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Abstract
In this work, the Zr doped CuFe2O4 nanoparticles were prepared with different concentrations of zirconium ions through

the chemical precipitation method. The Zr ion are added as Zr(x wt%):CuFe2(100-xwt%)O4 with (x = 0, 1, 3, 5). The crystal

structure and phase were identified by XRD characterization. From the XRD the average crystallite sizes of the synthesized

material were calculated and are obtained as 33 nm, 34 nm, 38 nm, and 42 nm. FT-IR characterization was taken to find

the functional groups present in the material. The optical properties and corresponding optical band gap were determined

by UV-DRS and PL studies. The bandgap was found to be 1.39 eV, 1.56 eV, 1.80 eV, and 1.97 eV for 0%, 1%, 3%, and

5% Zr doped CuFe2O4 nanoparticles respectively. The surface morphology is studied by SEM analysis. EDAX is used for

the elemental composition analysis of the prepared materials. Further, the photocatalytic performances were studied with

Rose Bengal (RB) and Indigo Carmine (IC) textile dyes. The maximum degradation percentage was obtained as 88% for

RB dye and 71% for IC dye with 5wt% Zr doped CuFe2O4 nanoparticles within 120 min. The mineralization of the

degraded dye solution was confirmed by the Chemical Oxygen Demand (COD) technique.
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Introduction

Water is polluted by the rise in the use of different

chemical contaminants in various industries. As a critical

source of life, water sources frequently experience the

above-mentioned issue as an effect of urbanization and

economic development evolve rapidly. Effluent from many

factories produces toxic elements that routinely combine

with natural water sources. Tapestry, leather, clothing,

printing industries, etc. use numerous types of natural and

organic dyes to stain their goods, which are very harmful to

living things [1–3]. These organic contagious compounds

released from certain plants as a dye-waste blend with

natural waters pollute aquatic life in the environment as a

result of mutagenicity and cancer-causing [4, 5]. Xanthene

dyes are one among the numerous dye groups and are

widely used as coloring agents in textile industries, dyeing

industries and printing and photochemical industries. Rose

Bengal is a xanthene dye and these dye groups have been

considered to be mutagenic, genotoxic, cytostatic, and

cytotoxic [6–10]. Indigo Carmine (IC) is a dye that belongs

to the indigoid family that is more poisonous. It is widely

used in cosmetics, pharmaceuticals, and food companies.

Despite its many applications, IC dye is harmful to

humans, causing conjunctivitis and corneal damage, clas-

togenic activity on bone marrow chromosomes, cause a
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lethal anaphylactic reaction, and severe hemodynamic

impact [11–13]. Toxicity and detrimental environmental

health consequences are a justification for eliminating these

dye wastes from wastewater. Various methods such as

adsorption and photocatalysis were utilized to remove

these dyes from wastewater. Much study has begun on

photocatalysis on semiconductors of metal oxide because

of their high stabilization, abundance, and biocompatibility

for environmental remediation [14–17]. Photocatalysts are

recently recognized as promised products for dye degra-

dation due to various uses, simple operating also operates

in moderate environments without special equipment.

Photocatalysis is performed by semiconductors on the

photon absorption of energy no smaller than the band

breach. Electron–hole pairs, electrons in the conductance

band (CB) and holes in the valence band (VB) are formed

by semiconductors with photon absorption of energy no

less than that of the bandgap. Although a fraction of the

charge carriers disperse to the surface of the particle and

react with the adsorbed dye molecules directly or indi-

rectly, lead to photocatalysis whereas the remaining

recombines restricting the photocatalytic ability.

Ferrite nanoparticles are vastly utilized for the miner-

alization of organic dyes because of their narrow bandgap

to active in visible light, catalytic site multiplicity for dye

molecule absorption and easy separation after degradation

due to their magnetic properties [18, 19]. Due to special

properties such as magnetic, electronic, thermal and cat-

alytic properties, copper ferrite (CuFe2O4) is one of the

essential ferrites which have been used in a broad range of

applications like gas sensing applications, catalytic treat-

ment, colour mapping, and ferro-fluids. Metal ferrites

always have a cubic spinel crystal structure. The General

chemical formula of spinel ferrite crystal structure is

MFe2O4, in which oxygen ions are located at FCC lattice

sites, and the metal cations are located in spaces between

the oxygen ions. The spinel crystal structure has two dif-

ferent lattice sites one is tetrahedral or A sites and the other

is octahedral or B sites. M2? (metal cations) is on A sites,

and Fe3? is on B sites in the usual spinel system, but M2?

is on B sites, and Fe3? is distributed evenly between A and

B sites in the inverse spinel structure. In a random case

(mixed spinel), the divalent and trivalent ions usually

occupy the B sites [20].

