
Photocatalytic degradation of methyl orange and cyanide by using TiO2/CuO
composite

Hassan Koohestania,*, Sayed Khatiboleslam Sadrnezhaadb

aFaculty of Materials and Metallurgical Engineering, Semnan University, Semnan, Iran, Tel. +98 23 33654100;
Fax: +98 23 33321005; email: h.koohestani@semnan.ac.ir
bDepartment of Materials Science and Engineering, Sharif University of Technology, Azadi Ave., Tehran, Iran,
email: sadrnezh@yahoo.com

Received 3 September 2015; Accepted 28 November 2015

ABSTRACT

In this study, the effect of adding 5–12.5 wt% CuO to TiO2 on photocatalytic properties of
the nano-composite TiO2/CuO was investigated. The products were characterized by X-ray
diffractometer, SEM, Brunauer–Emmett–Teller (BET), and DRS. BET-specific surface area of
the TiO2/CuO composites was lower than that of the pure TiO2. Incorporation of CuO into
TiO2 shifted absorption spectra to the visible region. As the CuO content increased from 0
to 12.5%, a clear decrease in optical band gap from 2.95 to 2.30 eV was observed. The
photocatalytic performance was determined by methyl orange degradation and cyanide
photo-oxidation under ultraviolet irradiation. However, the excessive incorporation of CuO
did not improve any ability of TiO2 to degrade MeO and cyanide. The highest rate of pho-
tocatalytic degradation was found in TiO2–7.5% CuO. The rate constants of the dye degra-
dation reaction using TiO2 and TiO2–7.5% CuO catalysts were 0.0107 and 0.0151 min−1,
respectively. Corresponding results for cyanide disinfection were 0.0049 and 0.0110 min−1.
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1. Introduction

Wastewater discharged by industrial activities is
often contaminated with a variety of toxic or other
harmful substances which have a negative effect on
the water environment [1]. These include organic
chemicals, inorganic chemicals, and heavy metals [2].

Textile dyes and cyanide (CN) are toxic chemical
compounds present in industrial effluents that repre-
sent an increasing environmental danger [3,4]. Over
50% of all the dyes used in various industries are azo
dyes, which are characterized by one or more azo

bonds (−N=N−). Due to high concentration of organ-
ics in the effluents and higher stability of synthetic
dyes, their discharges into water are harmful to
humans and animals [3,5]. Cyanide (CN) is a highly
toxic component, which is generated from several
industrial activities such as gas production, pharma-
ceutical, mining, electroplating processes, and coal
gasification [4]. Owing to their toxicity, it is necessary
to purify wastewaters containing cyanide before
directing them to the receiving waters [4,6].

Different methods such as flocculation, the
chemical oxidation including Fenton’s reagent, O3,
etc., air floatation processes, adsorption processes, and
anaerobic–aerobic two-stage biochemical process have
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been used to remove different pollutants from water
and especially wastewaters [1,3,7]. They just transfer
organic compounds from water to another phase, thus
causing secondary pollution. Consequently, regenera-
tion of the adsorbent materials and post-treatment of
solid wastes, which are expensive operations, are
needed [3,6].

Recently, advanced oxidation processes (AOPs),
based on the production of highly reactive hydroxyl
radicals, have been proposed as an efficient method
for the removal of different pollutants [4,8]. Heteroge-
neous photocatalysis based on semiconductors is the
most famous AOP, in which irradiating the semicon-
ductor by photons with sufficient energy with respect
to the band gap energy of the semiconductor produces
electron/hole pairs. The produced electron/holes can
generate reactive hydroxyl or super oxide radicals by
reaction of electron/hole with water and dissolved
molecular oxygen, which can destroy different organic
pollutants to smaller fragments and finally to water
and CO2 [8–10].

