Full-text Available Online at
https://www.ajol.info/index.php/jasem
http://ww.bioline.org.br/ja

J. Appl. Sci. Environ. Manage.
Vol. 24 (1) 5 - 12 January 2020

PRINT ISSN 1119-8362
Electronic ISSN 1119-8362

Photocatalytic Degradation of 4-Chlorophenol by Titanium Dioxide: Role of Annealing
Temperature and Morphology

“TUM, PK; KARIUKI, DK
School of Physical Sciences, Department of Chemistry, University of Nairobi, P.O Box 30197-00100, Nairobi, Kenya

*Corresponding Author Email: patricktum@uonbi.ac.ke

ABSTRACT: This work investigates the degradation rate of 4-cholorophenol using Titanium dioxide photocatalysts.
Chlorophenols and their compounds are a nuisance as they are recalcitrant to degradation in the environment. Three
morphologically different Titanium dioxide catalysts, A, B and C, were immobilized on microscopic glass at a layer of 0.5
mg/cm? and annealed between 500-700°C. The three different TiO, powders were characterized using Scanning Electron
Microscopy, X-Ray Diffraction and Brunauer Emmett Teller to determine their specific surface area, crystalline and
particle sizes. A four—position photocatalytic reactor illuminated by two Ultra violet lamps of wavelength range 320-400
nm and intensity I = 27.87 mW/m? was used to degrade the 4-Chlorophenol in 2 hrs. Aliquots of the degraded 4-
chlorophenol were drawn every 30 minutes and analyzed using UV-Vis spectroscopy at A=226 nm. The optimum annealing
temperature of all TiO, was found to be 650°C, with type B of hexagonal morphological structure and particle size of
28+2nm having the highest 4-chlorophenol degradation rate, of 71.21%.
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Chlorinated phenols are categorized as first degree
pollutants due to their persistent toxicity, suspected
carcinogenity and mutagenity. Chlorophenols (CPs) in
general, when released into the environment poses
serious ecological problems to all living organisms
(Movahedyan et al., 2008). Among the chlorophenols,
4-chlorophenol has attracted a lot of interest owing to
its direct relevance to the environment and its unique
photochemical characteristic (Krysa et al., 20006).
Chlorophenols find their way into water systems as a
result of discharge from chemical industries, have
proved resistant to conventional chemical and
biological treatments. Some of the industries from
which large volumes of chlorophenols are discharged
include; petroleum refining, production of pesticides,
paint, plastic, resins, textiles, iron-ore processing,
solvent synthesis and pharmaceutical productions
(Gomez et al, 2009; Movahedyan et al., 2009;
Olaniran and Igbinosa, 2011; Pera-Titus ef al., 2004;
Pi et al., 2007). As a result of water pollution, the
sustainable approach to water sources management
should therefore include treatment technologies that
reduce the negative effects and promote sustainable
use of water resources by facilitating recycling and
reusing of wastewater (Catrinescu et al., 2011).
Advanced Oxidation Processes (AOPs) is one such
process that constitute a collection of established
treatment technologies which depend on the formation
of hydroxyl radicals (-OH) that mineralize non-
selectively all contaminants into carbon dioxide and
water (Assadi and Eslami, 2010; Gaya et al., 2009,
Dan et al., 2004). Researchers have investigated on the
removal phenolic compounds using several techniques
that include; Ultra-violet/H,O, , Ultra-violet/catalyst,
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photo-Fenton process, MW/NiO, Ultra-
violet/H,0,/TiO,, 03/ZnO, Graphite and graphene
oxides, Microwave/Ultra-violet and UV/Os3/TiOz
(Marianna, 2006; Lin et al., 2008; Ghaly et al., 2001,
Kuo and Lin, 2009; Lai et al., 2007; Chiou et al., 2007,
Dixit et al., 2010; Tabatabaei et al., 2011; Bustos-
Ramirez et al., 2015; Seo et al., 2017; Gimeno et al.,
2005). In addition, the use of microbial cultures
Alcaligenes in a fermenter has been reported by
(Westmeier and Rehm, 1987) to remove 4-
Chlorophenol in wastewater. These methods have
largely not been very effective and there is need for
further research for the effective and economical
removal of 4-Chlorophenol from wastewater. This
work investigates the role of annealition temperature
in the UV/TiO, treatment system to degrade 4-
Chlorophenol in wastewater. This work anticipates
that the optimization of Titanium dioxide’s mechanical
and chemical properties as well as illumination with
ultraviolet light improves the catalytic activity, hence
the degradation rate of 4-Chlorophenol. At annealing
temperatures of 500-700°C, TiO, morphology
transforms from anatase to rutile phase, thereby
improving its photocatalytic activity. Anatase TiO; is
mostly used for environmental management, such as
water purification, wastewater treatment and water
disinfections (Carp et al., 2004; Eslami et al., 2007). It
is biologically and chemically inert, stable with
respect to photo and chemical corrosion, low cost,
active over a wide range of pH, high refractive index,
efficient and long-term stability (Ghosh et al., 2009).
A draw-back in the application of TiO> is its high band
gap energy of 3.2 e.V, that allows titanium dioxide to
absorb only UV light of wavelength lower than 388
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nm thereby reducing solar light harvesting efficiency
down to 5% (Ajmal et al., 2014; Gaya et al., 2009;
Barnes et al, 2010). Anatase also has a low
mineralization level that is acquired when on large-
scale applications and therefore requires a final
polishing stage (Gimeno et al, 2004). These
shortcomings have renewed efforts to research on
reliable and more effective catalysts (Catrinescu ef al.,
2011; Li et al, 2009). Photocatalytic oxidation
processes are related to catalytically active metal
oxides such as ZnO, TiO;, and ZrO, which are
semiconductors and remove contaminants in
wastewater (Lo et al., 2004). They are mainly the
oxides of transition metals (Lai ef al., 2008; Stoyanova
and Christoskova, 2011; Stoyanova et al., 2003). The
equations below indicate the reactions that take place
when TiO; reacts as a semi-conductor.

