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In this investigation, the color removal from synthetic wastewaters containing Acid Blue 29 (AB 29) dye was investigated by ZnF-
based nanomaterials (ZnFe,O,) synthesized by the coprecipitation method in a batch system. SEM, FT-IR, and XRD analysis were
used for the characterization of the nanoparticles (before and after adsorption), and the analysis results were compared with each
other. The parameters such as pH, temperature, dye concentration, and nanoparticle dosage affecting color removal were ex-
amined systematically, and favorable color removal conditions were determined by the classical approach. From the experimental
results, the favorable conditions with high removal efficiency for the adsorption were determined: removal temperature 35°C and
the removal pH 2.0. At these experimental conditions, the adsorbed dye amount per unit mass of adsorbent and the percentage dye
removal were determined as 1489.79 mg-g~' and 98.83%, respectively. In the other part of the research, three different isotherm
models (Langmuir, Freundlich, and Temkin) were used to examine the adsorption equilibrium data. Langmuir and especially
Freundlich linear isotherm models provided the highest R* regression coefficients, successfully. The kinetic data was evaluated by
pseudo-first-order and pseudo-second-order kinetic model approach. It was observed that pseudo-second-order kinetic model
best represented AB 29-ZnF adsorption kinetic data. The determined thermodynamic parameters such as AH, AS, and AG were
proved that the AB 29-ZnF adsorption system was an exothermic (AH < 0), spontaneous, thermodynamically favorable (AG < 0),
and stabilized system without any structural changes in sorbate and sorbents (AS<0).

Physical, chemical, and biological treatment methods are
presently used for textile wastewater treatment. These
methods are osmosis, chlorination, ozonation, filtration,

The color caused by domestic and industrial pollution sources is
undesirable for the aesthetic appearance of water [1, 2]. Also the
discharge of textile industry wastewaters including large amount
of azo dyes having nonbiodegradability, toxicity, and carcino-
genic properties poses a major threat to the ecosystem and
especially aquatic life depending on their high concentration
and stability in wastewaters [3, 4]. Reactive dyestuffs are an
important class of commercially important textile dyestuffs. On
the other hand, these reactive dyestuffs are one of the most
stable and polluting dyestuffs during the dyeing process. Re-
active dyes exhausted are about 50% in their hydrolysed and
unfixed form during the washing process, and treatment of
them is problematic [5-7].

oxidation processes, nanofiltration, chemical precipitation,
ion exchange, and chemical coagulation/flocculation. The
conventional biological treatment methods may not provide
adequate treatment for the complete color removal and
degradation of organics and dyes. Physical/physicochemical
methods such as coagulation and ion exchange are not
frequently preferred for wastewater treatment because of
high operational costs. Chlorination and ozonation pro-
cesses cause degradation by chemical reaction and allow
breaking down harmful large into smaller ones. Moreover,
discharching chlorinated compounds to the environment
causes some serious environmental problems. Also,
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ozonation is an unstable process and requires large capital
expenses depending on the need for immediate use for rapid
chemical process. Many researchers have investigated water
treatment containing color removal by adsorption using low
cost and environmentally compatible materials [8-10].
When investigations conducted in recent years are exam-
ined, there is a limited number of investigations using
magnetic, antimicrobial, and suitable for more than one
application especially for color removal from wastewaters
containing chemical and biological pollution load. In this
investigation, the synthetically prepared wastewater solu-
tions containing AB 29 dye were examined for the color
removal by ZnF-based nanoparticle. The novelty of this
research is the use of ZnF-based nanomaterial with superior
advantages such as low cost, antimicrobial, and environ-
mentalist characteristics in treatment of textile dye solution.
The most important advantages of ZnF-based nanomaterials
is antimicrobial property to many harmful pathogens. So,
this investigation proved the removal of two different types
of pollutant load (biological and chemical) in domestic and/
or industrial wastewater with high efficiency by using only
one novel adsorbent, ZnFe,O,.

2. Experiments

2.1. Reagents. In order to synthesize the zinc oxide
(ZnFe,0,) nanoparticles, Iron (III) chloride (FeCl;), zinc
chloride (ZnCl,), sodium hydroxide (NaOH), and
hydrochloric acid (HCl) reagents were obtained from
Merck. Moreover, AB 29 dye was obtained from Sigma-
Aldrich.