Among the various semiconductor materials, TiO2

has been widely studied due to its favorable physi-
cal/chemical properties, low cost, chemical stability,
and non-toxicity. However, the practical applications
of TiO2 have been suppressed because of its two
drawbacks. One of which is the rapid recombination
of photo-induced electrons and holes and the other is
the poor solar efficiency, which is determined by its
band gap [11,12].

A number of strategies have been devised to bring
about the modifications in electronic structure of tita-
nia, with a view to overcome the drawbacks men-
tioned earlier. These include doping with metals and
coupling with other semiconducting oxides [11,13].

Nanostructured composite materials have been
fundamentally studied and widely applied in a
number of areas. The electron transfer between TiO2

and other materials brings new performances to TiO2-
based composite [14]. Among various oxides, transi-
tion metals have attracted considerable attention due
to their interesting photochemical and photomagnetic
properties [15].

It has been reported that CuO, p-type semiconduc-
tor, with a narrow band gap (Eg = 1.2–1.5 eV) has
potential applications in many fields such as high-
critical-temperature superconductors, photovoltaic
materials, field emission, and catalysis [5,7,16,17].
Meanwhile, TiO2/CuO nanoparticles have also been
reported to show enhanced degradation of organic pol-
lutants owing to their modified optical property which
has enabled the composite material to tap into the visi-
ble light range of the solar irradiation [18]. The high
catalytic activity was attributed to photo-excitation of

electrons in the conduction bands of both CuO and
TiO2, followed by migration of the conduction band
electrons in TiO2 into the conduction band of CuO
[19]. The accumulation of excess electrons in the con-
duction band of CuO caused a negative shift in the
Fermi level of CuO to provide the required overvoltage
necessary for efficient water reduction [19,20].

In this study, TiO2/CuO nanocomposites were suc-
cessfully synthesized. Then, CuO was loaded on TiO2,
and its effect on the photocatalytic activity was inves-
tigated by degrading methyl orange (MeO) and cya-
nide. Decolorization of MeO, a stable azo dye, by UV
irradiation in the presence of composites was verified
by UV–vis spectrophotometer. The remaining concen-
tration of cyanide was analyzed by the titration
method. The structural and optical properties of the
samples were studied by X-ray diffractometer (XRD),
SEM, Brunauer–Emmett–Teller (BET), and UV–vis
DRS spectra and then compared with each other.

2. Exprimental

2.1. Materials

Titanium(IV) isopropoxide (TTIP), copper(II) sul-
fate (CuSO4·5H2O), sodium hydroxide (NaOH), ascor-
bic acid (C6H8O6), ethanol (98%), hydrochloric acid
(HCl), 2-propanol, methyl orange (C14H14N3NaO3S),
potassium cyanide (KCN), and ethylenediaminete-
traacetic acid (EDTA) were purchased from MERCK
manufacturer.

2.2. Synthesis

The TTIP and CuSO4·5H2O were used as titania
and CuO precursor for synthesizing TiO2, CuO, and
TiO2/CuO nanoparticles. The CuO and titania precur-
sor solutions were prepared separately.

2.2.1. Solution A

CuO precursor solution was obtained by dissolving
0.4 g of CuSO4·5H2O in 100 mL of deionized water
and magnetic stirred for 20 min. Then, 30 mL of
0.05 M NaOH was added in dropwise manner into the
solution. After stirring for 30 min, 30 mL of 0.05 M
ascorbic acid solution was dropped into the solution,
and the color of precipitates gradually changed from
blue to brick red.

2.2.2. Solution B

The titania precursor solution was obtained by
mixing distilled water (85 mL), HCl (6 mL), and
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2-propanol (6 mL) at room temperature. Then,
titanium isopropoxide (5 mL) was gradually added to
the solution. The mixture was stirred for 120 min at
60˚C.

In order to obtain TiO2/CuO nano-composite, solu-
tion A was added in solution B in which the CuO
molar ratio was adjusted to many values (5, 7.5, 10,
and 12.5%). Finally, all samples were calcined at 450˚C
for 120 min in the furnace.

