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ZnO nanostructures were prepared by sublimation—condensation (ZnO-SPVD) technique and sol-gel method
(ZnO-SG). The produced materials were used in a photocatalytic degradation of a pollutant (gentian violet) at dif-
ferent operational conditions. The materials were characterized by X-ray diffraction (XRD) and Raman spectra
techniques (RS). The obtained results indicated that the photocatalytic activity was correlated to the particle sizes
of catalysts. The catalyst prepared by the physical method (ZnO-SPVD) exhibited a higher photoactivity to de-
grade GV dye than the catalyst prepared by the chemical method (ZnO-SG). In the presence of each of ZnO-SPVD
or ZnO-SG, the experiments were carried out to investigate the factors that influence the photocatalytic degra-
dation of GV, such as the adsorption amount, pH of dye solution, electron acceptors (H202), and presence of
inorganic species commonly present in real wastewaters (HCO3 ). The experimental results showed that adsorp-
tion on the surface of both samples was an important parameter controlling the photocatalytic activity. For both
catalysts, the degradation rate in alkaline medium was higher than that in natural and acidic one. The presence

of the HoO2 and HCOj3 ions increased the effectiveness of the photodegradation.

DOI: 10.12693/APhysPolA.136.424

PACS/topics: Zn, sol-gel method, sublimation—condensation technique, adsorption, photocatalytic degradatio, dye

1. Introduction

Zinc oxide is a very important material in some tech-
nological applications. It is commonly found in nature
and can also be easily synthesized in the laboratory. It is
widely used in catalysis, sensors, ceramics, and optoelec-
tronic devices, due to its excellent optical, peizoelectrical,
and magnetic properties [1, 2|.

In recent years, the photocatalytic properties
of ZnO were also extensively studied [3-6]. Owing
to the rapid photoresponse and good photoelectric
conversion properties, ZnO exhibits high photocatalytic
efficiencies on decomposing organic pollutants in water.
Additionally, unlike other semiconductors, ZnO is non-
toxic, low cost, and suitable to work using sunlight
as energy source, which make it an ideal candidate
for practical applications on environmental treatments.

Many methods for the production of ZnO nanostruc-
tures have been described in the literature such as chem-
ical or physical vapor deposition (CVD or PVD) [7, 8],
sol-gel (SG) [9], hydrothermal [10], and precipitation
methods [11], resulting in ZnO nanoparticles with a nano-
metric size.

In recent years advanced oxidation processes (AOPs)
have been developed to meet the increasing need of
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an effective wastewater treatment. Heterogeneous pho-
tocatalysis, one of the AOPs, is a cost-effective treat-
ment method for the removal of toxic pollutants from
wastewater sowing to its ability to convert these pollu-
tants into COq, H2O, and mineral acids [12-14]. Syn-
thetic dyes constitute one of the larger groups of pol-
lutants in wastewater released from textile, leather tan-
ning, paper production, plastics, and other industries.
These dyes have a big impact on the environment be-
cause of their potential carcinogenic properties [15, 16].

In the photocatalytic process, semiconductor particles
are irradiated with light energy equal to or greater than
its band gap. It results in the formation of electron-
hole pair. Electron (e™) is present in conduction band,
whereas hole (h") is present in the valence band. The de-
tailed mechanism of the photocatalytic process has been
discussed extensively in the literature [12-14].

In this paper, highly crystalline ZnO nanoparti-
cles were synthesized by sublimation—condensation tech-
nique (ZnO-SPVD) and sol-gel method (ZnO-SG), and
characterized by X-ray diffraction (XRD) and Raman
spectra techniques (RS).