Selective doping of the impurities that recast the band

structure by producing quasi-stable energies will help to

boost the optoelectronic properties of metal oxides [21].

Hence, various scientists have been involved in the doping

of the foreign element to enhance the functional properties

of metal oxide NPs. In recent times, numerous doping

elements, like Ti, Ce, Zn, Ag, and In were utilized to boost

up the functional properties and photocatalytic activity of

synthesized CuFe2O4 NPs [22–26]. Zirconium also has a

wide variety of inorganic compounds and coordination

complexes, like other transition metals. This compound is

usually colourless diamagnetic solids, in which the oxida-

tion state of Zr is 4 ? . Zirconium has been tested as an

appropriate one for CuFe2O4 among the various dopants

due to the probability of modification of the band gap while

maintaining the ionic radius comparable to each other

because the ionic radius of Zr4? ions (0.86 Å) is identical

to that of Fe3? (0.79 Å). Consequently, in the crystal lat-

tice, Zr4? ions can readily replace Fe3? ions, and the

product compound can stabilize the lattice structure. Many

reports are available for zirconium used as a doping ele-

ment with various host materials such as In2O3, Ga2O3,

ZnO, etc. but synthesis and characterization of zirconium

doped CuFe2O4 nanoparticles has not been reported yet.

Also, based on our literature review, the photocat-

alytic activity of nanostructured CuFe2O4 doped with

Zr4? ions was not previously investigated. In connection

with the above-mentioned reasons, this work is focused on

the synthesis and characterization of Zr doped CuFe2O4

nanoparticles with three different weight percentages of

zirconium through a wet chemical synthesis route. The

photocatalytic behavior of the prepared materials was

studied by degrading the textile dyes namely Rose Bengal

(RB) and Indigo Carmine (IC) under visible light

irradiation.

Materials

Fe (NO3)3 • 9H2O (Iron (III) nitrate nonahydrate), Cu

(NO3)2 • 6H2O (Copper (II) nitrate hexahydrate), ZrO

(NO3)2 • xH2O (Zirconium (IV) oxynitrate hydrate),

NH4OH (25% Aqueous ammonia hydroxide solution),

C20H2Cl4I4Na2O5 (Rose Bengal 95% dye content), and

C16H8N2Na2O8S2 (Indigo Carmine 85% dye content) all

these chemicals are brought from Sigma-Aldrich with

99.95% purity and used in the reaction without further

purification. (DD) double distilled water is used as a sol-

vent for the reaction.

Method

For synthesizing the copper ferrite (CuFe2O4) nanoparti-

cles, Iron (III) nitrate nonahydrate and Copper (II) nitrate

hexahydrate salts were taken in (0.2 M: 0.1 M) 2:1 ratio

and dissolved in 200 ml of DD water. The solution was

vigorously stirred for getting a homogenous mixture. Then

20 ml of 25% aqueous ammonia hydroxide solution was

added drop by drop into the mixture with continuous and

constant stirring. After the completion of the ammonia

solution, the whole reaction mixture was kept under con-

stant stirring for 6 h. Then the stirrer is stopped and the

beaker containing the reaction mixture was kept
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undisturbed for the whole night. Now the precipitate was

completely settled at the bottom of the beaker. Then the

precipitate was washed with ethanol using filter paper until

the pH reaches neutral. The precipitate is then spread over

in a petri-dish and kept in a hot air oven for 12 h at 80 �C.
Then the dried material was crushed into powder and

allowed for calcination at 700 �C up to 3 h in a muffle

furnace. The final product was studied using various

characterization techniques. For the preparation of Zr

doped CuFe2O4 nanoparticles, 1, 3, 5 wt% of Zirconium

(IV) oxynitrate hydrate is added simultaneously into the

reaction mixture along with Iron (III) nitrate nonahydrate

and Copper (II) nitrate hexahydrate salts by reducing the

appropriate amount from Iron (III) nitrate nonahydrate and

the remaining procedures are same as mentioned above.

