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ABSTRACT 
 

Purification of industrial wastewater from dyes receiving increasing attentions. The aim of the present manuscript was to 
fabricate graphene based nanocomposites using a homogeneous and facile approach. Co-precipitation method was used to 
synthesize zirconium oxide (ZrO2) and neodymium doped ZrO2-graphene oxide (Nd-ZrO2-GO) nanocomposites with varying 
weight percent concentrations of neodymium to investigate the increasing photocatalytic activity. The Nd-ZrO2-GO catalysts 
were characterized using X-ray powder diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, scanning electron 
microscopy (SEM), transmission electron microscopy (SEM), and ultra violet-visible (UV-vis)-spectroscopy to evaluate their 
optical, morphological and structural properties respectively. The photocatalytic degradation potential of the nanocatalyst was 
assessed by the degradation of Eosin Y dye in aqueous solution under simulated solar light irradiation. The Nd-ZrO2-GO was 
observed to have higher photocatalytic degradation potential than the bare ZrO2. The most efficient photocatalyst for the 
degradation of Eosin Y dye was 0.3 % Nd-ZrO2-GO with about 80 % efficiency within 180 min and a Ka value of 4.19 x10-3. 
Nd-ZrO2-GO catalyst would be considered as efficient photocatalyst to degrade the industrial dyes (Eosin Y) avoiding the 
dreary filtration steps. Copyright © 2016 VBRI Press. 
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Introduction  

It has been shown in recent times that photocatalytic 
degradation with metal oxide semiconductors such as ZrO2 
can be used effectively to remove a wide variety of organic 

pollutants from water [1, 2]. This process generates strong 
oxidizing and reducing species which attach and convert 
the organic pollutants into simple and harmless products 
such as carbon dioxide and water. Semiconductor 
photocatalysis is therefore regarded as being the most 
efficient waste water treatment technology, and 

environmentally friendly [3]. 
Semiconductors such as TiO2, ZnO, ZnS, and ZrO2 have 

been tested as photocatalysts as a result of their electronic 
structure which is influenced by filled valence band and an 

empty conduction band [4]. ZrO2 has been extensively 
studied as a photocatalyst because of its efficient ionic 
conductivity due to oxygen vacancies. Another property is 
its high activity in photocatalysis, which is a good starting 

point to get an optimized product [5]. However, the biggest 
disadvantage is its photosensitivity to solar light. 
Zirconium’s wide band gap (5-5.85 eV) limits its activity to 

UV light which represents only 4 % of solar light [6] 
affecting its efficiency as a photocatalyst. Recombination of 

the electron-hole pairs after generation is another problem 
hindering the efficiency of ZrO2 as a photocatalyst. It is 
therefore necessary to modify ZrO2 in such a way as to 
reduce its wide band gap and minimize the recombination 
rate of the photogenerated electrons and holes. Recently, 
graphene attracted scientific interest due to tits excellent 
specific surface charge, promising thermal as well electrical 
conduction and carrier’s motilities. Due to the hexagonal 
honeycomb like network, the sp2-bonded carbon lattice has 
exceptional electrical and spacious delocalized п-bond 
which enhances its conductivity capacity and structural 
stability. The O2-containing functional groups on the 
surface of graphene oxide, recommended its candidature 
for a good supporting materials for other entities of 
nanomaterials. In this respect, anchoring well-organized 
Nd-ZrO2- nanostructures over the GO sheet can be 
efficiently utilize to attain for a promising photocatalytic 

concert [7-9]. The wide band gap of ZrO2 can be reduced 

by modifying it with graphene oxide [10]. With a relatively 
small band gap coupled with high optical and mechanical 
properties, graphene oxide based photocatalyst are 
expected to be visible light active and exhibit synergistic 
properties of the individual materials.  

http://www.dx.doi.org/10.5185/amlett.2016.6497


 

Research Article                          Adv. Mater. Lett. 2016, 7(12), 946-950                    Advanced Materials Letters 

Adv. Mater. Lett. 2016, 7(12), 946-950                                                                                Copyright © 2016 VBRI Press   

                                           
  

The reactivity of the photocatalyst can be improved if the 
electron could be spontaneously trapped by an electrical 

insulator or by a default [11]. This default can be an anion 
vacancy which is created by the replacement of a host 
cation by a dopant. An electron trapped by this anionic 
vacancy is very movable which create a high activity within 

the reaction medium [12].  
Modification of ZrO2 with graphene oxide and a metal 

ion is therefore expected to result in an ideal ZrO2 

photocatalyst for the effective removal of organic pollutants 
from water. This study therefore involved the synthesis of 
Nd doped ZrO2-GO nanocomposites with varying 
percentage concentrations of Nd through the homogeneous 
co-precipitation method. The photocatalytic degradation 
potential of the nanocomposites against Eosin dye as a 
model organic pollutant is also discussed. 

