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ABSTRACT

Ultrasonic technology, as an innovative technology ,was used for degradation
of o-xylene in an aqueous solution under ultrasound frequency of 20 kHz at
different temperatures with initial concentration of 100 and 200 mg/L .Kinetic and
thermodynamic of o-xylene degradation in aqueous solution were investigated.
While the mechanism of o-xylene sonolysis was discussed. The degradation rate
of o-xylene increased with increasing electric power, sonication time and by
decreasing liquid volume, temperature and initial concentration of o-xylene. The
beneficial effect of power on removal rates is believed to be due to increased
cavitational activity occurring at higher levels of power. As power increases, the
number of collapsing (effective) cavities also increases, which is leading to
enhanced degradation rates. Thermodynamic parameters indicated that o-xylene
degradation was spontaneous and exothermic in nature. The obtained data was

fitted through the pseudo-first order model.

1.Introduction:

Water pollution is one of the serious problem
due to technique activities in recent years, especially in
developing countries [1]. Xylene is one of the
important chemical with a characteristic pungent odor,
and has been widely used as a solvent during a variety
of many industries and commercial processes, such as
chemical production, printing, paint, synthetic resin,
rubber, mobile emission [2]. In addition, they are
present in many petroleum derivatives, such as fuel oil
and gasoline [3].They are ubiquitous environmental
pollutants which can be found in soil, water and air;
and they penetrate in humans through ingestion,
inhalation or absorption. Healthy it might be could
cause problems in liver, kidneys, heart, lungs and
nervous system, including neurological diseases or
cancer [4]. Therefore, the removal of these pollutants
is an important research topics for environmental
treatment systems. Since xylene is a volatile organic
compound (VOC), conventional VOC control
technologies, including condensation, adsorption,
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extraction, membrane separation and soon, have been
commonly utilized to control its escaping. However,
these technologies require high operating costs or
secondary disposal treatments, and can be efficient
only for high concentration xylene wastewater.
Usually, the limit of xylene concentration in ground
water is lower than 10 mg / L [5],so it is hard to apply
these technologies for the degradation. As an
alternative, ultrasonic irradiation has been applied
since the 1990 for the degradation of organic
pollutants in water, such as phenol [6-8], chlorinated
hydrocarbons [9,10] and some other various aromatics
[11,12]. This method has been widely investigated and
has been proven to be an efficient. It is demonstrated
that ultrasonic irradiation has potential for treatment of
hazardous wastewater. The chemical effects of
ultrasound are due to acoustic cavitation: which means
the formation, growth and implosive collapse of
bubbles in the liquid. The collapse of cavitation
bubbles produces very high local temperatures (>5000
°C), and high pressures (>1000 atm) [13, 14]. Under
such extreme conditions, water molecules degrade,
releasing OH and H radicals. These radicals can also
oxidize the solute and causing its degradation. One
important advantage of the ultrasonic process is the
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fact that it can achieve the mineralization of the solute
without producing sludge or another material that must
then be discharged. For some organic pollutants,
ultrasonic degradation is even efficient without
additional oxidants, which can lower the cost of
treatment.

In recent years, studies suggest that volatile
contaminants could be quickly destroyed by ultrasonic
irradiation [10].In this study, an investigation was
focused on the ultrasonic degradation of o-xylene in
aqueous media. A variety of different operating
conditions were examined. The effects of both
ultrasonic frequency and power on Kinetic rate
constants were also examined in order to gain insight
into the kinetics of the degradation of o-xylene.

The scope of this work is to study the effect of
ultrasound frequency on the removal of o-xylene
typically found in wastewaters produced by chemical
processes. In particular, the effect of various
operating conditions (electric power, liquid volume,
liquid bulk temperature, initial substrate
concentration) on degradation rates have been
investigated.

2. Experimental:
2.1. Degradation experiments

v {

Syringe

Water bath

Fig. (1): Experimental setup of ultrasonic probe

2.2. Measurements of pH

The pH value was determined using pH meter of
o0-xylene solutions before and after degradation.
2.3.Qualitative tests

Aromatics and aliphatics were identified.
Ignition of aromatics produces a smoky soot while the
aliphatic give unsmoky blue flame.

