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Background

Abstract

The reactivity of a TiO2 / zeolite-Y photocatalyst was investigated for the assisted photodegradation of Chlorazol Black E 
(Direct Black 38). This work is the first report of the utilization of a zeolite-Y supported TiO2 catalyst for the photocatalytic 
demineralization and full kinetic characterization of Chlorazol Black E (Direct Black 38) dye. Reaction species formed after 
complete dye mineralization were identified using spectroscopic and conductivity measurements. Because complete min-
eralization requires prolonged irradiation, which in turn causes a barrier for the application of photocatalytic degradation 
in wastewater treatment, this investigation involved the “optimal” reaction conditions for TiO2 photodegradation. To define 
these conditions, dye concentration, pH of dye solution, conductivity and temperature during photodegradation were uti-
lized in this study.
Keywords: Photocatalysis; Dye degradation; Chlorazol E; Direct black 38; Titania; Zeolite Y; Zeolite Y supported titania

Commercial dyes make up the palette that is used to color 
our world. Synthetic dyes have a strong resistance to fading 
while simultaneously providing an array of bright colors in 
the modern textile products. Guidelines and regulations for 
proper disposal and treatment have become stricter in or-
der to protect the environment and human health. Because 
of this fact, dye manufacturers have become more interested 
in developing effective methods to remediate synthetic dyes. 
The toxicity of these synthetic dyes has led to increased re-
search for improved treatment and disposal of textile dye ef-
fluents [1]. If wastewater effluents are not completely decol-
orized prior to discharge, the burden of treatment falls upon 
publicly owned water treatment facilities. Once in a publicly 
owned water treatment facility, wastewater effluent will end 
up in sludges. These sludges are dewatered and then depos-
ited into landfills. Benzidine, a precursor in the synthesis of 
most azo dyes, is a known carcinogen. Although benzidine 
is no longer manufactured in the United States, benzidine-
based azo dyes are still imported and used commercially. Be-

cause of the carcinogenic nature of these organic pollutants, 
they pose a specific threat to the environment if they are not 
disposed of and treated properly. 

Presently, there are a variety of nondestructive methods for 
treating industrial wastewaters [2]. Filtration using granulat-
ed active carbon (GAC) or chemical coagulation has mainly 
been used to treat dye waste. Additionally, ultra filtration, air 
stripping, carbon adsorption, extraction, incineration, and 
oxidation via ozonation or hydrogen peroxide have been 
used for the azo dye remediation process. However feasible, 
these methods present several disadvantages, which include 
transference of the contaminant from a liquid phase to a solid 
phase that requires subsequent treatment. Owing to the sta-
bility of these dyes against biological degradation, biodegra-
dation has not been deemed as advantageous for these com-
pounds.

Alternative approaches are under investigation for the treat-
ment of dye wastewaters. Nondegradative processes have 
been almost completely replaced by degradative processes. 
These degradative processes can be referred to as advanced 
oxidation processes (AOP). AOP’s are associated with the 
aqueous phase production of the hydroxyl radicals that re-
sult in the destruction of the target pollutant. Photocatalytic 
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processes are included in this class of water purification tech-
nology. Reported advantages of these methods include being 
able to be carried out under low ambient temperatures, no ex-
pensive oxidant or catalyst requirements, UV activation and 
usually complete mineralization can be achieved [3-4].

In this work, a zeolite Y-supported TiO2 catalyst was synthe-
sized and characterized for the photocatalytic degradation of 
Chlorazol E (Direct Black 38) dye. Previous work has inves-
tigated the photocatalytic remediation of Direct Black 38 dye 
contained within tannery wastewater [5]. Work that is more 
recent has examined N-doped TiO2 for the photocatalytic deg-
radation of Direct Black 38 dye [6]. This will be the first inves-
tigation reported of a zeolite Y-supported TiO2 photocatalyst 
for the demineralization of Chlorazol E (Direct Black 38) syn-
thetic azo dye.

