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Abstract

The removal of contaminants in petroleum ether 40-60 with an adsorption method

using 9 types of activated carbon (AC) was investigated. The optimum condition was achieved

by varying the types of AC, ratios between solvent volume to AC amount, and adsorption time.

The GC-FID results reveal that the main impurity in petroleum ether 40-60 is styrene. By using
activated carbon type BITU8x30 with a ratio of 900L:135Ke and adsorption time of 24 hours,
styrene was removed up to 98.43%. The purification of petroleum ether 40-60 was also

confirmed by UV-visible spectrometry. This adsorption method provides efficiency, cost

effectiveness and low energy consumption. Moreover, this proposed method can reduce time

and steps of petroleum ether 40-60 purification in industrial scale as well.
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1. Introduction

The purification of organic chemicals
depends on the nature of the compounds
and the impurities in them. Generally, various
methods can be used for purification of
organic compounds, such as filtration [1],
distillation [2], chromatography [3]. The
organic solvent named petroleum ether 40-
60 s

companies and in the manufacturing process.

mostly used by pharmaceutical
It is a lightweight hydrocarbon used chiefly as
a nonpolar solvent. The requirement for

petroleum ether in laboratory uses as

solvent and extraction solvent is analytical
grade (AR). Thus, purification of petroleum
ether is required.

Recently, adsorption is one of the
effective  methods for removal pollutant
[4-7]. The method provides simplicity, cost-
effectiveness, and high efficiency. Activated
carbon (AC) is porous, inexpensive and
readily available for use as adsorbents. It is
widely used as an adsorbent in wastewater
treatment because of its high adsorption
capacities, extremely high surface areas,

micropore volumes, and fast adsorption. The
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adsorption of organic solvents, such as
styrene [8] toluene [9] benzene [10] by
activated carbon was reported. Therefore,
the adsorption process for removal of

contaminates in  petroleum  ether s
considered promising as described above.
Therefore, the different types of commercial
AC, the ratio of solvent volume to adsorbent,
and adsorption time were investigated to
obtain  the

purification of petroleum ether in industrial

optimized  condition  for

scale.

2. Experiments

2.1 Chemicals and instruments

Nine types of commercial AC (COCONUT,
HRLC-105, BITU, BITU8x30, BITU12x40,
GB1000, HR1240, YL-303, HRCS1240) were
purchased. Raw material of petroleum ether
40-60 was obtained from RCl Labscan. The
amount  of

contaminated  styrene was

detected by UV-Visible Spectrophotometer

with  single beam (Agilent Technology,
Uv8453) and Gas Chromatograph-Flame
lonization ~ Detector  (GC-FID)  (Agilent

Technology, 7890A).

2.2 Adsorption processes

The removal of styrene in raw material of
petroleum ether 40-60 (RM) was carried out
by batch reactor. The 9 types of commercial
AC (COCONUT, HRLC-105, BITU, BITU8X30,
BITU12x40,  GB1000, HR1240,  YL-303,
HRCS1240) were employed as adsorbent.
The volume of RM was fixed at 50 mL. The
adsorbent was varied (2.5, 5.0 and 7.5 9),
corresponding to the ratio of 900L:45kg,
900L:90kg and 900L:135kg, respectively. The

adsorption time was also investigated (4, 8
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and 24 hours). The removal of styrene
contaminated in RM was detected by GC-FID
and UV-Visible spectrophotometry.

3. Results and discussion
Fig. 1 presents raw material of petroleum
ether 40-60 chromatogram. The experimental
confirm that RM is

contaminated with styrene as seen at the

results mainly
retention time of about 8.6 min. The
presence of styrene in the solvent (RM)
results in a clearly intense odor. Therefore,

removal of it to purify the RM is required.

Styrene

Time (min)

Fig. 1 Chromatogram of raw material of
petroleum ether 40-60 contaminated with

styrene.

Styrene's removal from petroleum ether
40-60 was examined using various AC types,
solvent to adsorbent ratio and adsorption
times. As shown in Fig. 2, the results show
that the amount of styrene decreases with
adsorption time. The lowest amount was
found at 24 h. The results also present that
the removal of styrene increases with
increasing the ratio between solvent volume
to AC amount. Its results from the increases
of total surface area to adsorb styrene on its
surface. According to the findings, bituminous
AC type can lower styrene levels more

effectively than other types.
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Fig. 2 Adsorption of styrene by different types of activated carbon with various ratio. (a), (b) and

(c) present adsorption under 4, 8 and 24 hours, respectively.
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Fig. 3 Chromatogram of petroleum ether 40-60 under the condition without adsorption (a) and
with adsorption by BITU8X30 (b).

Table 1. Removal efficiency of styrene under adsorption by different types of AC

%Removal of each AC type

Adsorption
HR LC- BITU BITU GB HR YL HRCS-
time Coconut BITU
105 8x30 12x40 1000 1240 303 1240
4 90.82 91.15 86.82 86.76 8833 80.08 9180 62.17 77.59
8 88.96 9453 93.06 9499 9383 9463 9131 T77.27 85.66
24 94.30 98.27 98.04 9843 9759 9471 9507 87.05 98.09
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Fig. 4 UV-Visible spectra of Petroleum Ether 40-60 in case of (a) raw material, (b) under the

adsorption by AC (BITU8X30) and (c) distillation.

The removal efficiency was evaluated by
using equation as follows:
%Removal = Ay = A x 100
Ao
Where A, and A are the %peak area of
styrene before and after adsorption.

The removal efficiency was summarized
in Table 1. All types of AC can remove more
than 85% styrene within 24 hrs. Moreover,
the ratio of 900 L to 135 kg of BITU8X30
the  highest efficiency
(98.43%). Therefore, this is the best condition

for removal of styrene from raw material of

shows removal

petroleum ether 40-60.
BITU8X30 activated carbon is produced
from bituminous coal containing 80 — 90 %

of carbon content [11]. Also, it has high

density and low moisture content, so it's
effective in high absorption of aromatic
compounds. The interaction between AC

would be the Van der Waals

forces of nonpolar molecules, specifically

with styrene

London dispersion forces [8-10]. Also, the
porous structure provides numerous sites
where styrene molecules can physically
adsorb onto the carbon surface.

The

confirmed by the GC results as shown in

styrene  removal was  again

Fig.3. The results show that styrene is totally

removed, indicated by reduction of the

styrene peak. This insists that the designed
adsorption process for styrene removal can
be successfully done. UV-VIS technique is
also employed to analysis
petroleum ethers 40-60 solvent (RM). As
shown in Fig.4, the transmittance at the

purity of ¥

wavelength between 210-250 nm increases,
confirming that the RM is purified by the
the

experimental results showed that the purity

adsorption by  AC Moreover,
of the solvent treated with activated carbon
adsorption was comparable to that obtained
through distillation.

4. Conclusion

The removal of styrene from petroleum
ether 40-60 raw material by the adsorption
with AC is successful. The purity of the
solvent through AC adsorption provides
that of the

However, adsorption

efficiency
distillation
presents simplicity, low energy consumption,
this

research shows the first time of using new

comparable to
process.
and cost effectiveness. Moreover,
method for solvent purification based on

adsorption instead of distillation

(conventional method) in industry.
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