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A mixture of 10 wt% CuO-10 wt% Fe2O3 supported on cordierite were prepared by wet impregnation. 
The as-prepared solids doped with Li2O (0.75-3 mol %) were calcined at 500-900 ºC. The crystalline 
phase, morphology, and surface area were investigated by XRD, HR-TEM and N2-adsoprtion-desorption. 
Moreover, their photocatalytic activities of samples calcined at 700°C on the degradation of phenol were 
evaluated under UV-irradiation. The catalytic activity of different solids toward H2O2 decomposition was 
studied. Nano-materials were used to adsorb dyes as Remazole-Red and Congo-Red from aqueous solution. 
The sorption process was in good agreement of pseudo-second order equation and the Langmuir equation 
through their adsorption kinetics and isotherms, respectively. The CuO-Fe2O3/ cordierite doped with 0.75% 
Li2O at 700 ºC adsorbent was found to possess the highest removal efficiency of Remazole-Red and/or 
Congo-Red dyes and potentially lowering capital and operational costs for \practical applications. The 
highest removal efficiency of the anionic dyes over 0.75% Li2O at 700 ºC can be discussed by observing the 
appearance of new active phases as CuO, CuFe2O4 and LiCuO, decreasing the crystallite size of these active 
phases. 0.75 mol% Li2O has the greatest activity in H2O2 decomposition reached 700 %. This result may 
be related to the lowest particle size and the highest surface area of this sample, which also produced a 
large number of electrons donating active sites for H2O2 decomposition.

Keywords:  Congo-Red dye, Remazole-Red dye, Copper ferrite, COD, Cordierite, Li2O- doping, H2O2-decomposition

1. Introduction
A global concern of wastewater from chemical 

industries and hazardous pollutants present in 
water supplies [1]. The wastewater from textile 
processing contains residues [2]. A large amount 
of organic matter and colorants (dyes) discharge 
during the textile industry, especially in the 
coloring and washing steps. 

A lot of methods are known for dye removal 

from wastewater such as precipitation, coagulation 
and ultra-filtration [3]. These techniques are 
nondestructive, since they only convert the non 
biodegradable matter into sludge [3]. In comparison 
with other techniques, adsorption is the most 
favorable method in the contaminants removal 
from wastewater. This probably was used due to 
its simplest, cost effective and high adsorption 
capacity for the removal of dyes from wastewater [2, 
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4]. Considerable researches reported the usage of 
polymer, activated carbon and fly ash as adsorbent 
surfaces for dyes adsorption from solutions [5, 6]. 
The focus of recent researches is the foundation of 
low cost adsorbents instead of expensive activated 
carbon in spite of its widespread [7, 8].

However, in recent years, efforts have been 
made to use mixed oxides nanostructured as an 
adsorbent for dye removal because of its low cost, 
large numbers of corner defects sites, unusual 
lattice planes, high surface area, micro-pore 
structure and high surface reactivity [9-12], which 
could greatly facilitate their future adsorption 
applications. So, the removal of various pollutants 
could be achieved by using mixed metal oxides that 
is efficient adsorbent [13-15].

Many reactive azo dyes removal is difficult 
because of their high solubility in water, complex 
structure and synthetic origin [16]. Congo- Red 
(CR) and Remazole-Red (RR) are examples 
of azo dyes, which are mostly used as dyes in 
textile industries. They are heavily toxic to the 
environment. So, removal of these dyes from 
wastewater has attracted our attention in this study.

Numerous studies utilized Fe2O3 as adsorbent 
for dye removal because of its non-harmfulness, 
accessibility, high imperviousness to oxidative 
change and low preparing cost [17, 18]. Adjustment 
of iron oxide by blending it with different oxides 
was studied. This was attributed due to its low 
warm strength, surface territory diminishment 
and fast deactivation in reactant examinations 
[17, 18]. CuO/Fe2O3 was chosen as potential 
unstable natural mixes [19]. So, there was a need 
to modify its characteristics. Cordierite was used 
in heterogeneous catalysis as it has a great warm 
resistance and little warm coefficient [20-22]. One 
of the water quality methods is chemical oxygen 
demand (COD). COD is viewed as a method of 
portrayed natural toxins present in wastewater. 
Measure of natural contaminants and water clean 
degree can be recognized by COD substance [23-
27].

In the present work we studied the factors that 
may have an impact on the composition, crystalline 
and surface properties of nano-materials CuO-
Fe2O3/cordierite. The as-prepared adsorbents pure 
and variously treated Li2O (0.75 - 3 mol %) were 
identified by XRD, HR-TEM, and N2-adsorption/
desorption isotherms. Photocatalytic studies of the 
prepared solids were explored regarding Chemical 
Oxygen Demand (COD). The removal studies 

of the Congo-Red and Remazole-Red dyes of 
pure and variously treated CuO-Fe2O3/cordierite 
nanomaterials heated at (500, 700 and 900 ºC) 
have been conducted using batch adsorption 
experiments. For further illustration the efficiency 
of doped solids, its catalytic activity toward H2O2 
decomposition was studied.

