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The cobalt-zinc ferrites Zn1.xCoxFe204 (Where x=0; 0.2; 0.4; 0.6; 0.8; 1.0) were obtained by green synthesis
using Ginkgo Biloba extract as reductant and fuel. The cation distribution of the spinel ferrites has been
investigated by means of X-ray diffraction and Mossbauer spectroscopy. The surface morphology and elemental
composition were analyzed by SEM and EDS. The crystallite size decrease with increasing Co?* content
calculated from S cherrer equation and Williamson-Hall method. Adsorption properties of the spinel system were
investigated using Congo Red (CR) dye as model pollutant. It is concluded that the adsorption of Congo red dye
molecules can occur due to electrostatic and donor-acceptor interactions with the adsorbent surface containing

various amount of active centers.
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Introduction

Currently, nanoparticles attract great interest due to
their unique magnetic [1,2], optical [3], electrical [3],
adsorption and catalytic [4]properties. The latest
technologies are focused on the use of cheap, eco-
friendly effective materials. Spinel nanoparticles may
exhibit different sizes depending on synthesis method.
Also, they can be used as adsorbents, pigments[5],
catalysts[6], [7] and refractory materials. In order to
synthesize spinels with high surface area and useful
properties, different wet chemistry techniques have been
attempted such as co-precipitation [8-10], hydrothermal
method[4,6,11,12], sol-gel method [13-16],
sonochemical method[6], ultrasound irradiation etc.
Usually, different fuel agents are used such as citric acid,
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benzyl alcohol, polyvinyl alcohol, ethylene glycol [17—
20], which act as ligands and reactants during the
synthesis for sol-gel synthesis of spinel NPs.

Green chemistry is considered as one of the
promising techniques applied for nanoparticles synthesis
and involves the using of the non-toxic plant extracts as
effective reducing agent. To the best authors knowledge,
although the plant extracts has been used to prepare Ag-
NPs [21], Au-NPs [22] and spinel oxides [23]: NiFe,O4
[24], CuFe204[25], CoFe,04[26,27]etc.

Ginkgo Biloba is one of the green sources of
reductants [28]. The leaves of Ginkgo Biloba have a rich
chemical composition. The leaf contains ginkgetin,
campferol, quercetin, bilobetin and several other
flavonoids; nonacosane, hexacosanol, amentoflavone,
pinite; shikimova, quinine, linolenic and hydro-ginkolova
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acids; terpenes, catechins, lactones, starch, wax,
pentosan, mannan, fS-sitosterol, essential and fatty
oils[29].

The goal of this work is to synthesize magnetic Zn-
doped cobalt ferrites with the general formula of Coi-
xZNxFe204 (0<x<1.0 with step 0.2) using Ginkgo Biloba
leafs extract as eco-friendly fuel agent. Cobalt-zinc
ferrite nanoparticles could be used for magnetic
hyperthermia application, as carriers for drug delivery
and as magnetic adsorbents. The aim of this work is also
to establish the nature of the interaction of the cobalt-zinc
ferrite surface with Congo Red dye molecules, as well as
to determine the adsorption capacity of the spinel
magnetic adsorbents.

I. Experimental

1.1. Green synthesis

1.1.1. Preparation of Ginkgo Biloba leaves extract

The Ginkgo Biloba leaves extract was used as
“green” reductant. For the preparation of extract, the
fresh leaves were boiled with of distilled water (1:2) for
10 minutes and kept out for 24 hours. The filtered extract
is stored in a refrigerator at 4-6°C.

1.1.2. Synthesis of Co1xZnxFe204 NPs

Zn-doped cobalt ferrites were prepared by using sol-
gel autocombustion from two types of Me?*-containing
salts: Co(CH3CO0),-4H,0 and Zn(NOs)2'6H20. As
source of ferric ions the iron nitrate Fe(NO3z)s-9H>0 and
Ginkgo biloba leaf extract as an effective reducing agent
were used. The chemical reactions during the synthesis
can be described as follow:

(1 - x)Co(CH3€00), - 4H,0 + xZn(NO,), - 6H,0 + 2Fe(NO,), - 9H,0
= EDI_IZTIIFQE Lr-,"é + ;nirzl_r:' + EGE + 19H2|5|

Initially, the mixture of metal salts was dissolved in
50 ml of distilled water. The solutions have been then
mixed for 30 min at a temperature of 45°C. 50 ml of the
Ginkgo leaves extract was added to solution as
ecofriendly fuel agent. The resulting mixture was stirred
at constant temperature for 30 min. The obtained
products were grinded in an agate mortar to obtain fine
powders for further characterizations.