Materials and Methods

Results and Discussion

Chlorazol Black E (Direct Black 38) in Figure 1, used com-
mercially in printing, and dyeing leathers, at an approximate 
50% dye content, was obtained from Sigma-Aldrich Chemical 
Company. Titania (IV) oxide, anatase powder (99.8%), Tita-
nium (IV) isopropoxide (99.99%), and Molecular Sieve Na-Y 
zeolite were also all obtained from Sigma-Aldrich Chemical 
Company. The materials were used without additional puri-
fication.

The procedure used in the synthesis of the zeolite supported 
TiO2 has been reported previously for the photocatalytic deg-
radation performance of photocatalyst TiO2 supported on 
13-X, Na-Y, 4A zeolites with different loading content was 
evaluated using the photocatalytic oxidation of dyes Direct 
Fast Scarlet 4BS and Acid Red 3B in aqueous medium [7]. The 
titania hydrolysis reaction of this procedure is given in the fol-
lowing equation:

Ti(iso-OC3H7)4 + 4H2O → Ti (OH)4 + 4C3H7OH   (1)

The TiO2 sol was synthesized by a method called acid-cata-
lyzed sol-gel formation. The reactant composition started 
with 7.4mL of titanium (IV) isopropoxide (TTIP) and 20mL 
of HNO3. The TTIP was added drop wise to the solution of 
HNO3 acid with continuous stirring. The solution was stirred 
for an hour and a transparent TiO2 sol was formed. The pH 
of the titania colloidal solution was adjusted to 2.5 with the 
addition of 1M NaOH to avoid a reaction between the acid 
and the zeolite. This reaction could cause the zeolite to become 
unstable and decompose.

About 5g of the Na-Y molecular sieve zeolite was mixed with 
about 30mL of distilled water for about half an hour. Next, 

Figure 1: Chlorazol E (Direct Black 38) Dye Molecular Structure

about 5 mL of the TiO2 sol was added to the zeolite mixture 
followed by stirring for about an hour. The pH of supernatant 
of the solution was adjusted to approximate value of 6. The 
mixture was subsequently dried in a pressurized vacuum oven 
for thirty minutes and then calcinated at 300˚C for approxi-
mately 2-3 hours. The product was later cooled under dessica-
tion, ground into powder and stored under dessication away 
from direct light. Three zeolite-Y supported TiO2 samples 
were used in aqueous mixtures of the azo dye and the meas-
urements were repeated with each sample to confirm repro-
ducibility of the kinetic data.

XRD data of the TiO2 supported on zeolite-Y was obtained 
using a Bruker D8 ADVANCE Series-2 X-ray diffractom-
eter (Bruker AXS) equipped with a CuΚα radiation source 
(λ = 1.54Å). The characteristic diffraction pattern for anatase 
TiO2 was observed with a reflection pattern at dA = 3.57 (2θ 
= 24.9˚). The XRD reflection pattern for the (101) crystal 
plane of anatase TiO2 has been reported to be dA = 3.52 (2θ= 
25.3˚[7-8]. The Scherrer Equation was utilized to estimate 
mean titania nanoparticle sizes supported on zeolite-Y from 
the x-ray diffraction data:

 dhkl = 0.9 λ / B cos Θ    (2) 