For simplification the samples are denoted as S1, S2, S3,

and S4 for pure and 1, 3, 5 wt% of Zirconium doped

CuFe2O4 nanoparticles respectively in the rest of the

manuscript.

Photocatalytic Test

The photocatalytic experiment was done with two different

dyes namely Rose Bengal (RB) and Indigo Carmine (IC).

100 ml of 20 mg/L solutions of two dyes were taken sep-

arately and 0.1 g of the photocatalyst was taken as catalyst

load. 0.1 g of catalyst from all four samples was taken and

mixed separately with each dye solution. Now the dye

solutions with catalyst load are stirred gently in order to

mix well and kept in dark for 1 h to achieve adsorption/

desorption equilibrium between the catalyst and the dye

molecules. After that, the dye solutions are transferred to

the reactor setup to allow a photocatalytic mechanism. The

light was illuminated continuously and the catalyst loaded

dye solution was stirred gently and constantly to achieve

maximum contact between the catalyst and dye molecules.

All These experiments were done with the help of a

commercial photo-reactor setup. The reactor consists of a

150 W tungsten halogen lamp for the light source with

wavelength ranges from 340 – 850 nm and is mounted

between the double-wall borosilicate well with inlet and

outlets in which the coolant has been circulated. Here 2 M

sodium nitrate (NaNO2) solution was used in order to filter

the UV light (320 – 400 nm) emitted by the light source.

To analyze the degradation of dye molecules, the aliquots

of the dye solution were taken at regular intervals (20 min)

and characterized by a UV–Vis spectrophotometer. Also,

the percentage of degradation of the dye molecules with

respect to time is calculated by the following formula

(Eq. 1)

g ¼ 1� c

c0

� �
� 100 %ð Þ ð1Þ

Results and Discussion

XRD Analysis

The XRD analysis was carried out for confirming the

crystal phase and structure of the prepared samples. Fig-

ure 1a, reveals the XRD patterns of the prepared samples

which is recorded for diffraction angle 2h ranges from 15 –

80�. From the XRD pattern, it is confirmed that the pre-

pared materials exhibit FCC spinel crystal structure and are

well-matched with the standard JCPDS 77–0010 [27]. The

lattice parameter values are calculated using the formula

(Eq. 2).

a ¼ d
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h2 þ k2 þ l2

p
ð2Þ

It is found that the lattice parameter increases gradually

with the increase in zirconium content (8.3863—8.4125 Å)

and is shown in Fig. 1b. This increase is may be due to the

Fe3? with a smaller ionic radius (0.79 Å) is replaced by the

Zr4? ions having a slightly larger ionic radius (0.86 Å) and

also there is a small shift in the predominant peak towards

the lower angle of 2h is noted from the XRD patterns.

Hence the XRD pattern confirms the incorporation of Zr4?

ions into the CuFe2O4 crystal lattice. The average crystal-

lite size of all the prepared samples was calculated using

the Scherrer formula (Eq. 3).

D ¼ Kk
b cos h

ð3Þ

The calculated crystallite size is found to be 33 nm,

34 nm, 38 nm, and 42 nm for S1, S2, S3, and S4

nanoparticles respectively. According to the obtained

crystallite size, all the synthesized materials are in the

nanoscale range. From the XRD analysis, it was found the

all the prepared samples have a good degree of crystallinity

with a high degree of purity.

FTIR Analysis

The FTIR characterization is taken to identify the various

functional groups and their modes of vibrations present in

the prepared materials. Figure 2a represents the FTIR

spectrum of all the synthesized samples and is recorded

from 400 – 4000 cm-1. Usually, the metal oxide vibration

modes are obtained between 100 –1000 cm-1. Here two

respective transmission peaks were obtained for all the

samples. The obtained peak around 470.32 cm-1 was due

to the vibrational frequency arrived from Cu – O in the
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tetrahedral sites (A sites) and the transmission peak arrived

at the region 574.13 – 618.21 cm-1 is due to the Fe – O

vibrations in the octahedral sites (B sites) [28]. The peak

detected at 3437.43 cm-1 is consistent with vibrations

there in H–O-H stretching mode. 1579.43 cm-1 peak

observed in the spectra is due to bending mode vibrations

of hydroxyl groups (H–O-H) adsorbed in the sample’s

surface. Hence the existence of two peaks in the metal

oxide region confirms that the prepared samples have a

spinel crystal structure and agree with the XRD results.

