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Kinetic study for the decolorization of dispersive blue 26 dye
from suspension solution of commercial ZnO
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Abstract

In this work, the photocatalytic decolorization of dispersive blue 26 dye solution was
performed in suspension solution of the commercial ZnO, under the artificial light (high pressure
mercury lamp) type 250 Watt as UV A source. The photoreaction of this dye was obeyed to pseudo-
first order kinetics. The optimum conditions for the photocatalytic decoloration of this dye were
determined such as the optimum concentration of dye that equal to 50 ppm, the best dose of ZnQO is
300 mg/100 mL, and the maximum value at the initial pH of an aqueous solution is 7.45. Moreover,
the apparent activation energy is equal to 22.116 kJ/mol. From other the hand, the some
thermodynamics parameters were calculated and AH* = 19.591 kJ/mol, AS” = 0.201 kJ/mol and
AG" = -43.043 ki/mol. There data clear due to the reaction is fast, endothermic and spontaneous
reaction.
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1. Introduction

Disperse dyes are one of an important textile dye that have a low molecular weight, brightness
colour, fastness, relatively insoluble in water at room temperature, whereas they soluble in the fiber
because of they contained of non-ionic mono-azo and anthraquinone derivatives in their molecular
structures, hence deep dyeing are produced [1]. Anthraquinone disperse dyes, are usually 1-hydroxy
or 1-amino derivatives, that have a bright colours ranging from red through to blue while, azo
disperse dye structures are more wide than the anthraquinone disperse dyes because of the
numerous substitution patterns possible in the diverse diazonium ion and coupling components, and
the possible colours are greenish-yellow and blue. These dyes are dispersion by the surface-active
agent compounds and employed as synthetic textile dyes for dying the polyester, nylon or acetates
[1-3]. In textile industries, the effluent contain varies dyes in different concentrations which are
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caused a serious of environmental problems. These problems are due to produce a carcinogen and
mutagen chemicals; hence, the produced wastewaters must be removed. In this manner, many of
studies were performed in different conventional methods that include adsorption [4,5],
Coagulation-Flocculation Method [6], biodegradation [7,8] and photodegradation [9].

The present study focused on the optimal conditions for decolorization dispersive blue 26 dye. This
study was described the effects of, concentration of dye, dose of catalyst, initial pH of solution, and
temperature on photoreaction rate.

2. Materials and Method

All chemicals were employed in photocatalytic experiment that used without further
purification. Commercial Zinc oxide (99.5% purity) was supplied by Fluka. Dispersive blue 26 dye
(C16H14N,04) has molecular weight equal to 298.29g mol™, and supplied by the Hilla textile
factory, that has a chemical structure is illustrated in Figure 1.
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Figure 1: The structure formula of dispersive blue 26 dye.

To perform the photocatalytic experiments, 100 mL from dispersive blue 26 dye concentration and
the know amount of the catalyst (ZnO), were taken in (400 mL) Pyrex beaker, and then mixed by
(Labtech) magnetic stirrer to keep suspension homogeneous. The produced suspension solution was
exposed to artificial light (Philips 250Watt, high pressure mercury lamp), the light intensity of this
Iarr;p was clalculated by the chemical actinometrical solution [10] and the value found to be 2.995 x
10" Ens. s™.

About 3- 3.5 mL of the suspension solution was taken out at predetermined times; then put in
plastic test tube, and centrifuged (Hettich, centrifuge) for 10 minutes at 4000 rpm. The produced
filtration solution was transformed to a new plastic test tube then centrifuged again at the same
speed and time to separate the fine ZnO particles. This procedure is sanctioned in references [11-
14]. The residual concentrations of dispersive blue 26 dye before irradiation (dark reaction) and
after irradiation (photoreaction) were measured by standard calibration curve obtained from
recorded the absorbance at 562 nm using UV-visible spectrophotometer (model: Labomad). The
experimental reactor was designed as Scheme 1
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Schemel. Schematic diagram of photo-reactor components. Whereas, a) (250 W) High pressure mercury
lamp,(b) 400 cm® Pyrex glass beaker, (c) dispersive blue 26 dye with ZnO as suspension solution,
(d)Teflon bar, (e)suspension solution (Dye with photo-catalyst), (f) magnetic stirrer, (g) fan and (h)
wooden box.