1.2 Characterization techniques

1.2.1. XRD

The powder cobalt-zinc ferrite samples were
thoroughly ground in an agate mortar. The powders were
applied in even layers on a cuvette with vaseline oil.
Experimental intensities and reflection angles were
obtained on an automatic diffractometer DRON-2.0M
(FeKq-radiation (Mn filter), angle range 20.00 < 26 <
130.00°, scanning step is 0.05°; scan time 3 sec/step).
The analysis of experimental diffraction patterns and
calculations of unit cell parameters were performed using
the softwares STOE WinXPOW and PowderCell
respectively. The crystal structures was specified by the
Rietveld method.

1.2.2. Méssbauer Spectroscopy

Mossbauer spectra were obtained on MS1104Em
spectrometer with moving absorber using 5Co(Cr)
radiation source, the isomeric shift calibrated accordingly
to a-Fe. The velocity resolution was about 0.008 mm/s
per channel. The obtained signal-to-noise ratios were
higher of 31. The Md&sshauer spectra were measured at
room temperature in transmission geometry.

1.2.3. IR-spectroscopy

Infrared spectra were recorded with a Specord M80
(Carl Zeiss, Germany) spectrophotometer in the range
400-4000 cm™ (transmission mode). The samples were
grinded with KBr in the 1:100 ratio and pressed into
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pellets.

1.2.4. Scanning electron microscopy and energy-
dispersive spectroscopy

Surface morphology of the samples was studied with
a REMMA-102-02 scanning electron microscope (JCS
SELMI, Ukraine) with an attachment for energy-
dispersive analysis (EDS). The accelerating voltage is
approximately 20.00kV.

1.3. Adsorption experiments

The adsorption studies were performed in batch
mode. The Congo red dye has been chosen as model dye
(Fig. 1) in order to study the adsorption properties of
ferrites. 20mg of the adsorbent was inserted in 20 ¢cm? of
a dye solution with a certain concentration (10; 20; 50;
75; 100 mg/L).The mixture was shaken at 25°C and left
for 24 hours to establish adsorption equilibrium. The
adsorbent were removed using a magnet. The
equilibrium concentrations C. of the dye in the solutions
were measured by spectrophotometric method using
ULAB-102UV spectrophotometer at a wavelength A =
510 nm and were determined using the calibration
equation. The adsorption capacity (mg/g) was calculated
using follow equation:

_ [CD — qu) =V
Hods m

where V is the volume of the solution, L; m is the
adsorbent mass, mg; Ce is an equilibrium concentration
of CR dye in the solution, mg/L; Co is initial
concentration of the CR dye in the solution, mg/L. The
dye removal (in%) was calculated by the formula:
Removal (%) = [(Co — Ce)/Co] * 100%
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Fig. 1. Chemical structure of azo dye Congo Red
(sodium salt of 3,3'-([1,1-biphenyl]-4,4’-diyl)bis(4-
aminonaphthalene-1-sulfonic acid) (IUPAC name:
disodium 4-amino-3-[4-[4-(1-amino-4-sulfonato-
naphthalen-2-yl)diazenylphenyl]phenyl]diazenyl-
naphthalene-1-sulfonate; chemical formula is
Ca2H22N6Na206S2; molar mass is 696.665 g/mole).

