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Abstract

In present study, graft copolymer was synthesized by free radical method using N-tertiary
butylacrylamide monomer on chitosan which is an environment friendly polymer. The chemical
structure and the surface morphology of the newly synthesized graft copolymer were determined
by Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), and
X-ray diffraction (XRD). Thermal behavior was analyzed by thermogravimetric analysis (TGA).
To investigate the applicability of chitosan-graft-poly(N-tert-butylacrylamide) graft copolymer,
it was used as an adsorbent for rapidly removal of tetracycline from aqueous solution. Response
surface methodology (RSM) was employed for the optimization of the study conditions such as
adsorbent dosage (0.01-0.04 g), reaction time (10-90 minutes), and initial tetracycline
concentration (10-100 mg 100 mL™). The effects of these conditions on tetracycline uptake
capacity were examined by RSM and the results were statistically analyzed. The RSM results
showed that maximum tetracycline uptake capacity (104.81 mg g') was achieved at the
adsorbent dose of 0.03 mg 100 mL!, reaction time of 51.12 minutes, and initial tetracycline
concentration of 97.99 mg L'. ANOVA analysis based on central composite design combined

with RSM showed good agreement between experimental values and quadratic model estimates,
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thus resulting in 0.9118 R? for tetracycline uptake. The findings demonstrated chitosan-graft-
poly(N-tert-butylacrylamide) copolymer is an effective adsorbent for pharmaceutical wastewater

treatment.

Keywords: Graft copolymerization, chitosan, tetracycline, uptake, response surface

methodology



Introduction

In the last few decades, biodegradable materials have commercial potential due to their use in a
variety of biomedical and environmental fields. It is possible to examine biodegradable polymers
in two parts as synthetic and natural polymers. There are polymers produced from petroleum
resources (non-renewable resources) or raw materials derived from biological resources
(renewable resources) [1-3]. There is currently increasing interest in renewable natural polymers.
Among these, chitosan has a special place due to its high adsorption capacity, biodegradability,
and biocompatibility. It is utilized in pharmacology and medicine [4-6]. In addition to their use
in wastewater treatment [7], food packaging [8], cosmetics [9], and textiles [10], they also have
applications in drug delivery systems and tissue engineering [11]. The high chemical reactivity
and high complexing ability of the amine and hydroxyl groups in the structure of chitosan make
it possible to synthesize derivatives containing different functional groups and modify the
chitosan molecule, which greatly expands the application of the biopolymer. Chitosan can be
modified by different methods such as graft copolymerization reactions with synthetic monomers
and preparation of mixtures with synthetic and natural polymers. [12-14]. In the literature, graft
copolymer of chitosan with many monomers such as acrylamide, polyacrylonitrile, acrylates or
methacrylates has been prepared. However, with alone N-fert-butylacrylamide (NTBA) used in
our study, there is no graft copolymer and it was not used in the adsorption of tetracycline using
RSM [15, 16].

Pharmaceutical antibiotics have been defined as the permanent contaminants group in the world
as a class of emerging pollutants [17, 18]. It was noticed that many drugs such as antibiotics,
antidepressants, chemotherapy agents were discharged into the water systems during production
and use. Among these drugs, antibiotics with proven adverse effects are widely used. Antibiotic
residue in the environment causes the increase of resistant microbes, threatening the ecosystem

