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Abstract. Graphene oxide (GO) was synthesized from
graphite powder by the improved Hammers method and
used for the adsorption of organosulfur compound
(dibenzothiophene, DBT) from model diesel fuel. FT-IR
spectroscopy, X-ray diffraction, SEM, EDX, and BET
were used to characterize the GO. Several factors, such as
solution pH, initial DBT concentration, adsorption contact
time, adsorption temperature, and adsorbent dosage were
used to test the DBT removal efficiency. The results show
that the maximum removal was 96.4 % at pH = 5, initial
solution concentration of 200 ppm, adsorption time of
45 min, temperature of 45 °C and adsorbent dosage of
0.4 g/25 mL.
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1. Introduction

The production of fuel oil with free sulfur content
(10-15 ppm) under USEPA guidelines has been a major
problem for most countries using the desulfurization
process'. Although the hydrodesulfurization (HDS)
method is widely used to remove sulfur compounds from
diesel fuel, it is still less effective for persistent sulfur
compounds such as benzothiophene (BT) and its
derivatives, which are highly resistant to thermal
decomposition in the refinery™>.

Over the past few decades, various technologies
have been developed for sulfur removal: oxidative
desulfurization (ODS), adsorption desulfurization (ADS),
biodesulfurization (BDS), and extractive desulfurization
(EDS) methods®. In the oxidative desulfurization (ODS)
process, sulfur compounds are converted to sulfoxides and
sulfones using appropriate oxidizing agents under mild

! Department of Petroleum and Gas Refining Engineering, College of
Petroleum Processes Engineering, Tikrit University, Iraq

? Tikrit University, College of Chemistry, North Refinery Company, Oil
Ministry, Iraq

Y jasim_alhashimi_ppe@tu.edu.iq

© Mahmood Q., Humadi J., Algawi R., Nawaf A., Ahmed 1., 2024

conditions™ ©, whereas the adsorption desulfurization
(ADS) process removes sulfur from oil fractions by
adsorption on high surface area adsorbents’. In the
biodesulfurization (BDS) method, bacteria are used as
catalysts to remove organosulfur compounds from oil
fractions without breaking the hydrocarbon chains®.
Appropriate solvents are used in the process of extractive
desulfurization (EDS) to remove more soluble organic
sulfur compounds from fuels. This process is carried out
under mild operating conditions’. The relatively low cost,
environmental friendliness, and ease of operation make
adsorption a widely used method among these methods'.

Graphene is a one-atom-thick carbon (sp2) with a
two-dimensional (2D) layer. Excellent electrical, thermal
and mechanical stability, in addition to a high specific
surface area, are the main properties that make it an
excellent adsorbent in industry''. Graphene oxide has the
potential to be used as an adsorbent due to its non-
specificity. Recently, many carbon-based materials, such
as carbon nanotubes (CNTs) and graphene oxides (GOs),
have been used in adsorption compared to zeolites and
metal oxides'* .

In this work, graphene oxide was synthesized from
natural graphite powder using an improved Hammers
procedure. The graphene oxide was analyzed using FTIR,
XRD, SEM, EDX, and BET. The effect of various factors,
such as solution pH, initial DBT concentration, contact
time, temperature, and adsorbent dosage on the adsorption
efficiency was investigated.

2. Experimental

2.1. Materials

Natural graphite powder (< 20 um) was supplied
from Sigma Aldrich. All chemical reagents used in this
research, 98 % sulfuric acid (H,SOy4), 85 % phosphoric
acid (H3PO,), potassium permanganate (KMnQOy), 30 %
hydrogen peroxide (H,0,), 36 % hydrochloric acid (HCI),
and absolute ethanol were purchased from Sigma Aldrich.
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2.2. Preparation of Adsorbent

Graphene oxide (GO) has been synthesized from
graphite powder by chemical oxidation using the
improved Hummers method'®. Firstly, 9/1 volume of
concentrated H,SO, and HsPO, were mixed and stirred
for 15 min at 0-5 °C. 3.0 g of graphite powder and 18 g of
KMnO, were added to the solution under continuous
stirring. Then the solution was heated at 35 °C for 4 h
under stirring. 250 mL of deionized water (DW) was
added gradually to raise the temperature of the solution to
95 °C and kept for 15 min. Then, 30 % H,0, (5 mL) was
added to reduce the residual oxidants. The solution was
centrifuged at 4000 rpm, washed with deionized water
several times, washed with 5% HCI, and finally dried at
70 °C all night.