I1. Results and Discussion

2.1. XRD analysis

Spinel structure of synthesized cobalt-zinc ferrites
ferrites has been confirmed by X-ray analysis (Fig.2) and
Rietveld refinement (Fig.3). All cobalt-zinc ferrites are
single-phase samples (space group Fd3m). It was
calculated that the crystallites sizes are in the nanometer
range: from 48 nm for cobalt ferrite to 72 nm for zinc
ferrite. The increase in Zn content leads to the increase in
crystallite sizes. This agrees well with the width of the
peaks (Fig. 2). The crystallite size of NPs is obtained

from Scherrer formula:
_0E4a

N fiypeos@’
where D is average crystallite size; P12 — line broadening
(in radians); 8 — the angle of (311) peak maximum;
2=0.1936 nm.
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Fig 2. X-ray diffraction patternsofCo;_xZnyFe;Os
NPs, obtained using Ginkgo Biloba extract.

The calculated crystal parameters (lattice parameter,
cell volume, crystallite sizes) and refinement results
(reliability factors R, and Rwe) of the spinel Coi-
xZnxFe»04 ferrites, obtained using Ginkgo Biloba extract,
are presented in Table 1. It is clear that Zn doping
increases the lattice parameter from 8.358 A for CoFe;04
to 8.4343 A for ZnFe,O4. The same tendency is observed
for cell volume: 584.1 A% for CoFe,0O4 to 599.99 A3 for
ZnFe;04. The crystallite sizes are increased from 48 A
for CoFe;04 to 72 A for ZnFe,04.

The refining results of the spinel structure for the
Co1xZnyFe;04 samples, obtained using Ginkgo Biloba
extract are collected in Table 2. It can be seen that Zn
ions placed in tetrahedral positions of the cubic spinel
structure, while Co and Fe ions are distributed between
the tetrahedral and octahedral positions of the cubic
spinel structure. The Rietveld refinement for Coi-
xZnxFe204 nanoparticles is depicted in Fig. 3. All ferrite
samples are single phase and there are no other
impurities.

The cation-anion and cation-cation bond lengths had
calculated from using the experimental values of lattice
constant and oxygen parameter (Table 3) [27,30].The
cation-anion and cation-cation bond lengths for Coi-
xZnyFe;04 nanoparticles are presented in Table 4. It can
be seen that Zn ions effect the bond lengths in cobalt
ferrite resulting in properties changes.

2.2. Mossbauer spectroscopy

Mosshauer spectra for samples of CoixZnxFe204
with x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 are shown in Fig
5. . The spectra show evolution transformation from
partially ordered to paramagnetic spin state with an
increase in Zn ions concentration. The spectra for x = 0.0
show both ordered and paramagnetic behavior at room
temperature.
The spectra for for x = 0.2 shows a doublet and a broad
sextet too which is attributed to partially unblocked
particles in the state between ferrimagnetic and
superparamagnetic. Spectra for x =0.4 demonstrate
residual spin relation (background rising) while those
forx =06, 0.8 and 1.0 shows only paramagnetic
behavior. The observation of transition from ordered to
paramagnetic spin state is determined by the ratio
between the Neel relaxation time tn of magnetic moment

Table 1.

Crystal parameters (lattice parameter a, cell volume V, crystallite size D) and refinement results (reliability factors
R and Rwe) of the spinel structure for the Co1xZnxFe;O4 samples, obtained using Ginkgo Biloba extract.

Reliabilit
X Sample a, A Vv, A3 factors y D, A
formula ’ ’
R Rwp

x=0 CoFe,04 8.359(2) 584.1(3) 0.0223 | 0.0292 48
x=0.2 Coo.8ZnooFe,04 | 8.3629(17) 584.9(2) 0.0155 0.0271 52
x=04 | CopsZnosFe,0, | 8.3646(16) | 585.25(20) | 0.0171 0.0263 55
x=0.6 Coo.4ZnosFe,04 | 8.3807(16) 588.64(20) 0.0219 0.0298 60
x=0.8 Coo.2ZnosFe,04 | 8.4018(14) 593.09(17) 0.0242 0.0307 69
x=1 ZnFe;04 8.4343(12) 599.99(15) 0.0131 0.0323 72
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Table 2.
The refining results of the spinel structure (space group Fd3m, Pearson symbol cF56, Z=8) for the Co1_xZnxFe;04
samples, obtained using Ginkgo Biloba extract: atoms coordinates (xyz), parameters of atomic displacement in
isotropic approximation (thermal parameters, Bis,) and position filling factors G ("VA — cations in tetrahedral
positions of the cubic spinel structure, V'B — cations in octahedral positions of the cubic spinel structure).