Also, it is found that the peak arrived at the octahedral site

is slight shifts towards the lower wavenumber (574.13 –

618.21 cm-1), which is maybe due to the replacement of

smaller ionic radius Fe3? ions with the larger ionic radius

Zr4? ions [29] is shown in Fig. 2b. Thus it again confirms

the incorporation of Zr4? ions into the CuFe2O4 crystal

lattice.

UV-DRS Analysis

Figure 3a shows the optical absorption spectrum of all the

synthesized samples which is recorded between the

wavelength from 200—900 nm. From the spectrum, it is

noted that the absorption range is slightly shifted towards

the blue end of the spectrum. Hence it confirms that the

bandgap of the material is increased with the addition of

Zr4? ions into the CuFe2O4 crystal lattice. The optical

bandgap of the material is calculated using Tauc’s relation

(Eq. 4) and the corresponding plot is shown in Fig. 3b.

ahm ¼ A hm� Eg

� �1=2 ð4Þ

The calculated band gap values are 1.39 eV, 1.56 eV,

1.80 eV, and 1.97 eV for S1, S2, S3, and S4 samples

respectively. This increase in optical bandgap energy with

respect to Zr concentration is may be due to the formation
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of sub-band energy level and defects in the crystal lattices

[30, 31]. Also, the obtained bandgap for pure copper ferrite

(S1) is quietly matched with the previous reports [32, 33].

Photoluminescence (PL) Analysis

Figure 4, illustrates the room temperature PL spectrum of

all the prepared nanomaterials recorded between the

wavelength range 325 – 700 nm with an excitation wave-

length of 320 nm. All the four prepared samples exhibit a

strong emission in the UV region (Near Band Emission)

around 368 nm is related to the radiative recombination

that occurs by surface electrons of the materials [34]. The

emission in the green region (540 nm), and orange-red

region (640 nm) is owing to the radiative transition of

electrons from swallow donors which is trapped by the

Zr4? sub energy levels, interstitial and singly ionized

oxygen vacancies [35]. In addition, it is noted that the NBE

is slightly shifts towards the lower wavelength is because

of the slight increase in the bandgap of the materials with

the increase of Zr4? content. Also, the near band emission

is high than that of the deep-level emission confirms the

good crystalline nature of all the prepared materials [36].

The deep level emission in the spectrum reveals that the

synthesized materials exhibit defects and thus it helps to

improve the photocatalytic behavior of the catalyst

material.

SEM and EDAX Analysis

The morphology of the synthesized samples is studied by

scanning electron microscope instruments. Figure 5a–d

illustrates the SEM images of the S1, S2, S3, and S4

samples respectively with the magnification of 2 lm range.

From the images, it is observed that the pure CuFe2O4

sample not having the specific morphology and it looks like

an agglomerated cluster of particles, whereas the mor-

phology has improved to a regular pattern as the Zr4?

content is increases and finally attains wheat like mor-

phology for 5 wt% of Zr4? doped CuFe2O4 sample (S4).

Figure 5 (e, f, g, h) shows the EDAX spectrum of S1, S2,

S3, and S4 samples respectively. The EDAX spectrum

consists of corresponding peaks for Cu, Fe, O, and Zr ions

and it confirms the presence of those ions in the prepared

samples and also there were no impurity peaks were found

in the spectrum reveals the purity of the synthesized

material.
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Fig. 5 a, b, c, d SEM micrographs of the prepared samples, and e, f, g, h EDAX spectrum of the prepared samples
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Photocatalytic Experiment

The degradation UV spectrum of the 5 wt% Zr doped

CuFe2O4 catalyst loaded RB and IC dyes were shown in

Fig. 6a, b respectively. From the spectrum, the maximum

absorption intensity peaks are observed at 533 nm and

609 nm respectively for RB and IC dyes and gradually

decrease as a function of reaction time. Hence, the degra-

dation of dye molecules is confirmed by these phenomena.

