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Pharmaceutical contaminants are one of the most important environmental
problems that must be cleared of aqueous environments before they enter
the environment. The adsorption method is operationally easy and cost-
effective if the adsorbent is not expensive. The purpose of this study is
optimization the process of removal of tetracycline from aqueous solutions
by nanoclay adsorbent and investigation the kinetics and adsorption
isotherms. In this study, after preparing the nanoclay, the optimization of
parameters was done with Design Expert software. The parameters effect of
pH, initial concentration, and amount of adsorbent were investigated, and
SEM, XRD, and FTIR analyzes were done to identify nanoclay properties.
The optimal values of parameters were pH equal to 9.5, an adsorbent
amount equal to 1.2 g, and initial concentration equal to 21.15 mg /I at 25
°C, time of 30 min, and stirring speed of 1000 rpm. The study of Kinetic
models and equilibrium isotherms showed that the adsorption follows the
Pseudo-second Order (R?=0.999), and the Langmuir model, respectively.
Under optimal conditions, nanoclay as a low cost and environmentally
friendly adsorbent has a good ability to adsorb tetracycline from aqueous
solutions.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

into the environmental cycle causes damage to
the ecosystems of areas exposed to wastewater,

Drugs, as a group of environmental pollutants,
contaminate surface and groundwater resources
in industrial and residential communities. Among
the drugs, the entry of tetracycline antibiotics
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both chemically and microbiologically. Using
physical techniques is a good solution to remove
this contaminant and the adsorption method is
one of the most desirable ones due to its
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Adsorption of Tetracycline Antibiotic Using Nanoclay

effectiveness and simplicity operationally, lack
of toxicity, and cheapness finally.

In this process, the fabrication of adsorbents with
high adsorption capacity and suitable catalysts is
required for the rapid and easy removal of
pollutants. Clays due to the exchange capability
of ions with medicinal compounds have a special
application in the field of drug removal. This
study aimed to optimize the adsorption process
of tetracycline by nanoclay adsorbent. The effect
of each of the parameters like adsorbent amount,
pH, and initial antibiotic concentration on
removal efficiency, and the adsorption kinetics
and equilibrium isotherms were studied.

Materials and Methods

In this study, we used natural clay (prepared
from Ajabshir), tetracycline, distilled water,
hydrochloric acid (Iran, Mojallali, 37%), and
sodium hydroxide (Iran, Mojallali, 97%) as well
as devices, were used, UV-vis spectrophotometer
(SPECORD 250, analytkjena, Germany), digital
scale (KERN, Germany), pH meter (Iran, ZAG
CHEMIET), standard screen sieve 854 mm,
centrifuge (HS 18500 R, Iran). To prepare the
stock solution, 1g of the drug was added to
distilled water of 1000 ml and solutions with
lower concentrations were prepared from it. The
structure of nanoclay adsorbent was investigated
using Fourier transform infrared spectroscopy
(Germany Brucke TENSPR 27), scanning
electron  microscope (Germany, MIRAS,
TESCAN), and X-ray diffraction (Brucker AXS
D8 ADVANCE).

To optimize the process, using Design Expert
Ver.7 software, a central composite design
consisting of 20 experiments and response
surface method was used and independent
parameters including initial concentration,
adsorbent amount, and pH of the solution were
considered. The range of parameters was
obtained by performing preliminary experiments
and the equilibrium time was considered to be 30
min. Analysis of variance (ANOVA) was
performed to determine the significant quadratic
model, which fits the experimental responses and
independent variables. To investigate the kinetics
of the adsorption process, concentrations were
obtained at different times until the equilibrium
time was reached and experimental data were
compared with three kinetic models of first
order, second order and inter-diffusion. In order
to study the isotherms, three isotherm models of
Langmuir, Freundlich and Tamkin were studied.
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Results

FTIR analysis was used to determine the
nanoclay functional groups before the adsorption
process in the wave number range of 4000-400.
The peaks showed compliance with C-H flexural
bonds, asymmetric Si-O-Si tensile, aromatic C =
C, C = O tensile, Si-OH tensile (hydroxyl group).
X-ray analysis of nanoclay showed that calcium
carbonate (calcite), silicon oxide (quartz) and 5-
aqueous calcium sulfate were present in the
nanoclay structure.

SEM images magnification 1 um showed that the
nanoclay has irregular and rough surfaces with
large pores. The presence of these empty spaces
makes the adsorbent effective.