2. Experimental
2.1. Materials and catalyst preparation

A given mass of a finely powdered cordierite 
Mg2Al4Si5O18 (commercial grade supplied by 
Baikowski Inc. company) was impregnated with 
calculated amounts of a mixture of equal amounts 
of copper nitrate [Cu(NO3)2.6H2O] and ferric 
nitrate [Fe(NO3)3.5H2O] dissolved in the least 
amount of distilled water sufficient to make paste. 
The pastes were dried at 100 ºC then calcined at 
500,700 and 900 ºC for 4 h. The amounts of copper 
and ferric nitrates were calculated in a manner that 
the calcined prepared samples contained 10 wt% 
CuO and 10 wt% Fe2O3. Li2O-traeted solids (0.75- 
3 mol%) were prepared by impregnating a known 
mass of finely powdered support material with 
different amounts of  lithium nitrate solution prior 
to treating with copper and ferric nitrates followed 
by drying and calcination at 500,700 and 900 ºC 
for 4 h. The employed chemicals were analytical 
grade and supplied by Fluka Company.

Congo-Red and Remazole-Red were purchased 
from DyStarand was used as received without 
further purification. The UV–visible absorption 
spectrum of the applied dyes shows characteristic 
absorption both in UV and visible regions. The 
concentration of Congo-Red and Remazole-Red 
was measured throughout the work at λmax= 497 
and 520 nm, respectively. 

2.2. Techniques
X-ray powder diffractograms of variously solids 

calcined at 500-900 ºC were determined using 
a Bruker diffractometer (Bruker D 8 advance 
target). The patterns were run with copper Kα 
with secondly monochromator (λ = 1.5405 Å) at 
40 kV and 40 mA. The scanning rate was 8o and 
0.8o in 0.2o in 2θ min-1 for phase identification and 
line broadening profile analysis, respectively. The 
crystallite size of the phases present in pure and 
variously supported solids was determined using 
the Scherrer equation (eq. 1) [28]:

d = K λ / β1/2 cos θ                                            (eq. 1)
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where d is the mean crystalline diameter, λ is the 
X-ray wave length, K is the Scherrer constant (0.89), 
β1/2 is the full width at half maximum (FWHM) of 
the main diffraction peaks of the crystalline phase 
present and θ is the diffraction angle.

The structure and the surface morphology of 
the resulted nano-materials were examined using 
JEOL JEM-1230 transmission electron microscope 
(TEM) with acceleration voltage of about 80 kV 
and JEOL-SEM scanning electron microscope 
(SEM), respectively.

The textural properties of the samples were 
determined by physical adsorbing nitrogen (N2) 
at 77K using a Quantachrome Nova-Touch 4LX 
automated gas-sorption apparatus (USA). Before 
each N2- sorption measurement, samples were 
degassed at -193 ºC for 2 h. The N2-adsorption 
on the samples was used to calculate the specific 
surface area by means of the Brunauer–Emmett–
Teller (BET) equation [29]. The pore size 
distribution was calculated from desorption branch 
of the isotherm by the Barrett, Joyner and Halenda 
(BJH) method. Chemical Oxygen Demand (COD) 
was used to analyze the wastewater before and 
after the photocatalysis process according to the 
Standard Methods for Water and Wastewater 
Examination (APHA, AWWA, 1995) as described 
in the previous work of one of the author [23-27]. 
The UV lamp used in order to irradiate samples 
has a range of wavelengths up to 368 nm. 

The amount of catalyst is one of the main 
parameters for the degradation studies. In order to 
avoid the use of excess catalyst it is necessary to 
find out the optimum catalyst loading for efficient 
removal of COD of the wastewater. Several authors 
have investigated the reaction rate as a function 
of catalyst loading in photocatalytic oxidation 
process [25, 30]. 

Batch adsorption study of water-soluble reactive 
dye Remazole-Red or Congo-Red onto CuO-
Fe2O3/cordierite nanomaterials was carried out in 
250 mL beakers which contained 100 mg CuO-
Fe2O3/cordierite sample and 100 mL dye solution 
of desired concentration. The solution in the 
beakers was kept stirred at temperature 25± 0.1 ºC 
and pH 7. At various time intervals, the solutions 
were centrifuged at 7000 rpm for 10 min and the 
absorbance of supernatant solution was recorded 
by UV–vis spectrophotometer (Shimadzu UV/
Vis1601 spectrophotometer, Japan). Langmuir and 
Freundlich isotherms were used to analyze the 
adsorption equilibrium [31, 32].

