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ZnFe2O4 Nanoparticles were synthesized using a Co-precipitation method and impregnating ZnFe2O4 
Nanoparticles onto polyaniline (PANI) by in-situ polymerization under ultrasonic fields. Used X-ray 
diffraction (XRD), Field Emission Scanning Electron Microscope (FE-SEM), Vibrating-Sample 
Magnetometer (VSM), Surface area analysis (BET, BJH), Fourier Transform Infrared Spectroscopy (FT-IR), 
Atomic Force Microscope (AFM), and Thermal Gravimetric Analysis (TGA) were used to characterize the 
magnetic nanocomposite of (PANI-ZnFe2O4). The FTIR Spectroscopy exhibits the emergence and shifts 
in the main bands and average crystal sizes of nanocomposite materials (26.39 nm) for PANI-ZnFe2O4 
are different from ZnFe2O4. Additionally, The ZnFe2O4 Nanoparticles are homogeneously dispersed 
throughout the PANI matrix, according to the AFM and FE-SEM images. The thermodynamic study 
concluded that the adsorption of both dyes was spontaneous in nature and exothermic. The adsorption 
pursued pseudo-second-order kinetics. In addition, the isotherm models Freundlich, Langmuir, and 
Timken were used to model the experimental adsorption data. To match the experimental isotherm, the 
Langmuir isotherm was employed. 
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Pollutants are one of the most important issues facing the 
world. Pollution has risen significantly in recent years, 
reaching frightening levels in terms of its effects on living 
things [1]. Environmental contaminants have been 
generated as a result of increased demand for rapid 
urbanization and shifting consumer habits, as well as 
unrestricted population expansion, rapid socioeconomic 
development, and changes in energy sources, medicine, 
agriculture, and chemical industries. These pollutants are 
released into the atmosphere, water, and soil, causing 
harm to humans, plants, animals, and microbes [2]. 
Colored effluents from a variety of industries, including 
textiles, cosmetics, paper, laundry, leather, printing, food 
and beverage, pharmaceuticals, and carpet, are 
extremely toxic and pose a significant threat to aquatic 
ecology, and human health [3]. Around 10,000 types of 

synthetic and natural dyes are generated annually around 
the world, weighing roughly 7105-1106 tonnes, and a 
large proportion of dye is wasted during industrialization 
[4]. In addition, during the textile coloring process, a large 
number of chemicals and dyestuffs go wasted, and the 
excess dye liquid is released into the environment. Due to 
its low adsorption capacity, it is estimated that the dyed 
textile material may absorb roughly 80% of the dyes and 
compounds from the dye liquor [5]. 
To reduce the environmental impact of synthetic dyes, a 
variety of methods for removing them from water and 
wastewater have been developed. Adsorption is a well-
known method around the world. Water purification 
using low-cost adsorbents is a practical method. Besides, 
adsorption has an advantage over other methods since it 
is a sludge-free, clean method that removes dyes fully 
even from diluted solutions [6]. Because of their high 
surface to volume ratio, superparamagnetic 
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characteristics, and nanoscale size, a wide range of 
nanomaterials, including ferrite spinels, are being 
employed for a variety of applications such as water and 
wastewater treatment. Because agglomeration is a major 
issue with nanomaterials, polymer nanocomposites are 
widely utilized as adsorbents for dye removal. Polymer 
systems are inherently non-magnetic, but the 
impregnation of magnetic ferrite into the polymer matrix 
adds magnetic characteristics and significantly improves 
physical qualities [7]. As a result, PANI is commonly used 
to remove dyes from pollutant wastewater. 

 

Materials 

All chemicals and reagents, including aniline (which was 
distilled before it was used), hydrochloric acid (HCl), ferric 
chloride (FeCl3), zinc chloride (ZnCl2), ammonium hydroxide 
solution (NH4OH), ammonium peroxodisulphate 
((NH4)2S2O8), orange G (OG) dye with following information 
(molecular weight: 452.4 g/mol, empirical formula: 
C16H10N2Na2O7S2), malachite green (MG) dye with 
following information (molecular weight: 364.911 g/mol, 
empirical formula: C23H25ClN2) were obtained from Sigma-
Aldrich (USA). 