The C/C0 was calculated for each time interval and a graph

was comparatively drawn between consecutive C/C0 values

with respective reaction time intervals for all the samples

S1, S2, S3, and S4 to estimate the degradation percentage

of the dye molecules and is shown for RB and IC dyes

respectively in Fig. 7a, b. The degradation efficiency is

calculated as 40%, 58%, 71%, 88% for S1, S2, S3, and S4

with RB dye and 35%, 46%, 55%, 71% for S1, S2, S3, and

S4 with IC dye within 120 min. From the degradation

phenomena, it is confirmed that the reaction follows the

pseudo-first-order kinetics and the rate constant for the

degradation reaction was calculated using Langmuir–Hin-

shelwood relation (Eq. 5) and by plotting a graph between

ln (C/C0) and their respective reaction time is shown for

RB and IC dyes respectively in Fig. 7c, d.

ln
c

c0

� �
¼ kt ð5Þ

In general, the photocatalytic reaction involving the

heterogeneous nano photocatalyst is wok under the basic

principle, that when the light hits the semiconductor nano

photocatalyst material the photon energy equal to that of

the bandgap energy of the material is absorbed by the

electrons in the valence band (VB) of the atoms and excited

to the conduction band (CB). Therefore electron–hole

separation is created in the photocatalyst material. These

electrons in the CB now react with reactive oxygen species

in the dye solution and forms superoxide anions (O2̄). On

the other hand, the holes in the VB is reacts with H2O in

the dye solution which in turn forms (•OH) radicals. Now,
these created (•OH) radicals and superoxide anions (O2̄)

are reacts with the dye molecules and the mineralization

occurs. These overall reactions are collectively called as

advanced oxidation process (AOP). In this case, the photo-

Fenton reaction is maybe occurred by chance, due to the

presence of ferrites (Fe3?) functional group in the prepared

materials. From all the above-observed results it was noted

that the degradation percentage is improved with the

addition of Zr4? content into the CuFe2O4 nanoparticles.

Also, the highest degradation percentage was achieved by

5wt% of Zr4? doped CuFe2O4 nanoparticles for both dyes

RB and IC. This may be due to the slight increase in the

bandgap of the material when compared to other prepared

materials, such that the excited electron can able to stay in

the CB for a while and is easily react with dye solution.

Further, the PL intensity of the material is decreased with

the increase in Zr4? content. Hence it confirms the elec-

tron–hole recombination is prevented by the introduction

of Zr4? into the crystal lattice. This is one of the reasons for

the gradual increase of photocatalytic performance as a

function of Zr4? ions in the prepared materials. Further, the

introduction of Zr4? cation into the CuFe2O4 will provide

electron trapping energy level in the crystal and it will

improve the photocatalytic activity of the material. In fact,

due to an increase in the Zr content in the material, the

electron transfer between the CuFe2O4 and Zr4? is

increased. This is because excess electrons will be trapped

by Zr4? converting it into Zr3? on continuation the Zr3?

will lose the electron to the molecular oxygen and produce

O2
• - and Zr4? again. Hence, it improves the reactive

radical formation and thus degrades the dye solution faster.
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Hence, the increase of Zr4? content will increase the

photocatalytic performance of the material, so the 5wt% of

Zr4? doped CuFe2O4 nanoparticles have to show maximum

efficiency than the other prepared samples. The calculated

degradation percentage, rate constant and R2 values for

samples S1, S2, S3, and S4 with RB and IC dyes are tab-

ulated in Table 1. The schematic representation of the

energy level diagram is shown in Fig. 8. Some of the

previously reported CuFe2O4 based nanoparticles for pho-

tocatalytic applications are tabulated in Table 2, to estab-

lish the quality of the present work.

Reaction mechanism

Zr4þ : CuFe2O4 þ hm ! hþðvbÞ þ e�ðcbÞ

Zr4þ þ e� ! Zr3þ

Zr3þ þ O2 ! O��
2 þ Zr4þ

O2 þ e� ! O��
2 super oxide anionsð Þ

O��
2 þ H2O ! HO�

2 þ OH�

2HO�
2 ! H2O2 þ O�

2

e� þ O2 ! OH� þ OH�

e� þ H2O2 ! OH� þ OH�

hþ þ OH� ! OH�

hþ þ H2O ! Hþ þ OH�

OH� þ Dye ! H2O þ Mineralized productsþ CO2

O��
2 þ Dye ! H2O þ Mineralized productsþ CO2

Evaluation of Dye Solution Mineralization Using
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Chemical Oxygen Demand (COD) Technique

The chemical oxygen demand (COD) method is one of the

simplest and effective routes and is commonly employed to

evaluate the organic intensity of wastewater. The analysis

helps to measure the contaminant in terms of the overall

amount of oxygen available to convert organic compounds

to Carbon dioxide and water. In this route, COD was cal-

culated before and after treatment for the dye solution. The

loss of COD quantities suggests the dye molecule’s min-

eralization as well as color elimination of the treated dye

solution. Here the titration procedure was used to calculate

the chemical oxygen deficiency (COD) for the mineral-

ization of the contaminants [41]. Titrations were carried

out with ferrous ammonium sulfate (FAS) towards pure

Table 1 Degradation efficiency and rate constant of the prepared samples for RB and IC dyes