where dhkl is the estimated particle size, λ is the wavelength of 
the XRD source, B is the broadening of the diffraction line at 
full width at half maximum (FWHM), and Θ is the diffraction 
angle. Using Scherrer analysis from the diffraction data, an es-
timated TiO2 nanoparticle size within the zeolite-Y matrix was 
determined to be 14.6 nm within experimental agreement with 
previous work [7-8]. Ramaswamy and coworkers reported re-
sults for anatase TiO2 sol gel synthesized ultrasoncially from 
titanium ethoxide in an ethanol/acetic acid solution [7]. The 
resulting titania sol gel, with a reported nanoparticle size range 
from 8 to 30nm at 573K from BET, XRD and TEM analysis, 
was dried for 24 hours in air at 373 K and subsequently calci-
nated for 3 hours in air at temperatures from 473 to 873K. Gao 
and coworkers also reported similar results for nanocrystal-
line anatase TiO2 prepared by means of TiCl4 hydrolysis mixed 
with a (NH4)2SO4 solution and later treated with a 2.5M dilute 
NH4OH At 70oC [8]. The resulting anatase titania materials, 
with a reported nanoparticle size range from 4.0 to 6.8nm 
from calcination temperatures from 383 to 673K, were dried 
in air at 110oC and calcined in air at temperatures from 383 to 
973K for 2 hours. For 20 weight % TiO2 supported on zeolite 
Y photocatalyst calcined at 573K, a titania nanoparticle size of 
7.6nm was reported by Wang and coworkers [9]. As the calci-
nation temperatures increased for the TiO2 / zeolite-Y photo-
catalyst, the nanoparticle sizes increased by approximately a 
factor of five to 35.9nm at 973K. For ion-exchanged prepared 
TiO2 photocatalysts within a zeolite-Y matrix, the crystallinity 
of zeolite-Y has been reported to not be adversely affected by 
the presence of TiO2, even within the pores and cavities of the 
zeolite [10]. Zhu and coworkers reported that XRD reflection 
pattern of TiO2/Na-Y catalyst is complicated by the x-ray dif-
fractometric analysis of the supports in this case it would be 
the zeolite [11]. 
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Figure 2: SEM images of (a)TiO2 and (b) Zeolite Y-Supported TiO2

Elemental analysis was performed on zeolite-Y and the zeo-
lite-Y supported TiO2. Figure 2(a) illustrates the element per-
centages for the pure Na-Y zeolite. Pure zeolite has the fol-
lowing composition: silicon (33.65%), aluminum (16.94%), 
sodium (16.12%) and oxygen (33.24%). Figure 2(b) illustrates 
the element percentages for the synthesized Zeolite-Y sup-
ported TiO2 catalyst. It is shown that the percentages of Na, Al, 
and Si decrease. The synthesized catalyst was also shown to be 
composed of 59.30% oxygen and 6.69% titanium in addition 
to 7.34% Na, 7.76% Al, and 18.91% Si.

SEM images of the unsupported TiO2 and the zeolite-Y sup-
ported TiO2 are shown Figures 3(a) and 3(b). The titania ma-
terial produced as shown in Figure 3(a) possessed a crystal-
line powder. In Figure 3(b), the Zeolite-Y supported TiO2 was 
observed to retain the overall physical structure of the Na-Y 
zeolite as has been reported in the literature [9-11]. 

To produce a 2.0 x 10-5 M solution of Chlorazole Black E, the 
volume of the volumetric flask, the molecular weight of the 
complex, and the desired molarity must all be known. The mo-
lecular weight of the dye is 781.7g/mol, and the mass required 
to dissolve in 1L of distilled water to obtain the desired mo-
larity was gathered using this information. 0.0158g of the dye 
was measured and dissolved into one liter of distilled water 
to make a 2.0 x 10-5 M solution. This concentration was also 
equivalent to about 16ppm and could be used interchangeably. 

Figure 3: Elemental Analysis of (a) Na-Y Zeolite and (b) Zeolite Y-
Supported TiO2

This concentration represented the dye concentration studied 
in this project. The characteristic dye concentrations in waste-
water from the textile industry are in the range from 0.01g/L 
to 0.05g/L, or 10 to 50ppm. The base concentration of 2.0 x 
10-5 was investigated. Dilutions from the stock solution were 
formulated to produce a calibration curve of different concen-
trations at a specified wavelength. The wavelength that was in-
vestigated for this dye was 533nm.