Preparation of Zinc Ferrite (ZnFe2O4) 
nanoparticles 

Spinel ferrite ZnFe2O4 was synthesized by the method of 
Co-precipitation. Firstly FeCl3 (6.49 g, 0.04 mol) solution 
was mixed with ZnCl2 (2.726 g, 0.02 mol) solution under 
vigorous stirrer for 25 min at 70oC. Secondly, ammonium 
solution (2M) was dropped wise to the mixture under 
ultrasound waves (energy 350 w, 40 kHz) until reached PH 
(10) and formed a brown colloidal solution. The brown 
precipitate was separated by centrifuge, then washed 
several times with hot water. Finally, ZnFe2O4 precipitate 
was dried by oven at 80oC overnight and then dried 
ZnFe2O4 calcinated at 600 °C for 3hrs [8]. 

Preparation of PANI-ZnFe2O4 nanocomposite 

Preparation of the PANI-ZnFe2O4 nanocomposite with a 
ratio of (9:1) by in situ oxidative polymerization. Firstly, 
(0.113) g of Zinc ferrite and (1) ml of aniline monomer are 
added to (100) ml of (0.11) M HCl solution under 
ultrasound waves (energy 350w, 40 kHz) for 30 min to 
obtain a homogeneous dispersion. Secondly, the 
prepared mixture is placed ice bath under ultrasound 
waves and added (2.51) g ammonium persulfate solution 
was dropped wise for 1 hr. After that, mixture is left until 
the polymerization process is completed for 24 hrs. 
Finally, the sample washing with distilled water until the 
nominate was colorless and then was dried for 24 hrs in 
the oven at 50 °C [9]. 

Characterization of PANI-ZnFe2O4 
nanocomposite 

FTIR with a wavenumber range of 400–4000 cm-1 
(Shimadzu, Japan, FTIR 8400s) spectra to ZF nanoparticles, 
PANI, and ZF-PANI nanocomposites were used to 
determine the functional groups. The UV–Visible 
Spectrophotometer (UV-1800 PC Shimadzu) was used to 

measure the spectrum in the range of (200–800) nm. The 
morphology of ZF nanoparticles, PANI, and ZF-PANI 
nanocomposites was studied using a field emission 
scanning electron microscope (Fesem Tescan Mira3, 
France) with a 15 kV accelerating voltage, and the 
roughness of the nanocomposites' surface was measured 
using an angstrom AFM (SPM-AA3000, USA). The 
crystalline phase of samples was characterized by XRD 
using (BrukerAXSGmbh, Germany/D2 Phaser) with CuKα 
radiation (0.15040nm) and the XRD pattern was recorded 
ranging from 5 to 90°. The surface area and porosity 
analysis of ZF-PANI nanocomposite were obtained with 
Quantachrome Instruments (Nova 2200e, USA) and 
methods the multipoint of (BET) and (BJH). Vibrating-
sample magnetometer (VSM-7300, Lake Shore) was used 
to measure the saturation magnetization, and under 
nitrogen atmosphere, the curve of thermogravimetric 
analysis (TGA) was done by Perkin Elmer (TGA 4000). 

Adsorption experiments 

Batch adsorption 

The adsorption tests of OG and MG by using 
ZnFe2O4/PANI composites were used according to the 
batch experiments to determine adsorption parameters 
such as contact time initial dye concentration, 
temperature, initial pH solution, and adsorbent dose by 
altering one parameter at a time while the other 
parameters are fixed. After preparing 1000 ppm stock 
solutions of OG or MG, the batch adsorption solutions 
were prepared by diluting the stock solution. The 
experiments were carried out in a cylindrical glass with an 
equivalent capacity (10 ml aqueous samples), with 
specified adsorbents added at known initial 
concentrations of OG or MG. To test the effect of solution 
pH, specific volumes of distilled water with a specific pH 
(adjusted with dilute HCl or NaOH) were added to the OG 
and MG solutions. The solutions were vigorously stirred at 
120 rpm on a shaker water bath for the required time of 
equilibrium. After separating the suspended substance, 
the equilibrium concentration of the solution was 
determined using UV-Visible spectroscopy at λ max nm. 
Equations 1 and 2 were used to calculate the quantity and 
removal percentage respectively of adsorbed dye on 
adsorbent at the equilibrium time (qe). 