The catalytic decomposition of hydrogen 
peroxide (H2O2) in presence of the CuO-Fe2O3/
cordierite catalysts was examined by mixing 100 
mg of the catalyst with (2 mL H2O2+18 mL distilled 
H2O) and stirred at room temperature (25 ºC) for 3 
h. The volume of oxygen liberated at different time 
intervals were measured until no further O2 was 
liberated and was recalculated under STP. A blank 
test was done as well simultaneously carried out 
without catalyst under the same condition.

3. Results and discussion
3.1. XRD investigation of different samples

 The X-ray diffractograms of untreated and 
treated samples with Li2O (0.75 - 3 mol%) then 
calcined at 500,700 and 900 ºC were given in Figs. 
1-3. These figures reveals: (i) The presence of CuO 
phase together with copper ferrite (CuFe2O4) phase 
(d=2.52Å) (34-0425 JCPDS-ICD). The presence 
of CuFe2O4 provided by solid-solid interaction 
between CuO and Fe2O3 that is taken through the 
following reaction:

The degree of crystallinity and/or abundance of 
CuFe2O4 formed in various solids can be measured 
by the peak area of the diffraction line at d=2.52Å. 
The CuFe2O4 peak area was found to be 13.9, 14.1, 
16.2 and 4.9 a.u. for pure, 0.75, 1.5 and 3 mol% 
Li2O, respectively. The results might indicate that 
treatment by Li2O enhanced the ferrite formation 
to an extent proportional to Li2O added till 1.5 
mol% Li2O.

The formation of CuFe2O4 by the interaction 
between CuO and Fe2O3 in presence of Li2O might 
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Fig. 1: XRD diffractograms of untreated and treated samples calcined at 500 ºC 

(1.Cordierite,  2. CuO,  3. Fe2O3,   4. CuFe2O4,  5. Li2O ) 
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Fig. 1- XRD diffractograms of untreated and treated samples 
calcined at 500 ºC (1. Cordierite, 2. CuO, 3. Fe2O3, 4. CuFe2O4,  
5. Li2O).
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Fig. 3- XRD diffractograms of untreated and treated 
samples calcined at 900 ºC (1. Cordierite,  2. CuO,  3. Fe2O3,  
4. CuFe2O4, 5. Li2O,  6. LiCuO).

be due to the dissolution of dopant cations (Li+) 
in CuO and Fe2O3 lattices. The dis-solution process 
can be discussed by Kröger’s notations [33]: 

                                                                               (1)

                                                                               (2)

                                                                               (3)

where δ is a small portion that increases by 
increasing the Li+ dissolved in the treated solids 
lattice. Li(Cu2+) and Li(Fe3+) are the monovalent 
lithium formed in host copper and ferric cations 
of CuO and Fe2O3 lattices, respectively. The 
substitution process might explain the dissolution. 
Reactions 1 and 3 showed the presence of anionic 
and cationic vacancies due to the dissolution 
of dopant ions in the lattices of reacting oxides. 
Opposite trends in reaction 2 that showed the 
decreasing of Cu2+ concentration as it is involved in 
the ferrite formation due to dissolution of lithium 
ions in lattices. So, applying reaction 1 and 3 
showed the stimulation of copper ferrite formation 
which might be expected up to 1.5 mol%Li2O.  
While reaction 2 might exert an opposite effect by 
addition increasing amounts of Li2O ˃1.5 mol%.
(ii) New diffraction peaks (d= 3.489Å) of lithium 
copper oxide (LiCuO) phase (33-0795 JCPDS-ICD) 
for solids calcined at 700 and 900 ºC.This might be 
expected according to reaction 2 which occurred 
at high temperature. (iii)The disappearance of 
cordierite phase for treated samples calcined at 
700 and 900 ºC might be due to its conversion into 
amorphous metakaoline [34] and /or presence in 
small portion that cannot be detected by XRD. 

3.2. HR-TEM of various solids
Fig. 4 shows congregate of nano-particles of 

spherical morphology and relatively uniform with 
diameter range from 29.48nm to 92.81nm for 
untreated and for Li2O supported solids calcined 
at 700 ºC. 

3.3. Surface characteristics of different solids
The specific surface area measurements of the 

selected samples were performed by the BET 
method from nitrogen adsorption- desorption 
isotherms obtained at 77K.  The outcomes results 
are shown in Table 1. The results show that: 
treatment of the supported system investigated 
calcined at 500 and 700 °C provided a significant 
increase in the SBET proportional to the amount of 
lithium oxide present. The maximum increase in 
the SBET of CuO–Fe2O3/cordierite attained 116 %, 
for solids calcined at 500 ºC, treated with 1.5 mol% 
Li2O. This significant increase in the SBET values 
might be due to the decrease in the crystallization 
of supported material upon treating process with 
Li2O (c.f. XRD results). In fact, the surface area 
increasing due to doping might be accompanied 
by an improvement in their catalytic activity.