Bacillus subtilis, Klebsiella pneumoniae, Escherichia coli,
and Enterococcus fecalis bacteria obtained from Mersin
University Microbiology Laboratory of the Biology De-
partment were used during the investigation of antimicro-
bial effect of ZnF-based adsorbent.

2.2. Synthesis of Nanoparticles. ZnF-based nanomaterials
were synthesized by the coprecipitation method for the
adsorption of AB 29 dye solution. 200 mL of 0.75M Iron
(TIT) chloride (FeCl3) and 200 mL of 0.25M zinc chloride
(ZnCl,) solutions were mixed with each other, and then the
solution was stirred. After that, 2M NaOH solution was
added to this mixture while the pH value was 10 in a
magnetic stirrer at 60°C. The final solution was filtered at
60°C for 18 hours. The drained solution was calcined in an
ash oven at 300°C, and the synthesized particles were
converted into powdered particles in the mortar [11].

2.3. Characterization Experiments. FTIR (Perkin Elmer,
Fourier Transform Infrared Spectrometer), SEM (ZeissSupra
55 Area Emission, Scanned Electron Microscope), and XRD
(Philips, X’Pert brand X-ray Diffractometer) were used for
identification of morphological properties and identification
of phases and crystal structures of synthesized particles at
Mersin University Advanced Materials Research Center
(MEITAM).
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2.4. Color Removal Experiments. Color removal experiments
were carried out at 120 rpm constant agitation rate in a batch
system. Desired amount of FeZn-based nanoparticles were
weighed and then mixed with 150 mL dye solutions (AB 29)
adjusted to the desired pH values with NaOH and HCI
solutions. Samples were taken and centrifuged at specific
time intervals (0, 5, 15, 30, 60, 120, 180, 240, 300, 360, 420,
1440, 1500, 1600, 1800, and 2000) in the shaking water bath.
Centrifuged samples were diluted and analyzed by using a
UV-Vis spectrophotometer at 663 nm wavelength. Dye re-
moval % was determined by the following formula:

Cc,-C
Dye Removal % = (%) x 100, (1)
0

where C, and C, are the initial and equilibrium dye con-
cetration in mgL~', respectively. The amount of dye
adsorbed per unit of the adsorbent at equilibrium was
calculated in terms of g. (mg-g”") using the equation given
below. The equilibrium amount of dye removal per unit of
the nanoparticle was determined in terms of g. (mgg™")
using the following equation.

Removal capacity (q,) = w, (2)
where V is the volume of dye solution (L) and m is the mass
of the adsorbent (g).

2.5. Microorganism Growth and Storage Conditions Used for
Determination of Antimicrobial Activity of Nanoparticle.
Bacillus subtilis, Klebsiella pneumoniae, Escherichia coli, and
Enterococcus fecalis bacteria used in determination of the
antimicrobial effect of nanoparticle were kindly supplied
from Dr. AO Adigiizel, Faculty of Science, Biology De-
partment, Mersin University, Turkey. For the cultivation,
Nutrient Agar Nutrient (NA) and Eosin Methylene-blue
lactose sucrose agar (EMB) media were used.

2.6. Determination of Antimicrobial Effect of the Nanoparticle.
The diffusion method was used to determine the antimi-
crobial effect of bacterial cultures. Mueller-Hinton Agar
(MHA) was used as a nutrient in this method based on the
inhibition of the development of microorganisms in the field
where the substance to be tested is diffused in the agar. In
this method, at the end of the incubation period, ZnF
(ZnFe,0,) based nanomaterials were added to the open zone
(microorganism cannot develop) formation around the
holes. The resulting zone diameters were measured in mm.
The standard deviation of zone diameters was calculated by
performing all tests in 3 repetitions. [10-13].