Nitration was used to distinguish between
aromatic and aliphatic compounds according to the
following reaction
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O-xylene supplied by sigma-Aldrich at 99 % of
purity was used for degradation. Aqueous o-xylene
solutions of 100 ppm and 200 ppm were prepared
.Ultrasonic irradiation of the o-xylene solutions were
carried out continuously with a sonicator (U.S.A)
probe-type sonicator capable of operating -either
continuously or in a pulse mode at a fixed frequency of
20 kHz and maximum electric power output of 100w
Fig.(1).A sample of 100mlo-xylene solution was
placed in 250ml conical flask and placed in water bath
at temperatures of (283, 293, 313 and 333K)under a
sonication for 150 min. Four milliliters samples were
withdrawn every 10 min for kinetic study. The amount
of residual concentration of o-xylene in the solution
was measured considering the wave length of (215
nm) using a UV-Vis spectrophotometer. The value of
the absorbance obtained has been used to determine
the equilibrium concentration of calibration curve
according to Beer-Lambert law. The degradation
percentage(%R) of o-xylene was calculated as follows.

%R = (C,— Ce )/ C, x 100%

Where C, and Ce is the initial and remained
concentration of o-xylene

Ar-H +HNO;+ H,SO4 + Ar-NO,+H,O —»
ellow colour compounds

The vyellow colour products indicate the
aromatic type while the disappearance of the colour
reflects the aliphatic one.

Detection of carbon dioxide produced from o-
xylene after oxidation via clear water-lime gave turbid
in the presence of CO,according to the equation.

CaCO;+H,O0 —» CO,+Ca(0OH),

3. Results and Discussions:
3.1. Effect of initial concentration

Experiments were conducted in various times to
see if there was any synergistic effect on the
degradation of o-xylene. Increasing the concentration
from 100ppm to 200ppm showed a decrease in
degradation of o-xylene. Experiments showed that
with sonochemical reactor, about 97.88% and 95.52%
degradation of o-xylene occurred after 150 min at
283K.But only 86.43% and 78.62% degradation of o-
xylene was observed within 10 min, as shown in table
(1).Therefore, results obtained from the sonochemical
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degradation of o-xylene at various concentrations
indicated that removal rates were found to be
decreased with increasing of o-xylene concentration.

Table (1): The degradation of o-xylene by ultrasonic
percentage with concentrationsof100 200ppm at different
temperature,

% of degradation at
temperature (K)

293 31 333
K K

Time
N
[00]
w
A
w

100ppm
200 ppm
100ppm
200 F[))F:Jm A
100ppm
200 ppm

0.00
0.00
0.00
0.00
0.00
0.00

10
86.43
78.62
81.24
76.48
81.00
70.43
74.00

69.12

20
89.05
83.98
83.71
81.48
83.52
76.98
76.76
71.98

86.05
84.50

30
89.57
88.38
85.86
78.76
78.33
74.81

40

91.92| 90.83
91.67| 90.62

89.68 | 89.10| 87.33

89.31

50
88.29| 86.21
79.38| 78.76
78.26| 76.71

87.29 | 85.64| 82.88

89.19 | 88.14| 86.62
79.91

60
92.59

9241
79.48

91.48
90.45

70
92.98
90.57
88.74
80.38
80.10

92.91

80
93.54
93.43
91.81
91.43
91.64
91.05
84.48
81.88

90
93.98
93.95
92.19
93.55
91.99
92.76
86.33
86.02

94.00
92.99
86.88

100

94.49
94.21
93.52
93.12
86.91

93.95
87.57
87.55

110

94.88
94.50
94.17
93.78
93.52

120
95.48

94.79
94.78
94.38
94.00
93.81
87.91
88.74

130

95.99
95.17
95.30
94.69
94.15
93.91
88.33
89.19
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140
96.39
95.36
95.92
94.81
94.39
94.07
89.71
89.62

150
97.88
95.52
96.53
94.98
94.91
94.29
93.76
93.05

3.2. Effect of sonication time

In order to observe the effect of sonication time
on the o-xylene degradation rate during treatment,
sono-degradation (sonication time) for aqueous o-
xylene concentrations was performed in 150 min. As
clearly seen, by increasing of the sonication time,
considerable levels of o-xylene degradation, can be
expected afterl50 min. It was observed that the
degradation efficiency of acoustic frequency was
increased when sonication time increased, as shown in
table (1). Therefore, the statistical study indicated that
when sonication time is increased, there is an
increasing in removal percentage. This effect is due to
the increase in the exposure time between the o-xylene
solution and the acoustic cavitation process as the time
of sonication is increased[15, 16].