𝑞𝑒  =  
𝑉 (𝐶0− 𝐶𝑒)

𝑚
 (1) 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙(%)  =  
𝐶0− 𝐶𝑒

𝐶0
 × 100 (2) 

Where 𝐶0 and 𝐶𝑒 are the initial and final concentrations 
(𝑚𝑔 𝐿⁄ ) of OG and MG dye in an aqueous solution, 
respectively. 𝑞𝑒 (Mg g-1), is the amount of OG and MG 
adsorbed on fixed adsorbent mass (g) at the time of 
equilibrium. V is volume (in L) of the initial OG and MG 
solution. 

 

Characterization 

Functional groups 

The existence of functional groups and the nature of 
molecular bonds in the material can be determined using 
FT-IR. The FT-IR spectrum of ZnFe2O4 nanoparticles, 
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PANI, and ZnFe2O4-PANI nanocomposite were shown in 
Fig. 1. ZnFe2O4 spectrum shows two characteristic peaks; 
the first peak assigned to the vibrational bond at 553 cm-
1 which relates to the metal at the tetrahedral site (Zn-O) 
possessing inherent stretching vibrations, whilst the 
second is assigned to the vibrational bond at 430 cm-1 
corresponds to the octahedral metal stretching vibration 
(Fe-O) [10]. For PANI spectrum shows the following peaks: 
The band at 3217.37 cm-1 and 3205.80 cm-1 represents 
the N–H stretching vibration. The stretching vibration of 
C=C in an asymmetrical benzene ring, corresponding to 
the structure of quinoid (N=Q=N) and benzene (N–B–N), 
is assigned at 1572.04 and 1496.81 cm-1, respectively. 
The stretching vibration of C–N is responsible for the two 
peaks positioned at 1301.99 and 1247.99 cm-1. The 
prominent peak at 1126.47 cm-1 corresponds to the in-
plane bending vibration of C–H generated by protonation, 
which is the distinctive absorption of PANI. At 505.37 cm-
1( assigned to the aromatic ring of bonding mode C–N–C), 
the two peaks 605.67 cm-1 and 690.59 cm-1 (assigned to 
the aromatic ring of bonding mode C–C, C–H), while the 
peak 813.99 cm-1(assigned to the out-of-plane bending 
vibration of C–H) and are the characteristic absorption 
bands of PANI also [11]. As shown from Fig. 1, all peaks of 
PANI and ZnFe2O4 nanoparticles are representative in the 
FTIR spectrum of prepared nanocomposite; In addition, a 
band of 3205 cm–1 was shifted to higher wavenumber of 
3435 cm–1 due to the weakness of the PANI 
intermolecular hydrogen bonding between its molecules 
after composition with ZnFe2O4 [12]. 

 

Crystalline structure 

The crystalline structure of ZnFe2O4 and prepared 
nanocomposite were examined the X-ray diffraction 
technique, Fig. 2 shows the XRD patterns of ZnFe2O4 
nanoparticles, PANI, and prepared nanocomposite ZnFe2O4-
PANI. Four characteristic peaks of PANI can be found at 2θ = 
8.7, 15.4, 20.2, and 25.98, where The XRD pattern shows a 
broad diffraction peak at 15.4 and 20.2 with one weak peak at 
8.7, indicating that the PANI molecular chain is amorphous, 
while the diffraction peak at 25.98 suggests that the PANI 
molecular chain has a degree of crystallinity, which could be 
due to doping with HCl. The crystallization behavior of the 
PANI molecular chain is hampered by the hardness of the 
benzene ring, therefore the latter peak is not highly sharp [11, 
13]. Whilst the ZnFe2O4 nanoparticles pattern exhibits 
diffraction peaks that are well indexed to purely cubic phase 
according to phase matches well with the standard JCPDS card 