function and therefore human health [19, 20]. Tetracycline is the second widely used antibiotic
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in the world, due to its broad spectrum activities, being cheap, low toxicity, and appropriate oral
absorption in humans and animals [21-23]. In many studies it has found that tetracycline is
poorly adsorbed in the digestive system of a living organism, with the majority being excreted
through feces and urine [24]. Tetracycline is often detected in drinking water and wastewater and
remove it completely is difficult. Therefore, developing an efficient and sustainable method to
removal tetracycline from water is a priority for scholars, to improve water quality and reduce
harm to public health and low-cost wastewater treatment technolgies. For this purpose, several
techniques have been used for the treatment of wastewater including ozonation, microbial
degradation, photocatalytic degradation, membrane filtration, and adsorption [25, 26]. Among
them, adsorption is the most useful and applicable technique due to its advantages such as ease
of use, affordable cost and high efficiency [27]. Various adsorbent types such as activated
carbon, polymers, metal-based adsorbents, bioadsorbents have been used to remove antibiotics
from aqueous solution [21, 28]. But, some of these adsorbents have some disadvantages such as
poor adsorption capacity, long equilibrium time and no regeneration. Recently, natural polymers
with different functional groups within their surface area are accepted as suitable adsorbents
because of reducing environmental concerns [29]. Chitosan offer a remarkable adsorbent
alternative due to their unique physico-chemical properties, hydrophilicity, stability to most
chemicals, and excellent adsorption capacity. In addition, it requires low cost, in case it used for
removal of water [30].

RSM is a statistical and mathematical optimization technique based on polynomial equation
prepared on experimental data [31-33]. It is applied when a response is affected by several
variables. The aim is to optimize the selected variables simultaneously to achieve the best
performance. It helps researchers to develop new methods with the least number of experiments
[34]. Analysis of variance (ANOVA) is a very effective method to analyze the importance of

many variables [35]. In this way, the most important factors can be evaluated efficiently.



In this present work, the graft copolymer of chitosan with NTBA were prepared and used to
optimize the removal of antibiotic named tetracycline from aqueous solution. The structural
properties of the first synthesized graft copolymer were analyzed by FT-IR, SEM, and XRD. The
effects of various parameters, namely, dose of adsorbent, reaction time, and initial concentration
of tetracycline on the uptake capacity of tetracycline were studied by using RSM. As far as we
know, chitosan-graft-poly(N-tert-butylacrylamide) graft copolymer has not been used for
tetracycline removal. In addition, RSM technique has been rarely encountered before in

tetracycline removal.

Experimental

Materials

Chitosan (product of Russia) with 100,000- 300,000 molecular weight was used without further
purification. NTBA (Sigma-Aldrich, Germany), tetracycline (Sigma-Aldrich, Germany), 2,2'-
azobisisobutyronitrile (AIBN) (Sigma-Aldrich, Germany), acetic acid (Sigma-Aldrich,
Germany), acetone (Labkon, Turkey), ethanol (Labkon, Turkey), and dioxane (Sigma-Aldrich,

Germany) were used without any purification. All the chemicals used were of analytical grade.

Equipment

The copolymer was characterized by FT-IR (Jasco, USA) in the range of wave numbers 4000—
400 cm! using ATR. The morphology of the graft copolymer was evaluated by SEM which was
performed by Hitachi SU-3500 (Japan) with an accelerating voltage of 15 kV. The XRD patterns
were recorded on a powder X-ray diffractometer (Rigacu miniflex-600, Japan) at voltage 40 kV,

current 15 mA. TGA were conducted through a differential thermal analyzer (Shimadzu TGA-
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50, Japan) by using nitrogen gas and heat from ambient temperature to 600 °C at 10 °C min’!
heating rate. In tetracycline sorption process an orbital shaker (Zhicheng ZHWY-200B, China) at
200 rpm was used. Adsorption properties were examined by using UV-Vis spectrophotometer

(Shimadzu-1800, Japan).

Grafting of Poly(N-tert-butylacrylamide) onto Chitosan

NTBA monomer was grafted onto chitosan by free radical polymerization by using AIBN as an
initiator at 65 °C for 6 hour under constant stirring. Chitosan (0.5 g) was dissolved in 50 mL of
1% vlv acetic acid solution. NTBA (1 g) and AIBN (0.015 g) were dissolved in a small amount
of dioxane (5 mL). Then it mixed with the aqueous acetic acid solution of chitosan. The mixture
was passed through nitrogen to provide an inert environment. At the end of the reaction, the
solution was precipitated in a 50:50 acetone/ethanol and filtered. The obtained copolymer was
firstly washed with distilled water and then with ethanol to remove the homopolymer or
unreacted monomer present in the mixture. The graft copolymer dried in the oven at 50 °C for 24
hours and was weighed. Grafting percentage was calculated following Eq. (1):

Wi -W;

%Grafting = v x 100 (1)

where Wi (g) is the mass of dried graft copolymer, W2 (g) is the weight for chitosan.