3.3. Effect of temperature

Increasing the temperature was causing a
decrease in degradation ratios of o-xylene table (1).
The reason is possibly coming from the decrease of the
surface tension and viscosity of the solution, so that
the generation of bubbles becomes easier. However,
the increase in solution temperature results in a
dramatic increase of the vapor pressure of the liquid,
which gives a higher vapor content of the cavitating
bubble. In general, increased temperatures are likely to
facilitate bubble formation due to an increase of the
equilibrium  vapor  pressure.  However, the
sonochemical effect of such bubbles may be reduced.
During the bubble growth, the complete collapse may
not occur and the bubble may oscillate in the applied
field if some gas or vapor has diffused into the bubble
[27, 28, 29, 30].

Experiments showed that pH value has been
affected through degradation of o-xylene. The pH
values during the sono-degradation are shown in table
(2). These values indicated that a surfactant will
accumulate on a surface independent of whether it is
protonated or deprotonated, the effect of pH value on
degradation[21]. Also, this conclusion was confirmed
by other researchers [22]who predicted that the pH
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value was a key parameter affected by the sono-
degradation of surfactant.

Table (2): The effect of temperature on pH values for
degradation of 0-xylene by sonication

Time pH
- Temp.(K) | 100 ppm 200
(min)
ppm
0 Standard 5.694 5.512
150 283 6.690 6.443
150 293 5.967 6.367
150 313 5.715 6.251
150 333 5.511 6.126

3.4.Mechanism of o-xylene sonolysis

From the detailed analysis of the intermediate
product, we propose that the reaction of o-xylene with
the hydroxyl radical might have led to the formation of
benzene,methyl benzene, o-methyl phenol, para-
dioxybenzene, benzoquinone and so on as the primary
products. As the sonolysis went on, some carboxylic
acids such as formic, oxalic and malonic acids and so
on were formed. In the end, all of the carboxylic acids
were decomposed into inorganic carbon, which might
exist as bicarbonate or carbon dioxide. These results
were in agreement with that of Refs.[23,24]. The
variation of intermediate products suggests that the
degradation of o-xylene proceeded as shown in
(Sketch 1).

H,0 OH * H

)]

e
o -

O-benzoquinone

e

COOH

lcoou
o /
o COOH
coon
_ ‘ COOH ‘ T COOH (coon
P m ‘ = CoOH
COOH \

maleic acid

CH3COOH

coon X

—= HCOOH ——= CO, + H0
COOH ’

Sketch (1) Mechanism of o-xylene
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3.5.Thermodynamic parameters:

The effect of temperature on thermodynamic
constants is determined by using following equations
[25].

d InK/dt = AH’/RT?

Log K =AS°/2.303 R-AH%2.303RT........... (2)

Gibbs free energy AG' is given by:

AG’=AH"- TAS® ............ (3) Where AG® is
the free energy change (kJ/mol); K is the
thermodynamic equilibrium constant, R is the
universal constant (8.314 J/mol K), T the absolute
temperature (K); AH? change in enthalpy; and AS®is the
change in entropy.

The AH® and AS° values were calculated from
slope and intercept of the linear plot, of log K vs. 1/T
as shown in Fig. (2).The corresponding values of
thermodynamic parameters are presented in table (3).
The negative values of AG? indicate that the o-xylene
degradation process is spontaneous and feasible, while
the negative value of AH® shown an exothermic
degradation process in nature. The positive AS°
indicated the increase in randomness during
degradation of o-xylene.

Table (3): Thermodynamic functions of the

degradation process using ultrasonic at the

concentration of 200ppm

o AH® AS° AG®
T(KY) K kd.mol? | Jmoltk? | kJ.mol*
283K° | 21.341 -7.201
293K° | 18.904 -7.160
313K° | 16.499 -1.018 0.658 -7.295
333K° | 13.384 -7.182
1.35 -

1.3 -

1.25 -
Y
212 -
_|

1.15 -

1.1 T T T 1
0.0028  0.003 0.0032 0.0034 0.0036

1/T(K?)

Fig. (2): The plot of Log K vs. the reciprocal of temperature
by ultrasonic
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3.6.Degradation kinetics:

Degradation kinetic models can be useful to
determine the mechanism of degradation and the
efficiency of the removal of pollutants. In this study,
the degradation data of o-xylene by ultrasonic was
fitted through kinetic model including pseudo-first
order kinetic[26].