Sample Atoms | Position | x=y=z Biso, A2 G
VA 8a 0.125 1.17(13) 0.72(2)Fe + 0.28(2)Co
CoFe,0, vig 16d 0.5 1.00(11) 0.639(12)Fe + 0.361(12)Co
0 3% | 02508(6) | 0.98(18) 1
VA 8a 0.125 1.02(8) 0.71(4)Fe + 0.09(4)Co + 0.2Zn
C008ZNosFe:04 vig 16d 05 1.08(7) 0.65(2)Fe + 0.35(2)Co
0 32 | 02546(4) | 1.06(14) 1
VA 8a 0.125 1.10(7) 0.57(4)Fe + 0.03(4)Co + 0.4Zn
C006ZN04Fe:0; vig 16d 0.5 0.99(7) 0.72(2)Fe + 0.28(2)Co
0 3% | 02550(4) | 0.86(13) 1
VA 8a 0.125 1.09(8) 0.32(6)Fe + 0.08(6)Co + 0.62n
C00.4ZN06Fe204 vig 16d 0.5 0.94(9) 0.84(3)Fe + 0.16(3)Co
o 32 | 02544(5) | 0.57(16) 1
VA 8a 0.125 1.24(8) 0.15(6)Fe + 0.05(6)Co + 0.8Zn
C00.2ZNogFe:04 vig 16d 05 0.92(9) 0.93(3)Fe + 0.07(3)Co
0 3¢ | 02534(6) | 0.98(17) 1
VA 8a 0.125 1.12(9) 1
ZnFe;0; vig 16d 0.5 1.00(10) 1
0 3% | 02536(8) | 0.62(19) 1
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Fig.3. The Rietveld refinement for Cos1_xZnxFe,O4 nanoparticles.
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Table 3.
The formulas used forcation-anion and cation-cation bond lengths calculations.
Me-O: Me-Me:
5 —
p:u(ﬁ—uj b=m2(4—)
— 1 73
q:a*\-ﬂ(’u—z] c—*-.-ll{ﬁ)
— 1 —
?‘:aﬂ.‘ll(ﬂ—;) d—*-.l3(3)
— /3
3(5+3) = 3(5)
5= av 3 + P
—
f=-o (3)
Table 4.
The cation-anion and cation-cation bond lengths for Coy xZnxFe;O04 NPs.

Parameter x=0 x=0.2 x=0.4 x=0.6 x=0.8 x=1
u 0.3758 0.3796 0.38 0.3794 0.3784 0.3786
p 2.083 2.052 2.049 2.058 2.071 2.078
q 1.821 1.877 1.883 1.878 1.868 1.878
r 3.487 3.504 3.606 3.596 3.577 3.597
S 3.623 3.643 3.646 3.65 3.655 3.67
b 2.955 2.956 2.957 2.963 2.97 2,982
c 3.465 3.467 3.467 3.474 3.483 3.497
d 3.62 3.621 3.622 3.629 3.638 3.652
e 5.429 5.432 5.433 5.443 5.457 5.478
f 5.119 5.121 5.122 5.132 5.145 5.165

of monodomain nanoparticles and the measurement time
. In a case of Mossbauer spectroscopy method
m=141.8 ns as a lifetime of >’Fe nucleus excited state.

Ferrite nanoparticles will be observed at the condition

T L
N <1. The Neel time is calculated as

Tm
KV
Ty =7, exp(L],
KT

where 1o is the characteristic of a material, Ket is a
effective magnetocrystalline anisotropy constant, V is a
volume of a nanoparticle, T is a temperature, so the
particles size decreasing of ferrite with permanent
composition  typically leads to  observation
superparamagnetic relaxation of its Mossbauer spectra.
However in our case of materials of variable composition
the decreasing of the effective anisotropy constant with
growth of Zn ions relative content has a greater impact
respectively to observed simultaneous particle size
increase. The decreasing of a particle size leads to
changes of magnetocrystalline anisotropy constant due to
cation redistribution with the strong effects of spin
canting degree [31].