3.4. Photocatalytic degradation of different 
solids

The photocatalytic degradation of phenol as a 
model organic pollutant was carried out in presence 
of the catalysts for different solids calcined at 700 
ºC  under UV irradiation for 120 minutes as shown 
in Fig. 5. Initially, no phenol degradation activity 
was observed upon performing the experiment in 
absence of catalysts or in the dark as be shown in 
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Fig. 2: XRD diffractograms of untreated and treated samples calcined at 700 ºC 
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Fig. 3: XRD diffractograms of untreated and treated samples calcined at 900 ºC 

(1.Cordierite,  2. CuO,  3. Fe2O3,  4. CuFe2O4, 5. Li2O, 6. LiCuO) 
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Fig. 2- XRD diffractograms of untreated and treated 
samples calcined at 700 ºC (1. Cordierite,  2. CuO,  3. Fe2O3,  
4. CuFe2O4, 5. Li2O,  6. LiCuO).
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the previous paper of one of the author [23-27].
Examination of Fig. 5 shows that, the maximum 

percentage of COD removal for 120 min. reaction 
was 80%, 94.3%, 84.1% and 82.8% for untreated, 
0.75 mol%, 1.5 mol% and 3 mol% Li2O solids, 
respectively. The results obtained revealed that 

Li2O-treatment was more pronounced than 
that of CeO2-doping which has been studied in 
our pervious paper [25]. This may be related to 
that Li2O accelerate the formation of CuFe2O4 
(see XRD section), which is catalytically active 
constituent [35, 36]. In the present study the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: TEM photographs of untreated and treated samples calcined at 700 ºC 
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Fig. 4- TEM photographs of untreated and treated samples calcined at 700 ºC.

1 

Table 1: specific surface areas (SBET) of different investigated solids calcined at 500, 700 and 

900 oC 

Cordierite 500 5 

CuO – Fe2O3/cordierite 500 6.2 

CuO –Fe2O3/cordierite + 0.75 mol% Li2O 500 11.4 

CuO – Fe2O3/cordierite + 1.5 mol% Li2O 500 12.9 

CuO – Fe2O3/cordierite + 3 mol% Li2O 500 8.9 

Cordierite 700 4 

CuO – Fe2O3/cordierite 700 9.4 

CuO –Fe2O3/cordierite + 0.75 mol% Li2O 700 13.4 

CuO – Fe2O3/cordierite + 1.5 mol% Li2O 700 13.9 

CuO – Fe2O3/cordierite + 3 mol% Li2O 700 12 

Cordierite 900 4 

CuO – Fe2O3/cordierite 900 6.2 

CuO –Fe2O3/cordierite + 0.75 mol% Li2O 900 6.4 

CuO – Fe2O3/cordierite + 1.5 mol% Li2O 900 5.3 

CuO – Fe2O3/cordierite + 3 mol% Li2O 900 3.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1- specific surface areas (SBET) of different investigated solids calcined at 500, 700 and 900 oC
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degradation efficiency was so high, even in absence 
of H2O2 which could be attributed to presence of 
higher number of surface active sites available 
for interaction and degradation of phenol. The 
photocatalytic activity of Li2O-doped solids refers 
to the probability of activity toward dye removal.

3.5. Adsorption experiments
3.5.1. Effect of contact time

Adsorption capacity change of different nano-
materials towards Remazole-Red or Congo-
Red solution with time was depicted in Figs. 6 
and 7(a,b). It is clear from these figures that: (i) 
the adsorption increased gradually and the dye 
removal percentage improved with time. This 
might be attributed to vacant adsorption sites on 
the adsorbent material occupied by dyes deposited 
[37, 38].  So, the uptake does not change by 
increasing the contact time more than 160 min. 
Adsorption rate decreases by time due to the dye 

molecules occupied the active sites. (ii) It is obvious 
from Figs. 6 and 7 that the adsorption capacity of 
the Remazole-Red dye at equilibrium time 200 
min. over Pure CuO–Fe2O3/cordierite calcined at 
500 ºC is (3 mg/g) lower than the 0.75% Li2O doped 
solid (33 mg/g). This may be due to decreasing 
the SBET of pure solid which attained 42.5%. Also, 
increasing the calcination temperature over pure 
solids led to decreasing the adsorption capacity 
of Remazole-Red dye. (iii) Fig. 7 b shows that the 
removal of Congo-Red reaches equilibrium at 160 
min on solid doped with 0.75 mol % Li2O calcined 
at different calcination temperatures. (iv) The 
removal efficiency of the Congo-Red dye over 0.75 
mol % Li2O at 700 ºC was higher than the doped 
solids at 500 and 900 ºC (amount of dye adsorbed= 
27.9 mg/g, removal >80 %) and the complete 
removal was attained when the contacting time 
was continued to 200 min. However, decreasing 
the adsorption capacity and the time of adsorption 

 