2.3. Batch Adsorption Experiments

The removal efficiency of DBT from simulated
diesel fuel was studied in a batch adsorption system with a
speed of 300 rpm. 0.1M HCI was added dropwise to the
solution to adjust the pH at the range of 4—7. DBT was
dissolved in 25 mL of n-hexane as a stock solution with
an initial concentration of 200-500 ppm. All adsorption
experiments were performed at temperatures of 25-55 °C,
contact time of 15—60 min, and adsorbent dosage of 0.1—
04 g. After completing each run, the sample was
centrifuged to separate the sorbent, and finally, the sample
was analyzed to determine the percentage of sulfur
remaining. The removal of sulfur components was
obtained using the equation

Co-Cy

% Removal = -100,

0

where C, represents the initial sulfur content (ppm), and
Crrepresents final sulfur concentration (ppm).

3. Results and Discussion

3.1. Adsorbent Characterization

FTIR spectroscopy was used to examine the bond
stretch interaction in the graphene oxide as shown in Fig. 1.
The stretching of C=C, C=0, and —OH groups are
observed at 1620 cmﬁl, 1735 cmﬁl, and 3433 cmﬁl,
respectively. This indicates that oxygen functional groups
were introduced between the graphene oxide layers during
the oxidation'> '°.

The X-ray diffraction pattern for GO powder is
shown in Fig. 2. A sharp peak was observed at 20 = 12.26°
with a d-space distance of 0.79 nm'’. The results showed
that the regular crystalline pattern of graphite was
damaged, and oxygen functional groups appeared in the
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GO structure, which is similar to the value reported in the
literature'®.
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Fig. 1. FT-IR spectrum of graphene oxide
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Fig. 2. XRD pattern of graphene oxide

The SEM image of GO is shown in Fig. 3. The
surface morphology of GO showed a folded and wrinkled
curtain sheet. This morphology indicates that graphite was
well-exfoliated during the oxidation process'”.

SEM MAG: 5.00 kx

wWD: 5.43 mm =1: 7.00

View fleld: 41.5 um | Date(m/d/y): 06/30/22

Fig. 3. SEM image of graphene oxide
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The chemical composition of graphene oxide was
determined by EDX spectroscopy as shown in Fig. 4. It
was observed that GO consists of carbon and oxygen with
a ratio of 1:1, and some impurities of less than 7 % are
derived from graphite™.

Qahtan A. Mahmood et al.

The surface area (Spgr) volume of the pore
(Vp) and diameter of the pore (D,) of GO were
calculated using the Brunauer Emmett and Teller
BET (ISO-9277-2010) method. The wvalues are
summarized in Table 1.
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Fig. 4. EDX spectrum of graphene oxide

Table 1. Structure properties of Graphene oxide

Surface Area (Sgzr),
m/g

Volume of the pore (Vp), Diameter of the pore (D)),
em’/ g nm

Graphene oxide 29.80

0.18 436
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Fig. 5. pH effect on removal efficiency [Temp = 25 °C, contact time =15min,
DBT concentration = 300 ppm, and adsorbent dosage = 0.2 g]

3.2. Adsorption Performance

The influence of several operating conditions, for
example, initial pH, DBT concentration, contact time,
temperature, and adsorbent dosage on the efficiency of
adsorption DBT has been investigated using graphene
oxide as an adsorbent. 25 mL of simulated diesel fuel was
used for the experimental batch.

3.2.1. Effect of Initial pH

The effect of initial pH on the removal efficiency
of DBT was studied at pH =4, 5, 6, and 7 under other
constant conditions (temperature 25 °C, contact time
15 min, DBT concentration 300 ppm, and adsorbent dosa-
ge 0.2 g). The results are shown in Fig. 5. The maximum
removal was found to be 72.1 % at pH = 5. The increase
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in the pH value decreased percentage removal, so the pH
value of 5 was selected as the optimal one®'.

3.2.2. Effect of Initial Concentration of DBT

The effect of different initial concentrations of
DBT on the removal efficiency was investigated at 200,
300, 400, and 500 ppm (Fig. 6). In brief, the removal
efficiency dropped dramatically with the rising concent-
ration of DBT*. The optimal value for DBT removal was
75 % with the DBT initial concentration of 200 ppm.