Magnetocrystalline anisotropy of a mixed ferrite
(Zn?*,Co%", Fe3*)[Co?*4Fe®e]O4 (a+h+d=1; c+e=2) can
be calculated as a linear combination of contribution of

the magnetocrystalline anisotropy component of the all
cations occupied tetrahedral and octahedral sites of spinel
structure:

A A A B B
Ky =aK,, +bKg, + Ky +dKg, +eKp,

Kl I .
where ' —is the contribution of the magnetocrystalline
anisotropy of the i ion on the j site [32]. Accrordingly to
data presented in [32] the values for the anisotropy
contributions for of mixed Co-Zn ferrite particles are:

Ks =0
A _ 105 J
K& =7.66-10 A]S,
A__ 108 J
KA =-1.18-10 %n“

B = . 6‘]
K2 =1.07-10 /3,
B: . 5‘]
K2 =1.78-10 /3

The calculated using this approach values of
magnetocrystalline anisotropy re shown in Table 5.
Magnetocrystalline anisotropy of non-substituted
CoFe;04 varied dependently to material stoichiometry in
a range from 2.1-10° to 3.9-10° J/m? at 300 K [33] so the
obtained value of Kef=3.63-10°J/m3 is very realistic.
The surface anisotropy formed by a disordered
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Table 5.
The values for the anisotropy contributions for Co1 xZnyxFe,04 NPs.
Sample Cation distribution Kesr
CoFe204 (Co% .28 Fe**072)[CO?*0.72F€%"1 28] Os 3.63-10°
C00.8ZNng.2Fe204 (Zn?*0.18C0%* 000 F3*0.73)[ ZN?*0.02C0%*0.70FE%*1.25] O 2.12-10°
C00.6ZNn0.4Fe204 (Zn?*0.51C0%* 0.0 Fe3*0.66)[ ZN?*0.00C0%*0.56F%*1.35]O4 2.06-10°
C00.4ZNn0 6Fe204 (Zn?*0.35C0% 0 08 FE3*0.53)[ ZN?*0.21C0%*0 32FE3*1.47] O 3.99-10*
C00.2ZnogFe204 (Zn?*0.56C0%*0.05F€%0.30)[ ZN?*0.24C0% 0 14F€%* 1 62] O4 1.63-104
ZnFe;04 (Zn?*0.74F€%*0.26)[ ZN?*0 26F€3*1.74] Oa 2.92.108
surface spins layer and also interparticle interactions ook — ; -
between neighbouring nanoparticles increase the Keff P "“’&'\ ﬁ#"‘"wi
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Fig.5. Mossbauer spectra of Co1xZnxFe;O4 NPs,
synthesized using Ginkgo Biloba extract.
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2.3. Scanning Electron Microscopy (SEM)

SEM images of Co1xZnxFe;04 (0 < x < 1.0 with step
0.2) samples are presented in Fig.6. Samples with
X(Zn)=0 to x(Zn)=0.2 are more porous than samples with
X(Zn) from 0.4 to 1.0.The particles agglomerates are
mostly spherical. The surface of the samples with x(Zn)

from 0.6 to 1.0 reveal strong tendency to agglomerations.
Energy dispersive spectroscopy (EDS) spectra of
samples confirm the presence of O, Fe Co and Zn
elements (Table 6). The elemental composition of all
samples is correlated to the stoichiometric theoretical
composition of cobalt-zinc ferrites.