Using Beer’s Law, the concentrations of each solution from 
a calibration curve of known concentrations could be deter-
mined. Beer’s Law states that the absorbance of a sample is 
directly proportional to the concentration of the absorbing 
species.

   A = ε bc   (3)

Where A is absorbance and is dimensionless, c is the concen-
tration and is measured in moles per liter, b is the path length 
and is usually measured in centimeters, and ε epsilon is the 
molar absorptivity and has the units M-1cm-1. The light absorb-
ance at the wavelength of an estimated maximum absorbance, 
λmax = 533nm is proportional to the concentration of the color. 
This phenomenon suggests that the aqueous dye solution obey 
Beer’s Law. The slope of the line was given as the estimated 
molar absorptivity (ε). Calibration curves were also prepared 
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for the purposes of calculating the concentrations of the solu-
tions at pH 2, 6, and 11.

The general form of the proposed mechanism for the photo-
degradation of Direct Black 38 azo dye has been reportedly 
expressed using the equations below [12]:

TiO2 → TiO2 (eBC−, hBV+) → recombination         (4)

TiO2 (hBV+) + (H2O)ADS → TiO2 + HO•ADS + H+        (5)

TiO2 (hADS+) + HOADS+ → TiO2 + HO•ADS                  (6)

TiO2 (hBV+) + DADS → TiO2 + DADS+             (7)

HO• + DADS+ → DOxid            (8)

TiO2 (eBC−) + AADS → TiO2 + AADS-          (9)

where the following photocatalytic reaction species are de-
fined as Conduction-Band Electrons (eBC−), Valence-Band 
Holes (hBV+), Hydroxyl Anion (HO•), Hydronium Cation 
(H+), Adsorbed Species (ADS), Electron Acceptor Species (A), 
and Donor Electron Species (D).

About 70 mg of catalyst was added to 100mL of 2 x 10-5 M dye 
solution under constant stirring until a well distributed mix-
ture of the catalyst particles was observed in the reactor vessel. 
The reactor was a quartz 250mL Florence flask with a magnetic 
stirrer. Under constant mixing, the sample was subsequently 
irradiated using a LPS251SR Spectral Energy Hg lamp with a 
current setting of 1.0 ampere and 26 volts. Approximately 4mL 
samples were pipetted from the mixture at predetermined time 
intervals and later centrifuged for approximately 20 minutes. 
The supernatant was again separated and later centrifuged for 
approximately 20 minutes or more if needed. Finally the con-
centration of the dye was determined using UV-VIS Spectro-
photometry. The absorbance of each sample was recorded as a 
way to monitor the concentration during the degradation. All 
three solutions, pH 2, pH 6, and pH 11 were analyzed in the 
same manner in order to determine the final dye concentra-
tion at varying pH levels. Each data point was repeated three 
times to confirm the reproducibility of the results.

The pH of the dye solution was adjusted from 2 to 11. The ini-
tial pH of the solution was approximately 6.8. The acidic pH 
(pH 2) was achieved by adding 1M HNO3. The basic pH (pH 
11) was adjusted by adding 1M NaOH drop wise. The pH of 
the solution was monitored with the help of a pH-30 Corning 
pH meter. The dye degradation of the solution was monitored 
at different temperatures ranging from 33 to 66˚C degrees. 
Samples were taken at 30-60 minute time intervals to deter-
mine the dye concentration at a specific time. The absorbanc-
es of the samples were compared with a calibration curve of 
known concentrations from which the concentrations of the 
dye solutions were determined. The effect of the starting dye 
concentration on the degradation of the dye was also investi-
gated. At a constant temperature, the different dye concentra-
tions were degraded to see how the concentration affects the 
rate of degradation and this procedure was also repeated three 
times to confirm the reproducibility of the results.

