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INTRODUCTION

Methyl t-butyl ether (MTBE) has been used as a fuel
oxygenate worldwide due to its good properties as octane
enhancers and helping in preventing engine knocking. Methyl
tert-butyl ether was firstly used in the USA since 1979 to
replace tetra-ethyl lead which was known to its serious effect
on human health resulted from air borne pollution. Since that
date and over decades of years MTBE has been used as an
octane enhancer and fuel oxygenation additive in gasoline to
provide a cleaner burning fuel. Despite the several techno-
logical benets of using MTBE [1-5], but recently there is
warning sign of having a serious environmental problem with
regard to water quality [6-10]. Methyl t-butyl ether has become
one of the most common contaminants in shallow ground
waters and drinking water, mainly as a consequence of petroleum
leakage from underground tanks [11]. Methyl t-butyl ether
according to USEPA classification is considered a risk chemical
compound on human health with a high potential of carcinogen
[11]. The environmental fate of MTBE depends closely on its
excellent solubility in water and its very low soil sorption
coefficient [9,12,13]. This means that MTBE is only retained
by soil layers in a weak concentration and is rapidly transported
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to ground waters. Another reason for MTBE’s persistence to
be more mobile in groundwater systems than other gasoline
components If groundwater is moving gradually downward,
the chemicals dissolved in it will also gradually move
downward, because MTBE may migrate over greater distances,
the magnitude of dive may be greater [6,11].

Several studies have reviewed the different technologies
used to the treatment or removal of MTBE from underground
water. These technologies may include both ex situ techno-
logies (pump and treat) and in situ technologies (airsparging,
bioremediation, chemical oxidation, phytoremediation and
monitored natural attenuation) [14-17]. Methyl tert-butyl ether
can be biologically degraded under both aerobic and anaerobic
conditions and both in situ and ex situ, however, removal of
MTBE can be incomplete, resulting in the formation of tert-
butyl alcohol. Generally, aerobic conditions have been shown
to be far more effective in the complete biological treatment
and removal of these compounds but still expensive [18-21].

The use of ultrasound technology to remove or decompo-
sition of MTBE is still under investigation [22]. Matouq et al.
[1-5] have employed the use of high frequency of ultrasound
wave for the removing of different pollutants from wastewater,
the use of such process to decompose of MTBE under high



frequency is a new technique. Kim et al. [23] have studied the
removal of MTBE and other oxygenated fuel, by employing
the ultrasound at low frequency in the presence of saturated
oxygen with removal mechanisms proposed for each gasoline
oxygenate. They reported that the common degradation path-
ways involve abstraction of α-hydrogen atoms by hydroxyl
radicals generated during ultrasound cavitation at low tempe-
rature. The ultrasound at either low or high frequency will be
a new area for researchers to investigate since the process of
MTBE removal by conventional remediation technologies, is
costly and ineffective. Therefore, much attention will be focused
on other methods such as advanced oxidation processes (AOPs)
[24,25] and ultrasound techniques for its degradation.

There are less studies dealing with the degradation of MTBE
at high frequency of ultrasound more than 1 MHz [23] that
directly applied to a solution of MTBE and water. In this study,
the process of using such ultrasound techniques will be intro-
duced here to investigate the ability of ultrasound wave to
remove MTBE at high concentration. The use of ultrasound
with high frequency alone in the removal of MTBE from is a
new topic, here both the removal and the kinetics of MTBE
removal will be investigated using a simulated wastewater.

EXPERIMENTAL

Methyl tert-butyl ether obtained with 99 % purity from
Saudi Basic Industries Corporation, (SABIC) (www.sabic.com)
Table-1 enlisted these properties. The experimental results
analysis performed using gas shromatography PYE-UNICOM
4900-FID, with a stainless steel column 2 m long and 2 mm
diameter, filled with chromosrob C03 as packing material. The
detection temperature was set at 300 °C and the injection set
250 °C while the oven was set at 200 °C. Calibration of a gas
chromatography device was done carefully with a solution
with a known amount of MTBE. The results are then plotted
generating a calibration curve as a reference for future results.
After that, different concentration samples of MTBE were
prepared.