The study of the efficiency of the two series of zinc ox-
ide samples was carried by the investigation of the pho-
tocatalytic activity by performing the decomposition
of Gentian violet (GV) dye, a cationic triphenylmethane
dye under UV illumination over each of the two synthe-
sized catalysts.
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The investigated dye (Gentian violet) is extensively
used in the textile, paper, and many industries. Gen-
tian violet is hazardous compound and suspected to be
toxic and carcinogenic for humans and animals [17, 18].
The efficiency of the GV photocatalytic degradation re-
action was studied under different experimental con-
ditions, the influence of several experimental parame-
ters, such as the adsorption of dye onto ZnO surface,
the initial dye concentration, the initial pH, the addi-
tion of HCO3 ion and the addition of hydrogen per-
oxide, upon the GV degradation rate constant was also
investigated.

2. Materials and experimental methods

2.1. Reagents and chemicals

Gentian violet (GV, Biochem chemopharma,
C.I: 42.555, molecular formula: Co5H30N3Cl, molecular
weight = 407.979 g mol L=1). The structure of GV
is presented in Fig. 1. HySO4 (98%, Merck) and
NaOH (Carlo Erba) for pH adjustments. NaCl and
HaHCOj3 (Prolabo), H2O5 (Labosi). All solutions were
prepared with deionized ultrapure water from a Milli
pure water (Milli-Q purification unit).

cl
H3C\—'|‘l—/CH3

Fig. 1. Molecular structure of Gentian Violet (GV).

Sol-gel method: Nanoparticles of Zinc oxide were
prepared by the sol-gel (citrate route) method using zinc
acetate, ZnC4HgO4 (Panreac), as the starting materials.
Citric acid C¢HgO7- HoO (Panreac) was used as a com-
plexing agent.

The sublimation—condensation technique:
Nanoparticles of Zinc oxide were prepared by the
sublimation—condensation under 660 Torr air pressure,
in a solar reactor placed at the focus of a parabolic
concentrator. The nanopowders were deposited on the
spherical surface of a glass balloon [19].

2.2. Characterization of catalysts

2.2.1. Xray diffractometry (XRD):

To determine the phase composition and to estimate
the mean crystallite size, powder X-ray diffraction (XRD)
patterns were recorded for synthesized samples using
PANalytical X’Pert Pro Philips X-ray diffractometer
with CuK, radiation, (Acy = 1.5418 A) and the ac-
celerating voltage and current were 40 kV and 40 mA,
respectively.

The XRD spectra of the obtained nanoparticles are
shown in Fig. 2. The peaks appearing at 20 range
of 31°C, 34°C, 36°C, 47°C, 56°C, and 63°C corre-
spond respectively to (100), (002), (101), (102), (110),
and (103) peaks of hexagonal wurtzite polycrystalline
ZnO structure (JCPDS card No. 00-036-1451).
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Fig. 2. XRD spectra of ZnO-SPVD and ZnO-SG
catalysts.

Crystallite size was obtained by Debye-Scherrer for-
mula given by equation [16,20]:

A
5 o’ (1)

cos
where D is the crystallite size (in nm), 0.94 is the particle
shape factor which depends on the shape of the particles
(the typical value is 0.94), A is the CuK, radiations
(1.5418 A), A is full width at half maximum (FWHM)
of the selected diffraction peak at angle 36 °C correspond-
ing to (101) plane and 6 is the Bragg angle obtained
from 26 value corresponding to maximum intensity peak
in XRD pattern. The mean crystallite size obtained us-
ing this formula was 36 nm for sol-gel derived particles
and 26 nm in case of sublimation—condensation tech-
nique. In addition, the specific surface are calculated
by the Gauss model was found to be 737.7 m?g~! and
759.3 m%g~! for ZnO-SPVD and ZnO-SG, respectively.

2.2.2. Raman spectra:

The Raman spectrum (RS) for the two catalysts sam-
ples was collected with a Bruker Senterra Dispersive
Raman microscope spectrometer using 532 nm excita-
tion from a 3B diode laser having 3cm™! resolution

D=K
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in the spectral region of 3700-45 cm™'. The Raman
spectra of ZnO nanoparticles prepared by sol-gel
and sublimation—condensation methods are presented
in Fig. 3.
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Fig. 3. Raman spectra of ZnO-SPVD and ZnO-SG
catalysts.

