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INTRODUCTION

Water pollution is one of the major problem faced by the
entire world as a result of rapid industrialization. Different dye
are used in textile industries, including pulp mills, cosmetics,
printing, pharmaceuticals, paper and food, to improve their
compositional qualities [1]. These fields create a significant
quantity of coloured wastewater production, which is released
as untreated wastewater, causing water pollution [2].

Dyes are extremely resistant to biodegradation processes,
yet their toxicity is harmful to both human and aquatic health.
Colouring cotton, silk and wood, among other things, is one
of the most common uses of dyes [3]. The health problems of
crystal violet dye include burns to the eyes in both animals and
humans, difficulties in breathing, vomiting, sweating, kidney,
reproductive, jaundice, mutations, an increase in heartbeat,
cancer and damage to the brain and central nervous system [4].
Therefore, for the removal of crystal violet dye, a convenient
procedure is needed. Flocculation, coagulation, biological
oxidation, degradation, sedimentation, photocatalytic oxidation,
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membrane processes, electrochemical oxidation, etc. are diffe-
rent technologies used for the removal of harmful organic dyes
from the aqueous solution [5].

One of the most eco-friendly processes is photocatalysis
for the removal of dyes from wastewater from industries [6].
Metal oxides are a fascinating research area for scientists; they
are used as semiconductors due to their catalytic, optical and
electronic properties. For the removal of harmful organic dyes,
numerous photocatalysts in the form of semiconductors have
been created and analyzed [7]. However, because of their wide
bandgap, these semiconductors have a problem. The bandgap
in the visible range of a photocatalyst have to be as narrow as
possible. Upon valence band to conduction band photoelectron
excitation, a redox process on the semiconductor surface results
in the removal of dyes [8].

For a long time, ferrites were regarded as an effective
material for the elimination of pollutants among the different
heterogeneous catalysts due to several qualities like intense
activity, large surface area, high ratio of surface to volume,
simple synthetic technique and simple recovery [9]. However,
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the problem of agglomeration is a major disadvantage of using
ferrites as a catalyst. Ferrites agglomerate due to their inherent
magnetic properties, reducing their dispersibility, stability and
thus catalytic properties [10]. As a result, aggregation must be
avoided to expose their absolutely amazing qualities. To stabilize
these ferrite nanoparticles, intermediates made of carbon nano-
tubes, polyethylene, cellulose and pectin were utilized [11].

Because of the growing concern about the environment
and the effects of industrial processes, the demand is expanding
for alternative methods of utilizing the natural resources. Biomass
derived cellulose as an eco-friendly and sustainable material
[12]. The ferrite nanoparticles are stabilized using cellulose
as a template. Cellulose nanofibers have attracted a lot of atten-
tion for their synthesis and usage in composite materials due
to their distinctive features, such as a high surface-to-volume
ratio, an extensive surface area, superior mechanical capabilities
and sizes at the nanoscale [13]. The current study focuses on
the photocatalytic degradation of the pollutant crystal violet
dye using cellulose-based nanocomposites [14].

EXPERIMENTAL

Ferric chloride (FeCl3, Fisher-Scientific, Germany) with
purity 99.99%, crystal violet dye, sodium hydroxide, zinc chloride,
cellulose powder (from wood pulp) supplied by Byhut, Jaipur,
India.

Preparation of cellulose: Cellulose powder (1 g) was
mixed into a 20% NaOH solution for 3 h at room temperature.
Then after filtration the activated cellulose (C6H10O5*NaOH)
was collected.

Synthesis of zinc ferrite/cellulose nanocomposites: In
100 mL of deionized water, dissolved stoichiometric amounts
of FeCl3 (0.6 g) and ZnCl2 (1 g). After that gradually 0.2 M of
NaOH solution was added to the mixture to maintain pH 12.
The yellowish-brown precipitate is formed. At 60 ºC, 1 g of
active cellulose was added to the yellowish-brown powder and
stirred vigorously for 3 h. After centrifuging, distilled water
and ethanol were used to wash the composite twice and then
dried at 60 ºC for 48 h.