TABLE-1 
MTBE PROPERTIES BY SABIC 

Parameter Unit Quantity 
Purity wt % 98 min 
C4-hydrocarbons wt % 0.5 max 
C5-hydrocarbons wt % 1 max 
Methanol wt % 0.7 max 
tert-Butyl alcohol wt % 0.6 max 
Di-isobutene wt % 0.6 max 
Water ppm 500 max 
Sources: http://www.sabic.com/corporate/en/productsandservices/ 
chemicals/mtbe 

 
In 1 L, volumetric flask a measured amount of pure MTBE

is added to in order to obtain the target concentration needed.
The required concentrations in this study was adjusted at 2000,
1000 and 500 ppm by volume (v/v %). These concentrations
are corresponding to 1480.8, 740.4 and 370.2 ppm by mass
respectively. The usual concentration of MTBE in water is
actually less than of those specified above concentrations, in
order to investigate the ability of ultrasound to remove MTBE

at high concentration with very short period. Ray et al. [26]
investigated the reduction of MTBE in groundwater with an
initial concentration of 1300 (µg/L) ppm to decompose into
final concentration of 20 ppm or less, this value is specified
by USEPA [27].

A 50 mL sample with certain concentration of MTBE
placed in a cylindrical tube reactor attached with ultrasound
cell at the bottom. The solution irradiated with ultrasound for
a fixed period around 50 min. Each 10 min a sample with a
syringe (0.5 mL), was taken from the solution and directly
injected to the gas chromatography for analysis. To prevent
any MTBE escape from the solution to the atmosphere a watch
glass fitted at the top of the cylindrical reactor as shown in
Fig. 1.

Cylindrical ultrasound
reactor ID: 0.044 m,
Height 0.27 m

Teflon sheet support
Ultrasound vibrator 2.4 MHz

Fig. 1. Experimental setup for cylindrical ultrasound reactor

The experimental apparatus demonstrated in Fig. 1, which
consists of a cylindrical vessel with 44 mm inside diameter and
270 mm height. Watch glass cover attached to the cylindrical
ultrasound reactor. Electrical source with variable voltage
supply ranges from 0 to 40 volts was attached to the apparatus.
The electrical supply can also be adjusted to control the
electrical current source from 0 to 600 mA. All experiments
conducted at 24 volts and 500 mA, according to the specified
condition by ultrasound device wave generator manufacture.
Ultrasonic vibrator comprised of 20 mm diameter transducer,
which contains piezoceramics (sandwich) with titanium end
masses leading the face from which the ultrasonic emitted. It
has a frequency of 2.4 MHz and electric input power 9.5 Watt
and it supplied by Honda electronics Co. Ltd., of Japan, type
HM-2412.

RESULTS AND DISCUSSION

Fig. 2 shows the concentration profile for MTBE removal
at 2.4 MHz ultrasound waves and 50 mL volume of MTBE as
solution. It shows that the profiles are decreasing with the
increasing of time for three different concentrations, 2000,
1500, 500 ppm. This means that the MTBE in the solution is
removing with time due to the effect of irradiation by ultrasound.
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Fig. 2. Concentration profiles for MTBE removal at 2.4 MHz ultrasound
waves and 50mL volume of MTBE

The final solution tested by gas chromatography didn’t show
any sign of other compounds which means MTBE should have
either been broken down into gaseous molecules or degraded
into water or both. Literature suggests that it is possible for
MTBE to be oxidized into CO2 and water [28]. The results of
MTBE removal shown in Fig. 2, indicates that when the MTBE
concentration at higher the removal is almost the same for
MTBE at lower concentration. For example when the initial
concentration of MTBE is 2000 ppm and after 50 min the
concentration reaches 318 ppm with more than 84 % removal.
However, when the initial concentration of MTBE of 500 ppm
the final concentration reaches 90 ppm and after 50 min with
a removal parentage of 81 %. This percentage of removal in
such short time is acceptable to reach the standard regulation
for MTBE in groundwater according to USEPA, bearing in
mind that in actual case the initial concentration of MTBE
does not reach the investigated concentration in this study.