2.3. Characterization

The crystalline structure was obtained using a
X-ray diffractometer (XRD, Spectro Xepos, Germany)
with monochromated high-intensity Cu Kα radiation
(λ = 1.5418 Å). Scherrer equation which is well used to
measure the crystal size according to the XRD pattern
was adopted for the estimation of nano-crystalline
size. The morphology of the samples was studied
using a field-emission scanning electron microscope
(FESEM, Mira 3-XMU, Czech).

The BET-specific surface area was determined
using a Belsorp mini II (Japan) system. The diffusive
reflectance spectra (DRS) of the samples were
recorded by a UV–vis spectrophotometer (Avaspec-
2048-TEC, Netherlands) using BaSO4 as a reference in
the region from 200 to 900 nm.

2.4. Photocatalytic degradation

2.4.1. Methyl orange

Catalytic activity of the samples was estimated
from color degradation of the methyl orange aque-
ous solution (50 mL MeO with 5 mg L−1 initial con-
centration). The pH was maintained constant, equal
to the initial pH of the MeO solution (i.e. 6.5). The
same amount of catalyst was used (150 mg L−1).
Before irradiation with UV light, the aqueous solu-
tion which contained TiO2 catalyst was continuously
stirred for 60 min in full darkness to achieve adsorp-
tion–desorption equilibrium. UV irradiation from
two 6 W lamp (Philips, China) was then applied to
the catalyst containing solution. The distance
between the surface of the solution and the light
source was 10 cm. Samples were then taken out for
analysis, every 30 min.

Solution concentration was determined by UV–vis
spectrophotometer (6705; Jenway, UK). The maximum
absorption wavelength registered for MeO was
462 nm.

The efficiency of degradation (η%) was calculated
from the Eq. (1) [9]:

g% ¼ C0 " C

C0

! "
# 100 (1)

where C0 and C are initial and time-dependant
concentrations of the dye, respectively.

2.4.2. Cyanide

Sample solution of cyanide was prepared by
dissolving KCN into deionized water (100 mg L−1).
Photocatalytic experiments were performed with pH
10, constant temperature (25˚C), and contact time of
0–180 min in the presence of 100 mg L−1 EDTA as
sacrificial reagent.

After the equilibration period (60 min in the dark),
the UV-lamps (two 6 W lamps; Philips, China) were
turned on. The remaining concentration of cyanide
was analyzed by 4500-CN D. Titrimetric Method
according to Standard Methods for the Examination of
Water and Wastewater. Then, residual cyanide con-
centration was calculated using the following equation
[21,22]:

mg CN"

L
¼ ðA" BÞ # 1000

mL orginal sample
# 250

mL portion used
(2)

where A and B is volume (mL) of standard AgNO3 of
sample and of blank, respectively.

3. Result and discussion

The XRD patterns of TiO2 and CuO samples hav-
ing been calcined at 450˚C are shown in Fig. 1. The
XRD pattern of TiO2 is shown in Fig. 1(a), which exhi-
bits both phases, anatase (identified with JCPDS: 00-
021-1272) and rutile (identified with JCPDS: 00-021-
1276) characteristic peaks. Using the Scherer equation,
the average crystallite sizes of anatase and rutile were
estimated to be 16.4 and 19.7 nm, respectively. The
fraction of the crystalline phases was determined by
integrating the relative intensities of the anatase (1 0 1)
(2θ = 25.4˚) and the rutile (1 1 0) (2θ = 27.5˚) peaks
[23]:

WA ¼ 1

1þ 1:26 IR
IA

(3)

where WA is the weight fraction of the anatase and IA
and IR represent the integrated intensities of the ana-
tase (1 0 1) and the rutile (1 1 0) peaks, respectively.
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From Eq. (3), the fraction of the anatase in our sample
was 0.73.