The Raman spectrum for ZnO-SPVD was found
to have peaks at (98 &£ 1) ecm™!, (203 £ 1) cm™!,
(334 4+ 1) cm™1, (438 £1) em™?, and (570 £ 1) em™!.
As for ZnO-SG, peaks at (99+1) em™!, (203+1) cm™1,
(334 £ 1) em™, (390 £ 1) em™!, (438 £ 1) em™!,
(483 £ 1) em™!, (577 £ 1) em™, (581 £ 1) em™!, and
(661 £ 1) cm™! were observed. The peak at (438 +
1) em™! in both samples was Es(nign) corresponding
to the presence of crystalline wurtzite phase in ZnO.
These results were consistent with the one obtained
from XRD. Moreover, Eypigny peak for ZnO-SG was
more intense as compared to ZnO-SPVD. Since this
mode is characteristic of ZnO Raman spectra and is
associated with the motion of oxygen and zinc sub-
lattices in the wurtzite structure of the oxide, as
the intensity of this mode increases the degree of crys-
tallinity of ZnO oxide heightens. That signifies less de-
fects and good cristallinity in the ZnO-SG compared to
ZnO-SPVD.

The vibration of the zinc sublattice Fy(oy) is one of
the most intense modes which peaked at about 98 cm™!.
The other weak peaks for both catalysts at 203 cm™!
were due to 2TA, 2F5(16y), and at (334+1) cm™! were at-
tributed to difference in frequency of Eypigny and Ey(1oy)-
This was supposed to be originated from multiple-
phonon scattering phenomenon [21].

These modes occur due to structural disor-
ders in the host matrix. The peak at (581 41 cm™!) in
7Zn0O-SG was due to Ay, mode. The result of Raman
analysis provided the information regarding the im-
proved crystallinity (greater crystallites) and structure
(less of defects) of ZnO in ZnO-SG comparing with
ZnO-SPVD.

2.3. Reactor and procedure

The experiments of the photocatalytic degrada-
tion were carried out in a glass reactor using
an UV-A lamp (24 W) that emit at a region of wave-
length between 320-400 nm and an emission peak
at 365 nm. The light intensity of the radiation
(60 W m~2) was measured using a UV radiometer
(VLX-3W equipped with a sensor CX-365). The experi-
mental runs were carried out by using the following pro-
cedure for the dye: firstly 100 mL of the solution of
the dye was taken into the reactor and a required amount
of catalyst was added. Heterogeneous photodegrada-
tion and adsorption experiments were performed at room
temperature (254+1°C) in a glass cell. The irradiated so-
lutions and suspensions were magnetically stirred during
whole experiments. The suspensions of dye and cata-
lyst were stirred in the dark for 60 min before irradiation
to establish adsorption/desorption equilibrium. The par-
ticles of ZnO were filtered after irradiation by Millipore
filters of 0.2 pm.

2.4. Analyses

The amount of dye adsorbed onto the ZnO (mg g~1)

was calculated using the following relationship [14]:
Qads = Ma (2)
m

where Q.45 is the adsorbed quantity at time ¢ (mg g~ 1),
C, is the initial dye concentration (mg L~1), C; is the dye
concentration (mg L~!) at the moment ¢ of the pro-
cess of adsorption, V' is the volume of the solution (L),
and m is the weight of adsorbent (g).

Degradation extent was calculated using the following
equation:

DEG removal[%] = [C‘)C;Oct} x 100 (3)

where Cj is the initial concentration of dye (mg L1!)
and C is the instant concentration of dye in the sample
at time ¢ (mg L™1).

Pseudo-first-order reaction model has been widely and
successfully used for the description of photocatalytic
degradation of organic pollutants. The removal rates
of dye in UV/ZnO (ZnO-SPVD and ZnO-SG) process
is therefore expressed as [14]:

— 9% — Kapp x i In () = Kapp X 1, (4)
where Cy is the initial concentration of dye, C; the con-
centration of dye at time ¢ and k,pp, (min~!) is
the pseudo-first-order photocatalytic removal rate con-
stant.