Characterization: Different techniques were used to
characterize the prepared zinc ferrite-cellulose nanocomposites
and cellulose, including FTIR using wavenumbers ranging from
4000 to 500 cm-1, UV-1800 double-beam spectrophotometer,
the FESEM and EDX (by EVO MA15/18 and 51N1000-EDS
System, respectively with maximum resolution of 512 nm)
from the Centre for Nanoscience and Nanotechnology, Jamia
Millia Islamia, New Delhi, India. SEM has been used to study
the surface morphology. The X-ray diffraction (XRD) helps in
the study of crystal phase and purity of zinc ferrite-cellulose
nanocomposite by X-ray diffractometer using CuKα radiation,
which was recorded between the 2θ values of 10-60º.

Photocatalytic studies: Organic crystal violet dye was used
to investigate the catalytic characteristics of zinc ferrite-cellulose
nanocomposite. A photocatalytic removal procedure was carried
out using 20 mg to 50 mg dose of catalyst, 2-10 ppm dye
concentration under pH 2-10 at 30-60 ºC at noon for 160 min
with the constant stirring in the presence of solar light irradia-

tion to attain the stability of adsorption and desorption between
the catalyst and the crystal violet dye. The UV/VIS double-
beam spectrophotometer was used to take the absorbance of
solution. The following expression was used to calculate the
percentage (%) of removal as follows [15]:

0

0

A A
Removal (%) 100

A

−= × (1)

where A0 = initial absorbance, A = absorbance of dye solution.

RESULTS AND DISCUSSION

UV-visible studies: The prepared ZnFe2O4-cellulose
nanocomposite was investigated by UV/visible spectra at the
range of 200-800 nm. The absorption edge of ferrite is legiti-
mated in the visible region to the excitation of electrons from
O-2p to Fe-3d state which is spinel type pragmatic nanoparticles
[16] (Fig. 1). The absorbance peak of ZnFe2O4-cellulose nano-
composite is at 472 nm.
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Fig. 1. UV-visible spectra of (a) ZnFe2O4 nanoparticles, (b) ZnFe2O4-
cellulose nanocomposites, (c) cellulose

Tauc plot is used to determine the optical band gap of
ZnFe2O4-cellulose nanocomposite based on eqn. 2 [17].

(αhν) = A (hν – Ev)n (2)

where α = absorption coefficient, A = constant, Ev = the energy
gap, n = an index used to characterize the optical absorption
process and hν = the energy of incident photon [18].

The tauc polts of (αhν)2 against hν (eV) of ZnFe2O4-
cellulose nanocomposite is depicted in Fig. 2. The band gap
energy was observed to be 1.8 eV, which is well within the range
of the recorded values [19]. The optimal band gap necessary
for optical applications as photocatalysts is quite near to this
band gap value.

FTIR studies: The compared FTIR spectra of ZnFe2O4

nanoparticles, cellulose and prepared ZnFe2O4-cellulose nano-
composite is presented in Fig. 3. The observed peaks were at
3371.13, 1659.4, 1156.03, 1044.2 and 656.4 cm-1. A stretching
vibration at 3371.13 cm-1 in the spectrum of ZnFe2O4-cellulose
nanocomposite is due to C–H stretching which shows an alkane
group is present. A peak at 1659.4 cm-1 is attributed due to the
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Fig. 3. FTIR spectral analysis of (a) ZnFe2O4 NPs, (b) cellulose, (c)
ZnFe2O4-cellulose NCs

C=C stretching. The peak at 1156.03 cm-1. The peak at 1156.03
cm-1 shows the bending of the C–H and O–H group. The peak
at 1044.2 cm-1 indicates C–O and C–N stretching band which
shows the presence of secondary alcohol and aromatic amine,
respectively [20]. The weak bands at 656.4 cm-1 assigned to
the Fe–O and Zn–O vibrations represent the tetrahedral and
octahedral modes of ZnFe2O, respectively [16]. The presence
of these distinct peaks demonstrated a strong interaction between
spinel ZnFe2O4 and the cellulose matrix [21].

