:10) catalyst. This could be explained as the incre-
ment of the perovskite particles on the surface significantly 
inhibited the interaction and adsorption of target antibiotic 
molecules with the co-polymer surface, resulting decrease 
in the adsorption performance. To confirm this theory, the 
adsorption performances were also compared. At the end 
of dark period of 30 min, 24.4%, 25.3% and 13.2% adsorp-
tive removal percentages were observed for BFO@co-STR/
DVB (1:10), (2:10) and (5:10) catalysts, respectively, verify-
ing the fact that the interaction of antibiotic molecules was 
restricted by increased BiFeO3 particles on the co-polymer 
surface. Similar phenomenon was observed by Phan et al. 
[24] who deposited LaFeO3 particles on acid-modified nat-
ural zeolite for the Rhodamine B degradation.
To further elucidate the photodegradation efficiency 
of the composite catalysts, the degradation kinetic data 
were applied to the pseudo-first order kinetic equation 
ln (C/C0)=kapp*t, where kapp shows the apparent first-or-
der reaction rate constant (Fig. 5). The photodegradation 
performances of the as-prepared samples were quantita-
tively compared according to the kapp values. It was ob-
served that the BFO@co-STR/DVB (2:10) catalyst had 
the greatest value of kapp (0.037 min-1); in contrast, the 
rate constants for bare BiFeO3 was calculated as 0.006 

min-1, implying that the photodegradation activity of the 
heterostructured catalyst was 6.16 times higher than that 
for bare BiFeO3, demonstrating that the as-prepared het-
erostructure can be effectively used as a high-efficiency 
photocatalyst for antibiotic elimination.

Investigation of Photocatalytic Activity Towards Different 
Pharmaceutical: Isoniazid Degradation
The synergetic adsorption and photocatalytic removal effi-
ciency of the as-prepared composite catalyst was investigat-
ed towards another pharmaceutical isoniazid (C6H7N3O) 
which is often used as a first-line drug in the prevention 
and treatment of tuberculosis disease [25]. In literature, few 
studies showed that this persistent drug could be degraded 
by using TiO2, ZnO, Bi2O3 type catalysts under light illumi-
nation [26]. Therefore, it is essential to examine the removal 
of these kinds of pharmaceuticals from aqueous media. In 
this work, the adsorptive removal of isoniazid by the raw 
co-polymer seeds was also examined under dark condi-
tions. According to the obtained results shown in Figure 6, 
the adsorptive removal of isoniazid over the co-STR/DVB 
polymer was calculated as 80.0% at the of 120 min. The high 
adsorptive behavior could be related with the interaction 
of carbonyl groups of isoniazid molecule with the sulfonat-
ed aromatic co-polymer structure. It was reported that the 
hydrogen bonding interactions through the ring nitrogen, 
the amino nitrogen, and the carbonyl oxygen groups of iso-
niazid played a dominant role in its adsorption mechanism 
[27]. Moreover, the isoniazid molecule might be adsorbed 
on co-STR/DVB through π–π stacking effects. On the other 
hand, raw BFO perovskite showed low degradation efficien-
cy towards isoniazid molecule and only 26% degradation 
was occurred after 120 min of UV-A light irradiation. In-
terestingly, the BFO@co-STR/DVB (2:10) catalyst exhibited 
relatively higher removal rate as 98.2% thanks to the syner-
getic effect of adsorption and photocatalysis.

Cost Estimation of TC Removal in BFO@co-STR/DVB 
Photocatalytic System
Since cost of the wastewater treatment is a significant fac-
tor for photocatalytic and adsorption processes, an eco-
nomic estimation of applied BFO@co-STR/DVB catalytic 
system was developed for the tetracycline elimination by 
considering industrial grade prices of reagents used in the 
preparation of photocatalyst. The optimum degradation 
percentage as 98%over BFO@co-STR/DVB was selected 
with the volume of 50 mL. Table 2 represents the total 
cost of the reagent consumptions of BFO@co-STR/DVB 
system which was calculated as $12.87/m3. The cost of the 
wastewater treatment in this system was calculated much 
lower than treatment of pharmaceutical wastewater with 
Fe-TiO2 system ($71/m3) [28] and caffeine degradation 
with fenton oxidation process on zeolite supported iron 
particles ($23.2m3) [29].

Figure 6. Photocatalytic degradation and adsorption curves 
of towards isoniazid molecule.
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CONCLUSION

In this study, perovskite type BiFeO3 particles were success-
fully immobilized over copolymer styrene-divinyl benzene 
surface through simple impregnation method. SEM images 
with EDX spectrum demonstrated the presence of BiFeO3 
particles on the copolymer surface. FTIR analysis indicat-
ed that the deposition did not alter the surface functional 
groups of co-polymer network. The adsorption abilities of 
the raw co-polymer were investigated in dark conditions by 
performing kinetic tests and the results revealed that the ro-
bust adsorption occurred between the antibiotic and func-
tional groups of co-STR/DVB structure. The as-prepared 
composite catalyst showed outstanding removal perfor-
mance towards tetracycline molecule via synergetic effect 
of adsorption and photocatalysis. The increasing perovskite 
ratio on the polymer first increased the removal rate while 
after certain amount the removal was decreased due to the 
hindered interaction and adsorption of antibiotic mole-
cules with the co-polymer surface. The composite catalyst 
was also utilized in another pharmaceutical namely isoni-
azid and effective adsorptive and photocatalytic behavior 
was assigned to the mutual effect of carbonyl groups of iso-
niazid molecule with the sulfonated aromatic co-polymer. 
This study showed efficient utilization of highly adsorptive 
co-polymer structure in heterogeneous catalytic processes.
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