0.+ ecg—~ O3 )
H,0+ hyy — OH™ + H* 3)

The contaminant in this study, 4-Chlorophenol
contains pesticide properties. It is a characteristic faint
yellow liquid with an unpleasant, penetrating odour,
molecular mass M, =128.56 g.mol"!' with a chemical
formula C¢HsOCI. The structural formula of 4-
Chlorophenol is shown in figure 1 below.

OH

Cl

Fig 1: 4-Chlorophenol

MATERIALS AND METHODS

Chemicals: Three different types of Titanium dioxide
powder were sourced from Sigma-Aldrich and
identified as A, B & C. Lanthanum hexaboride and 4-
Chlorophenol of purity 99% was also obtained from
Sigma - Aldrich.

Equipment. UV/Vis spectrophotometer model 4000
from Shimadzu Ltd, UV light intensity meter, X-ray
diffractometer and Scanning Electron Microscope
model Tescan VEGA3 equipment were used

Methods: Morphological Characterization of TiO,
powder catalysts using Scanning Electron Microscopy,
X-Ray diffraction and Brunauer Emmett-Teller
procedures are explained here below.

Scanning Electron Microscopy (SEM) — Crystal size:
A Tescan VEGA3 Scanning Electron Microscope
equipped with a field emission source was preferred
over regular SEM with Lanthanum hexaboride
filament as a high voltage source for morphological
characterization. This is because of its high resolution
and brightness at low accelerating voltages that allows

for clearer images. Prior to SEM, the samples were
first mounted on an aluminum stub using a double
sided carbon tape, and then coated with a thin layer
of 10-30 nm composed of 60:40 gold-palladium alloy
by means of vacuum sputtering coating using a Denton
Desk 1 Sputter-Coater under a 70 mtorr vacuum. Other
conditions included: (SEM HV-20.0 kV, view field-
6.36 pm and SEM mag 30.0 kx).

