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Trace levels of sulfur compounds in crude oil is one 
of the major problems.

Abstract

Characterization of CNT/TiO2

 X-ray Diffraction

 Scanning Electron Microscope

 Energy dispersive X-ray

 Fourier Transform Infra-Red 

Introduction

Membrane Flow Reactor

100 ppm of sulfur compounds in diesel 

Methods and Materials

Results and Discussion

• For the first time film shear reactor using titania
nanocomposite suspension was used for the 
removal of sulfur contaminants in diesel samples.

• The proposed method is simple, fast, inexpensive 
and efficient, the parameters of the removal were 
optimized and the removal efficiency was around 
80%.

Conclusions

• The sulfur compounds (such as thiophene, 
benzothiophene, dibenzothiophene.) are 
naturally present in the crude.

• The removal of sulfur compounds from crude oil 
is very important to improve its quality. 

• Desulfurization of diesel is actually carried out by 
hydro-treating. Generally, this allows the 
elimination of aliphatic and alicyclic sulfur 
compounds. 

Limitations of HDS

• Requires high purity, high pressure of H2

• Leads to reduce the octane numbers of fuel
• Hydrogen consumption also increases very 

sharply at very low product sulfur levels

Other methods used for Desulfurization

Results and Discussion

Oxidative-
desulfurization 

The sulfide contaminants are 
oxidized through the sulfoxide and 
onto the sulfone

Ionic liquids
The ionic liquids was used as direct
extracting agent for the sulfur 
contaminants

Extractive-
desulfurization 

The removal of sulfur contaminants 
based on the solubility of sulfur in 
certain solvent

Adsorptive 
desulfurization 

This process is depend on the ability 
of solid sorbent to adsorb the sulfur, 
(activated carbon, alumina, and 
MWNT and their corresponding 
composite.

Methods and Materials

Reactor Gap Size

Comparison between TiO2, CNT & CNT/ TiO2 composite

Motor Speed Suspension concentration

Pump Flow rate

• In this work film shear 
reactor  was used for the 
removal of sulfur 
contaminant from model 
fuel.

• The parameters of the 
removal were optimized 
and this method showed 
excellent removal 
efficiency from 70 – 80%.
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CNTs

H2SO4: HNO3 

100ml (3:1)

Reflux 8h at 120oC

Filtration, Washing, Drying@120oC

Titanium

tetraisopropoxide
solution

Hydrolyzed with 100ml 
EtOH 50%

Viscous Titania
Solution

100ml EtOH 50%

sonication 4 Hrs

CNTs
solution

+

1)Reflux 6 h2)Calcination
@350oC
For 3hrs

CNT/TiO2XRD,FESEM, EDX and FT-IR
Characterization

0.1 g of CNTs

5 g

Stirring 

1.0 g

CNT/TiO2
Hexane

Sonication for 10 min
CNT/TiO2 Suspension

Solution A (Fuel Model)

100 ppm of sulfur compounds in diesel matrix. 

Solution B (CNT-TiO2 Suspension)

GC-SCD

0

20

40

60

80

100

120

140

10 20 30 40 50 60 70 80

In
te

n
si

ty
 (

a.
u

.)

2 (deg)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

0 0.02 0.04 0.06 0.08 0.1 0.12

R
e

m
o

va
l%

Dosage wt/v%

Thio BT mBT dmBT DBT mBT
0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

0 10000 20000 30000 40000 50000 60000

R
e

m
o

va
l%

Motor speed/rpm

Thio BT mBT dmBT DBT mDBT

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

0 5 10 15 20 25 30 35 40 45

R
e

m
o

va
l%

Flow rate ml/min

Thio BT mBT dmBT DBT mDBT

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

0 100 200 300 400 500 600

R
e

m
o

va
l%

Gap Size/µm

Thio BT mBT dmBT DBT mDBT

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

TiO2 CNT CNT/TiO2

Re
m

ov
al

 %

Sorbent

Thio

BT

mBT

dmBT

DBT

mDBT

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

Original Cycle 1 Cycle 2

R
e

m
o

va
l %

Regeneration cycles

Thio BT mBT dmBT DBT mDBT

CNT CNT/TiO2

Regeneration of CNT/ TiO2

Removal Parameters Optimization 