3. Results and Discussion
3.1. Characterization Studies for ZnF-Based Nanoparticles

3.1.1. SEM Results. SEM analyzes were carried out to de-
termine the morphological characteristics of ZnF-based
adsorbent before and after AB 29 dye adsorption. SEM
images shown in Figure 1 demonstrate that the synthesized
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FiGure 1: SEM images for ZnF-based adsorbent (a) before adsorption (b) after adsorption.
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FIGURE 2: FT-IR spectrum of ZnF-based adsorbent before AB 29
dye adsorption.
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FIGURE 3: FT-IR spectrum of ZnF-based adsorbent after AB 29 dye
adsorption.

material has a bulk structure. It is observed that there are
many macropores on the surface of the ZnF-based nano-
particles supplying an evidence about efficient use as an
adsorbent.

As it seen from the obtained SEM images, the pores were
filled and the surface was filled with dye molecules after
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FIGURE 4: XRD spectrum of ZnF-based adsorbent before
adsorption.

removal (Figure 1(b)). Also, from the images, the color
removal mechanism is determined as adsorption (agglom-
erate sizes are about 30nm and form large structures by
connecting to each other) [14].

3.1.2. FTIR Analysis Results. FT-IR analyses were performed
to determine the adsorption mechanism of ZnF adsorbent
before and after dye adsorption. FTIR studies were con-
ducted to detect the functional organic groups in the ad-
sorbent at a frequency range of 500-4000cm ', and
Figures 2 and 3 display FTIR spectra of ZnF-based nano-
materials before and after AB 29 dye adsorption.

From Figure 2, it is seen that wide peak of O-H rep-
resents stretching vibration at 3450 cm ™" and the sharp peak
at 500-600 cm™" for Fe-O bond. The slight peak at 1625 cm ™
represents OH tension in molecular water. After dye ad-
sorption (Figure 3), a slight peak shifts are observed at all
peak ranges as a result of AB 29 adsorption of dye. Also, as a
result of AB 29 adsorption of, it is seen that there is an alkoxy
C-O bond at 1100 cm™".
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FIGURE 5: XRD spectrum of ZnF-based adsorbent after AB 29 dye
adsorption.

TaBLE 1: The adsorbed dye amount per unit adsorbent mass and
removal values % at different initial pH values for AB 29 adsorption
to ZnF-based nanomaterials.

pH qa (mg~g_1) Removal %
2 98.83+0.97 98.83

3 78.71 £0.45 78.71

4 8.74+0.13 8.74

5 2.04+0.03 2.04

6 3.49+0.57 3.49

7 0.58 +0.06 0.58

8 1.16+0.12 1.16

9 0.29+0.04 0.29

10 0+0 0

3.1.3. XRD Analysis Results. XRD analysis was carried out to
investigate the phases and crystal structure of ZnF-based
adsorbent used in AB 29 adsorption. The spectra of the XRD
analysis (Figures 4 and 5) are shown below.

From the XRD analysis result, ZnF-based nanomaterials
had a cubic crystal structure, and the impurity in the ma-
terial did not change the cubic crystal structure as shown in
Figures 4 and 5 [15]. XRD analysis proved that the simple
formula of the material is ZnFe,O,.

3.2. Batch Adsorption Studies

3.2.1. Initial pH Effect and Isoelectric Point Effect. Initial pH
is the most important parameter for color removal from
wastewater. In this study, in order to observe the effects of
pH parameter on AB 29 adsorption by ZnF-based nano-
materials, pH value was changed between 2.0 and 10.0 range
as the initial dye concentration, and temperature and the
adsorbent dosage were held constant at 100 mg-L ™" 25°C and
1gL7", respectively.

The adsorbed dye per unit adsorbent mass and removal
values % at different initial pH values for adsorption of AB
29 are shown in Table 1.

From Table 1, the favorable pH value for the highest
removal efficiency is determined as 2.0. This phenomenon
can be explained with isoelectric point. The adsorbent
surface was loaded with a positive charge at pH values lower

Journal of Nanotechnology

than the determined isoelectric point (pH =7). Therefore,
the electrostatic interaction between the positively charged
adsorbent and the dyestuff anions has increased, and as a
result, the adsorption capacity of the adsorbent has also
increased.