In Fig. 1(b), for CuO, all diffraction peaks can be
indexed to a crystalline monoclinic structure of CuO
nanoparticles (identified with JCPDS: 00-048-1548). No
other crystalline forms of copper oxide (i.e. Cu2O)
were presented, indicating that copper existed as CuO
crystal after calcination at 450˚C. This result is in
agreement with previous reports [24,25]. The average
crystalline size of CuO nanoparticles was found to be
21.2 nm.

The XRD patterns of the TiO2 composite powders
with 5–12.5 wt% of CuO are also presented in Fig. 2.
In all patterns, peaks of anatase, rutile, and relatively
weak peaks of CuO can be observed. A few reports
have attributed the weak peak of CuO to the low Cu
content and high dispersion of the Cu species within
the photocatalysts [18]. The average crystallite sizes of
sample phases calcined at 450˚C are summarized in
Table 1. It can be seen that as CuO content increases,
although CuO crystallite sizes become bigger, there is
a small increase in anatase and rutile crystallite sizes.

Fig. 3 displays SEM images of the pure TiO2 and
TiO2–7.5% CuO particles. The photocatalysts consisted
of relatively irregular and spherical particles. Particle
size of TiO2 and TiO2–7.5% CuO was 20–30 and 30–
50 nm, respectively. One can see that composite parti-
cles are bigger than pure TiO2. Perazolli et al. [20]

reported that CuO presence increases catalysts’ parti-
cle size and causes particles to agglomerate. Energy-
dispersive X-ray (EDX) analysis of the TiO2–7.5% CuO
composite is shown in Fig. 3(c) and (d). The EDXs
have been taken from different parts of the SEM
image and are presented in the figure. They indicated
three elements of titanium, oxygen, and copper on the
surface of the annealed sample.

The BET-specific surface area of synthesized sam-
ples is listed in Table 2. As depicted, the BET-specific
surface area of the TiO2/CuO composites was signifi-
cantly lower than that of the pure TiO2. This could be

Fig. 1. X-ray diffraction patterns of (a) TiO2 and (b) CuO.

Fig. 2. XRD patterns of TiO2/CuO with variation of CuO
content (a–d: 5.0, 7.5, 10.0, and 12.5 wt%).
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ascribed to the occupied surface area on the TiO2 by
CuO nanoparticles as well as agglomeration of TiO2

nanoparticles which have resulted in the reduced
available surface area for adsorption [26]. This was
consistent with the formation of bigger TiO2 crystals
and hence a lower specific surface area, due to the
addition of CuO. Among composites, the sample con-
taining 10% CuO with 65.5 m2 g−1 shows a larger
specific surface area compared to that of others.

The photocatalytic performance of a semiconductor
significantly depends on its optical property, and thus,
it is one of the important factors which should be

Table 1
The crystal phase and the average crystallite size of
TiO2/CuO samples

% CuO

Crystallite size (nm)

Anatase Rutile CuO

0 16.4 19.7 0
5 16.0 19.8 20.2
7.5 15.9 19.8 20.5
10 16.1 19.7 21.4
12.5 16.8 19.9 22.1

Fig. 3. SEM images: (a) TiO2 and (b) TiO2–7.5% CuO, EDX diagrams: (c) and (d) TiO2
–7.5% CuO calcined at 450˚C.

Table 2
Physical properties and photocatalytic performance of the synthesized TiO2/CuO photocatalysts

Photocatalyst BET-specific surface area (m2 g−1) Band gap energy, Eg (eV)