Fig.5: The percent of COD removal during wastewater treatment by different oxidation 

processes over different solids calcined at 700 ºC  
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Fig. 6: Effect of contact time on the adsorption capacity of untreated CuO-
Fe2O3/cordierite calcined at different temperatures toward Remazole-Red dye at 
35 ºC (dye concentration = 50 mg L-1). 
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concentration = 50 mg L-1).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Effect of contact time on the adsorption capacity of prepared solids calcined at 

700 ºC (a) and at different calcination temperatures (b) toward Remazole-Red and 
Congo-Red dye, respectively at 35 ºC (dye concentration = 50 mg L-1). 
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700 ºC (a) and at different calcination temperatures (b) toward Remazole-Red and 
Congo-Red dye, respectively at 35 ºC (dye concentration = 50 mg L-1). 
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of Congo- red dye by increasing the calcination 
temperature to 900 ºC for the 0.75% Li2O doped 
solid may be associated with decreasing its surface 
area (c.f. Table 1). (v) For samples doped with 
0.75-3 % Li2O at 700 ºC, the removal efficiency of 
the Remazole-Red decreased by increasing Li2O 
content and maximum adsorption was attained 
33 mg/g (95 % removal) when the contacting time 
was continued to 200 min. Hence, the sample 
treated with 0.75% Li2O at 700 ºC adsorbent was 
found to possess the highest removal efficiency 
of the Remazole-Red dye. The highest removal 
efficiency of the anionic dyes over 0.75% Li2O 
at 700 ºC can be discussed by observing the 
appearance of new active phases as CuO, CuFe2O4 
and LiCuO, decreasing the crystallite size of these 
active phases (c.f. XRD results), and increasing its 
SBET higher than the doped samples calcined at 500  
and 900 ºC. 

These results referred that, the doping process 
of CuO–Fe2O3/cordierite system with Li2O can 
improve the colloidal efficiency, depending on the 
chemical adsorption conditions (e.g., contact time), 
the properties of particles (e.g., SBET), the control of 
the percentage of Li2O through preparation step, 
and the applied calcination temperature for doped 
solids.

Finally, we can say that the synthesized sample 
CuO–Fe2O3/cordierite doped with 0.75% Li2O 
process and calcined at 700 ºC was shown to be 
hopeful adsorbent for the removal of textile dyes 
from aqueous solutions. This is further emphasized 
by comparison the adsorption capacity of textile 

dyes with different adsorbents with the adsorption 
capacity of the doped solids as shown in Table 2.

3.5.2 .Comparison with other adsorbents
To get an idea about the efficiency of the prepared 

samples in the dyes adsorption, a Comparison of 
the highest adsorption capacities of Congo-Red 
or Remazole-Red dyes over doped CuO-Fe2O3/
cordierite adsorbent in this work with that of the 
other previously reported in the literature is shown 
in Table 2 [39-44]. It shows that the prepared solids 
in our work possess higher adsorption capacity for 
Congo-Red and/or Remazole-Red than that of 
other reported adsorbents which reflects potential 
utility for the prepared adsorbents utilization 
in the applied dye removal. In this study, an 
environmental friendly CuO-Fe2O3/cordierite was 
modified with efficient synthesis of 0.75 mol% 
Li2O doping via impregnation method and could 
efficiently adsorb Congo-Red or Remazole-Red 
with qmax values 34.34, and 33 mg/g, respectively. 
Results indicated that the synthesized doped 
samples were shown to be a good adsorbent for the 
dyes removal from aqueous solutions.

3.5.3. Adsorption isotherms
Langmuir, and Freundlich plots isotherm 

models on variously prepared nanomaterials 
calcined at different temperatures were shown in 
Figs. 8 and 9. The parameters calculated for the 
two isotherm models were summarized in Tables 3 
and 4. Fitting to these equilibrium adsorption data 
were studied based on the data of the correlation 

2 

Table 2: Comparison of the maximum adsorption capacity of different dyes with 

different adsorbents 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2- Comparison of the maximum adsorption capacity of different dyes with different adsorbents
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Table 3: Adsorption isotherm parameters for adsorption of Remazole-Red dye onto 

variously CuO – Fe2O3 /cordierite doped samples calcined at 500 ºC. 
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Fig.8: Langmuir isotherms (A), Freundlich isotherms (B) for Remazole-Red dye 

adsorption onto variously treated nanomaterials calcined at 500 ºC.  

15 20 25 30 35 40
0

2

4

6

8

10

 + 0.75 mol% Li2O
 + 1.5 mol% Li2O
 + 3 mol% Li2O

C
e/q

e(g
/L

)

Ce (mg/L)

A

1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60
0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

 + 0.75 mol% Li2O
 + 1.5 mol% Li2O
 + 3 mol% Li2O

Lo
g 

q e

log Ce

B

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.8: Langmuir isotherms (A), Freundlich isotherms (B) for Remazole-Red dye 

adsorption onto variously treated nanomaterials calcined at 500 ºC.  

