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Abstract

The development of non-hydrogen desulfurization processes is an important Received: 15 December 2023
necessity due to the reduction of operational costs. Extractive desulfurization is Accepted: 16 March 2024
one of the most important non-hydrogen processes for removing sulfur Page Number: 100-116

compounds from liquid fuels, which has been successful in removing various
sulfur compounds. One of the methods of intensifying chemical processes is to
carry out that process in small dimensions (millimeters, micrometers and
nanometers), which has received attention under the title of microfluidic
technology in recent years. By reducing the hydrodynamic diameter of
the contacting entities, the surface-to-volume ratio increases significantly, leading
to the emergence of new phenomena. One of the benefits of using microfluidic
technologies is the improvement of mass and heat transfer coefficients, which
accelerates the process. Performing extraction processes in microfluidic systems
intensifies the extraction process and significantly reduces the process time. It
also makes the process easier to control and safer. The efficiency of a microfluidic
device for extraction depends on the available mass transfer surface and
penetration length, which itself depends on the type of two-phase flow pattern
formed. The formation of different patterns depends on the physical properties of
liquids (density, viscosity, surface tension, wetting parameters), operating
conditions (flow rate of two phases, flow ratio of phases) and channel geometry
(width, depth, internal structure, input structure). According to the research
conducted, by increasing the length of the channel, the residence time of the fluid
increases, which leads to an increase in the amount of desulfurization, and by
reducing the diameter of the channel due to the increase in the mass transfer
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surface, the overall mass transfer coefficient improves. By increasing the speed of Keywords:

the solvent and fuel, on the one hand, it leads to the improvement of Extractive Desulfurization,
the volumetric mass transfer coefficient, and on the other hand, by increasing ere s

the speed, the residence time of the fluid in the microchannel decreases, which ) ’

leads to a decrease in the desulfurization rate. In this study, research on Microchannel,

extractive desulfurization and important process parameters in microfluidic Process Intensification

systems have been reviewed.
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Figure 1. The structure of the most common sulfur-containing compounds in the liquid fuels [S].
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Table 1. Comparison of different desulfurization methods [10,11].

Advantages

It can be apply on all oil cuts from naphtha to
heavy residues.

In addition to sulfur compounds, it also removes
nitrogen compounds and various metal
impurities.

Low amount of hydrogen gas used
Achieving very low amounts of sulfur

Easy oxidation of very resistant sulfur
compounds
Moderate operating conditions
No need for hydrogen gas

Moderate operating conditions
Ability to produce less greenhouse gases
Production of valuable by-products
Selectivity of desulfurization
No need for hydrogen gas

Can be used for all types of cuts
No need for hydrogen
Appropriate process conditions
Production of hydrogen gas

Disadvantages

Hard operating conditions
Hydrogen consumption
The need for highly active catalysts
Energy consumption and high cost
Limitations in desulfurization of
dibenzothiophenes
Low absorption capacity of the adsorbent and the
need for a large amount of it
Difficulty in recovering absorbents
The need for selective adsorbents for sulfur
compounds
Non-selective oxidation by oxidants
Expensiveness and toxicity of the reported
systems (cost and safety)
Choosing the right solvent
Low removal of sulfur
It is difficult to separate microorganisms and the
organic-aqueous phase
Short life span of microorganisms
The cost of the cultivation environment and
catalysts
Simultaneous extraction of aromatic compounds
and sulfur compounds
Choosing the right solvent

Additive to the complementary process

Supercritical Water

heavy oil

Suitable for feed with high viscosity such as

The complexity of process chemistry
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Figure 2. The structures of some of Commonly used cations in Ionic liquids [18].
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Figure 3. The structures of some of Commonly used anions in Ionic liquids [18].
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Figure 4. Representative structures of HBAs and HBDs for the preparation of DESs [20].
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Figure 5. Experimental setup for extractive desulfurization: (1) Fuel Pump, 2) Solvent Pump, 3) Micro-channel,
4) Microscope, 5) Beaker for sample collection, and 6) Computer to save photos).
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Figure 6. The effect of solvent flowrate and solvent to fuel flowrate ratio on flow patterns [45].
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Figure 7. (a) The effect of solvent on the desulfurization efficiency [48] and (b) The effect of solvent on the desulfurization efficiency [50].
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Figure 8. (a) Effect of channel diameter on the extractive desulfurization efficiency [46] and
(b) Effect of channel diameter on the extractive desulfurization efficiency [51].
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Figure 9. (a) The effect of length of the channel on extractive desulfurization efficiency [52] and
(b) The effect of length of the channel on the extractive desulfurization efficiency [48].
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Figure 10. The effect of Solvent-to-fuel flowrate ratio on desulfurization [48].
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Table 2. List of articles related to extractive desulfurization in microchannel.