Methyl orange Cyanide

k (min−1) R2 k (min−1) R2

TiO2 68.2 2.95 0.0107 0.987 0.0049 0.895
TiO2–5% CuO 60.3 2.68 0.0110 0.969 0.0056 0.978
TiO2–7.5% CuO 57.8 2.53 0.0151 0.988 0.0110 0.973
TiO2–10% CuO 65.5 2.50 0.0123 0.976 0.0089 0.984
TiO2–12.5% CuO 52.1 2.30 0.0075 0.962 0.0042 0.976
CuO 56.7 – 0.0021 0.988 0.0013 0.938
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studied. Fig. 4 shows typical UV–vis diffuse reflec-
tance spectroscopy (UV–vis DRS) curves for optical
absorption behavior of TiO2/CuO samples. The optical
transitions in semiconductor materials are believed to
take place via direct and indirect transitions which
can be studied using the following Kubelka–Munk
equation [27,28]:

ahmð Þ ¼ b hm" Eg
# $n

(4)

where Eg is energy band gap of semiconductors (eV),
ν is the frequency of light (s−1), h is Planck’s constant
(J s), β is the absorption constant, and α is the absorp-
tion coefficient defined by the Beer–Lambert law as
α = ([2.303 × Abs]/d), where d and Abs are the sample
thickness and sample absorbance, respectively. For
precise determination of α, some corrections should be
made to the absorption due to reflection. In this equa-
tion, index n has different values of 1/2, 2, 3/2, and 3
for allowed direct, allowed indirect, forbidden direct,
and forbidden indirect electronic transitions [27,28].

The band gap can be determined by extrapolating
the linear portion of the (αhν)n–hν curve. The best lin-
ear fitting was obtained for the (αhν)0.5–hν curve for
the TiO2/CuO catalyst which is in accordance with
the literature for both semiconductors.

In general, increasing the CuO content has resulted
in the increase in the absorption intensity in the UV
and visible light regions. The red-shifting was attribu-
ted to the additional energy levels created by the Cu
ions in the band gap of TiO2 [29,30]. Table 2 summa-
rizes the results of band gap energy of all the photo-
catalysts obtained from the UV–vis absorption spectra
and Eq. (4). The results show that the band gap
energy decreased with increasing CuO ratio; that is, it
increased from 2.95 eV for the pure TiO2 to 2.30 eV for
the TiO2–12.5% CuO composite.

There exists a transition from the valence band of
the CuO to the conduction band of TiO2, thus result-
ing in the significant narrowing of the TiO2 band gap
energy. This implies that the electronic structures of
the pristine TiO2 have been modified via the
formation of the TiO2/CuO heterojunctions. It can be
suggested as a reduction in the band gap energy of
the TiO2/CuO, which could lead to an increase in
the quantity of the electron/hole formation and
recombination.

The photocatalytic activity of samples was mea-
sured by the degradation efficiency of MeO solution
without concerning the degradation intermediates in
detail. The degradation efficiency of MeO solution ver-
sus photocatalytic time under UV–vis irradiation is
illustrated in Fig. 5.

It is evident that CuO is a photocatalyst that can
absorb the light from the UV to visible region. How-
ever, single CuO material has poor photocatalytic
activity due to its low charge-transfer rate. And the
amount of degradation in its presence was obtained as
approximately 60% after 210 min. But concerning the
result, it is clear that CuO was an excellent co-catalyst
with TiO2, due to enhanced charge separation and

Fig. 4. The corresponding Kubelka–Munk function spectra
to determine indirect new band gap values for the synthe-
sized TiO2/CuO photocatalysts with variation of CuO
content. The UV–vis spectra of the synthesized photocata-
lysts with variation of CuO content (a–e: 0, 5.0, 7.5, 10.0,
and 12.5 wt%) calcined at 450˚C.

Fig. 5. Comparison of the degradation efficiency of MeO in
the presence of synthesized catalysts and under UV–vis
light irradiation.

6 H. Koohestani and S.K. Sadrnezhaad / Desalination and Water Treatment



oxygen reduction in the interfaces between the two
coupled catalysts.

