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Research subject: Electromagnetic heating is one of the new methods
of upgrading and increasing heavy oil extraction. In this method, elec-
tromagnetic waves will increase temperature, break heavy compounds,
reduce viscosity, and improve and increase oil recovery.

Research approach: In this research, magnetic iron oxide nanoparti-
cles (Fe,0,) were synthesized by the co-precipitation method, and the
efficiency of these nanoparticles in the process of electromagnetic heat-
ing and heavy oil upgrading was investigated. Also, a comparison was
made between the effect of these nanoparticles in the process of elec-
tromagnetic heating and activated carbon. In this process, oil samples
containing 0.1% of Fe,0, nanoparticles or activated carbon were irradi-
ated with microwave (frequency 2.54 GHz and power 400 W) for 0 to 8
minutes, and the temperature and viscosity variation were investigated.

Main results: The results showed that microwave radiation increased
the temperature of the samples. The temperature of the sample of crude
oil, crude oil with activated carbon (0.1 wt. %), and crude oil with Fe,O,
nanoparticles (0.1 wt. %) increased from ambient temperature to 70,
82, and 90 °C, respectively, under wave radiation for 8 minutes. Also,
the most significant decrease in viscosity was reported in 4 minutes:
the viscosity of crude oil sample, crude oil with activated carbon, and
crude oil with Fe O, nanoparticles under wave irradiation for 4 minutes
decreased 295 mPa.s to 261, 254, and 223 mPa.s, respectively. In other
words, the viscosity of the samples under wave irradiation for 4 minutes
for crude oil, crude oil with activated carbon, and crude oil with Fe,O,
nanoparticles decreased by 11.5, 13.9 and 24.4%, respectively.
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Table 1. Characteristics of used materials

No. Material Company Application
1 Deionized water Deionizer-FNR12- Synthesis and washing the
Nanoparticles

2 FeCl,.4H,0 Merck Nanoparticles Synthesis

3 FeCl,.6H,0 Merck Nanoparticles Synthesis

4 Sodium Hydroxide (NaOH) Merck Nanoparticles Synthesis

5 Activated carbon Merck Electromagnetic Heating Process

6 Crude oil Southwestern oil Electromagnetic Heating Process
Reservoirs of Iran
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1-Nitrogen Gas Capsule
2-Water Bath

3-Three Mouth Flask
4-Amonia Solution
5-Mechanical Stirrer
6-Power Supply
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Figure 1. Schematic of the synthesis system of magnetic iron oxide (Fe,0,) by co-precipitation method
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Figure 2. FTIR analysis results of Fe,0, synthesized
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Figure 8. Viscosity variation during microwave heating in the presence of magnetic iron oxide and activated carbon
and their absence
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Table 2. Comparison and review of researches regarding the effect of nanoparticles under microwave radiation to
upgrading and enhancing oil recovery

. investigation of
Number Authors & Type o.f synthesis type of waves electromagnetic results
year nanoparticles method used :
properties
better efficiency of iron
1 Current Fe,0,, Carbon Co- Mi oxide na.noparticles .
research Active precipitation icrowave * than a.ctlva.ted c.arbon n
reducing viscosity
Greater efficiency of iron
Gharibshahi Hybrid of iron Co- oxide-carbon nanotube
2 etal,,2022 | oxide and carbon precipitation Microwave + nanohybrids in reducing
15]] nanotubes viscosity
T Greater efficiency of iron
3 Armandi Iron oxide and Co- Microwave _ OX(lide _nanopartlcles l?
etal,,2021 nickel oxide precipitation reducing C‘_)ntf"wt angle,
12]] reducing oil viscosity
iron oxide Greater efficiency of iron
4 Hasani et al, | titanium oxide and Co- Microwave ) _OXIde n.anop'z}rtlcles mn
19],2022] hybrid iron oxide- | precipitation Increasing ol recovery
titanium oxide
Enhancing heavy oil
5 Ahetal mlgflna(:i(eusiee g)r(li(tiie Sol-Gel Elech e + recovely
20],2020] ganese Wave
nanoparticles
Greater efficiency of iron
Wahaab et Zinc oxide Co- Electromagnetic oxide nanoparticles in
6 al,,2020 nanoparticles, S + increasing oil recovery
21]] ferrite-bismuth precipitation Wave
Reducing viscosity
by nanoparticles and
7 Xu etal, zinc oxide and iron Co- Microwave ) increasing the efficiency
22],2019] oxide precipitation of magnetic oxide
graphene in the presence
of hydrogen donor
Greater efficiency of
iron nanoparticles
Nasri et al, Graphene oxide . . in oil upgrading ar.ld
8 . . Commercial Microwave - asphaltene reduction
23],2019] and iron oxide . . -
- increasing efficiency
by using hydrogenating
agent
Greater efficiency of
. . N activated carbon in
Taheri- iron, titanium reducing viscosity and
9 Shakib et al, oxide and super Commercial Microwave = & e v
51,2018] activecarbon greater efficiency of
! iron nanoparticles in
reducing asphaltene
Increasing efficiency in
Bera et al Carbon and reducing viscosity by
10 14] 2017i graphene Commercial Microwave - reducing particle size
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