The chemical oxygen demand (COD) was used to measure the 
oxygen equivalent of the organic matter content of a sample 

that is susceptible to oxidation by a strong chemical oxidant. 
Standard Methods 5220D Closed Reflux was used to analyze 
the COD of the dye at the varying pHs. Mercury free reagent 
vials were obtained from CHEMetrics environmental testing 
supply company. About 2.5mL of the treated sample was taken 
and added to ampoules that were pre-mixed by CHEMetrics 
with a solution of Potassium Dichromate digestion solution. It 
was then digested for three hours at a temperature of 115˚C. 
After the samples cooled, the absorbance reading was meas-
ured at 660nm using Spectronic 20 spectrophotometer the 
overall procedure was repeated overall three times to con-
firm the reproducibility of the results. The absorbance read-
ings were compared with a concentration table provided by 
CHEMetircs. 

The conductivity (k) is a measure of the ability of an aque-
ous solution to carry an electric current. This conductive abil-
ity depends on the presence of ions; their total concentration, 
mobility and valence. The conductance measurement was also 
temperature dependent. The conductance reading was taken 
at room temperature (25ºC). Inorganic compound solutions 
are relatively good conductors and molecules of organic com-
pounds are generally poor current conductors. The conductiv-
ity was taken directly using YSI 3100 conductivity instrument 
and this procedure was also repeated three times overall to 
confirm reproducibility. The conductivity was used to identify 
the ion species resulting from dye mineralization.

Figure 4: Chlorazol E Dye Degradation Profiles at pH 2, 6, and 11.
At varying pH levels, the degradation of a 2.05 x 10-5 M solu-
tion of Direct Black 38 over supported TiO2 was examined as 
shown below in Figure 4. The degradation of the dye solution 
was observed to be pH dependent. In an acidic environment, 
the dye appeared to quickly adsorb onto the surface of the 
catalyst and the decomposition of the dye was very fast. Grze-
chulska and Morawski reported that dyes that have a sulfuric 
group have a negative charge [12]. This group also reported 
that the efficiency of the photocatalytic process was depend-
ent upon the pH of the reaction solution. Grzechulska and 
Morawski observed that acidic solution favors adsorption of 
the dye onto the surface of the photocatalyst. The lowering 
the pH of the dye solution increases the positive charge of the 
TiO2 and therefore promotes the adsorption of the dye to the 
surface of TiO2 and therefore degradation is accelerated [4]. 
Figure 4 illustrates that as the pH increases the degradation in-
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Figure 5: Chlorazol E Dye Degradation Profiles at Concentrations 
from 6 to 30ppm.
creases. With the addition of NaOH, the dye transformed from 
a deep purple color to a very intense dark blue color.

The effect of the dye concentration on the degradation was 
also examined and the results are provided in Figure 5. Dye 
concentrations ranging from 50mg/l to 10mg/l were tested 
as is characteristic of dye effluents found in the environment 
[12]. Figure 5 indicates that as the concentration of the dye in-
creases the time for degradation increases as well. Similar ob-
servations have been reported for the decomposition of Acid 
Black 1 [12]. These reported observations have been attributed 
to the formation of several layers of adsorbed dye onto the 
catalyst surface, which is higher at higher dye concentrations. 
With the extra accumulation of the dye absorbed on the sur-
face of the catalyst and the reaction of the dye molecules with 
photogenerated hydroxyl radicals is expected to be inhibited 
[5]. Increasing dye concentration was observed to promote 
the adsorption of light by the dye molecules. This result can 
be explained as a result of the increases sensitivity of the dye 
molecules instead of the photocatalyst, which inhibit photons 
from reaching the photocatalyst surface. 

The effect of temperature on the degradation of azo dyes was 
also examined for the Direct Black 38 system and was not ob-
served to affect dye degradation [12]. The kinetic data in Fig-
ure 6 indicates this result. Some investigations have observed 
decreases in photocatalytic degradation of organics with in-
creasing temperature due to increases the recombination of 
charge carriers and also the desorption process of adsorbed re-
actant species in accordance with the Arrhenius equation [13].

