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INTRODUCTION

Now-a-days pollution is the major problem faced by both

developing and developed countries. Organic pollutants

especially dyes are spontaneously added to environment from

different industries like textile, tannery, dye and pharmaceutical

industries [1,2]. These dyes are stable aromatic compounds

and remain in water for longer time [3,4]. Thereby affect the

aquatic as well as human life. Thus their removal is of major

concern. Degradation of dyes like; congo red, methylene blue

and methyl red are being paid much attention due to their toxic

effects [5-7] on environment. These dyes are responsible for

skin, eye, respiratory truck and gastrointestinal irritation and

also induce drowsiness. Nanoparticles possess electric, optical

and catalytic properties, e.g., Al2O3 nanoparticles have used

as catalyst for the photodegradation of malachite green [8,9].

Semiconductors nanoparticles absorb energy greater than band

gap and generate electron and hole which are responsible for

degradation of dyes [10-15].

In continuation to our interest in removal of dyes [5,8,

16,17] from effluent, it was worth while to study degradations

of congo red, methylene blue and methyl red dye by photo-

lyzing their solution in the presence of electrochemically

synthesized alumina nanoparticles as photocatalyst. Kinetics

of photo-degradation of these dyes was also studied.
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EXPERIMENTAL

The reagents used in present study were congo red,

methylene blue and methyl red and were of analytical grade.

Preparation of dye solutions: The dye solutions of

concentration 2.0 × 10-5 mol L-1 were prepared by dissolving

the requisite amount of congo red, methylene blue and methyl

red dye in de-ionized water.

Photo-reactor setup: The photocatalytic degradation of

congo red, methylene blue and methyl red dyes were performed

in a UV light emitting rectangular batch type photoreactor

supplied by the HEBER Scientific, India. A UV filament lamp

was used as an irradiation source (120 W). 100 mL solution

of dyes with concentration 2.0 × 10-5 mol L-1 was photolyzed

in the absence and presence of photocatalyst for 140 min. The

solution was stirred thoroughly during photolysis with the help

of magnetic stirrer. 2 mL of solution was withdrawn after

different time intervals and was analyzed by UV-visible spec-

trophotometer corresponding to their maximum wavelength.

The percentage degradation of the congo red, methylene blue

and methyl red dyes was calculated by the absorption measu-

rement and computed from the following eqn. 1:
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where, A0 and At are the initial and final absorbance of congo

red, malachite green and methyl red in the aqueous phase.

RESULTS AND DISCUSSION

Characterization of alumina nanoparticles: Aluminum

oxide nanoparticles (α-Al2O3) were synthesized by electro-

lyzing aqueous solution of acetonitrile containing sodium

hydroxide at sacrificial aluminium anode as reported in lite-

rature [8]. The synthesized particles were then calcined at

1200 °C for 1 h. These nanoparticles were characterized by

XRD, TEM and FTIR analysis. The powder XRD diffraction

data consist of peaks corresponding to α phase agree well with

the peaks of rhombohedral crystal structure of alumina with

unit cell parameters of a = 0.47587 nm, c = 1.29929 nm, when

compared to the international centre for diffraction data

(ICDD) Card No: 48-0366 [18,19]. The average crystallite size

found to be 33 nm. Sharpness of the peaks indicates the good

crystallinity of the products. TEM micrographs revealed closely

packed nanobar like structures and TEM histogram shows

average grain size is 35 nm. FTIR spectrum of the Al2O3 nano-

particles show peaks at 574 and 826 cm–1, which may be attri-

buted to Al–O bonds [20].

Photocatalytic activity of Al2O3 nanoparticles in congo

red, methylene blue and methyl red dye: The band energy

gap of alumina nanoparticles found to be 3.02 eV. In order to

evaluate photocatalytic activity of samples, photodegradation

of congo red, methylene blue and methyl red dye under the

UV light were carried out in the presence of 100 mg of Al2O3

nanoparticles. The absorbance of solution as a function of time

was measured with the help of Shimadzu-1800, UV-Visible

spectrophotometer at the corresponding wavelength of 484.95,

664.00 and 435.00 nm for congo red, methylene blue and

methyl red, respectively.