 
Experimental 

All chemicals were obtained from Sigma-Aldrich and used 
without further purification. 

 
Synthesis of graphene oxide 

Graphene oxide synthesis was carried out based on 

modified Hammers methods [13]. Typically, a 
H2SO4/H3PO4 mixture in the ratio of 9:1 (360:40 mL) was 
added to a mixture consisting of 3.0 g graphite flakes and 
18. 0 g KMnO4 and the mixture heated at 500 oC with 
continuous magnetic stirring for 12 h. After cooling the 
reaction system to room temperature, 3 mL of 30 % H2O2 
and 400 mL deionized water was added slowly followed by 
centrifugation at 7, 500 rpm for 15 min at 4oC. The 
supernatant was then decanted and the solid material 
washed several times with 1000 mL deionized water and   
30 % HCl. The solid material was again mixed with       
1000 mL deionized water and centrifuged. The residual 
solid material was finally coagulated with 200 mL 
petroleum ether and filtered through a Teflon membrane 
filter (1 µm pore size). The obtained graphene oxide was 
then vacuum-dried overnight at room temperature. 

 
Synthesis of Nd–ZrO2–GO nanocomposite 

This synthesis followed the method of Agorku et al. 2015 

[14]. This process involved the dispersion and sonication of 
9.81 g of Zr (NO3)2.6H2O and calculated amounts of Nd 
(NO3)3.6H2O in 50 mL deionized water in order to obtain 
0.3 %, 0.6 & and 1.0 % Nd doped ZrO2 nanoparticle. The 
mixture was later stirred magnetically for 1 h after which 
0.116 mL of GO representing 0.5 % was added and the 
mixture stirred at 50 °C for 2 h.  

The Nd–ZrO2–GO nanoparticle was precipitated through 
drop wise addition of 3M KOH with continuous magnetic 
stirring until pH between 9 and 10 was obtained. The Nd–
ZrO2–GO composite was then separated by centrifugation 
and washed several times with a mixture of deionized water 
and ethanol to remove nitrate and chloride ions. The 
synthesized Nd-ZrO2-GO nanoparticle was dried overnight 
at 90 °C and calcined at 300°C for 3 h. ZrO2 and ZrO2–GO 
were also synthesized in a similar manner without the 
addition of either Nd(NO3)3.6H2O or both GO and 
Nd(NO3)3.6H2O.  

Evaluation of photocatalytic activity 

The photocatalytic activity of each photocatalyst was 
estimated through degradation of Eosin Y aqueous solution 
(100mL; 20ppm) with 100 mg of each catalyst under 
simulated solar light with continuous magnetic stirring at 
room temperature. The catalyst-dye mixture was first kept 
in the dark at room temperature for 30 min before 
illumination with light filtered with a dichroic UV filter 
with wavelength of 420 nm. The light was produced using a 
Port 9600 Full Spectrum Solar Simulator equipped with 
150 W ozone free xenon lamp that was set at a distance of 
10 cm to produce only 1 sun intense beam to study 
photodegradation of dyes. Exactly 5 mL aliquots of the 
suspensions were taken from the reaction medium every    
30 min for 3h with a syringe fitted with a 0.4 µm PVDF 
membrane filter. Concentration of Eosin Y in every aliquot 
was determinate with a Shimadzu UV-2450 
spectrophotometer at λ = 516 nm. The kinetic study and 
degradation performance was determinate in term of 
decolorization efficiency. 
 
 

 
 
Fig. 1. XRD pattern of Nd doped-ZrO2-GO. 

 
Characterization 

Fourier transform infrared spectroscopy (FTIR) spectra of 
the samples were recorded on a PerkinElmer FTIR 
spectrometer (Spectrum 100). X-ray diffraction (XRD) 
measurements were accomplished on Rigagu Ultima IV X-
ray diffractometer at 40 kV and 30 mA with Cu Ka 
radiation (k = 0.15406) with K-beta filter. Measurements 
were performed using a scintillation counter in the range of 
5–100 at a speed of 2.0 deg/min. Scanning electron 
microscopy (SEM) studies were acquired on a TESCAN 
(Vega 3 XMU). The elemental composition of the samples 
was determined using energy dispersed X-ray spectroscopy 
(EDX) attached to SEM. Optical properties were 
investigated using UV–vis absorption and UV–vis diffuse 
reflectance spectroscopy on a Shimadzu UV-2540 (Japan) 
with BaSO4 as the reflectance standard. 