XRD studies: A powdered XRD pattern of ZnFe2O4-
cellulose nanocomposites in Fig. 4 shows their diffraction peaks
that are distinct from cellulose. The ZnFe2O4 diffraction peaks
were found at 2θ values of 20.5º, 30.2º, 34.8º, 37.9º, 45.4º,
55.6º and 62.4º, which correspond to the reflection patterns of
(111), (220), (311), (222), (400), (422) and (511), respectively
showing the presence of spinel cubic structure [16]. The cryst-
allite size of particles was calculated by using the Scherrer
equation  (eqn. 3) [22]:

K
D

cos

λ=
β θ (3)
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Fig. 4. XRD pattern of powdered (a) ZnFe2O4 NPs, (b) cellulose, (c)
ZnFe2O4-cellulose nanocomposites

where D = size of crystal in nm, β = the half-width in radian
of peak, λ = wavelength (0.154 nm) and θ = diffraction angle.

From eqn. 3, the average crystallite size of ZnFe2O4 nano-
particles resulted is 25.5 nm. The black line represents a typical
pattern of zinc ferrite (Fig. 4a). The crystalline structure of
ZnFe2O4-cellulose nanocomposites materials inherited the same
ferrite covering with no discernible alteration in the pattern of
zinc ferrite. This could be seen in the blue line pattern (Fig. 4c),
which maintained the reflection plane of zinc ferrite without
any signs of the cellulose’s amorphous nature and the red line
pattern (Fig. 4b) shows the sharp peak, at 2θ = 22.6° which
indicates the amorphous nature of cellulose.

FE-SEM and EDX studies: The morphological image
of cellulose and its ferrite composite can be obtained by field-
emission scanning electron microscopy (FE-SEM). From Fig. 5,
it is clearly seen that the composite surface was made up of
gaps and cylindrical aggregates of homogenous ZnFe2O4 nano-
sheets that were dispersed throughout the cellulose fibers,
indicating the high porosity of materials. The normal long
cellulose fiber are cellulose particles while their composite
particles have undergone significant degradation. The hydrogen
bonds that connect the cellulose chains intermolecularly is
broken by adding zinc ferrite to fibers of the cellulose matrix
[23]. Furthermore, the EDX spectra shows peaks linked to the
elements, which indicated that the prepared nanocomposite is
composed of Zn, Fe, O and C and no any foreign elements was
found.

Photocatalysis of crystal violet dye: The efficient removal
of crystal violet dye was observed in solar light irradiation by
ZnFe2O4-cellulose nanocomposites. The maximum removal
efficiency that affects the photocatalysis process was optimized
at different parameters.

Effect of time: From Fig. 6a, it is observed that as the
solar light irradiation period increases, the photocatalytic
degradation of crystal violet increases. The radiation of visible
light has an ability to excite the electrons on exposure with
time from lower to higher energy levels. The electromagnetic
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radiation absorbs energy when radiated on photocatalyst and
creates holes in the valence band of the photocatalyst by exciting
electron to higher energy. The electron reduces the oxygen to
convert it into superoxide and peroxides if the electrons are
strong levels of energy from excitement and hydroxyl radicals
are formed when the created holes cause the water to oxidize.
The removal percentage of dye as shown in Fig. 6b, was high
because holes and electrons were readily available at sorption
sites on the catalyst surface. As crystal violet dye accumulates
over time, it begins to form repellent interactions with mole-
cules in solution and on the surface, the breakdown slows down.
Therefore, the crystal violet dye begins to get removed as soon
as it was exposed to radiation and after 160 min, no more removal
was observed. Hence, this period was chosen as the ideal
irradiation time for further studies and approx. 92% of removal
was accomplished at the ideal irradiation time. Therefore, it is
clear that ZnFe2O4-cellulose nanocomposite acts as a powerful
catalyst for the quick photocatalysis of high concentrations of
crystal violet dye.

Effect of pH: Fig. 7 clearly shows that the crystal violet
dye removal was highly influenced due to pH variation. The
amount of photocatalytic removal increased as the pH raised
from 2 to 6 and become constant approximately at pH 7 and
then decreased as the pH raised above 7. According to Samsami
and Mohamadi [24], the pH had an impact on the degree of
adsorbate ionization, the concentration of electrostatic repul-
sion on the functional groups of the adsorbent and the solubility
of metal ions. According to Neethu & Choudhury [25], crystal
violet dye (CV), a cationic dye, is strongly acidic at low pH.
Thus, highest removal (85%) of crystal violet dye at pH 6 is
due to an increased electrostatic attraction between charged
surface of ZnFe2O4-cellulose nanocomposites and dye solution.

