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a b s t r a c t
Silica (SiO2) is one of the most abundant minerals in soils and sediments. Copper oxide (CuO) is a 
low-cost material with an excellent antimicrobial property. In the present work, a composite com-
prising silica and copper oxide (SiO2/CuO) was synthesized by dissolution of SiO2 (cristobalite) 
in 6.0 M NaOH followed by deposition of dissolved SiO2 on CuO. The composite was character-
ized using XRF, XRD, SEM and FTIR techniques. The XRF analysis indicated that SiO2/CuO con-
tains 79.42 wt% CuO and 14.36 wt% SiO2. Both XRD and SEM analysis revealed that silica exists in 
SiO2/CuO as amorphous agglomerates. The Si–O–Si stretching at 1,076 cm–1 in the FTIR spectrum 
of SiO2 was shifted to 1,033 cm–1 in the case of SiO2/CuO due to dissolution of SiO2 and interaction 
with CuO. Two types of organic dyes, namely, cationic (methylene blue [MB], crystal violet [CV]) 
and anionic dyes (acid blue 29 [AB], Congo red [CR]) were tested for their adsorption on SiO2/
CuO which was found to have much more dye adsorption capacity than the precursors (SiO2 and 
CuO). Furthermore, SiO2/CuO had an exceptional fast rate of adsorption for the MB and CV where 
77% and 66% of the initial amounts were removed within 1 min, respectively. On the other hand, 
the anionic dyes were found to be poorly adsorbed on SiO2/CuO. However, when ionic strength 
increased from 0.0 to 0.5 M NaCl, the adsorption of anionic dyes such as CR increased from 0.4% 
to 82.3%, while the adsorption of cationic dyes such as MB decreased from 91% to 28%. Thus, the 
selective removal of dyes can be achieved by controlling the ionic strength.
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1. Introduction

Preparation of composite adsorbent is a potential app-
roach to modify the adsorption behavior of original mate-
rials without losing their advantages. Inorganic composites 
have high temperature stability, long shelf life and resistance 
to environmental and biological conditions. A silica–copper 
oxide composite is the topic of the present study.

Silica is an important mineral in earth’s crust with abun-
dance of about 12% [1]. Crystalline silica polymorphs, such 
as α-quartz and α-cristobalite are the most abundant sili-
cate minerals species in soils and sediments. Furthermore, 
α-cristobalite usually occurs in the dust falls of the ceram-
ics industry [2]. Cristobalite (diatomaceous earth celite 545) 
is selected as a source for SiO2 in the present work because 
it is more soluble than quartz in alkaline solutions [3]. 
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Tsai et al. [4] reported that alkaline etching of diatomaceous 
earth in 2 M NaOH at 100°C for 2 h gives a mesoporous 
amorphous silicate material.

Copper oxide-based materials have destructive effect 
on bacteria, viruses, algae, protozoa and fungus [5,6] with a 
significant activity against gram positive and negative bac-
terial strains. They are more stable under high temperature 
and have longer shelf lives than organic-based antimicrobial 
materials [7,8]. 

Organic dyes are widely used in textile, paper, plastic, 
carpets and printing industries [9]. More than 7 × 105 tonnes 
of dyes are produced annually, and about 2% of this amount 
of dyes is discharged into wastewater [10]. The presence of 
color in the aquatic media reduces the penetration of sun-
light to the benthic organisms, thus limiting the process of 
photosynthesis. Despite these environmental problems, 
dyes and their metabolites are thought to be mutagens and 
carcinogens [11]. Dyes can be divided into cationic and 
anionic dyes depending on their charge developed upon 
dissolution in aqueous solution [9]. 

Different types of adsorbents for dyes were reviewed 
in the literature such as activated carbon [9,12], clay [9,13], 
zeolites [9,14,15], metal oxides [9], geopolymers (alkali acti-
vated aluminosilicates) [16,17], industrial by-products (metal 
hydroxide sludge, coal fly ash and red mud) [9], agricultural 
waste (wheat bran, orange peel, rice husk, etc.) [9,10,18] and 
biosorbents (chitin, chitosan, peat, etc.) [9]. 