Tetracycline Adsorption Experiments

Tetracycline (CAS Number: 60-54-8, >98% pure, Molecular formula: C22H24N20s, Molecular

weight: 444.43 g mol!) was obtained from Sigma-Aldrich Company. Since tetracycline solutions



are unstable, the required amount of tetracycline for each experiment was prepared by dissolving
in distilled water. 20 experiments designed by central composite design were carried out to
investigate the effect of initial tetracycline concentration (10-100 mg L), adsorbent dose (0.01-
0.04 g 100 mL"), and reaction time (10-90 min) in 250 mL capacity glass stopped flasks
wrapped with aluminum foil including 100 mL of tetracycline, at 200 rpm at room temperature
(25 £ 2 °C), using a rotary shaker. Batch tetracycline adsorption experiments were performed at
natural pH of solutions. After that, the samples were filtered through 0.45 pum PVDF
(polyvinylidene fluoride) filters, and the residual concentration of tetracycline was analyzed
using a UV-Vis spectrophotometer at A=350 nm wavelength. The tetracycline uptake capacity

(g, mg g'!) was calculated using Eq. (2) as follow [36]:

G (CO — Ct) XV )

m

where C, and C; are the initial and at ¢ time concentrations of tetracycline (mg L), respectively;

V is the volume of the solution (L), and m: is the weight of adsorbent (g).
Experimental Design for Tetracycline Adsorption and Statistical Analysis

Experimental design allows simultaneous optimization of factors and leads to minimize error
with the minimum number of runs and to improve performance characteristics [37]. In this study,
the experiments for tetracycline removal were designed using RSM-based central composite
design with three independent factors (initial tetracycline concentration (A), adsorbent dose (B),
and reaction time (C)) at five levels (-a, -1, 0, +1, +a) using Design-Expert 7.0 with 20 runs. The
experimental design points with the coded values of the factors utilized in the matrix of

experiments consisted of eight factorial points, six axial points and six replicates at the center



points are given in Table 1. The data from central composite design were analyzed by multiple

regressions to fit the following second-degree polynomial equation according to Eq. (3) [38]:

k k k-1 k
i=1 i=1

i=1 j=it+1

where Y represents tetracycline uptake capacity (predicted response); bo, bi, bii, and bj; are the
constant, linear, quadratic, and interaction coefficients, respectively. Ai and A;j (i=1-3) are the
coded variables affecting the response Y.

The values of the regression variables such as, p-value, the Fisher test value (F-value), the
regression coefficient R? and adjusted R*> were calculated by using analysis of variance
(ANOVA) and utilized for the determination of the suitability and relevance of the predicated

model.
Table 1 Process factors and levels
Results and Discussion
Characterization
Free radical initiated graft copolymerization onto chitosan is carried out with NTBA
monomer using AIBN initiator at 65 °C. Grafting yield (%G) value were calculated using

gravimetric data. %G was experimentally reported as 80.8%.

Fig. 1 The FT-IR spectrum of chitosan-graft-poly(N-tert-butylacrylamide) a) before tetracycline

adsorption b) after tetracycline adsorption



FT-IR spectra of chitosan-graft-poly(N-fert-butylacrylamide) is presented in Fig.l. The
characteristic absorption bands belonging to N-fert-butylacrylamide were observed at about 3400
cm ! secondary amide (-NH), at 2867 cm™ ! C-H stretching of CH2 and CH3 groups, at 1654
cm ! stretching of amide carbonyl (-HN-C = O), 1564 cm ! amide II (-NH) and the band at 1222
cm ! can be belong to the tertiary butyl groups [-C(CHs3)3] [39, 40]. Also the characteristic bands
of chitosan were observed in the spectrum. Many characteristic peaks of chitosan were seen in
the FT-IR spectrum at 1655 cm !, 1638 cm ™!, 1561 ecm™!, and 1320 cm™ ! [41]. A peak at 1068
cm ! is observed which is due to the O-H bending vibration of a primary alcoholic group of

chitosan [29, 42]. These observations showed that grafting of NTBA on chitosan has

successfully occurred.