100

80

60

40

20

0

R
em

ov
al

 o
f 

dy
e 

(%
)

1 2 3 4 5 6 7 8 9 10 11
pH

Fig. 7. pH effect on removal percentage of crystal violet dye

Effect of dose: Fig. 8 clearly shows the effect of variation
in adsorbent dose on the percentage (%) removal of crystal
violet dye with a specified dye concentration of 10 ppm. The
absorbance intensity of the dye solution decreases as the amount
of dye removed increases with increasing catalyst dose. Maximum
dye elimination was achieved at a photocatalyst dose of 50
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Fig. 8. Effect of adsorbent dose on the percentage of crystal violet dye

mg. Thus, the ideal catalyst loading for the removal of crystal
violet dye was determined to be 50 mg of ZnFe2O4-cellulose
nanocomposites. The existence of active sites on the surface
of absorbent and solar light penetrating to form holes and
electrons on the surface of ferrite nanocomposites are
responsible for the observed effect. Increasing the catalyst
dosage increases the removal rate because more active sites
on the catalyst surface become accessible [26].

Effect of concentration: Fig. 9 shows that different concen-
trations (2-12 ppm) of dye were used to test the effectiveness
of catalyst (ZnFe2O4-cellulose nanocomposites) on removal
of crystal violet dye. The dye adsorbed on the catalyst surface
effects the generation of hydroxyl radicals, hence it is observed
that the removal is greatly dependent on its concentration [27].
The amount of dye removed, increased as dye concentration
raised (2 to 12 ppm) and 92% of dye at 10 ppm was removed
due to the highest amount of OH radicals that could be found on
the catalyst surface [28]. Further decrease in the concentration
removal to 82% may be attributable to the restriction on hole
and electron production. As the quantity of dye molecules
collected on the catalyst surface increases beyond it, removal
decreases [29]. Removal of harmful organic pollutants into a
simple byproduct (CO2, H2O) is the main purpose of photocata-
lysis process. In the first step, sunlight was absorbed at a wave-
length equivalent to the semiconductor bandgap. The hole
formed on the semiconductor area is caused by the absorbed
energy moving electrons from the valence band to the conduc-
tion band [26]. Superoxide (O2

•−) is produced when the oxygen
in solution traps an electron in the conduction band (e–

CB). The
OH• radicals are formed when the holes produced during the
process interact with the –OH group of water molecules. Proton
neutralizes the superoxide (O2

•−) species. After that, oxygen
was temporarily transformed into H2O2. Then, the transient
decomposition of H2O2 resulted from the oxygen reduction.
The organic dye represented by R in the mechanism shown
below was oxidized by the hydroxyl radicals (•OH) into simple
molecules. The oxidative potential holes (h+

VB) directly oxidize
the organic dye in this process.
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ZnFe2O4-cellulose nanocomposites + hν → e–
CB + h+

VB

e–
CB + O2 → O2

•−

h+
VB + H2O (H+ + –OH) → H+ + OH•−

O2
•− + H+ → •HO2

2•HO2 → H2O2 + O2

H2O2 + e– → OH• + OH-

R (dye) + OH• → R• + H2O

R + h+
VB → R+• → Removal product

Kinetic adsorption models: The rate of projection at which
crystal violet dye can be removed from an aqueous solution is
necessary while designing the adsorption process. This can be
studied by pseudo-first-order and pseudo-second-order. Table-
1 shows the parameter of the kinetic models obtained from
linear fit of the experimental data.

Pseudo-first order kinetic model: Eqn. 4 provides the
pseudo-first-order kinetic model [30]:

1
e t e

k
log(q q ) logq t

2.303
− = − (4)

where the amounts of dye adsorbed are qe and qt (µg/g) at
time ‘t’ (min-1), the pseudo-first order rate constant is repres-

TABLE-1 

Pseudo-first order kinetic model 
Adsorbent K1 (g/mg/min-1) R2 

ZnFe2O4-cellulose nanocomposite -4.666 0.86 
Pseudo-second order kinetic model 

K2 (g/mg/min-1)  R2 

0.1301  0.99 

 

ented by k1 (min-1) and t is time. When log (qe–qt) was plotted
against t, a straight line (figure not shown) showing the validity
of eqn. 4 was obtained.