3.2.2. Effect of Initial Dye Concentration. The effect of initial
AB 29 dye concentrations on the adsorption by ZnF-based
nanomaterials was investigated at an initial pH value of 2.0,
temperature of 35°C, and adsorbent concentration of
1.0g-L™" in the range of 25-2000 mg-L ™" dye concentration.
From the experimental results, when the initial dye con-
centration was increased from 25mg-L™" to 2000 mg-L™" in
AB 29 dye adsorption, the adsorbed dye amount in the unit
adsorbent mass increased from 25 mg-g~" to 1489.79 mg-g ',
respectively. In AB 29 adsorption process, complete removal
was observed at 300 minutes at initial dye concentration of
25mg-L~", whereas the adsorption system was observed to
reach the equilibrium at 1500 minutes at higher initial
dyestuff concentrations.

3.2.3. Temperature Effect. The effect of temperature on the
adsorption of AB 29 dye onto ZnF-based nanomaterials was
investigated in the AB 29 concentration range and the
temperature range of 25-2000mg-L™" and 25-55°C, re-
spectively, by keeping the initial pH value constant at 2.0,
adsorbent concentration of 1.0g-L™".

The maximum amount of adsorbed dye per unit ad-
sorbent mass for the adsorption of AB 29 at different
temperature values for the equilibrium are shown in Table 2.

According to Table 2, as the temperature increases, there
is an increase in adsorbed amounts per unit mass of ad-
sorbent at equilibrium at high concentration levels. From the
experimental results, maximum amounts of adsorbed dye
per unit ZnF nanoparticle mass were observed at 35°C at
high dye concentrations.

When the temperature is increased more than 55°C, the
amount of adsorbed dye at equilibrium decreases due to
some changes (loss of adsorbent surface activity resulting
from temperature degradation of the adsorbent surface)
originated in the interior structure of the adsorbent and
affect the adsorption yield. This can be attributed to the loss
of activity of the adsorbent surface by temperature increase
and the degradation of some active sites on the surface by
temperature.

3.3. The Effect of Adsorbent. Table 3 shows the effect of the
adsorbent concentration on the adsorption of AB 29 by
keeping constant the solution pH value of 2.0, initial dye
concentration of 100 mg-L’l, and the temperature of 25°C,
when the adsorbent concentration are changed from 0.2 to
3.0gL7"

As seen from Table 3, the amount of adsorbed AB 29 by
the unit mass of the adsorbent decreases with the increasing
adsorbent dose. This is caused that the interaction of the
adsorbent particles and agglomeration when the adsorbent
dose is increased. From the same table, it is seen that the
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TaBLE 2: The maximum amount of dye adsorbed per unit adsorbent mass at different initial temperatures for the adsorption of the AB 29 dye

onto ZnF-based nanomaterials.

qmax (mgg_ l)

1

Co (mgL) 25°C 35°C 45°C 55°C

25 2540 24564032 24564028 24274036
50 49.5640.19 48.83 +0.49 48.2540.73 48.8340.58
75 7339+ 1.39 72.52+1.90 71.06 % 1.32 71.64+2.26
100 98.83 +0.97 9475+2.43 8921+ 1.36 92.41 +2.30
200 15422 +1.95 164.43 +2.68 163.84 42,27 150.14 + 3.44
300 196.79 + 3.86 219.53 + 6.56 195.04 + 3.22 185.13 + 2.95
400 289.21 +4.92 300.87 +9.96 271724 6.69 245.48 + 3.85
500 37172+ 1017 376.96+19.3 325.65+6.71 28542 + 3.99
750 405.97 + 6.47 557.58 + 6.21 48032+ 17.73 411.80 +20.92
1000 755.10 + 18.90 790.08 + 12.64 526.23 + 10.54 537.90 + 20.58
1500 1132.65 + 35.29 1155.97 + 37.06 931.48 + 21.62 736.15 + 23.49
2000 1489.79 + 47.06 1568.51 + 53.39 1227.40 + 49.51 976.67 + 26.48

TaBLE 3: The amount of dye adsorbed per unit mass of the ad-
sorbent and the removal values % at different adsorbent concen-
trations for adsorption of AB 29 onto ZnF-based nanomaterials.