3. Results and discussion
3.1. Adsorption study

It is likely that adsorption of the dye is an impor-
tant parameter in determining photocatalytic degrada-
tion rate. Adsorption tests in dark were carried out in or-
der to evaluate the equilibrium constants of the adsorp-
tion of the dye on the catalyst surface.
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The most common model to describe adsorption pro-
cess is the isotherm of Langmuir. The Langmuir ad-
sorption isotherm is the most commonly used model
to describe adsorption process. The linear transforma-
tion of Langmuir adsorption isotherm can be described
by the following equations:

_ QmaxKLCe
Q. = Guelile, (52)
QmaxKLCe
e= T~ b
Qe 1+ K1,C. (5 )

where C. is the dye concentration at adsorption equi-
librium, . is the amount of dye adsorbed on the ZnO
when equilibrium is achieved. Qumax is the theoretical
maximum amount of dye adsorbed onto the ZnO surface,
and K7, is the adsorption constant.

The linear transformation of Langmuir GV adsorp-
tion on the surface of each of ZnO-SG and ZnO-SPVD
(Eq. (5)) are given in the Fig. 4. From the data
obtained, the Langmuir adsorption equilibrium con-
stants (Qmax and K1,) for both catalysts are given
in Table I. Experimental results present a good cor-
relation of the Langmuir model with correlation coef-
ficients R? above 0.99 for both catalysts. This indi-
cates unique adsorption sites, uniform monolayer ad-
sorption, and no interaction between the adsorption
sites. It appears that the adsorption coverage is small
for both catalysts and the ZnO produced by the phys-
ical method (ZnO-SPVD) exhibits the higher adsorbed
quantity. These results can be explained by the differ-
ences between the sizes of the two catalyst particles and
surface areas. It has been found that the catalyst that has
the smallest size of particles and larger surface area has
the greatest adsorption capacity [14].

* ZnO-SPVD
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1/Q,
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1/C,

Fig. 4. Langmuir adsorption isotherm of GV
on ZnO-SPVD and ZnO-SG: Q. = f(Ce). In the inset:
transformation of Langmuir isotherm: 1/Q. = f(1/C.)
([Catalyst]=1 [g L™'] and pH (5.7 £ 0.2)).

The adsorption isotherm Q. = f(C.) for both cat-
alysts are shown in the inset of Fig. 4. The evolu-
tion of Q. as function of C, for each of ZnO-SG and
ZnO-SPVD catalysts, indicates that the Langmuir model
is applicable for L-shape type [22]. L-shape type of

the isotherm means that there is no strong competition
between the solvent and the adsorbate to occupy the ad-
sorbent surface sites.

TABLE I

Langmuir adsorption equilibrium constants of GV on
each of ZnO-SPVD and ZnO-SG.

Qmax [mgg™'] | Ki [Lmg™'] | R’
ZnO-SPVD 71.43 0.0053 0.9914
Zn0-SG 458 0.0380 0.9905

3.2. Comparison of photocatalytic activity
of ZnO-SPVD and ZnO-SG

In this study, the comparison between the activities of
ZnO produced by SPVD and SG methods on the GV ad-
sorption and photocatalytic degradation have been inves-
tigated at an amount of 1 g L~! of catalyst and a con-
centration of 10 mg L' of GV at the natural solution
pH of dye (pH 5.7 £ 0.2). The results of GV adsorption
on the catalyst surface and GV degradation are shown
in Fig. 5. As can be seen, the photodegradation reac-
tion showed a significant degradation of GV for both
catalysts. The degradation of GV reached 994% and
708% in 2 h during the photodegradation process for each
of ZnO-SPVD and ZnO-SG, respectively.
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Fig. 5. Kinetics of GV disappearance by photocataly-

sis process with irradiation time in the presence of each
of ZnO-SPVD and ZnO-SG. In the inset: Evaluation of
pseudo-first order reaction kinetics ([GV]=10 [mg L™!],
[Catalyst|=1 [g L] and pH (5.7 + 0.2)).