Fig. 2 The SEM image of chitosan-graft-poly(/N-tert-butylacrylamide) a-b) before tetracycline

adsorption c) after tetracycline adsorption

Surface morphology of chitosan-graft-poly(N-tert-butylacrylamide) graft copolymer before and
after tetracycline adsorption was examined by SEM. The Fig. 2a and 2b show that the copolymer
has rough surfaces with randomly distributed porosity, which 1is a sign that
poly(N-tert-butylacrylamide) has been successfully incorporated into chitosan. After tetracycline
removal, in Fig. 2c, it is clear that the surface roughness of the copolymer was significantly

reduced. This may suggest that removal of the antibiotic from water has occurred.

Fig. 3 XRD patterns of chitosan-graft-poly(N-fert-butylacrylamide) a) before tetracycline

adsorption b) after tetracycline adsorption

To confirm the crystal structures of chitosan-graft-poly(N-tert-butylacrylamide) graft copolymer

XRD was conducted and XRD patterns are shown in Fig. 3 before and after adsorption. In
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previous studies, pure chitosan is characterized by a scattering angle of 26 = 20°. This peak
indicates that chitosan is an anhydrous crystal. Also typical fingerprints of semi-crystalline
chitosan appear at 20 = 25° [43, 44]. For our chitosan-graft-poly(N-tert-butylacrylamide) graft
copolymer, these peaks were observed at 19.9° and 27.5°, respectively in Fig. 3a. This shows
that the amorphous character increases with grafting. On the other hand, for the XRD spectra of
chitosan-graft-poly(N-fert-butylacrylamide) graft copolymer after tetracycline removal (Fig. 3b)

it can be observed a decrease in the intensity of the peak at 20 = 15°.

Fig. 4 TGA curves of chitosan-graft-poly(N-fert-butylacrylamide) a) before tetracycline

adsorption b) after tetracycline adsorption

The heat stability and weight loss (%) of the chitosan-graft-poly(N-tert-butylacrylamide) were
determined by TGA before and after tetracycline adsorption. As shown in Fig. 4a, thermal
degradation was observed to occur in three stages. For before adsorption, degradation occurred at
temperatures of 100 °C, 280 °C, and 320 °C and weight losses of 15%, 40%, and 23%,
respectively. Compared to before adsorption, degradation took place in two steps for graft
copolymer after tetracycline adsorption (Fig. 4b). A significant weight loss step of up to about
20% observed at 280 °C can be attributed to the loss of H20 molecules [45, 46]. The weight loss
starting at about 320 °C may have occurred due to the degradation of poly
N-tert-butylacrylamide groups [47]. Moreover, another steep weight loss of graft copolymer in

450-600 °C range implying the mass loss of the rest of chitosan.
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Analysis of Variance (ANOVA) and Response Surface Plots for Tetracycline Adsorption

The impact of operation factors on the tetracycline uptake capacity on chitosan-graft-
poly(N-tert-butylacrylamide) was investigated and the experiments were made based on the
central composite design. Table 2 shows the design matrix and response values.

For adsorption process, a quadratic model equation is obtained as shown in Eq. (4):

Tetracycline uptake capacity (mg g') = + 39.96 + 21.50A + 9.59B - 8.48C + 13.44AB - 5.15AC

+ 1.85BC + 3.29A% - 8.71B* + 4.79C* 4)

Table 2 Central composite design matrix and the response for tetracycline uptake capacity

Besides, the sufficient of the model equation in defining the experimental data was confirmed
from the plot of predicted values from the model against the actual values (Fig. 5). Therefore,

this plot clearly visualizes the performance of the model.