15 20 25 30 35 40
0

2

4

6

8

10

 + 0.75 mol% Li2O
 + 1.5 mol% Li2O
 + 3 mol% Li2O

C
e/q

e(g
/L

)

Ce (mg/L)

A

1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60
0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

 + 0.75 mol% Li2O
 + 1.5 mol% Li2O
 + 3 mol% Li2O

Lo
g 

q e

log Ce

B

Fig. 8- Langmuir isotherms (A), Freundlich isotherms (B) 
for Remazole-Red dye adsorption onto variously treated 
nanomaterials calcined at 500 ºC.

coefficient (R2) of the linear regression plot. Tables 
3 and 4 show that the isotherm of Langmuir is good 
fitting to the adsorption isotherms of Remazole-
Red or Congo-Red on different adsorbents with 
correlation efficient (R2) higher than 0.99 indicating 
a good agreement of the data. So, Langmuir model 
fit to describe the adsorption of Remazole-Red 

or Congo-Red on different nanomaterials, which 
confirm the monolayer formation of dye coverage 
the adsorbent surface. Furthermore, one can 
find that the constant KL increase as a following: 
0.75 mol% Li2O > 1.5 mol% Li2O > 3 mol% Li2O 
> un-doped sample. These results revealed that 
the 0.75 mol% Li2O nanomaterial has the highest 

Table 4- Adsorption isotherm parameters for adsorption of Congo-Red dye on 0.75mol% Li2O doped 
samples calcined at different temperatures.

Fig. 9- Langmuir isotherms (a) Freundlich isotherms (b) for 
Congo-Red dye adsorption onto 0.75mol%Li2O supported 
nanomaterials calcined at different temperatures.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
Fig. 9: Langmuir isotherms (a) Freundlich isotherms (b) for Congo-Red dye adsorption 

onto 0.75mol%Li2O supported nanomaterials calcined at different temperatures. 
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Fig. 9: Langmuir isotherms (a) Freundlich isotherms (b) for Congo-Red dye adsorption 

onto 0.75mol%Li2O supported nanomaterials calcined at different temperatures. 
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adsorption ability. The reason was attributed to its 
small particle size, highest surface area and pore 
volume.

The basic component of the isotherm of 
Langmuir might be described in terms of a 
dimensionless constant known as separation 
factor (RL) [37, 45] studies on which is given by the 
following equation (eq. 2).

RL =1/ 1 + KLCo                                                                                     (eq. 2)
  

The RL values range 0 < RL < 1 shows good 
adsorption [37, 46]. In our study, the range of RL 
values 0.334502-0.88456 shows good adsorption 
of Remazole red or Congo red dyes on different 
prepared nanomaterials.

3.5.4. Adsorption kinetics
The adsorption plots of Congo-Red and 

Remazole-Red over 0.75% Li2O nanomaterials 
were shown in Figs 10 and 11, respectively. 
Table 5 shows the data gained for experimental 
equilibrium adsorption capacity (qe

exp) and 
calculated equilibrium adsorption capacity 

(qe
cal) for pseudo first and pseudo second order. 

The values of kdif were calculated from intra-
particle diffusion plot. In addition to the high 
correlation coefficient values were obtained for 
pseudo-second-order kinetic models, the qe data 
from pseudo-second-order is adjacent to the 
experimental data better than that calculated 
from pseudo-first-order kinetic model. So, the 
adsorption kinetics of Remazole-Red or Congo-
Red on different prepared nanomaterials can be 
described by pseudo- second-order equation.

Fig. 12 represents the plot of qt versus t0.5 for 
Remazole-Red adsorption by 0.75mol% Li2O 
nanomaterials (calcined at 700 °C). The experiment 
data exhibit multi-linear plot. Thus might be 
discussed by two steps. Phase I; might be due to the 
immediate utilization of the available sites on the 
sorbent surface. On other hand, phase II might be 
due to very slow diffusion of the sorbate from the 
surface site into the inner pores [37]. So, the ratio of 
the beginning of Remazole-Red sorption by CuO-
Fe2O3/cordierite nanomaterials may be showed 
that surface diffusion process is the rate determing 
step. The data gained of kdif1 and kdif2 (diffusion rate 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10:  Pseudo-first-order kinetics (a), and second-order kinetics (b) for Congo-Red dye 
adsorption onto 0.75 mol% Li2O samples calcined at different temperatures (dye 

concentration = 50 ppm) at 35 ºC 
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Fig. 11: Pseudo-first-order kinetics (a), and second-order kinetics (b) for Remazole-Red 

dye adsorption onto CuO-Fe2O3/cordierite treated with 0.75% Li2O samples and 

calcined at different temperatures (dye concentration = 50 ppm) at 35 ºC 
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Fig. 10- Pseudo-first-order kinetics (a), and second-order 
kinetics (b) for Congo-Red dye adsorption onto 0.75 mol% Li2O 
samples calcined at different temperatures (dye concentration 
= 50 ppm) at 35 ºC.