LN (Ge-G) = INqe-Kit............ 4

Where g, (mg/g) is the amount of o-xylene at
equilibrium time while g, (mg/g) is the amount of o-
xylene at any time (t),k, min™ is the pseudo-first order
rate constant,.k and g, was determined from the slope
and intercept of the linear plot of In (ge.-q;) against t,
respectively Figs.(3 and 4).

3.60 -
3.00 -
2.40 -
]
51.80 .
1.20 -
0.60 -
0.00 T T T T T T T 1
0 20 40 60 80 100 120 140 160
Time (min)

Fig. (3) Linear relationship between LnCevs. timefor o-
xylenesolutions at temperature 283K° and Con. (200mg/L)
using ultrasonic.

4.20 -
3.60 - \

300

9 2.40 -

180 -
1.20 -
0.60 -
0.00 —

0O 20 40 60 80 100 120 140 160

Time (min)

Fig. (4)Linear relationship between LnCe vs. time for o-
xylene solutions at temperature 333K° and Con. (200mg/L)
using ultrasonic.
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4. Conclusion

Results obtained from this research demonstrate
that sonochemical reactor at a frequency of 20 kHz
and a power of 100 W is capable to some degree of o-
xylene degradation in aqueous synthetic solutions. The
potential of sonochemical reactors for o-xylene
degradation are evaluated with emphasis on the effect
of sonication time and initial concentration.
Experiments showed that sonication time is one of the
most important parameters for o-xylene degradation.
Sonochemical reactors alone may not be useful for
reducing completely complex wastewaters of high
surfactant load. Hence, effectiveness may improve
coupling acoustical reactors with other treatment
processes including ozone, UV, chlorination and H,0,.
Alternatively, acoustical processor reactor could be
used as a pretreatment stage in a sequential chemical
and biological treatment process.

Reference:

1-Su, F.,, Lu, C., Hu, S., (2010). Adsorption of
benzene, toluene, ethyl benzene and p-xylene by
NaOCl-oxidized carbon nanotubes, Colloids Surf.
A 353,83-91.

2-Dan, W., Xie, Q., Yazhi, Z., Shuo, C., (2006).
Removal of p-xylene from an air stream in a hybrid
biofilter, Journal of Hazardous Materials 136, 288—
295.

3- Alberici, R.M., Zampronio, C.G., Poppi, R.J.,
Eberlin, M.N, (2002). Water solubilization of
ethanol and BTEX from gasoline: on-line
monitoring by membrane introduction mass
spectrometry, The Analyst 127, 230-234.

4- Chiou, C.T. Schmedding,D.W.,Manes,M.,(1982).
Partitioning of organic-compounds in octanol-water
systems, Environmental Science and Technology
16,4-10.

5- Zhou, L., Wang, Y., (2004) . Study on preparation
of immobilized nanometer TiO, photo-catalyst and
its photo-degradation for soluble m-xylene in
water, Journal of Sichuan Environment 23 (1), 5-8
(in Chinese).

6- Naresh N., Mahamuni, A, Pandit,B., (2006). Effect
of additives on ultrasonic degradation of phenol,
Ultrasonics Sonochemistry 13,, 165-174.

7- Marcio, 1., Yukihiro, M., Fumio, O., Akihiko, S.,
Mikio S., (2008). Degradation of bisphenol A
using sonochemical reactions, Water Research 42,
1379-1386.



P- ISSN 1991-8941 E-ISSN 2706-6703
2013,(7), (3) :90-96

8- Okouchi, S., Nojima, O., Arai,T., (1992)
Cavitation-induced degradation of phenol by
Ultrasound, Water Science and Technology 26 (9) ,
2053-2056.

9-Jun, L., Sergey, K., Naohito H., Eiki, K., (2007).
Improvement in sonochemical degradation of 4-
chlorophenol by combined use of Fenton-like
reagents, Ultrasonics Sonochemistry 14, 201-207.

10- Yi, J., Christian, P., David, T., (2006). Sonolysis
of 4-chlorophenol in aqueous solution: effects of
substrate concentration, aqueous temperature and
ultrasonic frequency, Ultrasonics Sonochemistry
13, 415-422.

11- Thoma, G., Gleason, M., (1998). Sonochemical
treatment of  benzene/toluene  contaminated
wastewater, Environmental Progress 17 (3), 154.

12- De Visscher, A., Van Langenhove, H., Van
Eenoo, P., (1997), Sonochemical degradation of
ethylbenzene in aqueous solution: a product study,
Ultrasonics Sonochemistry 4, 145-151.

