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Enhancement of the photocatalytic ability of alumina by mechanochemical activation
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In the present paper the photocatalytic ability of commercial alumina, 5 wt% Ag supported Al,Os synthesized by
impregnation and the respective mechanochemically activated (MCA) materials was investigated for degradation of
aqueous solutions of Malachite Green (MG) and Reactive Black 5 (RB5) dyes as model contaminants under UV light.
The Powder X-ray diffraction analysis and FT-IR spectroscopy were used to establish the phase composition and
structure of the prepared samples. The photocatalytic tests determined that the presence of Ag dopant and especially the
mechanochemical treatment lead to lower degree of crystallinity, decreasing the mean crystallite size and enhancement
of the photocatalytic activity of the investigated materials. The degrees of degradation of the two tested dyes decrease as
follows: Ag-Al,O3, MCA, RB5 (99%) > Ag-Al,03, MCA, MG (98%) > Al;O3;, MCA, MG (92%) > Al,O3, MCA, RB5

(91%) > Ag-Al,03, RB5 (72%) > Ag-Al,05, MG (67%) > Al,05, MG (47%) > Al,05, RB5 (41%).
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INTRODUCTION

Mechanical treatment leading to enhancement of
the reactivity of solids has been known in the
ceramics industry, as a method for generating
various defects and new surfaces [1]. Aluminium
oxide (Al;03), also known as alumina, has several
thermodynamically stable transitional phases as
gamma alumina (y-Al203), delta alumina (5-Al203),
kappa alumina (k-Al203), theta alumina (8-Al>Os)
and alpha alumina (a-AlO3). The y-Al:O3
(activated alumina) has been widely used as a
catalyst supports, catalysts, dehydrators and
adsorbents due to its good porosity, large specific
surface area, acid-base and adsorbability
characteristics [2]. Heterogeneous and
homogeneous photocatalyses have played an
important role in many photochemical conversion
processes, and have been extensively investigated
over the last two decades [3]. Li Hua et al. treated

Methyl Orange, Direct Brown and Direct Green azo
dyes by catalytic wet air oxidation using CuO/y-
Al,O; composite catalysts synthesized by
consecutive impregnation [4]. Lung-Chuan Chen et
al. established that incorporating of Ag in TiOy/y-
Al;O3 significantly increased the rate of photo
decolorization of Methyl Orange [5]. Yan Liu et al.
revealed that Acid Orange 52, Acid Orange 7 and
Reactive Black 5 azo dyes can be efficiently
degraded with Fe;Os/y-Al,O3 and Fe;03—CeOy/y-
Al,O3; catalysts in a catalytic wet peroxide
oxidation under standard atmospheric conditions
[6]. Sung-Chul Kim et al. proved the high activities
of Pd-Pt/Al,O; bimetallic catalysts toward the wet
oxidation of the reactive dyes in the presence of 1%
H> together with excess oxygen [7].

The goal of the present study is a comparative
investigation of the photocatalytic efficiency of
commercial alumina and Ag supported AlO;
photocatalytic materials prepared by impregnation
for degradation of aqueous solutions of Malachite
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pollutants. The influence of mechanochemical
treatment on the photocatalytic properties of Al,O;
and Ag supported Al,O3 samples was also studied.

EXPERIMENTAL

For the preparation of Ag-Al,Os photocatalyst,
commercial y-Al,O; (Valerus Co.) was used. The
alumina powder was impregnated with aqueous
solutions of AgNO3z under heating and stirring in
accordance to achieve 5 wt% silver.

One part of the commercial alumina and Ag
supported Al,O3; samples were mechanochemically
activated using a high-energy planetary ball mill
model PM 100 (Retsch, Germany). The
mechanochemical activation (MCA) was performed
in an agate milling container of 80 ml volume at
milling speed 390 rpm for milling time interval of
20 minutes using air atmosphere. The weight ratio
between the balls to sample was 13:1.