The coefficient R? measures the share of total
changes described by the model and for a good
fit, R? should be close to 1 and at least 0.8. For
modeling, the removal of tetracycline was 0.831.
Also, the significance of the model was
evaluated by F and P values. Larger values of F
and smaller values of P mean that the applied
model is more meaningful. The value of F was 7,
which was higher than the value of F Fisher
(2.37), which shows the consistency of the model
in the process description. The p-value must be
greater than 0.05. Its value was 0.0553, which
confirms the ineffectiveness of Lack of fit in the
model. The results of comparision of actual and
predicted data were shown in Fig 1.
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Fig. 1 The actual values of results compared to
predicted data

By comparing the predicted values and the actual
data, it was concluded that the predicted
responses are in good agreement with the
experimental data.

In the study of response surface diagrams, the
highest percentage of removal occurred at pH
equal to 9.51 and the amount of adsorbent equal
to 1.2 g, and with increasing the amount of
adsorbent, the removal efficiency increased.
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Studying effect of initial concentration showed
that with increasing the concentration of drug
contaminants, the removal efficiency decreases.
The reason is that the adsorbent has specific and
limited adsorption sites that at low
concentrations, more adsorption sites are
available on the adsorbent surface and cause the
antibiotic to be adsorbed quickly, and the
efficiency increases.

Natural clay has a negative charge surface and
tends to absorb positive charge ions. For this
reason, there is competition for absorption
between H® ions in an acidic media and
antibiotics. Since tetracycline is a weak cationic
antibiotic, in competition with H* ions in acidic
media and adsorption, it is necessary to amplify
the negative charge surface. For this reason,
tetracycline has shown the highest efficiency.

According to the results, by increasing the
amount of adsorbent, the removal efficiency of
antibiotics has increased. Since increasing the
amount of adsorbent means increasing the
surface of the adsorbent and more access of the
antibiotic molecule to the adsorbent sites on the
adsorbent surface, increasing the amount of
adsorbent leads to rapid adsorption of antibiotic
and decreasing its concentration. The results of
RSM are shown in Fig. 2.
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Fig. 2 Surface response as a function of pH and
amount of adsorbent at initial concentrate of 15 mg/I
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Conclusion

In this study, optimization of the adsorption
process of tetracycline pollutants with nanoclay
was done by Design Expert software. According
to the studies, the optimal values of the effective
parameters were pH equal to 9.5, adsorbent
amount of 1.2 g, and initial concentration of
21.15mg/ L at 25 °C and a stirrer speed of 1000
rpm, respectively.

Considering that the predicted response of the
model, the removal value of 85.2984%, and the
result of the experiment, the removal value of
83.38% were very close to each other, so it can
be said that the central composite design and
response surface method (second-order model)
for prediction the optimal conditions were
appropriate and that was able to optimize the
experimental results. Also, nanoclay adsorbent
has the ability to adsorb cationic drugs due to its
negative surface charge.

In the adsorption process of tetracycline,
increasing the pH of the solution, decreasing the
initial concentration, and increasing the amount
of adsorbent increased the removal efficiency.
Investigation of kinetic models and equilibrium
isotherms showed that the adsorption follows the
Pseudo-second Order model and the Langmuir
model, respectively.
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Table 2 Central composite design (CCD) matrix

Adsorbent Initial - DE%
Run  pH concentration -
dosage (g/l) (mg/l) Experimental
A B C CR%
1 2 1 15 73.3
2 8 0.75 10 77.5
3 6 0.5 15 64
4 6 1 25 81.28
5 6 1 15 74.93
6 4 1.25 20 78.15
7 6 1 15 77.93
8 6 1 15 74.4
9 8 1.25 10 77.2
10 8 0.75 20 83.1
11 6 1 15 78.93
12 6 1 15 77.4
13 6 1 5 62.2
14 4 0.75 20 77.8
15 8 1.25 20 84.25
16 6 1 15 75.26
17 6 15 15 81.33
18 10 1 15 82.66
19 4 1.25 10 71.7
20 4 0.75 10 65.2

w = Cir Jies Glapite 5 ol o dlal, () b,
- _a Ao oo slad 1) G dSGLal s
w220 orse e 7081 ase CR % = 5.07193 + 3.00948*C + 2.48307*A +
i 50.87273*B - 0.08000*C*A - 0.47000*C*B -
i i ‘ 1.50000*A*B - 0.039541*C? + 0.14287*A% -
- slrosls b auglin jo Jol> @Lu S polie -F S 12.11636*B2 @
OM‘_,’.H.:

Fig. 4 The actual values of results compared to
predicted data

g D3> Hlade o (iSen v Fuly loges (B) S
P e 3 o Lis 1) 10 ma/l «Jsl clake ;s pH
g bf‘f uol:> )L.\.Bdo 9 U0\ lgﬁ‘ﬁ pH e RS M)o
Ja.:.?bo )9 uél} )‘..\M w‘).Q‘ L: 9 ! 0li8l L.BL‘U‘ \VIY

Gl a8l iol38l Ba> el (s5b

Environment and Water Engineering

‘)JMLOM@)MKSISU‘HWRZMWW
a S0y Wb R s 33l Sl g 00,8 S0l
s Jow ojlail sl (e R? ol /A Blas> g ) soe
i 1A S e el 00 gulas o, g6 slaws
W oy asrh Lowmld gmesS, o
Bl silw o slp R? lais (Montgomery 1996)
R2 olis opdleds el Cows &y +/APYY  lSoLul s
g i olasd g diged o3l 88 lai o L eudas

ol i 3 S jlasme

Vol. 8, No. 4, 2022

o

(AR utw'-“) g o)La..i: A 0,99


bshahmorady@gmail.com
Typewritten text
818


AMA

003U gy lSOLL S SSge ST i

IS 5o Jols oy ar (s B oglice adsl slacdale
sl oylas adgl cdale 3G o) el 00 o0ls yLas (F)
Sals B leadly gyl sanVT clale goli8l b as
ol s wilr a5 ol ol ol ol e il oo
o=l sladale (o a5 oo (edgume § atie Ol
i 53 Dl v 5y, GFGe @i sladee
9 O9h @i Coudy Sgm Bl 9l crge 5 Canl
Slge (aaly8 b VL lacdale o Js ol Gl lesl
S9 i sbdme Copua (D3 gy, oNpbod
o>
(Alahabadiet al. 2014; Samadi et al. 2014)

Wb gels Bis bl 5 casglil
SSgu 8] B> aalllas 4 Eskandariyan et al. (2017)
ooz 3l eadans Jd S 5l eolatwl bl G,.S}.J
- LSWSycT aliso LgLQC',Ja.LC )_,| s o9 M‘Q)_\ )L.>
LS oy as cpl s (Ve g 00 N e Mg/l ol

Wbse Sl Cis leall) sdighiods cole Jlade iulsdl

80

Removal Efficiency (%)
ey
o

T T T T T T T

0 5 10 15 20 25 30
Time (min)

e
LRI I I T T
Sl
e S TR AT I LTS
IR
=

X

L
7975 RIS
oL

00
&
&

2
%

SR
v oy L
SRR ESILAAS

(ER
A
LG

735

S

5 ey
= R
R
e

Removal %

61

C: Adsorbent dose B:pH

050 200

33 il Jlaie g PH 51 onb & g0t o gl -0 S
Vo mo/l aJgl clale

Fig. 5 Surface response as a function of pH and
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Table 3 Adsorption Kinetics models parameters

pseudo-first-order

pseudo-second-order

inter-diffusion

K1 Qe R? Kz ge R? Ki R?
C=50.136 0.0263 0.9552 27.216 0.345 1 0.0061 0.8394
C=100.1091 0.0425 0.8265 11.81 0.677 0.999 0.0097 0.897
C=150.1559 0.756 0.979 9.468 1.008 0.999 0.0135 0.9337
C=200.1397 0.0615 0.9886 11.79 1.325 1 0.0131 0.8747
C=250.1407 0.0897 0.9676 8.306 1.656 1 0.0205 0.08235
@i gbpionl (o) -0-Y 1 ()
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Table 4 Adsorption isotherm parameters 15 (w)
Models Parameters Values ' ’
gm (Mg/qg) 11.223
=0.9776x - 0.2707
Langmuir b (I/mg) 0.0796 1Y R 02861
o )
R? 0.8733 g
Ks (mg/g) 0.7628 0.5
Freundlich n 1.022 -
R 0.8861 0 i
Kt (I/mg) 1.059 0 05 |ce 1 1.5
Temkin B, 2.0387 ()
4 z
R? 0.7967 €
3 y =2.0387x +0.1177
= . R?=0.7967
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