Two sample of each TiO, powder were inscribed for
identification. The samples were dried at an oven
60°C for 3 hours. The samples were loaded into the
SEM and blown with inert nitrogen gas to protect any
further oxidation reactions. The acceleration voltage
was set at 20 KV, lowest magnification (30X) and TV
mode. The coarse focus was switched on and the focus
knob adjusted to a safe working distance of 14 mm.
The focus was switched to slow scan mode and
magnification increased. The samples stage was
brought up slowly by pressing z-axis UP key. The
variable button was opened up to open a small variable
window on the screen. The image was focused within
the small screen using outer focus ring and inner focus
ring until indicator light reaches the middle. The image
was previewed and adjusted to contrast and the image
set-up window closed. The image acquire icon was
clicked to record the image formed and the image
saved.

X-Ray Diffractometer (XRD): Crystallite size: Particle
sizes are calculated by XRD using the Scherer’s
equation:

I=Fk\/P cos 6.

Where is the wavelength of rays, k is a constant taken
to be 0, 9 (assuming no crystal distortions in the
lattice), P is the width at half maximum of the radians
corrected for the instrumental broadening and 0 is the
diffraction angle in degrees.

Scan parameters: start and end 2q limits 0 -130 - 2q
Step size 0.5 -0.1 — 2q

Step time (1 sec)

Start scan

When scan was completed the file was saved

Brunauer Emmett Teller (BET) — surface area analysis:
The BET surface area was measured through a
multipoint method utilizing adsorption data in the
relative pressure (P/Po) in the range 0.005-0.3 using
nitrogen (99.99%) physico-sorption at 200°C. The
system used liquid nitrogen in a 500 ml Dewar flask
placed on the stage of the instrument.

7Zn0 and TiO, were heated at 150°C for 2 hours to
remove adsorbed water. The resolution of the images
formed were set at 80 seconds

Measurement of Irradiation Intensity: The irradiation
intensity emitted by UV lamps in the four-hole
photoreactor was measured using a light intensity
meter positioned at a distance of 0 c¢cm next to the
metallic openings from which UV light was irradiated.
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The light intensity values were measured at the start
and end of each experiment and included in the final
value of the rate of photocatalytic degradation. The
UV light intensity was measured at 1=27.87 mW/m?>.

UV-Vis spectrophotometric measurements of 4-
chlorophenol A stock solution of 0.0001 mol.L"! in a
500 ml round bottomed flask was made and its
absorbance measured using a UV-Vis
spectrophotometer. An aliquot of 5 ml 4-Chlorophenol
was put into the cuvette and placed in the
spectrophotometer. A full UV-Vis scan of 4-
Chlorophenol sample was carried out at wavelengths
between 200- 600 nm and the spectrum recorded as
shown in figure 6.

Calibration curve — 4-chlorophenol Spectral Analysis
Molar Extinction Coefficient (€): The coefficient (g) is
calculated from the Beer Lamberts law shown in (4)
below;

A=¢lc 4)

Where: A= is the amount of light absorbed by samples
at specific wavelengths (A); E = is the molar extinction
coefficient; L=1is the length of cuvette used to measure
absorbance; C = is the concentration of the absorbing
sample

To determine the extinction coefficient of 4-
chlorophenol (g), at 226 nm concentrations of
solutions were prepared; 1x10” mol.L!, 2.5x107
mol.L!, 5x10° molL' and 1x10* molL! A
calibration curve for 4-Chlorophenol using different
solution concentrations was obtained and is shown in
figure 7 and its molar extinction coefficient calculated.

Photocatalytic degradation of 4—Chlor%phenol: The
experimental temperature was set at 23°C. The four
cuvettes were filled with 25 ml of 1x10* mol.L"! of 4-
chlorophenol and placed against each of the four holes
in the photocatalytic reactor before the UV lamps and
the magnetic stirrer were switched on. At the start of
the experiment, absorbance was measured and the
value recorded for each of the TiO; catalyst layers. The
fourth cuvette was the experimental control. The
absorbance of the solutions was determined at A= 226
nm and after every 30 minutes of photocatalytic
treatment, 5 ml of the 4-Chlorophenol solution was
withdrawn from each cuvette, its absorbance recorded
till the 120" minute. The rate of 4-Chlorophenol
degradation was considered to cover a geometrical
area 0.000875 m?> covered by TiO, catalyst
immobilized on microscopic glass. The rate was
calculated as shown by formula (5) and (6) below and
expressed as (mol.m2.W-).