No. 22-1012 [11]. The diffracted crystal planes of ZnFe2O4-
PANI nanocomposite were matched using the XRD patterns of 
ZnFe2O4 and PANI, which exhibited a combination of both 
diffraction peaks acquired from pure PANI and ZnFe2O4, 
ensuring the nanocomposite's formation. During the 
polymerization process, the crystal structure of ZnFe2O4 is 
partially distorted [9]. 
According to Scherrer’s equation (eq.3) [9], the average 
crystal size of nanocomposite materials was calculated 
and placed in a table (1). 

cos

k
D



 
=

 (3) 
Where: k: is the shape factor which usually takes a value 
of about (0.94), λ is the incident x-ray wavelength 
(0.15040 nm for CuK) , β is full width at half maximum 
(FWHM), and θ is diffraction angle at maximum intensity 
peak. 

Table (1): Represent the average crystal sizes of ZnFe2O4 
and its nanocomposite. 

NO. 
prepared 
materials 

Peak 
Position 

(2θ) 

FWHM 
(2θ) 

average crystal sizes 
(nm) 

1 ZnFe2O4 35.3141 0.2362 36.88 

2 ZnFe2O4/PANI 35.257 0.3300 26.39 

From the table, we see that the average crystal sizes of 
nanocomposite materials for ZnFe2O4/PANI are different 
from ZnFe2O4 which is lead to getting on a good mixing 
of Nanocomposite that was clearly in Fig.(4) for FE-SEM 
images. 

 

Surface topology 

The surface topography of ZnFe2O4 nanoparticles, PANI, 
and the prepared nanocomposite was studied by atomic 
force microscopy. Fig.3 the AFM image of ZnFe2O4 
nanoparticles shows a Granular shape with a nearly 
uniform distribution of the particles, where the 
irregularity of the particles is due to the agglomeration of 
ZnFe2O4 nanoparticles. While the PANI and the 
nanocomposite are irregular in shape with a 
heterogeneous distribution, where increases in the 
nanocomposite as a result of the presence of ZnFe2O4 
nanoparticles gathering on the surface of PANI [14]. 
Table.2 shows the surface roughness parameters of 
prepared nanocomposite. The positive Rsk value of 
prepared materials assigned to the distribution of peaks 
more than the valleys on the surface. Where the Rku value 
show two cases; spiky nature (Rku>3) shows in ZnFe2O3 
AFM image, and bumpy nature ((Rku<3) shows PANI and 
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PANI composite [15, 16]. 

Table 2.Statistical roughness parameters of the prepared 
materials. 

NO. Prepared materials Ra (nm) Rsk Rku 

1 ZnFe2O4 39.876 1.917 5.677 

2 PANI 134 0.666 2.527 

3 ZnFe2O4/PANI 235 0.931 2.294 

 

Surface morphology 

The study of the mixing state of components, size, 
aggregation state of nanofiller, and morphology is a 
significant interest in the field of nanocomposites. As 
shown in Fig. 4, the surface morphology of 
nanocomposites was investigated using field emission 
scanning electron microscopy (FE-SEM). The spherical 
shape is shown in Fig. 4.(a) due to ZnFe2O4 nanoparticles, 
where nanoparticles are less than 100 nm in size and are 
dense and randomly scattered throughout the area. 
Additionally, tiny particle aggregation was found, Because 
nanomaterials have high surface energies, the presence 
of pore-free crystallites on the surface is owing to the 
agglomeration of tiny particles. In addition, the 
calcination process has a great effect on the aggregation 
of primary particles and it is also difficult to avoid this 
phenomenon due to the use of high temperatures (600 
°C) to complete the process of growing ZnFe2O4 crystals. 
Zinc ferrite's average size range was found to be (65-75) 
nm [8]. While the pure PANI has a wires-like fiber network 
structure (nanorod) with a rough surface as shown in Fig. 
4. (b). Fiber chains range in length from 200 to 500 nm 
[17]. 
The morphology of the produced nanocomposite is heavily 
controlled by the ratio of mixing components and the 
Preparation method. Fig. 4. (c-d) with low and high 
magnification showed the nanocomposite ZnFe2O4-PANI. 
Where ZnFe2O4 nanoparticles adhere to the wires network 
matrix surface without significantly affecting the polymer 
shape. The aggregated ZnFe2O4 nanoparticles are widely 
distributed throughout the polymer matrix in PANI. Because 
of the in situ oxidation polymerization of PANI using 
sonication, no aggregation of ZnFe2O4 nanoparticles is 
found and the average size range of zinc ferrite nanoparticles 
was been (30-50) nm. Additionally, the surface roughness 
has improved [18]. 