Ez=a|

20.00kV x5.00k

Table 6.
Chemical composition of Coi xZnxFe;O4 NPs due to EDS data.
Sample Element at. % wt. %
0 57.17 27.57
CoFe204 Fe 28.68 49.94
Co 14.15 22.49
] 57.07 27.04
Fe 28.26 46.74
Zno.2C00.8Fe204 Co 1154 2015
Zn 3.13 6.07
0] 57.08 26.92
Fe 28.33 46.64
Zn0.4C00.6Fe204 Co 88 15.29
Zn 5.79 11.15
0] 57.07 26.71
Fe 28.28 46.13
Zn0.6C00.4Fe204 Co 562 9.02
Zn 9.03 18.12
0] 57.09 26.6
Fe 28.35 46.09
ZnosC0o.2Fe204 Co 597 381
Zn 12.34 23.49
0] 57.05 26.44
ZnFe204 Fe 28.20 45.63
Zn 14.74 27.93
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2.4. IR spectroscopy

IR spectra of synthesized sample shown the presence
of spinel structure (Fig.7). The two bands of the
absorption peaks prove the formation of spinel structure.
The band at 416-360 cm™ is characteristic to the M-O
vibration of ions located in octahedral sites. The strong
band at 552-604 cm™! is characteristic to vibration of M-
O ions located in tetrahedral sites. The peak in the 1120
cm! shows the presence of deformation vibrations of
organic -CH group, derivated from green extract used
for spinels synthesis.

1120

[
N
i

416

X(Zn)=0.6
X(Zn)=0.4
X(Zn)=0.2

X(Zn)=0

transmittance A.U

3800 3300 2800 2300 1800 1300 800 300

wavenumber (cm™?)

Fig.7. The FT-IR of

Co1xZnxFe-0ssamples.

spectra spinel

2.5. Adsorption properties

The obtained ferrites were examined as magnetic
adsorbents using Congo Red (CR) dye as model pollutant
(Fig.8). The main factors affecting the adsorption of dye
molecules are the solution pH, the molecules structure
and the nature of the active surface centers. The
efficiency of CR dye adsorption increased with zinc
content increasing from x(Zn)=0 to x(Zn)=0.4. The
sample CogsZno4Fe,04 demonstrate the best adsorption
properties towards CR removal (qags= 53.08 mg/g). The
obtained adsorption isotherms were analyzed using
Langmuir and Freundlich models (Fig.9).
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Fig. 8. Isotherms of the Congo Red dye adsorption
from the aqueous solutions using cobalt-zinc ferrites.

Langmuir model describe adsorption processes on
the adsorbent [4]. According to this theory, adsorption
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takes place at specific homogeneous sites inside the
adsorbent. These sites are called active centers. After the
dye molecule moves deeper into the adsorbent, the
adsorption takes place at the active centers of the
adsorbent [36]. According to the Langmuir model, the
adsorption is carried out with the participation of
adsorption centers on the surface; those centers interact
only with one molecule of the absorbate and, as a result,
form a monomolecular layer. The eq. (1) describes the
linear expression of the Langmuir isotherm:

(ﬁ} C.+

where ¢ is the amount of adsorbed Congo red dye per 1
g of adsorbent at equilibrium adsorption (mg/g); Qmax IS
the maximum adsorption capacityof the monolayer at
saturation (mg/g); Ce is the Congo red dye concentration
at equilibrium point (mg/L); K. is a Langmuir
equilibrium constant that takes into account all
interactions in the solution (L/mg). Thus, a plot of C¢/ge
vs. Cegives the magnitudes of qm and K. The calculated
results are presented in Table 8.A separation factor R_
has been calculated from eq. (2):

C

=

Qe

1

@)

Qmex KL

1
14H G,

L )
where K. (L/mg) is the Langmuir constant, C, (mg/L) is
the initial Congo red dye amount. The separation factor
Rc gives us the information about adsorption: linear (R
= 1), unfavorable (R.> I), favorable (0 < R < 1), or
irreversible (R = 0). It was concluded (Table S1) that 0
< Ri< 1, what means the samples are favorable for
Congo red dye adsorption.

The Freundlich equilibrium isotherm was also used
to describe adsorption processes on our experimental
samples. The Freundlich theory describes adsorption
processes with a uniform energy distribution of
heterogeneous surface. The application of the Freundlich
equation suggests that adsorption energy exponentially
decreases on completion of the adsorption centers of an
adsorbent. The linear form of Freundlich theory can be
represented as follows:

logg, = %logCE +log K- ©))
where Kgis Freundlich constant;1/n
indicating the
interaction [4].