The catalytic efficiency increased with the increase
in CuO amount on TiO2 in a certain range (5–7.5 wt%),
but decreased at higher CuO loading (10 and 12.5 wt
%). In general, the greater amount of CuO produces
more generated holes and hydroxyl radicals [5,17]. The
maximum photocatalytic activity was achieved for
composite sample containing 7.5% CuO. It is known
that the photocatalytic redox reaction mainly occurs on
the surface of the photocatalysts, so the surface proper-
ties significantly influence the efficiency of photocata-
lysts. The decolorization rate at higher CuO loadings
beyond optimum level (7.5% of CuO) decreased. At
higher values, because of deactivation of activated
CuO species due to meeting ground state one, genera-
tion of hydroxyl radicals and hence the degradation
efficiency were decreased [5,17]. In addition, the for-
mation of CuO aggregates shields the incident light
intensity, reduces the adsorption capacity of the sup-
port, and consequently decreases the photocatalytic
activity. Aggregation can also reduce the specific area
of photocatalyst, providing less active site for the light
and pollutant introducing [17,31].

Huang et al. [32] and Moon et al. [33] reported that
the best catalytic effect was achieved when the
amount of CuO was near the monolayer dispersion
threshold, in higher amounts of CuO loading, the
number of the effective active phase species was
reduced with the increase in crystalline CuO, resulting
in a suppression of catalytic activity. Other reasons for
the dual effect of copper oxide on photocatalytic per-
formance of TiO2 are (i) opacity and light scattering of
TiO2 by CuO resulting in a decreased passage of irra-
diation [24] and (ii) increase in nanodot size leading to
deterioration of photocatalytic activity [33]. The simi-
lar results were reported by Li et al. [34] who pointed
out that beyond a critical quantity, any additional cop-
per loading was in the form of bulk crystalline oxide.

Fig. 6 displays that the photocatalytic degradation
corresponds to a pseudo-first-order reaction. Pseudo-
first-order kinetics was assumed to calculate the corre-
sponding degradation rate constant (k) [5]:

ln
C
C0

! "
¼ "kt (5)

where C0 is the original MeO concentration after the
adsorption/desorption reached equilibrium (mg L−1),
C is the concentration (mg L−1) at a given time t (min),
and k is the first-order degradation rate constant
(min−1). Table 2 lists the results of kinetic analysis of

MeO degradation. The obtained linear regression coef-
ficients (R2) were relatively high, indicating that the
photocatalytic decolorization of MeO obeys the Lang-
muir–Hinshelwood (first-order) kinetic model. It was
found that the rate constant of TiO2 increased with the
presence of CuO. At 7.5% CuO, the reaction rate con-
stant (0.0151 min−1) was larger than that of TiO2 alone
(0.0107 min−1). Therefore, when CuO content was
7.5%, the degradation rate was the highest among the
other composites.

In the cyanide removal, the mechanism is based on
the absorption of light energy by the semiconductor
particles which must be of a wavelength sufficient to
exceed the band gap energy of the semiconductor to
produce electron/hole pairs (e−–h+). From the reaction
of cyanide ion with positive hole, CN− is oxidized to
OCN−, while oxygen is photoreduced to hydrogen
peroxide by photogenerated electrons in the conduc-
tion band of photocatalysts. Thus, the process to
remove CN− can be represented as follows [21,35,36]:

TiO2 þ 2hm ¼ TiO2ð2hþ þ 2e"Þ (6)

1=2 O2 þ 2e" þH2O ¼ 2OH" (7)

2OH" þ 2hþ ¼ 2OH! (8)

CN" þ 2OH! ¼ OCN" þH2O (9)

2OCN" þO2 ¼ 2CO2 þN2 (10)

Fig. 7 shows the efficiency of photocatalytic degrada-
tion of cyanide solution by TiO2/CuO catalysts with
different wt% of CuO upon UV–vis light illumination.
A sacrificial reagent (example EDTA) helps to control

Fig. 6. First-order kinetics for the MeO photodegradation
on the synthesized photocatalysts with variation of CuO
content.
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the electron/hole recombination process. The photo
efficiency of the process can be improved by the addi-
tion of sacrificial reagents. The sacrificial reagents help
separation of the photoexcited electrons and holes
[37]. The figure indicates that the photocatalytic effi-
ciency of pure TiO2 does not exceed 68% after 150 min
reaction time. As the band gap decreases with the
increased wt% of CuO, the efficiency of the pho-
todegradation increases sharply along with rapid
decrease in time needed for the complete reaction.
Looking at Fig. 7 again, one can choose 7.5 wt% CuO
as optimum combination to achieve maximum
efficiency after 150 min.