 

Surface area and porosity 

Fig.5 displays the nitrogen adsorption-desorption 
isotherms of synthesized nanocomposites obtained by 
the BET with the Pore size distribution determined by the 
BJH. The isotherms can be classified as type IV according 
to the classification proposed by the International Union 
of Pure and Applied Chemistry (IUPAC), which indicates 
monolayer adsorption followed by multilayer formation 
and capillary condensation to mesoporous 
nanocomposite [19]. 
The hysteresis loops can be studied by the pore 
configuration were described as Type H3 hysteresis loops 
which suggest narrow slit-shaped pores that are generally 
associated with sheet-like particles with non-rigid 
aggregates. This result complies with their morphology 
(Fig.4). The results obtained from the surface area 
Analysis (BET) are shown in Table 3, where the diameter 
of mesoporous materials was large than 2 nm, and 
dispersed, nonporous, or total pore volume of pores less 
was than 98.7808 nm. The results showed that 
nanocomposite can be classified as mesoporous based on 
the average pore diameter (13.18679 nm) [17]. 

 

Table 3. Isotherm type, hysteresis loop, surface area, 
pore volume, and average diameter of ZF-PANI 

nanocomposite. 

prepared 
materials 

Isotherm 
type 

Hysteresis 
loop 

Surface 
area 

(m2/g-1) 

Total 
pore 

Volume 
(cm3 g-1) 

average 
pore 

diameter 
(nm) 

ZnFe2O4/PANI 4 H3 24.8534 0.081934 13.18679 

Magnetic Analysis 

The vibrating sample magnetometer (VSM) is a widely 
known technique for analyzing the magnetic nature of 
adsorbents. In a magnetic field at 1000 gauss, as shown in 
Fig. 6, the saturation magnetization of ZnFe2O4-PANI 
nanocomposite is 0.08059 emu g-1, which is lower than 
pure ZnFe2O4 nanoparticles in previous literature [10]. As 
a result, the sample's magnetization curve exhibits weak 
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ferromagnetic behavior with hysteresis. In addition, the 
saturation magnetization value of the ZnFe2O4-PANI 
nanocomposite was reduced due to the impregnation of 
a few percent of pure ZnFe2O4 in PANI [20], and the 
formation of the ZnFe2O4-PANI composite that was 
clearly in Fig. 7 for TGA images. 

 

Thermal Analysis 

The Thermogravimetric analysis results of ZnFe2O4 
nanoparticles and ZnFe2O4-PANI nanocomposite are 
shown in Fig. 7. At temperatures ranging from 40 to 800 
°C, the TGA curve of ZnFe2O4 nanoparticles reveals one 
step of weight loss due to moisture expulsion (physically 
adsorbed water), which indicates the formation of pure 
ZnFe2O4 nanoparticles [21]. While The TGA curve of the 
ZnFe2O4-PANI nanocomposite reveals two steps in 
weight loss; the first step indicates moisture expulsion in 
the temperature range of 40 to 150 °C. The breakdown of 
a volatile chemical link between the ZnFe2O4 
nanoparticles and PANI in addition to the decomposition 
of the backbone PANI chain is responsible for the second 
step of weight loss in the temperature range of 220-650 
°C [22]. 