Materials Dye used Photocatalytic activity

R2 value Rate constant (k) (9 10–3 s-1) Degradation percentage (%)

0 wt% Zr:CuFe2O4 (S1) RB 0.99261 4.44 40

IC 0.98127 3.62 35

1 wt% Zr:CuFe2O4 (S2) RB 0.99337 7.25 58

IC 0.9952 5.47 46

3 wt% Zr:CuFe2O4 (S3) RB 0.99801 10.59 71

IC 0.99223 6.85 55

5 wt% Zr:CuFe2O4 (S4) RB 0.97651 17.49 88

IC 0.99476 10.52 71
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Fig. 8 Energy level diagram of synthesized nanoparticles

Table 2 Photocatalytic activity of CuFe2O4 photocatalyst based previously reported works

Materials Dyes Percentage of

degradation

Reaction time Light source Reference

CuFe2O4 Methylene Blue

Drimarene Yellow

94%

29%

105 (min.)

120 (min.)

125 W Hg lamp (UV light) [37]

CuFe2O4 Methylene Blue (With Peroxy di-

sulphate PDS) –

94%

75 (min.) 150 W Tungsten halogen lamp (Visible light) [38]

Zn:CuFe2O4 Direct Red 264 55% 120 (min.) Xenon lamp (Visible light) [22]

Ag:CuFe2O4 Malachite Green 98% 240 (min.) UV light [23]

Ti:CuFe2O4 Methylene Blue 82% 180 (min.) 500 W Xenon lamp (Visible light) [24]

CuFe2O4 / Bi2O3 Methylene Blue

Acid Scarlet 3R

Rhodamine B

90%

38%

78%

(With H2O2) 45 (min.)

35 (min.)

35 (min.)

Sodium lamp (Visible light) [39]

CuFe2O4 / rGO Phenol 90% 180 (min.) 400 W Xenon lamp (Visible light) [40]

Zr:CuFe2O4 Rose Bengal

Indigo Carmine

88%

71%

120 (min.)

120 (min.)

150 W Tungsten halogen lamp (Visible light) Present work
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DD water, dye solution after degradation and dye solution

before degradation was performed to calculate COD, and

the results were computed using the equation below

(Eq. 6).

g ¼ InitialCOD � FinalCOD
InitialCOD

� 100 %ð Þ ð7Þ

The COD values in percentage for treated RB and IC

dye solutions are calculated using Eq. (7) and described in

Table 3. In the current analysis, the COD removal effi-

ciency for the RB dyes and IC had reached up to 81% and

74% respectively. Also, COD was measured for the

degraded RB and IC dye solutions treated with S1, S2, and

S3 samples over the same duration of time, and are

observed to be 42%, 58%, 72%, and 39%, 52%, 66%,

respectively.

Conclusion

In today’s situation, water gets polluted due to the huge

development of industrialization and rapid urbanization. So

it is necessary to purify the water from the textile industries

before it reaches the environmental water sources. In this

regard, the zirconium doped copper ferrite nanoparticles

were prepared successfully as a suitable photocatalyst

through the chemical precipitation method. The structure,

crystal phase, morphology, and optical properties were

studied using XRD, SEM, DRS and PL characterization

techniques. Further, the photocatalytic properties are

studied using RB and IC textile dyes for all the prepared

materials. The degradation efficiency is calculated as 40%,

58%, 71%, 88% for S1, S2, S3, and S4 with RB dye and

35%, 46%, 55%, 71% for S1, S2, S3, and S4 with IC dye.

From the results, the maximum efficiency was observed for

5wt% of Zr4? doped CuFe2O4 nanoparticles. Also, the

mineralization experiment was carried using the COD

method and the maximum mineralization was achieved for

5wt% of Zr4? doped CuFe2O4 nanoparticles in both RB

and IC dyes. This proves that the impregnation of zirco-

nium ions will improve the photocatalytic behavior of the

material. Further, from all the above-observed results we

conclude that the prepared Zr doped CuFe2O4 nanoparti-

cles are suitable for environmental wastewater remediation

under visible light irradiation.
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