—c )V 1
r, = (¢y —Co0) = 5
Lo — 1o A

Where: ra - rate of 4-Chlorophenol in degradation
(mol.m2.h'); ¢ , = initial 4-Chlorophenol in
concentration (mol.L'); ce = 4-Chlorophenol
concentration after 1 hour (mol.L™); t = time at which
irradiation started (0 hours.); teo = time of irradiation

(1 hour); V = volume of 4-Chlorophenol irradiated in
cuvette (0.025 ml); A = irradiated geometric surface
area of particulate film (0.000875 m?); The rate of
photodegradation relative to incident UV light
intensity is then calculated according to equation 6
below.

="t ©
1
Where 7, the rate of 4-Chlorophenol photocatalytic
degradation (mol.h'.W-') and ]p is UV light intensity
(mW/m?).

Preparation of TiO: coated layers immobilized on
microscopic  glass:  Catalyst  suspensions  of
concentration 10 gL' were prepared from the 3
samples; A, B and C in 100 ml volumetric flasks. The
suspensions were further homogenized in an
ultrasonic bath for 30 seconds to break-up any
agglomerates present. A volume of 3.75 ml of the TiO»
suspensions were taken using a 5 ml syringe and
immobilized onto a clean, dry and degreased
microscopic glass slides of dimensions 75 mm x 25
mm and placed on ceramic tile and allowed to dry at
room temperature for 1 hour. The coated layers were
then dried at 50°C in an oven for 30 minutes to further
fixate the catalyst particles onto the glass. The final
procedure involved the annealition of the layers
attached onto porcelain crucibles in a furnace at 500,
550, 600, 650 & 650°C for a duration of 2 hours. The
annealed layers were trimmed to reduce the geometric
area covered by the catalyst to 0.000875 m’ and
loading of 0.5 mg/cm?. The procedure described above
was used to prepare particulate layers for all the three
catalysts.

Photocatalytic degradation reactor: The
photocatalytic reactor was operated in batch mode and
consisted of a magnetic stirrer. Three cuvettes of 30 ml
were placed onto the holes illuminating UV light. The
stirring rate was set at 900 rotations/min. Each of the
cuvettes was filled with 25 ml of 4-Chlorophenol ¢
1x10“*mol.L!. The photoreactor was attached to a
thermostat to regulate its temperature as shown in
figure 2 below. The TiO, coated layers prepared from
the procedure described in section (2.4.1) were
suspended using metallic clips and dipped into
cuvettes containing 4-Chlorophenol solutions. The
cuvettes consisting of 4-Chlorophenol solutions and
TiO; coated layers were illuminated with UV light
from 2 lamps. The intensity of the UV light was
measured by a light intensity meter.

Iagmetic stirrer

30 ml cuvettes filled with 25 ml
4-CPsol and steel
coated TiO- layers suspended
mto the selution by metal clips.

]

T— | Hole-UV light

== | U lamps

Fig 2: Four-hole Photocatalytic Reactor

4
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RESULTS AND DISCUSSION

Characterization of TiO2 powder catalysts: The
crystalline sizes obtained from XRD measurements
and SEM estimations, show that from figure 3, 4 and
5, we observe catalyst individual crystals and
agglomerates. The particle sizes of catalyst B (169 nm)
were bigger compared to the other catalysts, but had
the smallest specific surface area (10 m*/g). Smaller
particle sizes were observed in catalyst C (9 nm) and
the largest specific surface area (250 m?/g). Catalyst A
had particles size of (28 nm) and specific surface area
(50 m%g). The morphological characterization
indicates distinct properties between the three powder
catalysts.

Table 1: Morphological characterization - (XRD,
SEM &BET)

Sample Azslomerats Crystal S'paci.ﬁ-i: surfacs
size (zm) REM) size (nm) (WRD) area (m''2) (BET)

A 200-300 13 30
B 300 165 14
C 100-300 9 250

Table 1 and figure 3, 4 and 5 presents the results from

the morphological characterization of the catalysts

used in this study.
v i

Fig 3 SEM(4)

Figd SEMB) Figs: SEM(0)

UV-Vis spectra of 4-chlorophenol: Figure 6 below
shows a UV-Vis spectrum for 4-Chlorophenol of
concentration 1x10™* mol.L™! used to determine A (max).