Linearized adsorption isotherms of Congo red dye on
the cobalt-zinc ferrites surface are shown in Fig. 9a and
9b. The comparison of the determination coefficients
concludes that the linear equations obtained by the
Langmuir model are characterized by higher R2 values.
The calculated values of the constants of the Langmuir
and Freundlich equations for the adsorption isotherms of

Congo red dye on six ferrite samples are given in
Table 8.

isa parameter,
intensity of the adsorbent-adsorbate
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Table 7.
IR absorption bands of Coi_xZnxFe;Ossamples.
Parameters X(Zn)=0 X(Zn)=0.2 X(Zn)=0.4 X(Zn)=0.6 | x(Zn)=0.8 x(Zn)=1
vr, cm? 604 600 604 580 568 552
vo, cm' 360 368 368 356 432 416
1.4 184 i
Langmuir Freundlich
1.2 model model
1.6 4
1.0
308 S, 49
= £
_C_)fy 0.6 1 £ 1.2 5 x(Zn)=0
2 * X(Zn)=0.2
© 0.4 E) 4 x(Zn)=04
1.04 v x(Zn)=06
| x(Zn)=0.8
02 x(Zn)=1.0
0.0 0.8
(IJ 1IO 2|0 3|0 4|0 5|0 GIO -1.0 05 00 05 10 15 20
C, (mg/L) log C, (mg/L)
Fig. 9. Linearized adsorption isotherms of Congo red dye on the cobalt-zinc ferrites surface according to
Langmuir and Freundlich models.
Table 8.
The parameters of Langmuir and Freundlich adsorption models.
Adsorption model
Sample r(]iex/p, Langmuir Freundlich
g g RL KL qmax R2 KF n R2
CoFe204 45.7 0.09 0.099 55.87 0.985 6.9 1.92 0.985
Co00.8ZNn0.2Fe204 46.5 0.05 0.197 52.4 0.996 9.4 211 0.996
Co00.6ZN0.4Fe204 53.08 0.03 0.377 56.82 0.997 14.7 2.53 0.997
Co00.4Zn0.6Fe204 453 0.07 0.132 53.19 0.990 7.9 2.04 0.990
C00.2ZN0.sFe204 41.2 0.07 0.135 47.17 0.992 7.7 2.2 0.992
ZnFe204 48.8 0.04 0.274 52.63 0.999 11.6 2.35 0.999

From the Table 8 it follows that the Langmuir
constant K. increases with the Zn content increasing. The
Langmuir constant characterizes the energy of the
interaction of adsorbate with the adsorbent. The stronger
this interaction, the greater the value of the adsorption
constant. The Langmuir constant K. is highest for the
CoosZnosFe,0s  sample and  lowest for  the
Coo.4ZnoeFe;04 and Coo2ZnosFe,04 samples. It is seen
that the incorporation of Zn in cobalt ferrite also leads to
an increase in the interaction of CR dye molecules with
the adsorbent surface untill x(Zn)=0.4. Consequently, the
energy of interaction between CR dye and the adsorbent
surface firstlyincreases when Zn content increases. From
the data of Table 8 it follows that the Freundlich constant
Kk is highest for the CogsZno4Fe.04 sample and lowest
for the CoFe,O4 sample. The increase in Zn content leads
to an increase in the interaction of CR dye molecules
with the adsorbents surface. For samples C0o.4Zng.sFe204
and Cog2ZnogFe;,04 the Ke values are comparable. The
Freundlich model is used to describe adsorption on non-
uniform surfaces. According to this model, the
adsorption centers have different energies, and the

binding of Congo red dye molecules with of the most
active adsorption centers with the maximum adsorption
energy onto ferrite surface occurs first of all. The
applicability of the Freundlich model to the description
of the Congo red dye adsorption may indicate the
inhomogeneity of the adsorbents surface. There are
active surface centers with different adsorption energy
and the adsorption of CR dye molecules going unevenly.