AB 29 dye
X, (gL qq (mg-g™") Removal %
0.2 164.72+£0.34 17.99
0.5 137.01 +2.04 43.51
1.0 98.83+0.97 82.00
2.0 49.84 +0.87 97.69
3.0 33.33+0 98.53

increase of the adsorbent dose increases the adsorption yield,
and it is observed that the color removal is detected as
98.53%, when the amount of adsorbent is 3g in 1L.

3.4. Adsorption Equilibrium. In this part of the investigation,
linear regression, the best known conventional approach, is
used for the determination of the isotherm parameters. For
this purpose, Langmuir, Freundlich, and Tempkin isotherm
models using the linear transform model (LTFM) are ex-
amined. The isotherm constant values are determined from
the slope and intercept of the plots of each model equation in
linear form. The isotherm parameters for each isotherm
model are demonstrated in Table 4 [16, 17].

3.4.1. Langmuir, Freundlich, and Temkin Isotherm Models.
Langmuir, Freundlich, and Temkin isotherm model con-
stants were calculated from the plot of each model using the
linear transform model (LTFM) and the determined con-
stants and R* values are given in Table 4.

As it seen from Table 4, the R* values of Langmuir and
Frendlich Isotherm models applied to AB 29-ZnF equilib-
rium data are quite high. According to linear transform
model constants, it is determined that AB 29-ZnF adsorp-
tion equilibrium data are compatible with the Langmuir and
Freundlich isotherm model. When Temkin model regression
coeflicients are examined for the AB 29 adsorption, it is seen
that R* values are quite low, so the adsorption system seems
to be incompatible with the Temkin model.

TasLE 4: Langmuir, Freundlich, and Temkin isotherm model
constants with regression (R?) coefficient values.

Langmuir Model

T (°C) 25 35 45 55
Q (mgg™) 303.03 28571 21739 277.77
b (L-mg™") 0.4125 0.204 0.273 0.139
R? 0.841 0.956 0.901 0.946
Ry 0.023 0.046 0.035 0.066
Freundlich Model

T 25°C 35°C 45°C 55°C
1/n 0.3909 0.52 0.47 0.43
n 2.55 1.89 2.09 2.31
K¢ ((mg/g)/(L/mg)*'™) 1375625 4138.09 3057.03 3478.56
R? 0.817 0.937 0.958 0.955
Temkin Model

T 25°C 35°C 45°C 55°C
A, (L/g) 0.934 0.77 0.70 0.73
B (J/mol) 291.85 35742 27338  220.71
R? 0.469 0.566 0.603 0.669

3.5. Adsorption Kinetics. In order to investigate the kinetic
mechanism of the AB 29-ZnF-based nanoparticle adsorp-
tion system, the compatability of the experimental data
obtained at different initial dye concentrations to the
pseudo-first-order and pseudo-second-order kinetic models
was examined [18]. For this purpose, log (g4—q,) values
versus time graphs for AB 29 dye were plotted, and model
rate constants and R (regression coeflicient) values from the
linearized graph were obtained.

3.5.1. Pseudo-First-Order and Pseudo-Second-Order Kinetic
Models. The pseudo-first-order kinetic model parameters
obtained for the adsorption of the AB 29-ZnF system are
presented in Table 5 with R (regression coefficient) values.
From the table, it is seen that the conformity of theoretical
values to the experimental ones prove that the adsorption
process is not presented with the pseudo-first-order kinetic
model.

The pseudo-second-order kinetic model is used to in-
vestigate the kinetic mechanism of the AB 29-ZnF ad-
sorption system, and kinetic model rate constants and R
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TaBLE 5: Pseudo-first-order kinetic model constants and R* (regression coefficient) values for adsorption of AB 29 dye on ZnF-based

nanomaterials.

Co (mgL_l) qd,experimental qd,calculated kl (min_l) R2
25 25 14.77 0.016812 0.963
50 49.56 44.08 0.010824 0.977
75 73.39 61.91 0.006679 0.993
100 98.83 102.42 0.009212 0.991
200 154.22 149.27 0.003455 0.975
300 196.79 214.68 0.003915 0.958
400 289.21 313.40 0.002994 0.979
500 371.72 357.35 0.002533 0.988
750 405.97 363.07 0.003685 0.930
1000 755.10 889.61 0.003915 0.988
1500 1132.65 1249.97 0.002994 0.983
2000 1489.79 1842.46 0.003685 0.985

(regression coefficient) values were determined from the
graph of t/q, versus time at different AB 29 concentrations,
as presented in Table 6 [19].