Inset in the Fig. 5 shows that there is a good linear rela-
tionship between In([GVy]/[GV]:) and irradiation time,
which indicates that the GV degradation reaction fol-
lows the pseudo-first order kinetics with both catalysts.
The values of rate constant of reaction were found to be
217 x 1072 min~! (R% = 0.991) and 8.3 x 10~ 3min~!
(R% = 0.992) for ZnO-SPVD and ZnO-SG, respectively.
It is shown that the rate constant of GV degradation
in the presence of ZnO-SPVD is over 2.6 times higher
than in the presence of ZnO-SG, indicating that the cat-
alyst production method greatly affects its photocatalytic
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efficiency. Also, the increase in the ZnO-SPVD efficiency
can be attributed to its larger surface area compared
to ZnO-SG; a large specific surface area and small crystal
size will provide more active sites on the catalyst surface
accelerating the production of *OH radicals that subse-
quently attack the dye molecules during the photocat-
alytic system.

3.8. Effect of initial dye concentration

The effect of initial dye concentration in water
on the photocatalytic process has also been exam-
ined. The characteristic dyes concentrations in wastew-
ater from textile industry are in the range from
5 to 30 mg L1 [23]. Therefore, the reactions of the dye
decomposition were carried out in this concentration
range. The effect of various initial dyes concentrations
on the GV photocatalytic decolorization has been in-
vestigated from 5 to 20 mg L='. The results are shown
in Fig. 6.

0.04 B ZnO-SPVD 300
® Zn0-SPVD
0.035 EZnO-SG 2200 & 7n0-SG
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= 0.015
0.01
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0
5 10 15 20
GV concentration (mg L_‘)
Fig. 6. Effect of initial GV concentration on the pho-

tocatalytic degradation. In the insert: transforma-
tion of Langmuir-Hinshelwood kinetic: 1/k, = = f(Ce)

([Catalyst]=1 [g L], pH (5.7 £ 0.2)).

As seen in in Fig. 6, degradation rate is inversely af-
fected by the dye concentration. This negative effect can
be explained by the fact that the increase in dye concen-
tration also decreases the path length of photon entering
into the dye solution. However, at high dye concentra-
tion a significant amount of UV-light may be absorbed by
the dye molecules rather than the catalyst and this may
also reduce the catalytic efficiency [24]. The decrease of
apparent rate constant for high dyes concentrations can
be also attributed to the decrease of active sites due to
competition of photoproducts with substrate for the ad-
sorption on the active sites of the ZnO surface [25] and
the increase of degrading molecules towards the number
of reactive species photogenerated (*OH, h™).

The adsorption and photocatalytic degradation of

model pollutants can be well described by the Langmuir—
Hinshelwood (L-H) kinetic model:

dcC krKr_uCe
T T (6)
+ KLfHCe

where 7o (mg L™ min~1!) is the initial rate of disappear-
ance of the dye and C, (mg L™!) represent the amount
of dye adsorbed onto the catalyst surface at equilibrium
in the dark. Kj,_g represents the equilibrium constant
for adsorption of the dye onto ZnO and k, reflects the lim-
iting rate constant of reaction at maximum coverage un-
der the given experimental conditions. This equation
can be used when data demonstrate linearity plotted
as follows:

11 G -

kapp erL—H kr
The applicability of L-H equation for the dye pho-
todegradation has been confirmed by the linear plot
obtained by plotting the (1/ka.pp) against the (Ce)
as shown in the inset in Fig. 6. The values of
Langmuir—Hinshelwood equation constants of GV are
listed in Table II. The adsorption equilibrium constant
(K1,—n) obtained from this linearization is different to
the constant obtained from the adsorption isotherm (K7,)
and indicates that adsorption of the dye on the surface
of ZnO particles plays a role in the photocatalytic reac-
tion. The value of the adsorption constant Ky,_py for pho-
tocatalytic degradation was about 200 times and 59 times
higher than the adsorption constant Kj, in the dark
for ZnO-SPVD and ZnO-SG, respectively. There have
been several studies reporting that Kj,_y could be sub-
stantially larger than K7, [26, 27]. Various explanations
have been suggested: (i) the improvement of the adsorp-
tion constant may be ascribed to the additional photoad-
sorption or the fast photocatalytic reaction under UV
irradiation [28, 29]; (ii) UV-illumination would change
electronic properties of the ZnO surface and thus the ad-
sorptive sites [26, 30].

TABLE II

Langmuir-Hinshelwood constants of each of ZnO-SPVD
and ZnO-SG

K, Ki_n R?
[mg L™ min™'] | [L mg™!]
7ZnO-SPVD 0.215 1.06 0.960
ZnO-SG 0.445 2.25 0.987
3.4. Effect of pH
The most important parameter that influences

the photocatalytic degradation of dyes is solution pH.
Figure 7 presents the variation of the rate constant and
the quantity of adsorbed GV as a function of solution pH
for ZnO-SPVD and ZnO-SG catalysts.

The results show that photocatalytic degradation of
the GV dye is strongly dependent on the pH of the solu-
tion. It was observed that the rate constant of GV degra-
dation reaction increases with the increase of the solu-
tion pH for both catalysts.
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Fig. 7. Effect of pH on photocatalytic degradation
of GV. In the inset: Effect of pH on the amounts of
GV adsorbed on ZnO surface ([GV]=10 [mg L™'] and
[Catalyst]=1 [g L™]).

The photocatalytic removal of GV was observed
to be fastest in alkaline pH for both catalysts and
the ZnO-SPVD catalyst presents a higher degradation
of GV at alkaline medium (pH 10) than the ZnO-SG cat-
alyst. Since the GV adsorption is high at alkaline pH
(inset in Fig. 7), the GV degradation is also efficient at
these conditions. This reveals that the dye adsorption
on catalyst surface plays a vital role in the dye degrada-
tion mechanism.

In addition, when the pH is slightly alkaline the rate
constant of GV degradation increases due to availability
of OH™ ions in a concentration which is required for in-
creasing the rate of reaction. These OH™ ions generate
*OH radicals which are effective in oxidizing species and
responsible for the dye photocatalytic degradation.

3.5. Effect of Hy Oy addition

The influence of HyO5 addition on the GV photocat-
alytic degradation reaction in the presence of ZnO-SPVD
and ZnO-SG was investigated at an HyOs concen-
tration of 1072 mol L', and the results are shown
in Fig. 8 for both catalysts. The amount of dye ad-
sorbed on the catalyst surface in the absence or pres-
ence of HoOy for both catalysts are shown in the inset
in Fig. 8. The degradation rate increased with HyO4
addition for both catalysts with a ratio of 2.4 times
and 6.5 times for ZnO-SPVD and ZnO-SG, respectively.
It has been observed that the degradation of GV proceeds
slightly faster in the presence of ZnO-SG as compared
to ZnO-SPVD.

On the other hand, the adsorbed quantity of GV de-
creases after the addition of HyOs for the two cata-
lysts. In fact, the hydrogen peroxide molecules can com-
pete with GV molecules on adsorption on the surface of
the catalyst resulting in a decrease of GV adsorbed quan-
tity on the surface of catalyst.

These results indicate that structural properties of
the catalyst (average crystalline size and surface area)
play an important role in the photocatalytic activity of
the ZnO samples.

B’ ZnO-SPVD

EZn0O-SG

Without H,0,

With H,0,

Fig. 8. Effect of H2O2 addition on the photocatalytic
degradation of GV. In the inset: Effect of H202 ad-
dition on the amounts of GV adsorbed on ZnO sur-
face ([GV]= 10 [mg L', [Catalyst]=1 [g L™'] and
pH (5.7+0.2)).