Fig. 11- Pseudo-first-order kinetics (a), and second-order 
kinetics (b) for Remazole-Red dye adsorption onto CuO-Fe2O3/
cordierite treated with 0.75% Li2O samples and calcined at 
different temperatures (dye concentration = 50 ppm) at 35 ºC.

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10:  Pseudo-first-order kinetics (a), and second-order kinetics (b) for Congo-Red dye 
adsorption onto 0.75 mol% Li2O samples calcined at different temperatures (dye 

concentration = 50 ppm) at 35 ºC 

 

 

 

 

t,min 

t,min 

a 

b 

a 

b 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11: Pseudo-first-order kinetics (a), and second-order kinetics (b) for Remazole-Red 

dye adsorption onto CuO-Fe2O3/cordierite treated with 0.75% Li2O samples and 

calcined at different temperatures (dye concentration = 50 ppm) at 35 ºC 

 

  

0 10 20 30 40 50 60 70 80 90 100

-0.4

0.0

0.4

0.8

lo
g 

q e-q
t

time, min

 700oC
 500oC
 900oC

a

0 20 40 60 80 100 120 140 160 180 200
0

10

20

30

40

50

t/q
t

time, min

 500oc

  700oc

  900oc

b



184

El-Harby N, J Ultrafine Grained Nanostruct Mater, 52(2), 2019, 175-187

5 

 
 

Table 5: Kinetic model constants and correlation coefficients for dyes adsorption on doped 

samples (C0 = 34.83 mg.L-1). 

 

 

 

 
 
 
 
 
 
 
 

 
 

Table 5- Kinetic model constants and correlation coefficients for dyes adsorption on doped samples (C0 = 34.83 mg.L-1).

constants for phases I and II, respectively) from 
the slope of linear plots were 0.4893, and 0.1752 
(mg/min½ g). Although the plot for the dye was 
linear does not pass through the origin. So, the rate 
determing in the dyes adsorption process might be 
the boundary layer (film) diffusion. 

3.5.5. Desorption and reuse results 
Desorption and reuse is important in terms of 

costs and taking economic feasibility. The Congo-
Red desorption was possible with NaOH as the dye 
was desorbed in 100 min. These findings confirm 
that electrostatic interactions are involved in the 
dye adsorption. The 0.75 mol% Li2O nano-samples 
reuse was possible three times for Congo-Red 
maintaining no change in adsorption capacity 
(figure not given). Finally, it can be concluded 

that 0.75% Li2O-doped material is an efficient 
adsorbent toward Congo-Red dye removing whose 
nature does not change even if it is used for three 
times.

3.6. The Catalytic properties of the solid in 
decomposition of H2O2 

The decomposition of H2O2 has been widely 
studied for redox efficiency of homogeneous and 
heterogeneous catalysts [47]. The effect of insertion 
of Li2O (0.75- 3 mole %) into CuO-Fe2O3/cordierite 
then heating at 500–900 ºC on the catalytic activity 
was investigated at 25 ºC as shown in Figs. 13 and 
14. A straight line was obtained upon plotting 
ln a/a-x against the time intervals t, where (a) is 
the initial concentration of H2O2 and (a-x) is its 
concentration at time t. The reaction rate constant 
(k, min-1) was determined from the slopes of (d 
ln a/a-x/dt) plots for the reaction conducted at a 
room temperature over a given catalyst.

 Examination of results obtained show: (i) 
the reaction is good agreements with first-order 
kinetics. (ii) Treating CuO-Fe2O3/cordierite solid 
with Li2O from 0.75 to 1.5 mol% led to increasing 
the catalytic activity of the computed k values 
for the catalytic reaction occurred at 25°C (k25°C) 
over solids calcined at 700°C, which measured 
1.8, 15.2, 8.1, 1.9 min-1 g-1, for un-doped , 0.75, 1.5 
and 3 mol% Li2O, respectively. So, the increase is 
more pronounced in the catalytic activity due to 
0.75 mol% Li2O reached 700 %. This result may be 
related to the lowest particle size and the highest 
surface area of this sample, which also produced 
a large number of electrons donating active sites 

 

 

 

 

 

 

 

 

 

 

Fig. 12: intra-particle diffusion plot for Remazole-Red adsorption on 0.75 mol% Li2O, 

CuO-Fe2O3/cordierite nanomaterials calcined at 700 ºC 
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adsorption on 0.75 mol% Li2O, CuO-Fe2O3/cordierite 
nanomaterials calcined at 700 ºC.
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for H2O2 decomposition (see Table 1). (iii) On the 
other hand, Further increase in Li2O content to (3 
mol%) decreases the SBET values (table 1), which 
caused decreasing in the k25◦C values attained 12.5, 
90.9, and 44% for samples calcined at 500, 700, 
and 900 ºC, respectively (figure not shown). (iv) 
The catalytic activity of the solids increases with 
increasing the temperature from 500 to 700 ºC but 
further increase in the calcination temperature to 
900 ºC leads to decreasing the catalytic activity of 
H2O2 decomposition. (v) The investigated CuO-
Fe2O3/cordierite system is active as oxidation-
reduction catalyst. 