 

Results and discussion 

XRD analysis 

Fig. 1 shows the XRD patterns of ZrO2, ZrO2-GO and Nd-
doped ZrO2-GO nanoparticles. Two broad peaks, at around 
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30.1° and 50.2° are observable. These peaks reveal that the 
crystalline structure of the nanocomposites is in the 
amorphous state because of the broadness of the peaks. No 
intense diffraction peak could validate the presence of GO 
which may be possibly due to its low concentration (0.5 %) 
and therefore its relatively low diffraction intensity in the 

nanocomposites [15]. 
 

 
 
Fig. 2. FTIR of Nd doped ZrO2-GO. 
 

FTIR 

The FTIR spectrum provides information on chemistry of 
nanoparticles shows the FTIR spectra of the ZrO2, ZrO2-

GO and Nd-doped ZrO2-GO nanoparticles (Fig. 2). Peaks 
due to bending vibration of O-H are observed between 
3450 cm-1 and 3350 cm-1, and 1635 cm-1 and 1620 cm-1. 
These OH groups are ascribed to water molecule adsorbed 
from the environment. GO is characterized by peaks 
between      1635 and 1620 cm-1, mainly attributed to in 

plane C=C band vibrations of aromatic groups [16]. 
Notably, all the above peaks are observed for the ZrO2–GO 
and Nd-doped ZrO2–GO as well except that these observed 
peaks were slightly shifted to lower wavelengths. This shift 
could be due to the interaction of ZrO2 with GO in the 
composites. The absorptions at 485 and 627 cm-1 are 

attributed to stretching vibrations of ZrO2 bonds [10], 
which shifted to lower wave numbers in the modified 
nanocomposites indicating the interaction between GO, Nd 
and ZrO2. 
 
TEM and SEM studies 

TEM and SEM were performed to assess the size, 
uniformity, morphology and microstructure of the 
nanoparticles. The TEM, SEM and EDX images of ZrO2 
and Nd doped ZrO2-GO nanoparticles are shown in         

Fig. 3. The SEM image of ZrO2 (Fig. 3a) clearly shows the 

formation of small size ZrO2with distinct grains. Fig. 3b 
shows that the Nd-ZrO2nanoparticles are enclosed in GO. 
All the nanocomposites exhibited regular morphology 
irrespective of Nd doping. The EDX spectrum estimated 
the amount of each element in the Nd doped ZrO2-GO 
photocatalysts. This spectrum confirms the presence of Nd, 
C, Zr and O in the catalysts. It also indicates that the main 
contents are Zr and O whereas Nd is in low concentration 
but close to what was expected. 

(a) (b)

(c)

 
 
Fig. 3. SEM image of (a) ZrO2, (b) Nd doped ZrO2-GO and (c) EDX 
spectrum of Nd doped ZrO2-GO. 

 
Optical studies 

The UV-visible absorption spectra of the samples revealed 
that modification of ZrO2using Nd and GO resulted in 

enhanced visible light absorption of ZrO2. Fig. 4 shows the 
absorption spectrum of the synthesized ZrO2, ZrO2-GO and 
Nd doped ZrO2-GO nanoparticles. The spectra shows a 
significant increase in absorption of light in the entire 
visible light region by the doped catalysts over pure 
ZrO2.This phenomenon is due to the multiplication of 

discrete energy levels [5], which decrease original zirconia 
band gap. It is also attributed to Nd doping and its ability to 
act as electron scavenger to reduce electron-hole 
recombination rate. 
 

 
 
Fig. 4. UV-visible absorbance spectra of Nd doped ZrO2-GO. 

 
Even though introduction of Nd and GO resulted in 
improved visible light absorption, there appears to be no 
direct link between quantity of Nd doped and absorbance 
results i.e, an increase in Nd concentration did not 
necessarily result in increased visible light absorption of the 
catalysts. 

With regards to reflectance, the pure zirconia is the most 
reflected of the catalysts in the entire visible light region 

(Fig. 5). The modified catalysts were less reflected in 
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comparison to pure ZrO2. However, the peak positions 
further shifted a bit to a shorter wavelength due to the 
addition of GO and Nd. 
 