Silicates have received little attention as adsorbents for 
organic dyes. However, they are potential adsorbents because 
of their low cost, availability, readiness to modification, 
mechanical stability and high surface area [9]. Allingham 
et al. [19] found that the rate of adsorption of cationic dyes 
such as methylene blue (MB) and crystal violet (CV) on silica 
(commercial silica dust, vitreous silica, quartz) is very high 
and reaches equilibrium in few minutes, indicating that the 
adsorption is taking place on the external surface of the silica 
powders. On the other hand, the adsorption rate of anionic 
dyes such as Orange I and II on silica was found to be much 
lower than that of cationic dyes [19]. Chakrabarti and Dutta 
[20] studied the adsorption of methylene blue on glass fibers 
(glass wool); the adsorption capacity (Qm) and the affinity 
constant (KL) were 2.24 mg/g and 0.17 L/mg, respectively. 
The adsorption capacity of methylene blue on α-quartz and 
α-cristobalite was reported to be 0.996 and 0.724 mg/g, respec-
tively [2]. Thus, despite the advantage of fast adsorption 
of organic dyes on silicates, the adsorption capacity is low. 

In order to improve their interaction with organic dyes, 
the surfaces of silicates were modified using amino-silane 
coupling agents [21]. Furthermore, silica gel was modified 
by coupling of sodium silicate with titanium and magne-
sium oxides in the presence of acid activator. The adsorption 
capacity of acid blue 40 on silica-titania gel and silica- titania-
magnesium gel was 17.5 and 9.3 mg/g, respectively [22]. 

The adsorption capacities of basic violet and basic red on 
CuO nanoparticles were found to be 16.86 and 27.24 mg/g, 
respectively, but the Langmuir affinity constant were very 
low (0.00143 and 0.0084 L/mg, respectively) [23]. CuO 
nanoparticles were used as catalysts for photo-degradation 
of organic dyes [24,25].

The aim of the present article is to prepare and charac-
terize a composite from silica and copper oxide. The 

adsorption behavior of cationic dyes (methylene blue and 
crystal violet) and anionic dyes (acid blue 29 and Congo red) 
on the composite will be studied. 

2. Experimental

2.1. Materials

Diatomaceous earth (SiO2, celite 545) was obtained 
from Sigma-Aldrich (Germany) and its XRD pattern 
(Fig. 1a) showed that the main composition is cristobalite 
[26]. Copper (II) oxide was purchased from Riedel-de Haen 
(Germany). Sodium hydroxide and hydrochloric acid solu-
tion (35%) were supplied from VWR BDH Chemicals and 
GCC (UAE). Methylene blue (MB) and crystal violet (CV) 
were obtained from UNICHEM (India) and GCC (UAE), 
respectively. Acid blue 29 (AB) and Congo red (CR) were 
purchased from Sigma-Aldrich (Germany).

2.2. Preparation of SiO2/CuO composite

A 25.0 g of CuO and 25.0 g of diatomaceous earth 
(SiO2) were mixed with 100.0 mL of 6.0 M NaOH solution 
in plastic container, using plastic spatula. The immediately 
formed paste was then placed in an oven (Memmert UF 75, 
Germany) for 24 h at 70°C, and then mixed with 2.0 L of 
deionized water and the produced solid was filtered off 
using filter paper and washed with wt.% HCl solution 
followed by distilled water. The obtained gray solid SiO2/
CuO solid was dried in the oven at 60°C to obtain very fine 
solid particles. The absence of blue color (Cu(II) ions in the 
filtrate indicated that CuO remained insoluble throughout 
the preparation process.

2.3. Characterization of SiO2/CuO

The FTIR spectra were obtained using Vertex 70 Bruker 
(Germany) FTIR spectrometer. The XRF analysis was car-
ried out using Shimadzu XRF-1800 instrument. FEI inspect 
F50 scanning electron microscope was used to record the 
SEM micrographs of the particles after coating with plati-
num. The XRD patterns were recorded using X-ray diffrac-
tometer (Shimadzu XRD-7000, Japan) equipped with Cu 
Kα radiation source, an Ni filter operating at 40kV/30 mA 
in the range 2° ≤ 2θ ≤ 60° with scanning speed of 2°/min. 
Scherrer’s Formula (D = K λ/(β cos θ) was used to calcu-
late the crystallite size, where D is the average crystallite 
size (nm), K is the Scherrer constant which equals 0.94, λ 
is the X-ray wavelength which is 1.54178 Å for Cu Kα, β is 
the full width at half maximum of XRD peak, and θ is the 
XRD peak position (one half of 2θ) [27].