 

Effect of Contact Time and Adsorption Kinetics 

The appropriate equilibrium time was studied to remove 
a certain concentration of the adsorbed dyes OG and MG 
by a superimposed surface at a temperature of 25°C and 
pH = 7 and constant weight of the composite 0.01g and at 
a concentration of 50ppm and 30ppm of both dyes OG 
and MG, respectively for different periods of time ranging 
(5-120) min. And through Fig. 8(a), the results showed 
that the time required to reach the equilibrium state for 
OG and MG dyes is 80 min, as the amount of adsorbed 
dyes increases significantly and rapidly during the first 
minutes of the adsorption process, after which the 
increase will be gradual until reaching to the time 
required for equilibrium, the reason for the rapid increase 
in the amount of adsorbed dyes is due to the presence of 
a large number of active centers at the beginning of the 
adsorption process that is unoccupied and sufficient for 
the adsorption of dyes . After that, the adsorption process 
become slow and more difficult due to the occupancy of 
all surface active centers with dye molecules [23]. 

The study of adsorption kinetics is important in 
determining the time period during which the adsorption 
process occurs as well as the extent of its impact on the 
efficiency of adsorption, as fixed concentrations of the 
two dyes and OG and MG were used at a concentration of 
50 ppm and 30 ppm, respectively and a temperature of 
25°C where the adsorption rate decreases or rises with 
time. To investigate the effect of the surface of the ZF-
PANI adsorbent nanocomposite on the rate of adsorption, 
kinetic models were used to describe the experimental 
data, and the most common models followed by the 
adsorption process are the pseudo-first-order model and 
the pseudo-second-order model. The two models are 
being expressed as follows: 
Model of pseudo-first-order (linear form) 

ln(qe − qt) = lnqe − k1t (4) 
Model of pseudo-second-order (linear form) 

t

qt
=  

1

k2qe
2 +  

1

qe
 t (5) 

Where qe and qt are the amounts of OG and MG adsorbed 
at equilibrium (mg /g) and at (t) time, k1 is the overall rate 
constant of pseudo-first-order kinetics (mg / (min.g)), and 
k2 is the pseudo-second-order rate constant (mg /(g. 
min)). 
In the pseudo-first-order and pseudo-second-order 
models, as shown in Fig. 8(b) and (c) and by calculating the 
correlation coefficients and kinetic constants for both 
models shown in Table 4, the results showed that the 
value of the correlation coefficient (R2) is relatively high 
for the pseudo-second-order model compared to the 
pseudo-first-order model, and we conclude from this that 
the adsorption process of OG and MG dyes on the 
nanocomposite surface follows the pseudo-second-order 
mode [23, 24]. 

 

Table 4. Kinetic data of adsorption OG and MG on to 
ZF-PANI nanocomposite. 

Second 
order 

First 
order 

Second 
order 

First 
order 

Second 
order 

First 
order 

Second 
order 

First 
order 

R2 
qe cal 
(mg/g) 

k2 (min. 
g/mg) 

R2 
qe cal 
(mg/g) 

k1 
(min-1 
mg g-

1) 

qeexp 
(mg/g) 

Dye 

0.9998 30.5810 0.0255 0.9007 5.4211 0.0989 30.1069 OG 

0.9982 15.6739 0.0121 0.5816 34.302 0.1106 14.7116 MG 

Adsorbent dosage 

Different weights were taken from the prepared 
composites ranging (0.005-0.05g), and at a concentration 
50ppm of OG and 30ppm of MG dye, 10 ml of dye solution 
was added to the prepared weights at a temperature of 
25°C where was observed that the adsorption increases 
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with the increase in the weight of the adsorbent material 
and the reason for this is due to the increase in the active 
groups through which adsorption occurs, where the 
adsorption process requires a balance between the 
adsorbent and the adsorbate in order for all the active 
centers of the adsorbate to be occupied and this in turn 
makes the adsorption process stable on the surface, and 
when all the active sites are connected to the adsorbate 
particles, the amount of the adsorbent will reach the 
highest value after that, the large increase in the weight 
of the adsorbent surface leads to an unstable spread of 
the adsorbent surface compared to the amount of the 
adsorbed material, and this leads to the overcoming of 
the dissolution energy of the adsorbent material over the 
adsorption energy of the surface, which in turn leads to a 
decrease in the amount of the adsorbent material on the 
surface [25, 26]. The maximum removal of MG dye was 
taken with the dosage (0.05g), as for the OG dye removal 
with the dosage (0.03 g), which was used for all 
subsequent experiments. Fig. 9. Shows the effects of 
different weights on the adsorption process. 