The Powder X-ray diffraction analysis (PXRD)
and FT-IR spectroscopy were used for
physicochemical characterization of the samples.
The PXRD spectra of the samples were collected
using Philips PW 1050 with CuK,-radiation. The
phases were determined using the JCPDS database.
FT-IR spectroscopy was carried out on a Fourier
infrared spectrometer Bruker-Vector 22. The
obtained materials using KBr tablets were studied
in the 400-4000 cm™ range.

The photocatalytic activity of the samples (0.15g
catalyst in 150 ml water solution of the dye) was
investigated in a semi-batch photocatalytic reactor
under constant stirring, at room temperature, for the
oxidative degradation of Malachite Green (5 ppm)
or Reactive Black 5 (20 ppm) dyes. The first half an
hour of the tests was carried out in the dark, without
illumination in order to obtain adsorption-
desorption equilibrium. After that UV illumination
(power 18 W, Amax = 365 nm) was switching on
for period of 2 hours. The photocatalytic
degradation was evaluated by taking aliquote of the
solution after centrifugation and measuring the
adsorbance by means of  UV-1600PC
Spectrophotometer (wavelength range from 200 to
800 nm). The degree of the model dye degradation
was calculated using the dependence (Co-C/Co)
x100, where Co and C were initial concentration
before turning on the illumination and residual
concentration of the dye solution after illumination
for selected time interval.

RESULTS AND DISCUSSION
The Powder X-ray diffraction patterns of the

112

= Ag !
e AlLO
23 Ag-ALO,, MCA

Intansity, arb. units
“); j
=
o

m

r : T : : v r
20 30 40 50 60 70 80 90 100
20, degrees

Fig. 1. PXRD patterns of the investigated materials.
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Fig. 2. FT-IR spectra of the studied samples.

commercial alumina, Ag supported AlOz and
respective mechanochemically treated materials are
presented in Fig 1. The presence of only one y-
Al,O; phase (PDF-49-0134; 29-1486) was
registered in the spectra of the commercial Al;O3
and mechanochemically activated alumina samples.
The vy-AlO3 (PDF-49-0134) and the additional
silver crystallographic phase (PDF-04-0783) were
established for Ag supported Al.O; and the
mechanochemically treated Ag supported alumina
materials. The lower degree of crystallinity was
determined for mechanochemically treated samples.
The calculated mean crystallite size of Al,O3 using
PowderCell 2.4 program [8] are 16, 14, 15 and 14
nm for commercial AlOs;, Al,O;, MCA, Ag
supported Al.O; and Ag supported Al,O;, MCA.
The results established that the presence of silver
dopant or mechanochemical activation lead to
decreasing of the average crystallite size of Al,Os.
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Fig. 3. Degree of degradation of MG dye as a function of
the time of UV illumination.
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Fig. 4. Degree of degradation of RB5 dye as a function
of the time of UV illumination.

FT-IR spectra of mechanochemically treated
commercial alumina and Ag supported Al.Os
samples are displayed in Fig. 2. The absorption
bands at around 3450 and 3472 cm™ could be due
to the presence of -OH species, showing the
presence of Al-OH bond in the samples. The band
at around 1636 cm™ corresponds to the H-O-H
angle bending vibration of weakly bound molecular
water [9]. The peaks at around 609 and 611 cm™
were attributed to Al-O stretching mode [9-11].
The absorption band at around 1400 cm™ could be
attributed to the presence of carbon-hydrogen
(CHsz), - carbon (C-C) and -oxygen (C=0)
deformations. The peaks at around 1518; 1187-
1189 and 1050-1065 cm?® may be due to the
presence of others impurities in the investigated
samples [9]. The results obtained by FT-IR
spectroscopy are in agreement with the PXRD
analysis.