Photocatalytic degradation of congo red: The dye

solution was irradiated with UV light in the absence and

presence of photocatalyst. The results showed that dye was

not degraded, when photo-catalyzed in the absence of catalyst.

But 94.39 % of congo red dye was degraded in the presence

of Al2O3 upon irradiation with UV radiation for 140 min. The

data also indicate that by increasing the irradiation time, the

percentage reduction in absorbance increases (Fig. 1a). As the

number of dye molecules undergo degradation increases with

increase in photolysis time. The plot of ln (A0/At) vs. irradiation

time (Fig. 1b) shows a linear correlation (where A0 and At are

the absorbance of dye at equilibrium and at time t, respec-

tively). Pseudo-first-order rate constant k for dye photodegra-

dation was calculated to be 0.01929 and the correction coeffi-

cient (R2) was 0.9569.

Photocatalytic degradation of methylene blue: Methy-

lene blue dye does not undergo degradation on irradiating in

the absence of photocatalyst. But in the presence of photo-

catalyst nanoparticles 42.80 % degradation was achieved

after 140 min. Fig. 2a shows that the percentage reduction in

absorbance of methylene blue dye increases as the photolysis

160

140

120

100

80

60

40

20

0

R
e
d
u
c
ti
o
n
 i
n
 a

b
s
o
rb

a
n
c
e
 (

%
)

1 2 3 4 5 6 7

Time (min)

(a)

Time (min)

Reduction in 
absorbance (%)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0

ln
 (

A
/A

)
0

0  20 40 60 80 100 120 140 160

Time (min)

y = 0.0212x

R  = 0.9569
2

(b)

Fig. 1. Photocatalysis spectra of congo red dye (a) % reduction in absorbance with irradiation time of congo red dye/Al2O3 (b) pseudo-first-

order kinetics for degradation
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Fig. 2. Photocatalysis spectra of methylene blue dye (a) % reduction in absorbance with irradiation time of methylene blue dye/Al2O3 (b)

pseudo-first-order kinetics for degradation
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time increases. The data fitted well to pseudo-first-order kinetic

plot (Fig. 2b) with rate constant k, 0.00420 and the correction

coefficient (R2) was 0.9523.

Photocatalytic degradation of methyl red: Similarly

methyl red does not show any degradation in the absence of

nanoparticles. But in the presence of catalyst 19.23 % was

degraded on irradiation with UV rays for 140 min (Fig. 3a).

The results show that the increase of percentage reduction in

absorbance with increase of irradiation time. The data subjected

to pseudo first order kinetic plot and the value of pseudo-first-

order rate constant k for dye photodegradation was calculated

to be 0.00157 and the correction coefficient (R2) was 0.9776

(Fig. 3b).

Mechanism of degradation of dyes: During the photo-

degardation, the dye absorbs radiations of suitable wavelength

and is excited to its higher energy state. The dye adsorbs onto

the alumina nanoparticles, which leads to the generation of

electron-hole in Al2O3. The holes generated in the valence band

of Al2O3 produce highly reactive hydroxyl radicals (•OH) by

reacting with surface hydroxyl groups. The highly reactive

radicals react with dye onto Al2O3 nanoparticles and leads to

the degradation of congo red, methylene blue and methyl red

dyes into products [21], i.e.,

hDye Dyeν •

→

h

2 3
Al O e (CB) h (VB)ν − +

→ +

h OH OH
+ − •

+ →

Dye OH Degradation product• •

+ →

where, CB and VB represent conduction band and valance

band respectively.

Conclusion

Electrochemically synthesized Al2O3 nanoparticles

show effective photocatalytic degradation of congo red dye,

i.e., 94.39 % dye was degraded. The degradation of methylene

blue and methyl red dyes is enhanced in the presence of Al2O3

nanoparticles 42.80 and 19.23 % respectively. All these

degradation processes follow pseudo first order kinetic model.

The study shows that the alumina nanoparticles can be used

as photo catalyst for degradation of industrial effluent conta-

minated with dyes.
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Fig. 3. Photocatalysis spectra of methyl red dye (a) % reduction in absorbance with irradiation time of methyl red dye/Al2O3 (b) pseudo-first-

order kinetics for degradation
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