 

Adsorption isotherm studies 

An isotherm study was conducted for the adsorption of 
OG and MG dyes on the surface of the composite at a 
temperature of 25°C, pH=7, and a concentration of 
50ppm and 30ppm of both dyes OG and MG, respectively. 
Fig. 10(a) and (b) shows the analysis of the results of the 
adsorption process according to the classification of Giles, 
the results showed that the adsorption process of OG and 
MG dye corresponds to the L4 class or the so-called 
Langmuir type 4, in which the adsorption is single-layer 
and the orientation of the adsorbed molecules is 
horizontal on the adsorbent surface [27]. The Langmuir, 
Freundlich, and Timken isothermal equation models have 
been applied to describe the adsorption properties of the 
adsorbent, which are the most common as follows [28]. 
Model of Langmuir isotherm 

Ce

qe
 =  

Ce

qm
+  

1

 KLqm
 (6) 

Model of Freundlich isotherm 

log qe = log Kf + 1 n⁄ ( logCe) (7) 
Model of Timken isotherm 

qe =  B1 ln KT + B1 ln Ce (8) 
Where qe =the amount of OG and MG adsorbed (mg/g) at 
Ce (equilibrium state), qm and kL are Langmuir constant 
related to maximum efficiency of adsorption and energy 
of adsorption, respectively. Kf and 1/n are Freundlich 
isotherm constant and intensity of adsorption, 
respectively. B1=RT/b, where (T) is the temperature (K) 
and (R) is the ideal gas constant (J/(mol. K)) while (b) 

indicates the Timken constant. 
As shown in Table (5) and Fig. (11), the Langmuir isotherm 
shows a great match for the adsorption of OG and MG 
dyes in a better way compared to the two models of 
Freundlich and Timken, and this is shown by the value of 
the correlation coefficient (R2) which is equal to 0.9912 
and 0.9982, respectively. That the compatibility of the 
Langmuir isotherm with the adsorption process data 
indicates the homogeneous nature of the adsorbing 
surface and that the active centers are of equivalent 
energy, and then a single molecular layer of the adsorbed 
dye is formed on the surface of the prepared 
nanocomposite [29]. 

 

 

Table 5. Shows data for isotherm models of OG and MG 
adsorption. 

Temkin isotherm Freundlich isotherm 
Langmuir 
isotherm 

 

R2 B 
KT (L.g-

1) 
R2 n 

KF (mg/g 
(L/mg)1/

n) 
R2 

qm 
(mg/g) 

Ka 
(L.mg

-1) 
 

0.903
9 

1.692
6 

255.02
37 

0.968
7 

5.464
5 

8.3753 
0.991

2 
16.863

4 
0.538

6 
O
G 

0.892
3 

0.823
3 

4318.6
72 

0.966
5 

6.273
5 

6.7158 
0.999

5 
8.3264 

9.282
8 

M
G 

Initial pH effect 

The effect of pH on the adsorption process of OG and MG 
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dyes on the surface of the adsorbent nanocomposite ZF-
PANI at specific values of pH within the ranges (2, 6, 11) 
was studied with the stability of conditions such as 
temperature, equilibrium time, the concentration of each 
dye, and the weight of the adsorbent surface for each dye 
as shown in Fig. 12. 
It is important to know the factors which affect the 
solution-adsorbent interface in understanding the 
adsorption phenomena. The solution pH is well-known as 
a substantial parameter in the adsorption phenomenon 
because it has a significant impact on the ionization state 
of adsorbate molecules in solution as well as the 
adsorbent`s surface properties [30]. Since the mixing ratio 
between PANI and ZF nanoparticles is (9:1), the point of 
zero charge (PZC) of PANI has significant effect on the 
composite (pH PZC=7.5) of PANI. As a result, the surface 
charge of the ZA-PANI will be positively charged when the 
pH is less than ZPC and negatively charged when the pH is 
more than ZPC [31]. The adsorption of OG dye increases 
at pH = 2 and then gradually decreases until it reaches pH 
= 10, and the reason for this is that the pKa values of the 
OG dye molecule are 1 and 11.5 for the 
deprotonation/ionization of the sulfate and hydroxyl 
group, respectively. Therefore, the OG dye is a highly 
negatively charged dye at an acidity greater than 1 and 
because the surface charge of the adsorbent is positive as 
a result of protonation in an acidic medium, an 
electrostatic attraction occurs between them. And the 
force of attraction decreases with a decrease in the 
concentration of H+ ions (increasing pH). At pH = 10, 
deprotonation of the nitrogen atoms of the polymer chain 
and competitive interaction between OH- ions and anions 
of the OG dye molecule present in the alkaline solution 
may cause a decrease in The adsorption of OG dye. While 
the absorption of MG dye gradually increases when the 
pH rises from 2.0 to 10.0, the reason is attributed to the 
decrease in the protonation process on the adsorbed 
surface and the appearance of the electron pair on the 
nitrogen atom, which leads to the occurrence of 
electrostatic attraction with the positive dye[31]. 
Nonetheless, the adsorption appeared good at all pH 
values, implying that electrostatic interactions were not 
the only type in the adsorption mechanism. Van der Waal 
forces, hydrogen bonding, and Hydrophobic-hydrophobic 
interaction are all prevalent [32]. 