1.2

1
0.8
0.6
0.4
0.2

0

Absorbance

200 230 260 290 320 350 380
A (nm)
Fig 6: UV-Vis spectrum of 4-Chlorophenol

The scan showed a maximum absorption wavelength
peaks at A= (226 nm and 282 nm) which means 4-
Chlorophenol absorbs light in the UV region. The

photocatalytic degradation experiments in this work
was determined at A=226 nm, which was more
pronounced compared to A=282.5 nm. It implies that
4-Chlorophenol has peak absorbance at 226 and 282
nm. This figure is quite close to A=227 nm and 280 nm
reported in literature by (Bustos-Ramirez et al., 2015).
Between A= (300-600 nm). The contaminant in the
study 4-Chlorophenol, was noted not to absorb any
visible light (A=390-790 nm) as observed in figure
6.Calibration curve 4-Chlorophenol (Molar Extinction
Coefficient (g))

The Molar Extinction Coefficient was determined
through a standard calibration curve plotted in Figure
7 below.

10 y =7996.5x + 0.0164
R2=10.9968
0.8
o
g
§ 0.6
2
O
< 0.4 ©  calibration curve
0.2
0.0
0.0E+00 5.0E-05 1.0E-04 1.5E-04
c(mol/l)

Fig 7: Calibration curve 4-chlorophenol

To determine the extinction coefficient (g¢) of 4-
Chlorophenol, the following concentrations 4
solutions of various concentrations were prepared
from a stock solution of 1x10* mol. L!. These were,
(1x107° mol.L"!, 2.5x10”° mol.L"!, 510~ mol.L"! and
1x10* mol.L'"). A cuvette of 1 cm unit length and a
UV-Vis spectrophotometer, absorbance for these
solutions was measured at Ana—= 226 nm. Plotting
absorbance against concentration, generated a
calibration curve with a molar extinction coefficient (g)
0f 7996.5 mol-'dm’cm.

Photocatalytic degradation of 4 —Chlorophenol: The
removal of 4-Chlorophenol was measured by its rate
of its photocatalytic degradation. This work studied
the effect of catalyst annealing temperature,
morphology and its subsequent effect on the rate of
degradation. The rates of 4-Chlorophenol was studied
using catalysts annealed at temperatures between 500-
700°C and recorded in figure 8, 9, 10, 11 & 12. The
influence of TiO; annealing temperatures on the rates
of 4-Chlorophenol degradation are discussed in figure
13 and 14.

Degradation of 4-Chlorophenol using selected TiO:
catalysts annealed at 500°C: The different types of
TiO> A, B and C tested for degradation of various
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concentrations of 4-Chlorophenol at 500°C are shown
in Figure 8.

TiO2_C
1.20E-04 4 - Ti02 B
1.00E-04 < TiO2_A

__ 8.00E-05 O

i <

= 6.00E-05 -0

o

£ - <

£ 4.00E-05 -
2.00E-05
0.00E+00

0 15 30 45 60 75 90 105120

irradiation time(mins)

Fig 8: Degradation of 4-Chlorophenol using selected TiO, catalysts
annealed at 500°C

The results above indicated that at 500°C, optimum
rates of 4-Chlorophenol degradation rates was
achieved. The B catalyst was the most
photocatalytically active and C the least. At this. After
2 hours of UV-TiO; photocatalytic degradation system,
the removal of 4-Chlorophrnol was measured; B-
68.02%, C-46.25% and A-56.46%. This result was
influenced by the irregular shape of TiO, particles at
low temperatures causing low kinetic energy that is not
sufficient to induce coalescence of the individual TiO,
grains.

Degradation of 4-Chlorophenol using selected TiO:
catalysts annealed at 550°C : The degradation
experiments were also repeated at 550°C and shown
in Figure 9.