Potentiometric titration of 0.50 g of SiO2/CuO in 100.0 mL 
deionized water with 0.013 M NaOH or HCl was carried 
out using Hanna (USA) (HI 2212) pH meter. Similar titra-
tions were also done on 100.0 mL deionized to obtain refer-
ence pH titration curves. The pH of the point of zero charge 
(pHpzc), which is defined as the pH at which the charge on 
the surface of SiO2/CuO is zero, was determined by the pH 
drift method. [28]. The initial pH (pHi) of test solutions 
(20 mL of 0.01 M NaCl in a series of Erlenmeyer flasks) was 
adjusted in the pH range between 2 and 11 by adding NaOH 
or HCl. After that, 0.20 g sample of SiO2/CuO was added 
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(a)

(b)

Fig. 1. XRD pattern of (a) diatomaceous earth (SiO2) and (b) silica gel formed as a result of neutralization of dissolved SiO2 in 6.0 M 
NaOH. Assignment of peaks was according to the study by Su et al. [35].
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and the final pH (pHf) was measured after shaking for 24 h. 
The difference between pHi and pHf was plotted against 
pHi and the pHpzc was taken as that at which the difference 
is zero. The pHpzc of CuO and SiO2 was also determined for 
the purpose of comparison. 

2.4. Adsorption experiments

Batch adsorption studies of the organic dyes on SiO2/
CuO were performed by agitating 25.0 mL of the dye’s 
solutions (MB, CV, AB and CR) of various concentrations (Ci) 
with 0.20 g of SiO2/CuO in a shaker (Kushner, Switzerland) 
at 25°C and 140 rpm for 24 h. After filtration, the concen-
tration of the dye remained in solution (Ce) was determined 
by UV/Visible spectrophotometer (SP UV-19 SCO Tech) at 
650, 590, 602 and 497 nm, respectively. The amount of the 
dye adsorbed on SiO2/CuO (Qe, mg/g) was calculated from 
the difference between the initial (Ci, mg/L) and equilibrium 
(Ce, mg/L) dye concentration in solution according to Eq. (1):

Q
C C
m

Ve
i e=
−

 (1)

where V is the volume of solution (L), and m is the mass 
of SiO2/CuO (g).

In order to study the effect of contact time on the adsorp-
tion of dyes on SiO2/CuO, aliquots of 25.0 mL of 20 ppm dye 
solutions were added to 0.5 g SiO2/CuO. The solution was 
then shaken for different periods of time (1–1,680 min) at a 
temperature of 25°C. At specific time, 2.0 mL of the solution 
was withdrawn to a cuvette using micropipette to measure 
its light absorbance and then it was returned to the mother 
solution. 

2.5. Models used for fitting adsorption data

2.5.1. Adsorption kinetics

Several kinetic models were used to fit the kinetics 
data, namely, pseudo-first-order and pseudo-second order, 
Weber–Morris intraparticle diffusion and linear film diffu-
sion models [29]. Only pseudo-second order model (Eq. (2)) 
gives satisfactory fitting.

dQ
dt

k Q Qt
e t= −( )2

2
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where Qt and Qe are the quantities of dye adsorbed at time t 
and equilibrium time, respectively and k2 is the second order 
rate constant (g mg−1 min−1). Integrating Eq. (2) with initial 
conditions of Qt = 0 when t = 0 and subsequent rearrange-
ment gives the linearized form:
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A plot of 
t
Qt

 vs. t gives a line with a slope = 
1
Qe

 and an 

intercept = 
1

2
2k Qe

 [29].

2.5.2. Adsorption isotherms

Langmuir (Eq. (4)) and Freundlich (Eq. (5)) models were 
used to fit the adsorption isotherms: 

Q
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m L e

L e
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 (4)

Q K Ce F e
n= 1/  (5)

where Qm (mg/g) is the maximum adsorption capacity, and 
KL (L/mg) is the affinity constant of the adsorbate toward 
the adsorbent. KF is the Freundlich constant which is an 
indicator of adsorption capacity and 1/n is a measure of 
adsorption intensity. Both KF and 1/n are system specific 
constants [30]. 