Solvent type

microchannel characteristics

Sulfur
removal
(%)

optimum condition Reference

. Solvent to fuel fl tio:
Material: Glass Olventfo TUeTTIoW ratio
0.5
. Diameter (mm): 1.22 Total rate (m/s): 0.2
1 Model Deep Eutectic 47.23 [52]
Length (cm):10, 20, 30, 50 Channel Length (cm): 50
. Channel Diameter (mm):
Junction Shape: T and Cross (mm)
1.22
Material: Borosilicate Solvent to fuel flow ratio: 1
Diameter (mm): 0.5, 1, 2 Total rate (m/s): 0.03
2 Model  Deep Eutectic Length (cm): 10, 30, 60 Channel Length (cm): 60 81 [49]
. Ch | Diamet :
Junction Shape: T annel Diameter (mm)
0.5
Material: Fluorinated ethylene Solvent to fuel flow ratio: 1
propylene
- Diameter (mm): 0.580 Total flow rate (uL/min):
3 Model lonic Liquid 1215 44 [45]
Length (cm): 200-1200 Residence time (s): 120
. Channel Diameter (mm):
hape: T
Junction Shape 0.580
Material: Glass Solvent to fuel flow ratio: 1
. Diameter (mm): 0.8 Flow rate (mL/min): 0.12
4 Model Deep Eutectic 78.28 [50]
Length (cm): 20 Length (cm): 20
Junction Shape: T Diameter (mm): 0.8
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14

Diesel

Model

Diesel

Gas
Conden
sate

Model

Model

Model

Diesel

Model

Model

Solvent type

Dimethylform
amide

Acetonitrile

Deep Eutectic

Dimethylform
amide
Furfural

Dimethylform
amide
Acetonitrile
Methanol
Polyethylene

glycol

Polyethylene
glycol 400

lonic Liquid

lonic Liquid

Deep Eutectic

Polyethylene
glycol 300

Deep Eutectic

microchannel characteristics

Material: Glass
Diameter (mm): 0.79
Length (cm): 32
Junction Shape: T
Material: Glass
Diameter (mm): 0.6, 0.8, 1.2
Length (cm): 10, 20, 30
Junction Shape: T
Material: Glass
Diameter (mm): 0.79, 1.07,
1.27
Length (cm): 16, 32, 64
Junction Shape: T

Material: Glass

Diameter (mm): 0.79
Length (cm): 10, 20, 30

Junction Shape: T

Material:
Polytetrafluoroethylene
Diameter (mm): 0.5
Length (cm): 100-200
Junction Shape: T
Material: Fluorinated ethylene
propylene
Diameter (mm): 0.508
Length (cm): 200
Junction Shape: T
Material:
Polytetrafluoroethylene
Diameter (mm): 0.5, 1, 1.5, 2
Junction Shape: T

Material: capillary Glass

Diameter (mm): 0.6, 0.8, 1.2
Length (cm): 10, 20, 30
Material:
Polytetrafluoroethylene
Diameter (mm): 0.5
Length (cm): 100

Junction Shape: T

Material: Borosilicate
Diameter (mm): 1.22
Length (cm): 10, 30, 50

Junction Shape: T

optimum condition

Solvent to fuel flow ratio: 1
Flow rate (mL/min): 2.86
Length (cm): 32
Diameter (mm): 0.79
Solvent to fuel flow ratio: 1
Residence time (s): 17
Length (cm): 20
Diameter (mm): 0.6
Solvent to fuel flow ratio: 1
Fuel and solvent rate (m/s):
0.097
Length (cm): 64
Diameter (mm): 0.79

Solvent to fuel flow ratio: 1

Flow rate (mL/min): 1
Length (cm): 20

Diameter (mm): 0.79

Solvent to fuel flow ratio: 1

Flow rate (mL/min): 0.107
Length (cm): 200
Diameter (mm): 0.5
Solvent to fuel flow ratio:
0.5
Flow rate (mL/min): 0.55
Length (cm): 200
Diameter (mm): 0.5
Solvent to fuel flow ratio:
0.5
Residence time (s): 60
Diameter (mm): 0.5
Fuel flow ratio (mL/min):
0.66
Length (cm): 20
Diameter (mm): 0.6

Solvent to fuel flow ratio: 1

Residence time (s): 60
Length (cm): 100
Channel Diameter (mm):
0.5
Solvent to fuel flow ratio: 1
Total rate (m/s): 0.02
Length (cm): 50
Channel Diameter (mm):
1.22

Sulfur
removal
(%)

70.3

70.8

85

66.31

94.06

33.1

66.3

73.02

99.36

94.30
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