1.20E-04
1.00E-04 -
__8.00E-05 -
) -
—= 6.00E-05
) TiO2_A
© 4.00E-05 .
TiO2 B
2.00E-05 = TiO2 C
0.00E+00
0 30 60 90 120

irradiation time (mins)
Fig 9: Degradation of 4-Chlorophenol using selected TiO2
catalysts calcined at 550°C

Figure 9 shows that photocatalyst B of decreasing 4-
Chlorophenol was the fastest while C was the slowest.
The changes in 4-Chlorophenol concentration after 2

hours were then used to calculate degradation rates as
follows; B-64.85%, C-39.68% and A-61.11%.
Compared to 500°C, the degradation rates were
observed to decrease by an average of 5.08%. This
may be affected by the loss of active TiO» particle sites
on the deposited layers. This implies that
photodegradation may also take place at the suspended
TiO; particles .

Degradation of 4-Chlorophenol using selected TiO;
catalysts annealed at 600°C: The results of the
degradation of 4-Chlorophenol using annealed TiO> at
600°C is shown here below.

1.20E-04
1.00E-04
8.00E-05
6.00E-05

4.00E-05 —o—TiO2 A
TiO2 B

TiO2 C

¢ (mol.L'")

2.00E-05

0.00E+00
0 30 60 90 120
Irradiation time (mins)

Fig 10: Degradation of 4-Chlorophenol using selected TiO2
catalysts calcined at 600°C

Figure 10 shows that B catalysts degraded 4-
Chlorophenol more rapidly compared to A and C.
After 2 hours of UV/TiO; photocatalytic treatment, the
removal of 4-Chlorophenol was determined to be; B-
67.64%, C-44.78% and A-61.68%. Compared to
immobilized layers annealed at 550°C, the rate of 4-
Chlorophenol degradation increased slightly at 600°C.
A possible explanation could be the modification in
catalyst morphology as a result of annealing.

Degradation of 4-Chlorophenol using selected TiO:
catalysts annealed at 650°C: The degradation
experiments were also repeated at 550°C and shown
in Figure 11. Figure 11 indicate the optimum annealing
temperature for the degradation of 4-Chlorophenol
was determined to be 650°C. At this calcination
temperature, the rates of degradation for 4-
Chlorophenol was optimized. Compared to the results
shown in figure 8, 9 and 10, B catalyst was most
photocatalytically active and C the least. After 2 hours
of photocatalytic degradation, the removal of 4-
Chlorophenol was measured to be; (B-71.21%, C-
43.80% and A-63.61%). At this annealing temperature
the TiO, crystallite structure is suggested to be
modified by annealing temperature and subsequently
the rate of 4-Chlorophenol removal.
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1.20E-04
——TiO2 A
1.00E-04 TiO2 B
TiO2_C
8.00E-05
3 6.00E-05
i
£
©  4.00E-05
2.00E-05

0 15 30 45 60 75 90 105120

Irradiation time (mins)

Fig 11: Degradation of 4-Chlorophenol using selected TiO2
catalysts annealed at 650°C.

Degradation of 4-Chlorophenol using selected TiO:
catalysts annealed at 700°C: From figure 12 as
observed from the other annealing temperatures, B
catalyst was the most photocatalytically active and C
the least. After 2 hours of photocatalytic degradation,
the removal of 4-Chlorophenol was measured at; (B-
67.19%, C-35.36% and A-61.36%). At 700°C most
likely the crystal grains in the immobilized films
would get larger as a result of densification. The rates
of 4-Chlorophenol removal declined by 12.98% at
temperature interval 650-700°C. This means that
annealing temperatures above 650°C have a negative
effect on rate of 4-Chlorophenol degradation due to the
morphological TiO, transformation from anatase to
rutile. The rutile phase is less crystalline compared to
anatase phase leading to decreased rates of 4-
Chlorophenol.

1 20E-04
1.00E-04
8.00E-05 "
A\
6.00E-05 -
~~ + b
= 4.00E-05 Tio2_A \-
2 Tio2 B
S 2.00E-05 Tio2_C
0.00E-+00

0 15 30 45 60 75 90 105120

Irradiation time (30 mins)

Fig 12: Degradation of 4-Chlorophenol by TiO»
catalysts annealed at 700°C
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Photocatalytic degradation of 4-Chlorophenol ¢ 1x10°
4 M using TiO, catalysts annealed at temperatures
between 500-700°C. Figure 13 below analyses the
correlation between the rates of 4-Chlorophenol
degradation, the type of TiO- catalyst and annealing
temperatures 500-700°C.