Fig. 5 Comparison plot between the actual and model predicted tetracycline uptake capacity

The regression coefficients and statistical significance of the model and the adequacy of the
selected model were evaluated using analysis of variance (ANOVA) (Table 3). The larger the F-
value of the model and the smaller the p-value means the more significant the applied model.
The fact that the F-value and p-value of the model which is 11.49 is lower than 0.0500 shows
that the model is significant at the 95% confidence level (Table 3). Similarly, p-values less than
0.0500 for A (initial tetracycline concentration), B (adsorbent dose), C (reaction time), AB (initial
tetracycline concentration-adsorbent dose), and B* (adsorbent dose- adsorbent dose) indicate that

these model terms are statistically significant for tetracycline adsorption with adsorbent. In this
11



study, the coefficient of determination (R?) value calculated as 0.9118 shows that 91.18% of the
changes in adsorption can be explained by the model. This has shown that the applied model can
be reliable in predicting the uptake efficiency. The adjusted R* value was found to be 0.9123.
This is an important factor proving a good fit between experimental and predicted update
efficiency for tetracycline adsorption of the model [48]. Adequation precision measures the
signal-to-noise ratio and is desired to be greater than 4.0. As seen in Table 3, adequation
precision value is 12.668, which indicates that there is enough signal. The coefficient of variation
(CV) is a measure that expresses the standard deviation as a percentage of the mean. It explains
the extent to which the data is distributed [49]. The acceptable values of CV 27.24% for

tetracycline uptake capacity proved that the performed experiments were credible.

Table 3 Analysis of variance (ANOVA) for tetracycline uptake capacity

The tetracycline uptake capacity of the adsorbent over different combinations of independent
factors was visualized by the 3D response surfaces curves (Fig. 6a—). Since the adsorbent
dosage provides the necessary surface area and binding sites for the adsorption of tetracycline, it
is important to choose the appropriate amount of adsorbent. The plot of Fig. 6a illustrated the
main and interaction effects of initial tetracycline concentration and adsorbent dose on the
tetracycline uptake capacity, while fixing the reaction time at 50 min. The tetracycline uptake
capacity appears to increase up to about 0.03 g 100 mL™!' adsorbent dosage and then decrease.
The increased adsorption is due to the more surface area available for contact. For the adsorbent
higher than 0.03 g 100 mL"!, the decrease in the tetracycline uptake capacity can be explained by
the decrease in the total surface area of the adsorbent due to particle-particle interaction, such as
aggregation at higher dosages of the adsorbent [50]. The plot of Fig. 6b illustrated the main and
interaction effects of initial tetracycline concentration and reaction time on the tetracycline

uptake capacity, while fixing the adsorbent dose at 0.03 g 100 mL!. With the increasing of initial
12



tetracycline concentration, the tetracycline uptake capacity was increased. This is probably
because the adsorbent is surrounded by more tetracycline ions due to the increased likelihood of
contact between tetracycline molecules and adsorbent active sites. In other words, the higher the
concentration of tetracycline, the more diffusion would consist from the polymer surface to the
pores [51]. Similar behavior for the impact of tetracycline concentrations on the uptake capacity
of tetracycline was observed and discussed for different adsorbents in the literature [52-54, 50].
The plot of Fig. 6¢ illustrated the main and interaction effects of adsorbent dose and reaction
time on the tetracycline uptake capacity, while fixing the initial tetracycline concentration at 55
mg L!. The increase in the surface area required for adsorption together with the increasing

adsorbent dosage led to a decrease in the adsorption time.

Fig. 6 3D dimensional response surface curve for (a) the effect of initial tetracycline
concentration and adsorbent dose, (b) the effect initial tetracycline concentration and reaction
time and (c) the effect of adsorbent dose and reaction time for the uptake of tetracycline onto

chitosan-graft-poly(N-fert-butylacrylamide)

In this study, the experimental results were optimized by the numeric optimization program in
the Design-Expert software. Optimum values of the factors studied for tetracycline removal and
the maximum tetracycline uptake capacity are shown in Table 4. Utilizing the highest uptake
capacity as the optimization target, the optimized conditions were founded as follows: initial
tetracycline concentration of 97.99 mg L', adsorbent dose of 0.03 mg 100 mL™, and reaction

time of 51.12 min, and under this condition, the uptake capacity of 104.81 mg g"! was obtained.