3. Results and discussion

A series of experiments were carried out to investigate the effects of relevant parameters such
as initial dye concentration, catalyst loading, initial pH of solution, and temperature on the rate
constant of the discoloration of dispersive blue 26 dye.

In most cases, the final products of dispersive blue 26 dye were colorless, and followed to pseudo-
first order kinetics.

At low concentration of studied dye, and by depended on Langmuir-Hinshelwood Kinetic
Expression, the apparent first order rate constant resulting from fitting equation (1) can be
transferred to equation (2) [15,16] by basing on calibration curve of dispersive blue 26 dye at 562

nm.
(_ K t)

A=A exp )
t 0

whereas : A, is an initial absorbance of dye at (dark reaction) time of irradiation equal to 0 min. A
is an absorbance of the same dye at t time of irradiation.
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whereas : C, is an initial concentration of studied dye at (dark reaction) time of irradiation equal to
0 min. C; is a concentration of the same studied dye at t time of irradiation.
The apparent first order equation can be measured from modified of equation (2)[16]:

In[coj— K oo -t (3)
C pp

t

C =C exp
t 0
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3.1. Effect of Initial Dye Concentration.

Figures 2 illustrates, that the reaction is obeyed the pseudo first order. On other hand, this effect is
interesting to explain that the discoloration rate for the dispersive blue 26 dye increases with the
increase in substrate (dye) concentration and reaches to 50 ppm, then reduces that leads to decline
in penetration of light through the solution. This results is in agreement with the reported by Ahmed
and coworker [11, 12].
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Figure 2: Effect of initial dye concentration on the apparent rate constant of dye decolourization,
at dye concentration (25-100) ppm, ZnO dosage 350 mg/100 mL, pH 7.45, Temp. 311.15 K,
UV light intensity 2.995 x 10° Ens .s™). (a) In (Co/C) vs time and (b) KappVs concentration of
dye.

3.2. Effect of Catalyst Loading.

The study of this effect is essential to dominate on the amount of consuming of photo catalyst.
From the results in figures 3 (a) and 3(b), it seems that the apparent rate constant increases linearly
with catalyst loading from 100 to 300 mg/100 mL, that attitude to increase the active sits on ZnO
surface which leads to increment the chances of dispersive blue 26 dye adsorption on his surface,
moreover, the absorbed light photons increase on ZnO surface [17, 18]. After 300 mg/100 mL, the
apparent rate constant reduces with increasing number of free particles of ZnO. This result can be
taken as evidence to formed screening effect [14, 17, 19].
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Figure 3: Effect of ZnO dosage on the apparent rate constant of dye decolourization, dye concentration
50 ppm, ZnO dosage (100-400) mg/100 mL, pH 7.45, Temp. 311.15 K, UV light intensity 2.995 x 10°®
Ens .s™). (a) In (Co/C) vs time and (b) KappVs initial ZnO dose.

3.3 Effect of pH.

The initial pH of solution is an important parameter in the photocatalytic reactions, whereas,

the properties of photo catalyst surface can be altered such as the charge and size of aggregates that
depended on the electrostatic interactions between the photocatalyst surface and type of solvent
respectively [20]. That leads to effect called zero point charge, some references refer to the value of
the zero point charge for ZnO is 9.0, at above this value, the surface of ZnO is charged by negative
charge (increased adsorption of hydroxyl ions), but at less value the surface of ZnO should be
charged by positive charge (increased adsorption of hydrogen ions)[17, 21].
The effect of pH on the apparent rate constant for discoloration of dispersive blue 26 dye was
examined in the range 3.22-11.10 in suspension solution of ZnO and depicted in figures 4 (a) and 4
(b). The results obtain, the discoloration of this dye is increment with increasing the pH value at
7.45 (natural pH of dye), and then depresses in basic medium. This decline is taking place before
reach to zero point charge of ZnO. The more accepted interpenetration is beyond to increase the
electrostatic repulsion between the positive charge of ZnO surface and the pair's electron for
nitrogen and oxygen atoms that found in structure of studied dye. That caused shifts in value of zero
point charge of ZnO.
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Figure 4: Effect of initial pH on the apparent rate constant of dye decolourization, dye
concentration 50 ppm, ZnO dosage 300 mg/100 mL, pH range (3.22-11.10), Temp. 311.15 K, UV
light intensity 2.995 x 10 Ens .s™). (a) In (Co/C) vs time and (b) KappVs initial pH of solution.