3. Results and discussion

3.1. Preparation and characterization of SiO2/CuO

This work developed a simple method for preparation 
of SiO2/CuO composite from silica (SiO2, diatomaceous 
earth composed of cristobalite) and copper oxide (CuO) 
in the presence of 6.0 M NaOH solution. This method was 
based on dissolution of silica and its subsequent deposition 
on CuO particles. Langston and Jenne [31] reported that 
12.1% of cristobalite is dissolved upon boiling with 2.0 M 
NaOH for 24 h (0.1 g cristobalite: 100 mL NaOH solution). 
In the present work, 81.7% of silica was dissolved in 6.0 M 
NaOH (boiling 5.0 g cristobalite in 20.0 mL of 6.0 M NaOH 
solution for 2 h). The dissolved silica was transformed into 
colorless silicate gel by neutralization with diluted HCl. The 
XRD of the formed silica gel (Fig. 1b) showed a broad dif-
fused peak due to amorphous silica phase and small peaks 
of crystalline phases. Typical peaks of NaCl which results 
from neutralizing the basic solution with HCl were also 
observed. 

3.2. Characterization of SiO2/CuO 

3.2.1. FTIR study

The FTIR spectra of SiO2 and SiO2/CuO are shown in 
Fig. 2. The Si–O–H stretching vibrations, which are usually 
observed at 3,250–3,450 cm–1 and 960–975 cm–1 in silicates 
materials [32,33], were not observed in the FTIR spectra of 
SiO2 and SiO2/CuO. Their absence in the case of SiO2 is due 
to the fact that the commercial diatomaceous earth used in 
this work was subjected to calcination in manufacturing. 
The absence of O–H stretching band in the FTIR spectrum of 
SiO2/CuO indicates that there is no Si–OH, Cu–OH or H2O in 
the composite.

The strong absorption band of Si–O–Si stretching at 
1,076 cm–1 [34] in the FTIR spectrum of SiO2 was shifted 
slightly to lower frequency at 1,067 and 1,033 cm–1 in the 
spectrum of SiO2/CuO. The other two characteristics bands 
of Si–O–Si at 792 and 468 cm–1 [35,36] in the spectrum of SiO2 
were observed at 794 and 470 cm–1, respectively, (without 
significant shift) in the spectrum of SiO2/CuO. The presence 
of band 1,631 cm–1 in the spectrum of SiO2/CuO is due to 
stretching vibration of Cu–O [37].
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Su et al. [35] reported that deposition of SiO2 on Cu2O 
resulted in a new bond of Cu–O–Si at the interface between 
the two materials. The Cu–O–Si bond changes the bond 
strain of Si–O–Si and causes disorder or deformation of SiO2 
framework and consequently new FTIR bands were observed 
at 1,236 cm–1 [35] and 1,203 cm–1 [36]. Thus, the weak bands 
in the range from 1,250 to 1,200 cm–1, which were observed in 
the spectrum of SiO2/CuO (Fig. 2), may be due to this effect.

3.2.2. XRF analysis

The results of XRF analysis for SiO2/CuO are given in 
Table 1. The major components of the composite are CuO 
(79.42%) and SiO2 (14.36%). The relatively low SiO2 to CuO 
ratio suggests that CuO particles are coated with a layer of 
SiO2. Interestingly, the amount of Na in SiO2/CuO was negli-
gible, although the amount of NaOH used in its preparation 

(a)

(b)

Fig. 2. FTIR spectra of (a) diatomaceous earth (SiO2) and (b) SiO2/CuO.
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was relatively large. This observation excludes the possi-
bility of existences of nonbridging >SiO–Na+ in SiO2/CuO. 
Consequently, formation of polymeric silica on the surface of 
CuO may be a more plausible hypothesis. 