Figure 6: Chlorazol E Dye Degradation Profiles from 30 to 70oC.

Chemical oxygen demand was used to measure the oxygen 
equivalent of the organic content in a sample that is susceptible 
to oxidation by a strong oxidant under acidic conditions. COD 
is a test that is widely used to measure the pollution associ-
ated with both biodegradable and non-biodegradable organic 
matter present in wastewaters. Table 1 illustrates the COD 
concentration of the dye solution at different pH levels. There 
was an observed decline in concentration for pH 6 and 11. For 
the acidic pH, there was a slight increase in the COD concen-
tration. The COD concentration was measured from samples 
taken before and after photocatalytic degradation treatment as 
shown in Table 2. The decrease in COD concentration is much 
slower than the decolorization. Kiriakidou and coworkers also 
observed the same result in the photocatalytic degradation of 
Acid Orange 7 [14]. The group suggested this might be due 
to the formation of smaller intermediates. In order to achieve 
complete breakdown of these smaller organic compounds, 
longer irradiation time is required. Kiriakidou's group also 
noted in the photocatalytic degradation of Acid Orange 7 the 
intermediates formed are biodegradable and biological meth-
ods can be used in combination with photocatalytic processes 
to completely mineralize the dye [14]. This may be the case 
with the dye that was investigated in this study. Chun and cow-
orkers also observed the same result in the photocatalytic deg-
radation of azo dyes and textile wool wastewater [15]. They re-
ported that after 30 minutes of treatment, there was complete 
decolorization of the wastewater but only a 44.78% reduction 
in the COD concentration. Chun's group added that the decol-
orization of a dye or wastewater enhances the biodegradability 
and therefore could be further treated biologically. This would 
actually improve or decrease the photocatalytic treatment time 
and would be more practical for an actual wastewater treat-
ment plant.

The conductance of the degraded dye solution was measured 
to help verify mineralization of the dye solution. In theory, as 
the dye degrades, it will break down into ions. As the dye solu-
tion decomposes, the concentration of ions should increase as 
well. Because ions carry an electrical charge, these species can 
be detected by measuring the conductance of the dye solutions 
before and after treatment. 

The evolution of sulfate, nitrate, and ammonium ions were 
chosen to facilitate in verifying complete degradation. The re-
lease of sulfate ions can be accounted for by an initial attack by 
a photo-induced OH radical [16]. The stoichiometric equation 

pH Before Treatment After Treatment
2 16 mg/l 20 mg/l
6 18.5 mg/l 10 mg/l
11 13.8mg/l 10.8 mg/l

Table 1: COD Measurements for Dye Solutions at pH 2,6, and 11 Be-
fore and After Chlorazol E Degradation.

pH Before Degradation After Degradation
2 52.36mS/cm 3309mS/cm
6 16.31mS/cm 288mS/cm
11 4427mS/cm 170mS/cm

Table 2: Conductivity Measurement of Dye Solutions at pH 2, 6, 11; 
Before and After Chlorazol E Degradation
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of the complete oxidation of Congo Red was reported by Lach-
heb and coworkers [16]. The following equation was given:

C32H22N6O6S22- + 91/2O2 → 32CO2 + 2SO4
2- + 8H+ 7H2O     (4)

Congo Red is a diazo dye and also exhibits similarities in mo-
lecular structure with Direct Black 38. Congo Red dye pos-
sesses two sulfur atoms in its molecular structure. Lachheb 
and coworkers reported that the sulfur containing dyes did not 
release the expected stoichiometric quantities of sulfate. Based 
on this observation, Lachheb's group suggested that the results 
observed may have been influenced by partially adsorbed sul-
fate ions at the surface of titania. Vautier et al. also observed 
this effect in an earlier study [17]. For the purpose of this re-
search, only a qualitative analysis of sulfate ions was attempted. 
1M solution of BaSO4 was added drop wise to solutions after 
treatment. Due to the insolubility of sulfate in the BaSO4 solu-
tion, a white precipitate should be observed. However, this was 
not observed. In control experiments of solutions with high 
sulfate ion concentration, a precipitate was observed. Based on 
these observations, the sulfate ion concentration was assumed 
to be beyond the lower limits of detection as a product of the 
mineralization reaction.