Table 4 Numerical value of the process factors for maximum tetracycline uptake capacity

(Desirability=1.000)
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Conclusions

In this research, the effect of three factors, dose of chitosan-graft-poly(N-tert-butylacrylamide),
reaction time, and initial tetracycline concentration on uptake capacity of tetracycline from
wastewater have been studied. For this purpose, firstly the graft copolymer of
N-tert-butylacrylamide and chitosan were prepared by free radical copolymerization method and
characterized. The effects of adsorption parameters on the adsorption process were evaluated
using the RSM approach. Modeling and optimization of tetracycline removal was examined by
using Stat-Ease Design Expert software version 7.0 by central composite design. ANOVA
results showed that the applied model was statistically significant since the p-value was less than
0.0500. The design of the experiment revealed that the three parameters chosen were dependent
and had significant effects on tetracycline uptake. High correlation found between experimental

and predicted results (R?=0.9118)
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Table captions

Table 1 Process factors and levels

Table 2 Central composite design matrix and the response for tetracycline uptake capacity

Table 3 Analysis of variance (ANOVA) for tetracycline uptake capacity

Table 4 Numerical value of the process factors for maximum tetracycline uptake capacity

(Desirability=1.000)
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Figure captions

Fig. 1 The FT-IR spectrum of chitosan-graft-poly(N-tert-butylacrylamide) a) before tetracycline
adsorption b) after tetracycline adsorption

Fig. 2 The SEM image of chitosan-graft-poly(/N-tert-butylacrylamide) a-b) before tetracycline
adsorption c) after tetracycline adsorption

Fig. 3 XRD patterns of chitosan-graft-poly(N-fert-butylacrylamide) a) before tetracycline
adsorption b) after tetracycline adsorption

Fig. 4 TGA curves of chitosan-graft-poly(N-fert-butylacrylamide) a) before tetracycline
adsorption b) after tetracycline adsorption

Fig. 5 Comparison plot between the actual and model predicted tetracycline uptake capacity

Fig. 6 3D dimensional response surface curve for (a) the effect of initial tetracycline
concentration and adsorbent dose, (b) the effect initial tetracycline concentration and reaction
time and (c) the effect of adsorbent dose and reaction time for the uptake of tetracycline onto

chitosan-graft-poly(N-fert-butylacrylamide)

21



Figures

110

100

% 9of
g0
70 1 | L
4000 3000 2000 1000 400
Wavenumber {cm'l}
Figure 1

The FT-IR spectrum of chitosan-graft-poly(NEtertibutylacrylamide) a) before tetracycline adsorption b)
after tetracycline adsorption



Figure 2

The SEM image of chitosan-graft-poly(Nitertilbutylacrylamide) a-b) before tetracycline adsorption c) after
tetracycline adsorption
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Figure 3

XRD patterns of chitosan-graft-poly(Nitertibutylacrylamide) a) before tetracycline adsorption b) after
tetracycline adsorption

TGA
Yo

10000

g
; : B
g‘ 3
=

g

a0 10000 200.00 0000 40000 50000 2 SOO0O
Temparsiues (T)

Figure 4

TGA curves of chitosan-graft-poly(Nitertibutylacrylamide) a) before tetracycline adsorption b) after
tetracycline adsorption
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Figure 5

Comparison plot between the actual and model predicted tetracycline uptake capacity
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Figure 6

3D dimensional response surface curve for (a) the effect of initial tetracycline concentration and
adsorbent dose, (b) the effect initial tetracycline concentration and reaction time and (c) the effect of
adsorbent dose and reaction time for the uptake of tetracycline onto chitosan-graft-
poly(NEitertibutylacrylamide)