Pseudo-second order kinetic model: Ho & McKay [31]
provided the pseudo-second-order kinetic model in linear form
given by eqn. 5.

2
t 2 e e

t 1 t

q k q q
= + (5)

where k2 (g/mg/min-1) is rate constant. When t/qt is plotted
against t, a straight line (figure not shown) is obtained.

The kinetic analysis revealed that the degradation of
crystal violet dye proceeded in a pseudo-second-order process.

Adsorption isotherm: The interaction of the adsorbent
and adsorbate, quantified the highest capacity of adsorption were
graphically plotted from the experimental data and explained
through different isotherms of adsorption.

Langmuir adsorption isotherm: The graph of qe against
Ce gives an excellent linearity (Fig. 10a) at different times with
higher R2 values (0.99), which is closer to 1. This graph demon-
strated the appropriate and accurate prediction model present
in adsorption data. The validity of the Langmuir model can be
evaluated using Langmuir parameters from Table-2, where the
slope and intercept of the plot, qm and b were accomplished
respectively. Eqn. 6 [32] was used to represent Langmuir adsor-
ption, where the qm represents the maximum adsorption per
unit mass at monolayer coverage of the absorbent, b is constant,
qe and Ce is the solid and equilibrium liquid phase adsorbate
concentration.

e m e m

1 1 1

q q bC q
= + (6)

Freundlich adsorption isotherm: Freundlich equation
is represented by eqn. 7 [32].
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Fig. 10. Verification of (a) Langmuir, (b) Freundlich, (c) Temkin adsorption isotherms for the crystal violet dye removal by ZnFe2O4-
cellulose nanocomposites
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TABLE-2 
PARAMETER OF VARIOUS ADSORPTION ISOTHERMS FOR 
ADSORPTION OF ZnFe2O4-CELLULOSE NANOCOMPOSITES 

qm b R2 Langmuir adsorption 
isotherm 840.747 0.93 0.99 

Kf (mg/g) 1/n R2 Freundlich adsorption 
isotherm 7.33 0.005 0.93 

Bt Kt R2 Temkin adsorption 
isotherm 10.144 0.3124 0.99 

 

e f e

1
logq logK logC

n
= + (7)

A straight line is obtained (Fig. 10b) showing the validity
of isotherm where log qe is plotted against log Ce and
Freundlich parameters can be evaluated as shown in Table-2.

Temkin adsorption isotherm: Temkin adsorption isotherm
is represented by eqn. 8 [33]. In this eq., b is represented as
Temkin constant (J/mol).

qe = b ln A Ce (8)

A straight line is obtained when qe was plotted against
log Ce as shown in Fig. 10c. Using this plot, the constant of
the equation was calculated and shown in Table-2.

Effect of temperature: Fig. 11 represents the result of the
removal of crystal violet dye by ZnFe2O4-cellulose nanocomposite
at three different temperatures 308, 318 and 328 K. From the
experimental data, it is observed that as the temperature increased
from 308 to 328 K a reduction of crystal violet dye occurred
on the nanocomposite surface. This adsorption trend suggested
that crystal violet adsorption on ZnFe2O4-cellulose nanocom-
posite was exothermic. At the higher temperature, due to the
breakdown of the weak binding interactions in between crystal
violet dye and the adsorbent surface, crystal violet dye mole-
cules may have desorbed from the surface to aqueous solution
of crystal violet dye molecules and adsorption sites [27].
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Thermodynamic studies: The adsorption nature on to
ZnFe2O4-cellulose nanocomposite towards the crystal violet
dye can be determined by calculating the change free energy
(∆Gº), enthalpy change (∆Hº), entropy change (∆Sº) and energy
of activation (Ea). The thermodynamic parameter was calcu-
lated by using eqn. 9 [27].