Figs. 3 and 4 present the degree of degradation
of MG and RB5 dyes as a function of the time of
illumination under UV light. After the

mechanochemical  activation  of  Ag/Al,O3
photocatalyst, the degradation degree of RB5 dye
reached 99% and of MG dye 98%, while Al;Os,
MCA photocatalyst showed 92% and 91% for RB5
and MG dyes accordingly. The photocatalytic
activity for the degradation of MG and RB5 dyes
on Ag supported Al,O3 samples was 72 and 67%.
The commercial alumina samples exhibited lower
photocatalytic efficiency for degradation of the MG
and RB5 dyes: 47% and 41% respectively. The
comparison data of apparent rate constants of all
investigated catalysts for both dyes was exhibited in
Fig. 5. The presented apparent rate constants were
calculated using linear dependence —In(C/Co) = k.t.
The photocatalytic efficiency of the investigated
samples for degradation of MG dye (based on rate
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Fig. 5. Comparison data of apparent rate constants of: 1-
Al;O3, RB5; 2-Al,03, MG; 3-Ag-Al,0s, RB5; 4-Ag-
Al;0O3, MG; 5-Al;03, MCA, RB5; 6-Al,0;, MCA, MG;
7- Ag-Al;03, MCA, MG; 8- Ag-Al;03, MCA, RB5
photocatalysts in degradation of RB5 and MG dyes.

constants) is: Ag-Al,Os, MCA (22.8x10° min?)>
A|203, MCA (14.9X10‘3 min'l) > Ag-A|203 (
7.4x10°% min1)> AlO; (4.8x10° min?). The RB5
photodegradation decreases in the following order:
Ag-A|203, MCA (25.6X10'3 min‘1)> A|203, MCA
(9.3x10% min?t) > Ag-AlLO; (7.1x10° min?1)>
Al,03 (1.9x10° min?).The highest rate constant
belongs to Ag-Al.Os, MCA. We can conclude that
the silver doping influenced catalytic activity to
some extent, whereas mechanochemical activation
increased it significantly. It is well-known that the
mechanical energy obtained during milling can
have effects such as generating new interfaces and
crystal defects, changes in particle size and
amorphization  [12]. In  our study the
mechanochemically treated samples possess lower
degree of crystallinity and decreased average
crystallite size which leads to higher photocatalytic
activity. Similar effects have been established for
mechanochemically activated Ag/ZnO particles
[13].
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(Pesrome)

B Hacrosimara cratus e ucieqBaHa (OTOKaTaIMTHIHATA CIIOCOOHOCT Ha THPTOBCKH aJlyMHHHEB OKCHJI, JIOTUPAH C
5 ternoBHH % cpedpo Al>Oz cuHTe3npaH 4pe3 UMIPErHUpaHe U ChOTBETHUTE MEXaHOXHMMHYHO akThBupanute (MXA)
MarepHuanu 0sixa W3CleBaHU 3a Pa3rpakIaHETO Ha BOAHU pa3TBOpU Ha ManaxuToBo 3eneno (M3) u PeaktuBHo YepHo
5 (PY5) Oarpunma KaTo MOJENTHH 3aMbpCHUTENH IO JeiicTBueTo Ha YB cBernmHa. PentreHodasoB anamus u
nHppayepBeHa crekTpockonus ¢ Gpypue TpaHchopmanus 0sxa M3MOI3BAHM 332 YCTAHOBSBaHE Ha (ha30BUS CHCTaB U
CTPYKTypara Ha IoJlydeHuTe 1poOu. PoToKaTaATMTHIHUTE TECTOBE ONpe/eliXa, Ye IPUChCTBUETO Ha AJ KaTo JONAaHT
1 0cOOEHO MeXaHOXMMHUYHATa 00pabOoTKa BOJAT /10 TO-HUCKA CTETIEH Ha KPUCTAJIHOCT, HaMaJIiBaHe Ha CPEIHUS pa3Mep
Ha KPUCTAJWTHUTE W TOBHIIABaHE Ha (OTOKATATMTHYHATA AaKTUBHOCT Ha HW3CIeABaHWTE MaTepuanu. CTemeHTa Ha
pasrpaxkJaHe Ha JBETE TeCTBaHW Oarpuia Hamaisea Kakto ciensa: Ag-Al.0s, MXA, PU5 (99%) > Ag-Al,03, MXA,
M3 (98%) > Al,03, MXA, M3 (92%) > Al,0s3, MXA, PU5 (91%) > Ag-Al,Os, PU5 (72%) > Ag-Al:0s, M3 (67%) >
Al203, M3 (47%) > Al;,O3, PU5 (41%).
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