Since the initial concentration of cyanide employed
in this study was low, the adsorption kinetics can be
described adequately by a simplified first-order rate
equation (Eq. (5)), where C0 and C are the cyanide
concentration at the initial time and at time t,
respectively [36].

Ibrahim et al. reported that the reaction kinetic of
photocatalytic decomposition of cyanide using TiO2/
SiO2 was found to be of first order, and rate of photo-
catalytic degradation of cyanide using TiO2/SiO2 is
much faster than using ozone process. Farrokhi et al.
[4] suggested that photocatalytic reaction with TiO2/
UV can be effectively applied to treat industrial
wastewater contaminated with cyanide. Photocatalytic
oxidation rate of cyanide was well described by the
first-order kinetics.

The plots of ln[C0/C] vs. time from kinetic degrata-
dation data on Fig. 7 are presented in Fig. 8 and
results of cyanide removal are included in Table 2.
The results indicate that photodegradation in the pres-
ence of TiO2/CuO photocatalysts kinetics was satisfac-
torily fit to a first-order rate law. Moreover, the rate

constant is increased from 0.0049 min−1 for TiO2 to
0.0110 min−1 for TiO2–7.5% CuO.

The role of Cu2+ is therefore to act simply as an
electron trap and the electron has to be consumed in
some way, otherwise there will be an accumulation of
charge on the surface [38]. One pathway which
accounts for the disappearance of a trapped electron is
by the recombination reaction with the photogener-
ated hole from the TiO2. Trapped electrons could also
be consumed via the reduction of adsorbed oxygen
molecules which is believed to be one of the rate-de-
termining steps in TiO2-based photocatalytic reactions
[39]. If oxygen is present in the system, the Cu+ could
be oxidized back to Cu2+. As a result of the
Cu2þ "!e

"

Cuþ "!O2 Cu2þ sequential reactions, the elec-
tron/hole recombination rate could be reduced [32,38].

Since the copper oxide is confined in the surface of
the TiO2, at high loading of copper oxide, there will
be a high possibility for the trapped electrons to
recombine with the holes. The oxidation of Cu+ to
Cu2+ by the photogenerated holes is expected to be
faster than the oxidation of CN− ion, since the former
is simply a direct transfer of the trapped electron from
Cu+ to the valence band hole. In that case, the Cu+

might act as a recombination center and promote the
recombination reaction [34,38].

4. Conclusions

In this work, TiO2/CuO composites were pro-
duced from a synthesized raffinate. The composites
were characterized by XRD, SEM, BET, and DRS.
Although the presence of CuO shifted absorption
spectra to the visible region, it decreased specific
surface area and increased particles’ size. Their
photocatalytic properties were determined from MeO

Fig. 7. The influence of CuO content on the photocatalytic
degradation of cyanide by TiO2.

Fig. 8. First-order kinetic model for cyanide removal by
TiO2/CuO composites.
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degradation data obtained from color change and
solution composition alteration. Also, the photo-oxida-
tion of cyanide by the synthesized composites was
compared. The photocatalytic activity of TiO2

increased with the increase in CuO amount to 7.5 wt
%. Further increase in the CuO content beyond 7.5%
considerably reduced the photocatalytic activity of
TiO2. The high concentration of nanosized CuO would
cover the surface of TiO2 leading to a drastic decrease
in photon absorption and promotes the recombination
of photogenerated holes with the trapped electrons
resulting in a decrease in photocatalytic activity.
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