13- Sulick, K.S., Hammerton, D.A., Cline, R.E.,
(1986). The sonochemical hot spot, The Journal of
American Chemical Society 108 (17), 5641-5642.

14- Suslick, K.S., (1990). Sonochemistry, Science
247 (4949) ,439-1445.

15- Ashokkumar, M. ,Niblett, T.,Tantiongco,
L.,Grieser, F., (2003).Sonochemical degradation of
sodium dodecyl benzene sulfonate in aqueous
solutions, Aust. J. Chem. 56 (10) 1045-1049.

16- Yim, B., Okuno, H., Nagata, Y., Nishimura, R.,
Maeda, Y., (2002). Sonolysis of surfactants in
aqueous solutions: an accumulation of solute in the
interfacial region of the cavitation bubbles,
Ultrason. Sonochem. 9 (4) 209-213.

Journal of University of Anbar for Pure Science (JUAPS)

95

Open Access

17- Dehghani,M.H., Mesdaghinia, A.R., Mahvi, A.H.,
(2008).  Application of Sonochemical reactor
technology for degradation of reactive yellow dye
in aqueous solution, Water Qual. Res. J. Canada 43
(2/3) 183-187.

18- Dehghani, M.H., Changani, F., (2006). The effect
of acoustic cavitation on Chlorophyceae from
effluent of wastewater treatment plant, Environ.
Technol. 27 (9) 963-968.

19- Nanzai,B., Okitsu,K.,Takenaka,N., Bandow, H.,
Tajima, N.,Maeda, Y.,(2009).Effect of reaction
vessel diameter on sonochemical efficiency and
cavitation dynamics, Ultrason. Sonochem. 16,163—
168.

20- Villeneuve, L., Alberti, L.,.Steghens, J.P, (2009).
Assay of hydroxyl radicals generated by focused
ultrasound, Ultrason. Sonochem. 16,339-344.

21- Trabelsi, F., Ait-Lyazidi, H., Ratsimba, B.,
Wilhelm, A.M., Delmas, H., Fabre, P.L. and
Berlan, J., (1996).  Oxidation of phenol in

wastewater by sono electrochemistry. Chem. Eng.
Sci., 51, 1857-1865.

22- Mahvi, A.H., (2009). Application of ultrasonic
technology for water and wastewater treatment,
Iranian Journal of Public Health 38 (2) 1-17.

23- Gai, K., Dong, Y., (2005). J. Chin. Chem. Soc.
52, 273.

24- Gai, K.,(2009). J.of Electrostatics.67,556-557.

25- Purkait,M.,Dasgupta,S.,De,S.,(2009).Determinati
on of thermodynamic parameter for the cloud point
extraction of different dyes using TX-100 and TX-
114,Desalination 244, 130-138.

26- Trivedi,H.,Patel,V.,Patel,R.,(1973).Adsorption of
cellulose  triacetate on  calcium silicate,
Eur.Polym.J.9,525-531.



P- ISSN 1991-8941 E-ISSN 2706-6703 Journal of University of Anbar for Pure Science (JUAPS) Open Access
2013,(7), (3) :90-96

Al Jallaad) B il S5O Afigeal) (35b cilagally Jal) AKulSing Aualiviga iy LS
oA daad g qubdll LA Jeladd a2 Jadia daal
E-mail: Mishal78_2010@yahoo.com

: Ladal)
Linsl 301 o3 alatiad o5 a8 ¢ Al by 3)0¥1 dullae st 3 alasiuS sadiaall 3yl aaf Asigeall (B3 cilasall Linsl i€ yiias
Jallaal) s Aaalin sa s AaSpm Ay @ WS il [ ke 200 5100 581l Aabias dojha clanal 53858020 o)ae 2355 caad Jillaall 23¢]
AaleSl 3y 5315 ae by $ys¥) Jlas Aoy 8 e B3l () il el L Jatll 13 als ASlSie )l I bl Lol )00 Al
O el 550 AV 5Kl hall dapay ) aaas (aliadl) s alags dasall 138 of LS ¢ Aigeall 358 lasall dallaal iagas (gas
) Sl il bl juds LS. sl e jus Jasa 3al) () 298 Al Alad) Sl sae 305 () g250m Aligall B8 Cilasall 5508 3345

A I A8 e Jeli af I datl 13 Aall i a5 o 8 ¢ Ball telyy Lol atenb (35S cnlly )01 dlas o

96


mailto:Mishal78_2010@yahoo.com