3.4 Effect of temperature.

The fixed fact in photoreaction is increasing the rate of reaction and rate constant with
increasing the temperature, that deduced to the increase of temperature will depress the physical
and chemical adsorption, and then enhance photoreaction, this reactional steps are favored [22].
This concept is identifying with the results in figures 5 and 6. The apparent activation energy and
some essential thermodynamics parameters were calculated by the following equations [23, 24]:

In kgpp = S22 +1n 4 (4)

whereas: K 4pp IS apparent rate constant (pseudo first order min "1y, E, is apparent activation energy,
R is gas constant, T is temperature of reaction and A is a frequency constant, the upper equation is
called Arrhenius equation.

The Eyring- Polanyi equation was used to determine AH” and AS* [11, 14, 24].

k —AH# #
In(“422) = =2+ (nk+ 257) (5)

Whereas: kg is a Boltzmann's constant, h is a Plank's constant, R is a gas constant and T is the
temperature of reaction.

AG" of photo reaction was calculated by using Gibbs equation [12, 14, 24].
AG" = AH" -TAS* (6)
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Figure 5: Arrhenius equation plot of (In Kapp) vs. 1/T. Conductions: Dispersive blue 26 dye conc. =
50 ppm, ZnO dosage = 300 mg/100 mL, pH = 7.45, temperature = 283.15-311.15 K, UV light
intensity = 2.995 x 10® Ens .s™.
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Figure 6: Eyring plot of (In(Kapp/T)) vs.1/T. Conductions: Dispersive blue 26 dye conc. = 50 ppm,
ZnO dosage = 300 mg/100 mL, pH = 7.45, temperature = 283.15-311.15 K, UV light intensity =
2.995 x 10® Ens s™.

On basis on produced dada from figures 5 and 6 and equations from 4 to 6, the apparent activation
energy and some thermodynamics functions are calculated then listed in Table 1.

Table 1: The activation kinetic and thermodynamic parameters of the discoloration of dispersive
blue 26 dye in present ZnO suspension under light type 250 watt -Hg lamp.

E, kJmol™ AH* kimol? | AS* kimol* K? | AG"31115 ki mol™
22.116 19.591 0.201 -43.043
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The results demonstrate that the photoreaction for discoloration of dispersive blue 26 dye in found
ZnO suspension is endothermic (positive AH"), fast (low E,) and spontaneous (negative AG"). In the

other side, the change in entropy was low that indicated to reduce in randomness. These results

similar observations have been reported by Zuafuani and Ahmed [11].

3.5 Proposed mechanism.

The proposed mechanism for discoloration of dispersive blue 26 dye (DB26) from ZnO suspension
solution is being as system (Dye/semiconductor/ UV light). The mechanism is outlined in Scheme
2.

Generally, the UV-A light photon fills on the ZnO suspension solution with dispersive blue 26 dye,
that will lead to some series of chain oxidative-reductive reactions, which at last produced the final
pH solution is equal to 7[11,12,13].

-

UV-A light

Decolourization or Degradation

H,O + CO, + Inorganic compounds (NH," and NO;")
Mineralization
at pH~7

Scheme 2: Schematic diagram for more accepted proposed mechanism as system
(Dye/semiconductor/ UV light) (modified from reference [12, 25]).

4.Conclusions

From the results of decolorization one can conclude that:

1. The results clearly show that dispersive blue 26 dyes can be decolorized after irradiation
with present ZnO suspension solution.

2. By depended on Langmuir-Hinshelwood Kinetic Expression, the photo-discoloration of
dispersive blue 2 dye is followed the pseudo first order kinetics at low concentration.

3. In photocatalytic treatment, the formation of hydroxyl radical may represent an important
step for complete the discoloration and then degradation of textile dye the dispersive blue 26
dyes.
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4.

5.

The decolorization process efficiency seems to be assessed of parameters such as dosage of
ZnO (300 mg/ 100mL), concentration of dye (50 ppm), pH of solution (7.45) and
temperature of solution (311.15 K).

According to the results of kinetics and thermodynamics for this photoreaction, it seems that
the discoloration of dispersive 26 dye from ZnO suspension solution is fast, endothermic
and spontaneous reaction.
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