The effect of changing the liquid volumes inside the
ultrasound reactor on removal of MTBE is shown in Fig. 3 at
three different volumes 50, 40 and 30 mL. It is clear from the
figure that the relation between the removal rate and the liquid
volume inside the ultrasound reactor is an inverse function.
When the liquid volume (solution level) was 50 mL (for the
different MTBE concentrations 2000, 1000 and 500 ppm) the
removal of MTBE reaches more than 80 % for all MTBE con-
centration at 50 mL volume, compared to more than 95 % for
all MTBE concentrations, at 30 mL liquid volume and after
50 min. Therefore, the removal process of MTBE under ultra-
sound effect is more preferable toward a low volume inside
the ultrasound reactor.

Chemical kinetic removal models: The suitable chemical
removal model will be investigated here in which the process
will be tested for different kinetics order. The obtained results
fitted with different kinetics models namely first and second
order. The following simulation will show the best results
fitting for the obtained experimental results.

First order kinetics model: In this model the experi-
mental data were fitted according to simple first order rate:

1k t
oC(t) C e−= (1)

To obtain a liner fitting eqn. 1 rearranged to:
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Fig. 3. Effect of changing MTBE volume inside reactor after 50 min of
irradiation at different initial concentration

o 1lnC(t) lnC k t= − (2)

where k (min-1) is the first order rate constant can be estimated
from the slope by plotting ln C (t) versus time (t) as shown in
Fig. 4. The figure shows a consistency between the plotted
experimental data and the proposed model kinetics, where the
correlation factor (R2) is higher than 98 %.
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Fig. 4. First order model results fitting at 50 mL liquid volume and constant
frequency wavelength of 2.4 MHz at different concentrations of
MTBE

Second order kinetics model: The proposal of having a
second order kinetic model will be examined here. The change
in the removal concentration can be fitted by using the second
order kinetic equation model described by eqn. 3:

2dC
r kC

dt
− = = − (3)

For linear fitting the equation can be rearranged as:

o

1 1
kt

C C
= + (4)

where k is the second order removal rate constant and it can
be estimated from the slope after plotting 1/C vs. t. as demons-
trated in Fig. 5.

The experimental result shows that the fitted 1/C versus t,
for different initial concentrations of MTBE. Although the
fitting looks in a good consistency, still the R2, for the first
order is higher for all experimental data at different initial
concentrations. This means in this experimental work and at
these conditions the best kinetics model for the removal of
MTBE at 2.41 MHz ultrasound is best fitted with a first order
kinetics. The average reaction rate constant is estimated to be
0.035 min-1 according to results obtained from Fig. 4, at first
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Fig. 5. Second order model data fitting at 50 mL liquid volume and constant
frequency wave length of 2.4 MHz at different concentrations of
MTBE

order. Table-2 summaries the reaction rate constant at different
initial concentrations of MTBE.

TABLE-2 
REMOVAL RATE CONSTANT AT DIFFERENT INITIAL 

CONCENTRATION OF MTBE AND 50 mL VOLUME  
SOLUTION AND 2.4 MHz ULTRASOUND 

Initial concentration of MTBE (ppm) k (min–1) 
2000 0.038 
1000 0.033 
500 0.034 

 
Conclusion

The removal of methyl tert-butyl ether by employing the
high frequency of ultrasound has successfully obtained. The
experimental conditions selected in this study is fixed at three
different MTBE initial concentrations (2000, 1000 and 500
ppm), with three different volume solutions at ultrasound
reactor volume (50, 40 and 30 mL) has given a good results
for removal of MTBE within in a short period, during the
irradiation process. The results show that the removal process
of MTBE at 2.4 MHz and after only 50 min has exceeded
85 % of its initial concentration. The results also demonstrate
that the removal of MTBE could be obtained at lower initial
liquid volume 30 mL, regarding to the initial concentration of
MTBE, since the percentage of removal is almost the same
for three different initial concentrations. The kinetics model
study shows that removal of MTBE is following the first order
kinetics model with reaction rate constant k equal to 0.035
(min–1).
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