3.2.3. XRD study

The XRD patterns of CuO and SiO2/CuO are presented 
in Fig. 3. Both CuO and SiO2/CuO exhibited the typical XRD 
pattern of tenorite (CuO) [7]. The reported characteristic 
peaks of tenorite are (2θ (Intensity)): 35.60(1), 38.78(0.96) 
and 35.45(0.49) [38]. Using the Scherrer formula, the cal-
culated crystallite size (D) of CuO and SiO2/CuO were 32 
and 29 nm, respectively (Table 2). The ionic size of Si(IV) is 
40 pm, which is lower than that of Cu(II), which is 87 pm 
[39]. Thus, Si(IV) may replace some of Cu(II) of CuO in the 
composite. The XRD peaks of SiO2 (cristobalite, Fig. 1a) at 
2θ = 21.85 and 36.10 disappeared in SiO2/CuO (Fig. 3) indi-
cating the loss of crystallinity of silica. However, a new 
weak broad band at 2θ = 21.68 (4.096 Å) was observed in 
SiO2/CuO which is due to the formation of amorphous silica 
in SiO2/CuO. Similar XRD broad peaks at 2θ = 22–23 were 
observed in the case of amorphous silica obtained from 
thermal [36] and alkali treatment [37] of rice hulls.

3.2.4. SEM study

The SEM of SiO2/CuO showed agglomerated micro-
particles (Fig. 4a). Amorphous silica (fate color) and crys-
talline CuO (brittle color) were observed in the composite 
(Figs. 4b–d), where the amorphous silica and CuO were 
amalgamated with each other. The morphology of silica 
in SiO2/CuO was similar to that of the amorphous silica 
obtained from rice husk ash and bagasse ash [40–42].

3.2.5. pH titration curve and point of zero charge

The pH titration curves of SiO2/CuO (Fig. 5a and b) with 
NaOH and HCl were found to be very close to the pH titra-
tion curve of blank water. Thus, small amounts of acidic 
Si-OH or basic Si–O– groups are present in SiO2/CuO.

Fig. 5c illustrates the plot obtained from the pH drift 
method. From the graph, the pHpzc values obtained for SiO2/
CuO, CuO and SiO2 were 6.30, 6.95 and 7.10, respectively. 
Thus, in agreement of the results of the pH titration curve, 
few amounts of acidic Si-OH groups may be present on the 
surface of SiO2/CuO.

3.3. Adsorption of organic dyes on SiO2/CuO 

3.3.1. Comparison of the composite with precursors

The % uptake (amount adsorbed/initial amount) of MB 
and CV by SiO2/CuO was compared with those of the pre-
cursors (CuO and SiO2) in Fig. 6. The composite was found to 
be more effective than CuO and SiO2 for adsorption of dyes. 

Interestingly, alkali-treated SiO2 in the absence of CuO 
and alkali-treated CuO in the absence of SiO2 were much 
less effective for adsorption of dyes than SiO2/CuO (Fig. 6). 
This indicated the importance of the conjunction of SiO2 and 
CuO in the composite. The formation of Cu–O–Si bonds at 

Table 1
Chemical composition of SiO2/CuO composite

CuO 79.42
SiO2 14.36
Al2O3 3.41
MgO 1.41
Fe2O3 0.89
CaO 0.43
K2O 0.072

(a)

(b)

Fig. 3. XRD patterns of (a) CuO and (b) SiO2/CuO.
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the interface between SiO2 and CuO was reflected by the 
FTIR study (section 3.2.1). The formation of these bonds 
changes the bond strain of Si–O–Si and thus resulting in an 
increase of disorder in the SiO2 network that deposited on 
CuO in the composite [35]. These changes induced by inter-
action of CuO with SiO2 may be responsible for the adsorp-
tion of MB and CV. 

3.3.2. Kinetics of adsorption

The effect of contact time on the adsorption of MB 
and CV onto SiO2/CuO is shown in Fig. 7. The kinetic study 
showed that 77% of MB and 66% of CV were adsorbed 
within 1 min, which indicated that the adsorption process 
is extremely fast. However, 120 min was required to reach 

(a) (b)

(c) (d)

Fig. 4. SEM graph of SiO2/CuO (a and b), backscattered image (c), and secondary electron image (d).