The pseudo-second-order kinetic model supposed that
the rate limiting step includes chemisorption of adsorbate on
the adsorbent. From Table 6, at all concentrations, pseudo-
second-order linear regression correlation coefficients (R%)
were much higher than those of the pseudo-first-order
model, and the conformity of theoretical values with the
experimental ones prove that adsorption process cannot be
represented by the pseudo-first-order kinetic model. This
proved that the ZnF adsorption kinetics of AB 29 was not
diffusion-controlled [20].

3.6. Adsorption Thermodynamics. Thermodynamic param-
eters such as Gibbs Free energy change (AG), enthalpy
change (AH), and entropy change (AS) values were evaluated
according to the Van’t Hoft equation to investigate the effect
of temperature on the adsorption of AB 29 by ZnF-based
nanomaterials [21]. Gibbs free energy change (AG), enthalpy
change (AH), and entropy change (AS) values calculated
from thermodynamic equations are presented in Table 7.

As it seen from Table 7, the values of Gibbs free energy
change (AG), enthalpy change (AH), and entropy change
(AS) terms are negative for the AB 29-ZnF adsorption
system. This shows that the adsorption process for the AB
29-ZnF system is exothermic (AH<O0), spontaneous
(AG <0), and stabilized (AS < 0) without structural change at
the solid/liquid interface [22, 23]. Purkait et al. [24], Igbal
and Ashiq [25], and Karaoglu et al. [26] have obtained
similar thermodinamically adsorption behaviour results in
their own investigations.

3.7. Determination of Antimicrobial Effect of Adsorbent.
When the literature is reviewed, it is found that ZnF-based
nanomaterials have high antimicrobial property. This part of
the investigation is related with the determination of the
antimicrobial effect of the ZnF-based nanoadsorbent.

In this experimental part, the antimicrobial properties of
ZnF-based nanomaterials produced by the hole agar dif-
fusion method were determined by the cavity diffusion

TaBLE 6: Pseudo-second-order kinetic model constants and R*
(regression coefficient) values for adsorption of AB 29 dye on ZnF-
based nanomaterials.

CO (mgL_l) qd,experimental qd,calculated k2 (g'mg_l'min_l) R2

25 25 2512 0.006346 1.00
50 49.56 50.50 0.000736 0.999
75 73.39 7518 0.000288 0.999
100 98.83 102.04 0.000183 0.998
200 154.22 166.66 4E-05 0.998
300 196.79 212.76 2.67E-05 0.986
400 289.21 333.33 1.01E-05 0.962
500 371.72 416.66 9.52E-06 0.964
750 405.97 476.19 7E-06 0.982
1000 755.10 1000 2.18E-06 0.953
1500 1132.65 1428.57 1.93E-06 0.9538
2000 1489.79 2500 4.19E-07 0.8654

TasLE 7: Thermodynamic parameters calculated from the Van’t
Hoff equation for adsorption of AB 29 dyes on ZnF-based
nanomaterials.

T AG AH AS TAS

(K) (J-mol™) (kJ-mol™) (J-mol-K™) (J-mol™)
298 -16704.5 —75536.1
308 —13305.6 -91.96 —253.48 -78070.9
318 -11673.3 -80605.7

methodology with two different Gram-positive (Bacillus
subtilis and Enterococcus fecalis) and two Gram-negative
(Escherichia coli and Klebsiella pneumoniae) bacteria. The
inhibition areas observed as a result of the diffusion sus-
ceptibility test are presented in Table 8. The inhibition areas
observed for Bacillus subtilis, Enterococcus fecalis, Escher-
ichia coli, and Klebsiella pneumoniae bacteria with the
susceptibility test are shown in Table 8 (field area size) and in
Figure 6 (images).