The enhancement of the dye degradation by the addi-
tion of HoO5 is due to the increase in the hydroxyl radical
concentrations since it inhibits the e~ < A recombina-
tion [14], according to equations:

H>O09 4+ ¢~ — OH™ +°* OH, (8)

Ho09 + 027 —*OH+OH™ + Os. (9)

3.6. Effect of HCO; addition

The influence of NaHCOj3 (1072 mol L~!) at pH 8.3
(HCO3 are the predominant species as pK,
(HCO; /CO3~ = 10.2)) added to the GV degrada-
tion reaction has been studied, and the results are shown
in Fig. 9. For both catalysts, the GVdegradation rate
constant gradually increased with addition of increasing
HCOgj3 ions in the solution of GV with a ratio of 2.4 times
and 1.6 times for ZnO-SPVD and ZnO-SG, respectively.
It was observed that the degradation of GV proceed
much more rapidly in the presence of ZnO-SPVD as
compared to ZnO-SG. For adsorption results (inset
in Fig. 9), the inhibition of the amount of adsorption of
GV on the ZnO catalysts surface can be attributed to
a competitive adsorption on the ZnO surface between
these HCO3 anions and the dye molecules.

The enhancement of GV degradation by addition
of HCOj3 ions can be attributed on the fact that after
the addition of HCOg ions the pH of solution increases
to alkaline medium, pH of solution will be around 8.3.
Thus, since GV is a cationic dye, it is positively charged
in an alkaline medium, whereas, the ZnO surface will be
negatively charged which leads to an electrostatic attrac-
tion between dye molecules and ZnO surface and adsorp-
tion could occur, and consequently, the GV degradation
rate constant increases [31].

In addition, another reason can explain these results is
that after the addition of HCO3 ions, CO§™ radicals has
been formed in the solution, since carbonate radicals can
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attack the dye molecules and enhance the photocatalytic
reaction, however, the CO3™ radicals are less reactive
than *OH radicals [16].

0.035

3 B ZnO-SPVD
003 |~ 25
W, B =7n0-SG
0025 | E 15 '
—~ 21
S 00| © s I
£ 0
2 0.015 Without HCO;  With HCO;5~
R
0.01
0.005 |-
0 5 L =
Without HCO; With HCO;
Fig. 9. Effect of HCO; addition on the photocatalytic

degradation of GV. In the inset: Effect of HCO3 ad-
dition on the amounts of GV adsorbed on ZnO surface
([GV]= 10 [mg L, [Catalyst|=1 [g L™'] and pH 8.3).

4. Conclusion

The zinc oxide nano-structure was successfully
synthesized by using sublimation—condensation tech-
nique (SPVD) and sol-gel method (SG) in nano-size
range about 26 nm and 36 nm, respectively.

ZnO prepared using SPVD method was more effi-
cient in the photocatalytic degradation of Gentian vio-
let under UV radiation than the material prepared us-
ing SG method. These results indicate that the phys-
ical characteristics of the catalyst (particles size and
specific surface area) play a vital role in the efficiency
of the ZnO-based catalysts.

In an attempt to reach higher degradation efficiency
of the GV dye solution, the effect of different oper-
ational parameters was studied. For both catalysts,
the experimental results showed that the degradation
rate increases with the decrease of the dye concen-
tration; the degradation rate at alkaline medium was
higher than that at natural and acidic one and the pres-
ence of HpO5 and HCOj ions increased the effectiveness
of the photodegradation. In the different conditions
studied, a better photocatalytic activity of ZnO pre-
pared by SPVD method (physical method) was observed
compared to ZnO prepared by sol-gel method (chemical
method). It was also observed by adsorption studies that
the adsorption of dye is a prerequisite for the degrada-
tion process and there is a correlation between adsorp-
tion and photocatalytic degradation at different operator
conditions.
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