Table 2
Average crystallite size of CuO and SiO2/CuO composite

CuO SiO2/CuO

Peak position (2θ) β D (nm) Peak position (2θ) β D (nm)

35.4496 0.2804 31.09 35.4164 0.3058 28.50
38.6333 0.2893 30.42 38.609 0.3474 25.33
48.7352 0.2768 32.93 48.7024 0.2975 30.64
58.149 0.358 26.54 53.3587 0.3475 26.74
61.4852 0.2596 37.22 58.127 0.3641 26.09
D average (nm) 31.64 D average (nm) 29.55
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equilibrium values of 88% and 80%, respectively. On the 
other hand, negligible amounts of AB and CR (anionic dyes) 
were adsorbed on SiO2/CuO during 24 h. 

Several models were used to fit the kinetic data, namely, 
pseudo-first order, pseudo-second order, Weber–Morris 
intra particle diffusion and linear film diffusion models. 
Only pseudo-second order model (Eq. (3)) gave satisfactory 
fitting with R2 of 0.9999 and 0.9998 in the case of MB and 
CV, respectively (Fig. 7). The applicability of pseudo-second 
order model may indicate that the kinetics of adsorption is 

determined by interaction between the dyes and the surface 
of SiO2/CuO rather than by film or intraparticle diffusion 
processes [29]. The calculated rate constant (k2) was very 
high in the case of MB and CV (0.68 and 0.54 g mg–1 min–1, 
respectively). The high k2 value may arise from the small 
particle size of SiO2/CuO which results in reduced diffusion 
resistance [29]. The k2 values obtained in the present work 
were higher than those reported by other researchers for 
adsorption of MB on mesoporous silica (0.307 g mg–1 min–1) 
[4], adsorption of methyl violet 10B dye on alkali activated 
aluminosilicates (geopolymer) (0.02096 g mg–1 min–1) [16] 
and adsorption of CV on zeolite A (0.094 g mg–1 min–1) [36]. 
Chen et al. [43] studied adsorption of Rhodamine B on sil-
ica nanoparticles prepared from tetraethoxysilane, cationic 
surfactant and ammonia. The adsorption process was fast 
where 90% of the dye was adsorbed in the first 5 min and 
the pseudo-second order rate constant (k2) was 0.16 [43].

3.3.4. Adsorption isotherms

The isotherms of adsorption of MB, CV, AB and CR onto 
SiO2/CuO are shown in Fig. 8. The data were fitted using 
nonlinear regression of Langmuir and Freundlich mod-
els (Eqs. (4) and (5)) and the results (Table 3) indicated that 
the adsorption capacity decreases in the following order: 
CV > MB >> CR > AB. Cationic dyes (CV and MB) were 
adsorbed more effectively than anionic dyes (CR and AB).

The adsorption capacities of dyes in the present work 
were lower than those reported by other researchers for 
adsorption of dyes on carbon, minerals and agricultural 
wastes (Table 4). This may be since the concentration range 
used in the present work (5–50 ppm) is much lower than that 
employed in other studies (up to 1,000 ppm). The adsorption 
capacity increases as the concentration of the dyes increases 
because of the more possibility of forming multi-layers 
of dyes on the surface of adsorbents [44]. We think that 
the removal of low amounts of dyes from water is not less 
important than the removal of high concentrations because 
the latter could be removed by other methods such as 
coagulation. Regeneration of the composite adsorbent was 

(a)

(b)

(c)

Fig. 5. (a) pH titration curve of SiO2/CuO with 0.013 M NaOH 
and HCl. Titration of water was given as a reference. (b) Point 
of zero charge (pHpzc) of SiO2/CuO, CuO and SiO2 determined 
by the pH drift method.

Fig. 6. % uptake (amount adsorbed/initial amount) of methylene 
blue (MB) and crystal violet (CV) by SiO2/CuO, precursors (CuO 
and SiO2) and alkali-treated precursors (Ci = 50 ppm and adsor-
bent dose = 8.0 g/L).
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(a)

(b)

Fig. 7. Effect of contact time on the adsorption of MB and CV on SiO2/CuO (a), and pseudo-second order fitting of kinetic data 
for adsorption of MB and CV on SiO2/CuO (b) (Ci = 20 ppm and adsorbent dose = 20 g/L).