Taking into account the CR dye molecular structure
it could be concluded that the adsorption of CR dye
occurs on the active surface centers of the adsorbents,
charged positively. The interaction between positively
charged active centers and the surface of the adsorbent
proceeds according to the donor-acceptor mechanism.
We assume that the ferric ions Fej, placed in the
tetrahedral sites of spinel structure, are the positively
charged active centers according to the antistructure
modeling. The percentage of Congo red dye removal
from water solutions by cobalt-zinc ferrites presented in
Fig. 10.
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Fig. 10. Removal of Congo red dye from water solutions
by cobalt-zinc ferrites.
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Conclusions

Cobalt ferrite nanopowders were successfully
synthesized by means of the green method, using Ginkgo
biloba leaf extract as a eco-friendly fuel agent and
reductant. The spinel structure was studied by the X-ray
analysis and confirmed by the Mossbauer spectroscopy.
Structural characteristics of adsorbents have been
determined. The surface morphology were characterized
by SEM, which revealed a homogenous
microstructure.The elemental composition were analyzed
by EDS.Adsorption properties of cobalt-zinc ferrites
were investigated using Congo Red dye as model
pollutant. The adsorption isotherms were obtained in the
batch mode. The adsorption isotherms were fitted by

X(Zn)=0.6 Wx(Zn)=0.8 Wx(Zn)=1

using Langmuir and Freundlich models. It is shown that
an increase in the zinc content leads to anincrease in the
adsorption of the CR dye up to x(Zn)=0.4. The
Co00.6Zn0.4Fe204sample with demonstrated the best
adsorption activity. The changes in adsorption capacities
could be associated with changes in the number of active
surface centers with which the CR dye molecules could
interact.
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Zn-3amimeni HaHoyacTunku CoFe;04, cuHTE30BaHIi 3 BHKOPHCTAHHAM
excrpakry I'inkro biiodu: kaTioHHUI po3moaiji, MeccOayepiBChbKi
AOCJIII7KEHHS Ta 3aCTOCYBAHHS AJIs1 OYUIICHHS BOAH
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Kobanbr-nmHkoBi ¢epurn ckmaxy ZnixCoxFe204 (me x=0; 0,2; 0,4; 0,6; 0,8; 1,0) orpumano MeTomom
«3€JICHOTO CHHTE3y» 3 BHKOPHCTAHHSAM eKCTpakTy Jsucts [inkro binoOu sk BinHOBHHMKa. Meromamu X-
MPOMEHEBOI MUdpakiii Ta MeccOayepiBChKOI CIEKTPOCKOMIT MOCTIIKEHO PO3MOIiN KATIOHIB MIMIHETbHUX
(epuTtiB. Mopdooriro moBepxHi Ta €IEMEHTHHI CKIaj mpoaHanizoBaHo 3a qornomororo CEM Ta EJIC. Poswmip
KpHCTaNiTiB, po3paxoBaHuii 3a Qopmynoto Illeppepa Ta Meromom Binmbsmcona-Xoima, 3MEHIIYETBCS i3
30inpmeHHsM BMicTy Co2+. AxcopOuiiiHi BIaCTHBOCTI MIMIHETFHUX HAHOYACTHHOK JTOCIIHKEHO TI0 BiIHOLICHHIO
1o 6apBHEKa KOHTO 4epBOHOTO SIK MOJENBHOTO 3a0pynHIOBada. BeTtaHoBIEHO, M0 ancopOris MoNeKyl GapBHIKA
Konro gepBoHOro MOKe BimOyBaThCs 3a PaxyHOK EJNEKTPOCTATHYHOI Ta IOHOPHO-aKLENTOPHOI B3aeMOIIl 3
MTOBEPXHEIO aICOPOCHTY, IKa MICTHTH Pi3HY KiJIbKICTh AKTUBHHX LIEHTPIB.

Kiwuogi ciioBa: k06anbToBHIA (epuT; IIMIHEb; 3eJICHUI CHHTE3; acOPOIIist; GapBHHUK.
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