 
 
Fig. 5. UV Reflectance spectra of Nd doped ZrO2-GO. 

 
Photocatalytic activity 

The photocatalytic activity of the prepared Nd-ZrO2–GO 
nanocomposites was determined using the degradation of 
20 ppm aqueous solutions of Eosin Y dye as a model for 
organic pollutants. The degradation was carried out under 
simulated solar light. The significant optical absorption 
peak of Eosin Y at 516 nm was used to monitor the 
photodegradation process. The ZrO2-GO and the Nd-ZrO2-
GO showed improved performance over the bare ZrO2. The 
peak evolution of Eosin Y solution degraded by the          

0.3 %Nd-ZrO2-GO is given in Fig. 6. The efficiency of the 
photocatalyst is indicated by the absorbance peak evolution 
from 0 min to 180 min. The gradual decrease in absorbance 
of the optical absorption peak with time indicates the 
gradual degradation of the dye with increasing time. 
 

 
 
Fig. 6. Eosin Y photodegradation profile using 0.3% Nd doped ZrO2-GO. 
 

Fig. 7 represents the kinetics of Eosin Y degradation. 

Fig. 7 clearly shows that 0.3% Nd- ZrO2-GO showed the 
best photocatalytic activity under solar light beam. This 
observation is not explained in terms of its absorbance 
properties, but the ratio of Zr and Nd could be the cause of 

this performance. It can therefore be said that 0.3 % Nd 
concentration is the maximum dopant concentration of 
ZrO2 for Nd to act as efficient electron trap and limit 

electron recombination [17]. Bare ZrO2 exhibited the least 
photocatalytic activity. 

 

 
 
Fig. 7. Degradation profile of Nd doped ZrO2-GO. 

 
In general, photodegradation reaction of organic 

compounds can be described by the Langmuir–
Hinshelwood model, where the photocatalytic activity of 
the catalyst can be evaluated using the equation:   
 

ln Co/C = kt 
 

where, Co/C is the normalized Eosin Y concentration, t is 
the reaction time, and k is the apparent reaction rate 
constant. The kinetics of Eosin Y degradation was obtained 
by plotting C/Co versus time. All the nanocomposites show 
better degradation efficiency than zirconium.  
 

 
 

Fig. 8. Kinetics for the degradation of Eosin Y by Nd doped ZrO2-GO 
catalysts. 

 

Because of its pseudo-first kinetic order reaction, log 

(Co/C) versus time (Fig. 8) should be linear. These linear 

relationships are confirmed by Fig. 8 and good correlation 
ratio was (R²>0.97) obtained. The K value of 0.3% Nd-
ZrO2-GO is 4.19x10-3 min-1. This value is much higher than 
that of ZrO2 (2.88x10-3). Thus 0.3% Nd-ZrO2-GO degraded 
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the dye at a faster rate compared to other catalysts with the 
ZrO2 operating at the lowest rate.   

Nd doped-ZrO2-GO nanocomposites have been observed 
to be better catalysts compared too bare ZrO2, with 0.3% 
Nd-ZrO2-GO being the best performing catalyst. These 
performances are explained by synergic effects of GO and 
Nd in the composites. 

 

Conclusion  

The homogenous co-precipitation method was successfully 
used to synthesize nanosized ZrO2 and Nd doped ZrO2-GO 
with varying weight percent concentration of Nd. This was 
confirmed by the various characterization techniques. XRD 
analysis revealed the amorphous nature of the 
nanocomposites. The UV-visible absorption spectra of the 
samples revealed that modification of ZrO2 using Nd and 
GO resulted in enhanced visible light absorption of ZrO2. 
The Nd doped ZrO2-GOwere better catalysts against the 
degradation of Eosin Y dye compared to the bare ZrO2. 
From all of the nanocomposites, 0.3 % Nd-ZrO2-GOwas 
found to be the best composite for effective degradation of 
the dye under irradiated solar light. The enhance 
photocatalytic performance of Nd doped ZrO2-GO 
nanocomposites can be attributed to the efficient 
photosensitized electron booster along with repressed 
electron recombination due to electron transfer process with 
GO as electron transporter and collector. The followed 
method may extend to fabricate graphene based 
nanocomposite and put his candidature in the field of 
materials science for sensor, catalysis and fabrication of 
electronic device fabrication.        
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