 

Thermodynamics 

In this study, the values of thermodynamic functions were 
calculated in explaining the adsorption process of OG and 

MG dyes on the surface of the prepared composite. Since 
thermodynamic functions are important in understanding 
the adsorption process, as they give a good description of 
the nature of the regularity of the dye molecules resulting 
from molecular interactions by measuring the change in 
entropy ∆S°, Change of energy ∆G°, and by measuring the 
change in enthalpy ∆H°, it is possible to know the forces 
controlling it are they Chemical or physical, as well as 
knowing the direction of the reaction. Can be determined 
∆G°, ∆S°, and, ∆H° from the following equations 
∆G° =  −RT lnK (9) 
∆G° =  ∆H° − T∆S° (10) 
From equations (9) and (10), to get equation (11) 

lnK =  
∆S°

R
− 

∆H°

RT
 (11) 

The intercept and slope of the linear plots were used to 
compute the values of (ΔS°/ R) and (-ΔH°/ R). In Fig.13 (a) 
OG dye and (b) MG dye. Table (6) shows the values of 
thermodynamic functions for the adsorption process of 
OG and MG dyes, where the negative value of free energy 
(∆G°) indicated that the adsorption process was 
spontaneous. The negative value of the enthalpy (∆H°) 
indicates that the OG and MG dye adsorption process is 
an exothermic process, which indicates that the mutual 
action between the adsorbate surface and the dye 
molecules will decrease With the increase in 
temperature, the reason for this is due to the separation 
and smashing of the bonds formed between the active 
centers of the adsorbate surface and the dye molecules 
[33, 34]. 

Table 6. The thermodynamic parameters of adsorption 
of OG and MG dyes on the ZF-PANI surface. 

Δ𝐒° (J.mol-
1.K-1 ) 

Δ𝑮° 
(J.mol-1 

) 

Δ𝐇°(KJ.mol-
1 ) 

Dye 

-73.96 -3289.1 -25217.2 OG 

-139.52 -10578.5 -51335.6 MG 

 

 

In this research, ZnFe2O4 Nanoparticles were synthesized 
using a co-precipitation method and impregnating PANI 
onto ZnFe2O4 by in-situ polymerization under ultrasonic 
fields. XRD, FE-SEM, VSM, BET, BJH, FT-IR, AFM, and TGA 
were used to characterize the magnetic nanocomposite 
of (PANI-ZnFe2O4). The resultant composite was used to 
remove Orange G dye and malachite green dye from an 
aqueous solution. By increasing the amount of adsorption 
dosage, the adsorption rate increased considerably, while 
the removal efficiency of OG and MG reached a maximum 
at pH 2 and 10, respectively. The kinetic adsorption was 



  : 

better discussed by the pseudo-second-order model for 
both two dyes. The adsorption behavior and the 
equilibrium data were represented by the Langmuir 
isotherm model. The thermodynamic study concluded 
that the OG and MG adsorption using ZnFe2O4-PANI 
composite were spontaneous in nature and exothermic. 
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