The increase in the catalytic activity of treated 
solid samples with Li2O (0.75 mol%) calcined at 
700°C might be related to increasing the active sites 
concentration shared in the catalytic reaction by 
decreasing the crystallite size of CuO and CuFe2O4 
phases (c.f. XRD section), also the presence of 
Li2O as alkali. In fact, XRD data revealed that Li2O 
of mixed oxides heated at 700 °C led a decrease in 
the intensity of diffraction lines of copper oxide 
indicating a high degree of dispersion of his oxide 
or a high surface concentration of active oxide. 
Increasing the catalytic activity by increasing 
the heating temperature from 500 to 700 ºC has 
been attributed to an enhanced formation of 
CuFe2O4 phase which act as new active sites, 
beside increasing the SBET as shown in Table 1, as 
mentioned previously, and decreasing the crystal 
size of CuO. Decreasing the catalytic activity of 
doped solids > 1.5 mol % Li2O might be due to 
the decreasing hindrance of grain growth of CuO 
and small amount of Li2O dissolves in cordierite 
matrix. These effects give big crystallites of CuO 

(c.f. XRD section).  On the other hand, increasing 
the temperature from 500 to 900 ºC led to 
decreasing the catalytic activity of the solid. The 
big decrease in the specific surface area might be 
the reason of the changes in the catalytic activities 
of different solids (c.f. Table 1). 

The oxidation state of surface oxide catalysts is 
the most important factor influencing their activity 
[48]. Increasing of H2O2 catalytic decomposition 
by added metal oxide to cordierite samples 
might be due to the creation of active sites. The 
obtained results showed that the concentration 
of the catalytically active sites participate in 
chemisorption and catalysis of H2O2 increasing by 
doping process.

To inspect the permanence of the most active 
catalyst (0.75% Li2O-doped solid (700 ºC) was 
reused in four consecutive H2O2 decomposition 
runs at room conditiion (figure not given). The 
solid was filtered, washed, and dried, after each 
run, then reused for H2O2 decomposition. It was 
manifest that the catalytic efficiency doesn’t alter 
even after four consecutive runs. This obviously 
imitates that the (0.75% Li2O-doped solid has 
high stability and catalytic efficiency for H2O2 
decomposition.

4. Conclusion
Photocatalytic activities of samples of CuO-

Fe2O3/cordierite untreated and treated with Li2O 
calcined at 700 ºC on the degradation of some 
organic compounds were evaluated under UV-
irradiation. Adsorptions of textile dyes (Remazole-
Red and/or Congo-Red) from aqueous solution 
have been examined. The effect of contact time of 

 
 

 

Fig. 13. First order plots for catalytic decomposition of H2O2, over (1.5 mol%) Li2O treated 

solids calcined at different calcination temperature. 

 

 

 

 

 

 

 
 

 

 

Fig. 14. First order plots for catalytic decomposition of H2O2, over untreated and treated 

samples solids calcined at 700°C. 
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Fig. 13- First order plots for catalytic decomposition of H2O2, 
over (1.5 mol%) Li2O treated solids calcined at different 
calcination temperature.

Fig. 14- First order plots for catalytic decomposition of H2O2, 
over untreated and treated samples solids calcined at 700°C.
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attack with dye was considered. The results showed 
that Li2O-treatment increase the photocatalytic 
degradation related to the amount of lithium 
introduced in the samples and the formation of 
single oxide phases. At low lithium percent (0.75 
mol%) high photocatalytic activities had been 
procured that recorded degradation of 94% of 
the pollutant. Also, the obtained adsorption data 
showed that the adsorption increased gradually 
and the dye removal percentage improved 
with time. This might be attributed to vacant 
adsorption site on adsorbent material occupied 
by dyes deposited. The adsorption kinetics and 
isotherms showed that the sorption processes 
were better fitted by followed pseudo- second-
order kinetics and the rate determing step in the 
process of Remazol-Red RB-133 dye adsorption 
was the boundary layer (film) diffusion. It can be 
concluded that CuO-Fe2O3/cordierite treated with 
0.75% Li2O are efficient adsorbent in Congo-Red 
or Remazole-Red dye removing whose nature does 
not change even if it is used for three times. The 
catalytic activity of different solids toward H2O2 
decomposition was studied.The results showed 
that the concentration of the catalytically active 
sites participate in chemisorption and catalysis 
of H2O2 increasing by increasing of treatment 
percent. However, 0.75% Li2O-doped solid was 
the highest stable and catalytic efficiency for H2O2 
decomposition.
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