Fig. 8. Isotherms of adsorption of organic dyes (MB, CV, AB, CR) on SiO2/CuO. 
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successfully carried out by dissolution of the dyes loaded 
onto SiO2/CuO using ethanol.

3.3.3. Effect of ionic strength

The effect of ionic strength on the adsorption of MB, CV, 
AB and CR onto SiO2/CuO is shown in Fig. 9. Increasing 
the ionic strength was found to decrease the adsorption of 
cationic dyes (MB and CV) and increase the adsorption of 
anionic dyes (AB and CR). 

Regarding the negative effect of ionic strength on the 
adsorption of dyes, similar observations were found in the 
literature in the case of adsorption of basic red 46 (cationic 
dye) on natural zeolite [14] and adsorption of CV and astra-
zon red violet (cationic dyes) on bentonite [11]. The positive 
effect of ionic strength on the adsorption of anionic dyes 
was also reported in the case of adsorption of reactive yel-
low 176 (anionic dye) on natural zeolite [14]. Similar effects 
were reported also for adsorption of CR on bentonite [11] 
and for adsorption of reactive blue 2, reactive yellow 2 and 
reactive red 4 (anionic dyes) on activated carbon [12]. 

The negative effect of ionic strength on the adsorption of 
cationic dyes was ascribed to the decrease of the thickness 

Table 3
Langmuir and Freundlich parameters for adsorption of organic dyes (MB, CV, AB, CR) on SiO2/CuO (pH = 6.5, dose = 8.0 g/L)

Dye Qm (mg/g) KL (L/mg) Error* KF 1/n Error*

MB 7.85 0.390 0.95 2.144 0.41 1.35
CV 8.08 0.175 0.61 1.444 0.49 1.01
AB 1.12 0.0304 0.25 0.002 1.67 0.01
CR 1.52 0.0584 0.48 0.026 1.14 0.26

*Standard error = 
y y
n
i i−( )
−

∑ 2

2
ˆ

, yi: experimental, y y
n
i i−( )
−

∑ 2

2
ˆ : predicted.

Table 4
Reported adsorption capacities (mg/g) of MB, CV, AB and CR on different adsorbents

Adsorbent Category MB CV AB CR Reference

AC Carbon 40–500 550 200 [9]
Coal 250 [41]
Kaolin

Minerals

1.98 [9]
Bentonite 150–175 [9]
Bentonite 370 [11]
Bentonite 1,667 [9]
Red mud 4.3–17 4–7 [13]
Soil clay 31 33 [13]
Synthetic zeolite 11 [15]
Rice husk

Agricultural  
waste

312 [45]
Coir pitch 3 [10]
Citrullus lanatus rind 12 [10]
Broad pean peets 193 [10]
Orange peel 33 [18]
Orange peel (calcined 300°C) 14 [18]
Pomelo fruit peel 0.8–1.1 [18]
Grape fruit peel 250 [18]

Fig. 9. Effect of ionic strength on the adsorption of MB and AB 
on SiO2/CuO.
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of the double layer [11,14]. On the other hand, the positive 
effect of ionic strength on adsorption of anionic dyes was 
attributed to the aggregation of anionic dyes molecules [14]. 
The sulfonate group, which is the common group in anionic 
dyes (in contrast to ammonium group in cationic dyes) may 
be responsible for this aggregation.

4. Conclusion

SiO2/CuO can be prepared easily by dissolution of dia-
tomaceous earth (cristobalite, SiO2) in 6.0 M NaOH fol-
lowed by deposition on CuO. The composite consists of 
agglomerates of CuO and amorphous silica. The charge of 
the surface of the composite (pHpzc = 6.3) is slightly anionic 
and consequently, it has lower adsorption capacity toward 
anionic dyes (CR, AB) than cationic dyes (MB, CV). However, 
increasing the ionic strength significantly increases the 
adsorption of anionic dyes and decreases the adsorption 
of cationic dyes. Thus, selective adsorption of organic dyes 
on SiO2/CuO can be accomplished by controlling the ionic 
strength. Another remarkable feature of SiO2/CuO as adsor-
bent is that it has an exceptional fast adsorption rate in the 
case of MB and CV with the possibility of recycling of the 
adsorbent by retrieving the dyes using ethanol.
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