6.00E-05
5.00E-05 \__/\‘
4.00E-05

2 3.00E-05

=

2 2.00E-05 .

= —o—Ti02_B
1.00E-05 TiO2_A

TiO2_C

0.00E+00

500 550 600 650 700
Calcination temperature °C

Fig 13: Effect of TiO; catalyst calcination temperature
on the rate of 4-Chlorophenol removal after 1 hour of
photocatalytic treatment.

An increase in calcination temperatures in the range
500-550°C had an average negative effect. 5.08% on
the degradation rate of 4-Chlorophenol which can be
explained by sintering of catalyst particles that causes
it to bind and fuse together causing the particles to
grow and form agglomerates. A significant increase
12.98% in 4-Chlorophenol degradation was observed
at calcination temperatures between 550-650°C.
Between 650-700°C the degradation rates of 4-
Chlorophenol decreased by 14.71% due to
morphological Phase transformation from anatase to
rutile phase at 700°C annealing temperature. The
results show that 650°C is optimum calcination
temperature to achieve effective degradation of 4-
Chlorophenol, the findings show that the following
levels of efficiency in removing 4-Chlorophenol was
achieved at 650°C; (A-63.61%, C-43.80% and B-
71.21%). The findings in figure 13, corroborate the
results obtained in figure 8, 9, 10, 11 & 12 that indicate
similar trends. The shifting rates of 4-Chlorophenol
removal with increased annealing temperatures can be
explained as follows; the most influential parameter
would be the decrease in the density of structural
defects, whereas the decrease in surface area would
have a lesser influence in the removal of 4-
Chlorophenol. This is caused by the poor adsorption
properties of 4-Chlorophenol and density of defects
with regards to catalyst surface area for most aromatic
contaminants such as 4-Chlorophenol. This means
photocatalytic reactions react in the vicinity of TiO,
and not on its surface. The higher specific surface area
of C does not positively affect the rates of 4-
Chlorophenol degradation because it does not
presumably react principally at the surface.

Effect of TiO;

calcination temperature on the

TUM, PK; KARIUKI, DK



Photocatalytic Degradation of 4-Chlorophenol.....

concentration of 4-Chlorophenol: Figure 14 shows
change in 4-Chlorophenol concentration with
increasing calcination temperature between 500-
700°C.

Calcination temperature °C
500 550 600 650 700

0.00E+00
TiO2_A
2.00E-05 Ti02_B
TiO2 C
24.00E-05
3
)
© 6.00E-05
8.00E-05
1.00E-04

Fig 14: Changes in 4-chlorophenol concentration with
selected TiO, catalyst after 1 hr. of photocatalytic
degradation

The results in figure 14 are similar to the findings
obtained in figure 13. Figure 14 shows the correlation
between fluctuations in 4-Chlorophenol ¢(mol.L"),
TiO; catalyst and annealing temperature. Furthermore
the findings corroborate the results shown in figure 8,
9,10,11,12 & 13. Annealing of TiO, catalysts remove
defects on the crystalline planes, thereby reducing
TiO, internal stresses and improving ductility of
metallic alloys as observed between annealing
temperatures 550-650°C.The reduction in the rates of
4-Chlorophenol above 650°C was caused by
morphological transformations from anatase to rutile
phase, thus decreasing TiO, crystallinity and
photocatalytic activity.

Conclusions: Annealing temperature of TiO, has a
significant influence on the resultant photocatalytic
degradation rates of 4-Chlorophenol by the produced
immobilized layers. The optimum annealing
temperature of TiO, was found to be 650°C, with type
B of hexagonal morphological structure and particle
size of 284+2nm having the highest 4-chlorophenol
degradation rate, of 71.21%. The increase of TiO:
crystal size favours high rates of 4-Chlorophenol
degradation, while surface area variation of their
layers has little effect on 4-Chlorophenol degradation.
The surface morphology of TiO, immobilized layers
was influenced by its annealing temperature.
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