3.2.3. Contact Time Effect

The effect of contact time (from 15 to 60 min)
on the DBT adsorption (200 ppm) was investigated at
pH = 5, and a temperature of 25 °C. It was shown that
the rate of DBT removal increased slightly from 75.8 %
to 82.9 % with the increase in time®>** and the adsorp-
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tion / desorption equilibrium was reached at about 45
min (Fig. 7).

3.2.4. Temperature Effect (Fig. 8)

The temperature effect was examined at 25, 35, 45,
and 55 °C and the results can be seen in Fig. 8. It was
noticed that the percentage of DBT removal increased
gradually to 89.5 % when the temperature was raised from
25t0 45 °C* %

3.2.5. Adsorbent Dosage Effect

Fig. 9 shows the effect of adsorbent dosage on the
adsorption of the DBT. The study was carried out at the
dosage of 0.1-04 g, a temperature of 45 °C, the
equilibrium time of 45 min, and pH of 5.0. The efficiency
of DBT removal increased dramatically with increasing
dosage of adsorbent. The maximum removal of DBT was
96.5 % at adsorbent dosage of 0.4 g*"*.
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Fig. 6. Effect of DBT concentration on removal efficiency [pH = 5, Temp = 25 °C,
contact time = 15 min, and adsorbent dosage =0.2 g]

100
95
90
85

70
65
60
55

Removal efficiency %

80 ././"__‘
75

50

0 10 20 30

Time (min)

40 50 60 70

Fig. 7. Contact time influence on removal efficiency [pH = 5, DBT concentration = 300 ppm,
Temp = 25 °C, and adsorbent dosage =0.2 g]
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Fig. 8. Effect of temperature on removal efficiency [pH = 5, DBT concentration = 300 ppm,
contact time = 45 min and adsorbent dosage = 0.2 g]
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Fig. 9. Adsorbent dosage effect on removal efficiency of DBT [pH =5, DBT concentration = 300 ppm,
contact time = 45 min and temperature = 45 °C]

4. Conclusions

Carbon materials such as graphene oxide were
prepared using an improved Hummers method.
Introducing oxygen functional groups on the GO surface
could increase the d-space between layers to 0.38 nm. The
efficiency of graphene oxide for DBT adsorption was
investigated under a wide range of conditions, for
example, initial pH, DBT concentration, contact time,
temperature, and adsorbent dosage. The results showed
that maximum removal was 96.5 % under the following
conditions (pH = 5, the concentration of DBT = 200 ppm,
contact time = 45 min, temperature = 45 °C, and adsorbent
dosage =0.4 g.
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AJICOPBIIMHE 3HECIPYEHHS IMITOBAHOI'O
JU3EJIbBHOI'O ITAJINBA 3 BUKOPUCTAHHSAM
OKCHUay rPA®EHY

Anomauyin. Okcuo epagpeny (OI) cunmesosarno i3 epa-
@imosozo nopowiky 3a 600ckoHarenum memooom Xammepca i u-
KOpUCMaHo 0iist adcopOyii  CipkoopeaniuHoi cnonyku (Oubenso-
miogeny, /IFT) i3 modenvroco ouzenvrioco namuea. /s xapakme-
pucmuxu O suxopucmarno [Y4-cnexmpockonito, penmeeHi6cbKy
ougparyiro, CEM, memoo enepzoducnepcitinoi penmeeniecokoi
cnexmpocxonii (EDX) ma BET. /s nepegipku epexmusnocmi
eunyuennst JIBT Oocnioocerno Oexinbka axkmopie, maxux sik pH
posuuny, nouwamkosa Konyewmpayis JBT, uac koumaxkmy
adcopbyii, memnepamypa aocopbyii ma 003y8anHs. adcopOeHmy.
Peszynomamu noxaszyioms, wo MaKcumaibHe 8ULY4eHHs CMAHOBUIO
96,4 % 3a pH = 5, nouamkosoi xonyenmpayii pozuurny 200 m. u.,
uacy adcopbyii 45 x8, memnepamypu 45°C i 0o3zyeamms
aocopbernmy 0,4 2/25 m.

Knrouosi cnosa: aocopbyiiina oecynvghypusayis, oubenzo-
miogpen, oxcuo epagheny.