From the experimental results, it can be said that ZnF-
based nanomaterials have antimicrobial property to the
antimicrobial effect of four different bacteria at various
adsorbent doses. When the experimental data was evaluated,
it was seen that the inhibition zones were observed at 25 mg/



Journal of Nanotechnology 7

TaBLE 8: The inhibition fields observed as a result of the diffusion susceptibility test.

Type of bacteria Amount of substance (mg-mL™") Inhibition field diameter (mm)
25 —
Bacillus subtilis 50 11
75 15
25 —
Enterococcus fecalis 50 13
75 18
25 14.5
Escherichia coli 50 18
75 21
25 —
Klebsiella pneumoniae 50 10
75 16.5

() (b)

(c) (d)

FIGURE 6: Determination of the antimicrobial effect of ZnF-based nanomaterials on (a) Bacillus subtilis, (b) E. fecalis, (c) E. coli, and (d) K.
Pneumoniae by the diffusion susceptibility method.

L, 50 mg/L, and 75 mg/L dosages for E. coli; at 50 mg/L and As a result of the experimental studies, ZnF-based
75 mg/L dosages for Bacillus subtilis and Enterococcus fecalis ~ nanomaterials have superior advantage of advanced anti-
bacteria; and at 75 mg/L dosage for Klebsiella pneumoniae ~ microbial property against many harmful pathogens besides
bacteremia. ecofriendly color removal [26-29].



4. Conclusion

In this investigation, the adsorption of AB 29 dye onto ZnF-
based nanomaterials was experimentally researched in a
batch system. ZnF-based nanomaterials were synthesized by
the coprecipitation method and used for the adsorption of
AB 29 dye solution. For the particle characterization, FT-IR
was used to identify functional groups in the character-
ization of the obtained nanomaterials. XRD was used for
crystal structure and phase analysis; SEM analyses were
performed for surface morphology. As a result of these
analyzes, color removal mechanism for the AB 29-ZnF
system was determined as adsorption, and the simple for-
mula of the material is detected as ZnFe,O,. From the
antimicrobial effect determination experiments for anti-
microbial effect of ZnF-based nanomaterials, it is proved
that nanomaterials have advanced antimicrobial property
for two different Gram-positive (Bacillus subtilis and En-
terococcus fecalis) and two Gram-negative (Escherichia coli
and Klebsiella pneumoniae) bacteria.

In the other part of the studies, Langmuir, Freundlich,
and Temkin isotherm models were applied to the adsorption
equilibrium data obtained at different temperatures in the
adsorption of AB 29 dye solution onto ZnF-based nano-
materials. It was observed that the equilibrium data of the
adsorption process was very compatible with the Langmuir
and Freundlich isotherm models.

In order to examine the adsorption kinetics, the kinetic
models in the literature were applied to the experimental
data for adsorption system. The adsorption data results
indicated that the pseudo-second-order kinetic model fitted
well the adsorption data of AB 29 onto the ZnF nano-
particles, and it was concluded that the rate limiting step
would be chemisorption.

Thermodynamic parameters such as Gibbs free energy
change (AG), enthalpy change (AH), and entropy change
(AS) were calculated according to the Van’t Hoff equation
with the help of data obtained at different temperatures.
According to experimental results, the AB 29-ZnF system is
exothermic (AH <0), spontaneous (AG <0), and stabilized
(AS<0) without structural change at the solid/liquid
interface.

As a result of the experimental investigation carried out,
ZnF-based nanomaterials have superior advantages such as
environmental friendliness, antimicrobial character against
many harmful pathogens, and simplicity of the synthesis
procedure.

In this research, removal of single pollutant (AB 29 textile
dye) from synthetically prepared wastewater was investigated
by using a novel adsorbent (ZnFe,0,). However, many dif-
terent pollutants (heavy metals, phenol, phosphorus, oil, etc.)
can be found together in domestic or industrial wastewater at
the same time. Thus, taking into account the effects of more
than one pollutant, large scale experimental studies for
treatment of actual wastewater systems can be achieved. In
addition, this study can be proceeded with the help of using a
continuous system or more than one reactor to serve the
purpose for the high dye removal percentages and reduction
of equilibrium time.
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