A linear correlation was determined by graphing the log of the 
dye concentration as a function of time. These kinetic analysis 
results are shown in Figure 7. The photodegradation of Direct 
Black 38 dye followed first order kinetics. First order kinetics 
have also been observed in previous studies of photocatalytic 
degradation of dyes as well from previous reports [16–18]. Ta-
ble 3 shows the reaction rate constant values determined for 
the photodegradation kinetics of Chlorazol E at various initial 
dye concentrations and initial solution pH.

Conclusions
The photocatalytic degradation of Direct Black 38 (Chlorazol 
Black E) azo dye over zeolite Y-supported TiO2 was achieved. 
This is the first reported photodegradation of Chlorazol Black 
E dye using a TiO2/zeolite Y catalyst. The pH of the dye solu-
tions plays a very significant role in the zeolite Y-supported 
TiO2-assisted photocatalytic degradation of organic pollut-
ant. In the degradation of Direct Black 38, an acidic solution 
enhances the decolorization of the dye solution. As indicated 
by the results, complete decolorization is observed after about 
30 minutes of irradiation. This rapid decolorization could be 
due to the surface properties of the TiO2 and the zeolite. There 
are strong electrostatic attractions between the TiO2/alumina 
and the anionic dye species. Titania and alumina are both am-
photeric. There are strong electrostatic attractions between the 
TiO2/alumina and anionic dye causing strong adsorption to 
the catalyst surface at pH levels below the point of zero charge 
<6.8 for TiO2 and 9.1 for alumina. This in turn results in a rap-
id decolorization. The same can be assumed to occur with the 
interaction between the dye and the TiO2/zeolite Y that was 
used in this study. One component of the zeolite is alumina. 
Decolorization occurs more slowly at pH levels near or above 
the point of zero charge for the photocatalyst system. After 
about 20 hours at pH 11 and about 17 hours for the initial pH 
of the dye solution which around 6.8, complete decolorization 
occurred. This could be due the negative charges that are ac-
quired on the surface of the photocatalyst. Electrostatic repul-
sion and decolorization will occur at a slower rate than in an 
acidic environment due to the negative charges.
The photocatalytic degradation of the dye is affected by the 
concentration of the initial dye solution. This could be due to 
the capacity of high concentrations to be sensitized instead of 
the catalyst. Layers form on the surface of the photocatalyst at 
high dye concentrations; as a result, the adequate photons nec-
essary for excitation cannot reach the photocatalyst surface. 
The temperature of the dye solution did not have a significant 
effect on the degradation of the dye. 

COD measurements were used to analyze the degree of degra-
dation of the dye. The results show that complete mineraliza-
tion of the dye is occurs more slowly than the decolorization 
of the dye. This effect is observed due to the formation of in-
termediates. Conductivity measurements confirmed the pres-
ence of these ions in solution. Further research is required to 
identify these product ion species. Finally, the kinetics of the 
photocatalytic degradation were observed to follow first order 
rate kinetics.
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Figure 7: Semi log Plot of Chlorazol E Dye Concentration (ppm) with 
Time (minutes).

Initial concentration k (min–1) R2

10 ppm 0.0023 0.8572
16 ppm 0.0018 0.9789
30 ppm 0.001 0.9592
Initial pH k (min–1) r2

pH 6 0.0014 0.9428
pH 11 0.0013 0.9947

Table 3: Kinetics of Chlorazol E Photodegradation at Different Con-
centrations and pH.
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