∆Gº = – RT In (KL) (9)

where KL = the Langmuir equilibrium constant, R = gas
constant, T = temperature in Kelvin (K). The equilibrium
constant KL was calculated using eqn. 10:

e
L

e

q
K

C
= (10)

∆Gº = ∆Hº – T∆Sº (11)

From eqns. 9-11, we get the below equation:

L

S H
ln(K )

R RT

∆ ° ∆ °= − (12)

A line can be drawn by plotting ln KL versus 1/T. (Fig. 12)
is obtained from which ∆Hº and ∆Sº was calculated and is given
in Table-3.
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Fig. 12. Verification of eqn. 12

TABLE-3 
THERMODYNAMIC PARAMETER FOR ADSORPTION OF 

ZnFe2O4-CELLULOSE NANOCOMPOSITES 

Temp. 
(K) 

Ce 
(mg/L) 

KL 
∆G° 

(KJ/mol) 
∆S° 

(J/mol) 
∆H° 

(KJ/mol) 
308 1.4 30.71 -2589.2 4.93 -1666.9 
318 0.6 783.3    
328 1.8 227.7    

 
The negative Gibb’s free energy value suggesting that the

adsorption process is spontaneous in nature. In same way, the
negative value of ∆Hº shows the exothermic nature of adsorp-
tion of crystal violet dye and the positive entropy change ∆Sº
show that good affinity of ZnFe2O4-cellulose nanocomposites
for crystal violet dye and increasing randomness of composites
at the interface for solid-solution during adsorption.

1506  Singh et al. Asian J. Chem.



Recycling studies: The recycle efficiency of synthesized
ZnFe2O4-cellulose nanocomposites is represented in Fig. 13.
The reusability or regeneration of adsorbent is an important
aspect to evaluate the purification of contaminated water. As a
result, the spot adsorbents are able to regain their original state
for use in the future and their capacity for adsorption. If the
adsorbents could be recycled and used again without losing
their effectiveness as an adsorbent for crystal violet dye, it would
be quite affordable. While reusing the adsorbents (ZnFe2O4-
cellulose nanocomposites) the used adsorbent was first washed
with distilled water and then with HCl to remove the impurities
and then filtered with Whatman filter paper and dried for 2-3 h.
After that the dried adsorbent was reused with freshly prepared
dye concentration (10 ppm). When the regenerated ZnFe2O4-
cellulose nanocomposite was used as an adsorbent the 90% of
removal of crystal violet dye was observed at pH 6 by empl-
oying 50 mg of adsorbent in 25 mL of crystal violet dye solution
after 160 min. However, removal efficiency has diminished,
suggesting that at different times during adsorption and desor-
ption, the surface activity decreases and that this in turn reduces
the effectiveness of adsorption.
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Fig. 13. Crystal violet dye adsorption and desorption on ZnFe2O4-cellulose
nanocomposites at different periods

Comparative studies: Several studies on crystal violet
dye adsorption utilizing various materials were reported in
the literature. However, ZnFe2O4/cellulose nanocomposites
were found to have the highest adsorption removal capacity

for crystal violet dye (Table-4). Furthermore, ZnFe2O4 nano-
particles maximum uptake capacity increased significantly
after treating with cellulose, suggesting that cellulose treatment
may be a useful approach to improve crystal violet dye adsor-
ption performance. Ultimately, the ZnFe2O4/cellulose nano-
composites developed in this study is a potential as well as
cost-effective option for removal for the crystal violet dye from
wastewaters.

Conclusion

ZnFe2O4-cellulose nanocomposite was prepared by using
the natural polymer and characterized by X-ray diffraction,
FTIR, FESEM and EDS techniques. The photocatalytic removal
of crystal violet dye under solar radiation with the consideration
of the pH of solution, dose of catalyst and dye concentration
with the ZnFe2O4-cellulose nanocomposites was taken into
consideration. The maximum 92% of dye removal can be seen
at pH 6. The kinetic study of adsorption indicates that crystal
violet dye adsorption on ZnFe2O4-cellulose nanocomposites
is a fast process. Also, kinetic study of adsorption reveals that
the experimental data of pseudo-second-order is more appro-
priate. The various isotherm models were used for the quanti-
tative interpretation of adsorbate with adsorbent. The Langmuir
adsorption isotherm parameter was evaluated as the best fit for
the equilibrium adsorption data. The thermodynamic studies
reflect that the adsorption process is exothermic and spontan-
eous. The maximum monolayer adsorption capacity of 50 mg
ZnFe2O4-cellulose nanocomposite at 160 min indicates the
possible application of ZnFe2O4-cellulose nanocomposites
(adsorbent) in effluent removal of cationic dye. All results and
studies reflect the efficient photocatalytic behaviour of the
ZnFe2O4-cellulose nanocomposite.
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