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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 O 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 0,
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,0, 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 0,
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

i Jsloe 50 ly3s 36 sars Jlesl byl 5 Ly aS o
00Ty (P 9 SBls walys olie pje
8 90 03ls (53,5 aBLAN Sl sy 5,0l aig—B o0
S e 5l osliiwl L Ladiged ¢ 85 aiged amy
139l amjei Lo Qa0 p 4880 Vo Do A
954 Sy o g oalplxl g ay i (o ca_badlsl
Zlo—ol Lol ot Ladiges L gl 00iSTyy c jo
1 Les St o8 8 L8 ls Fe e les U arge,Sole
S PETENOIEIESE D IS 5 TN P
9 S g b grimles jlesliiul L (lacsy aids 9o
Ol o pizmod ol oo a5 (Y) S o mols
ot S35 )3 (s 2 35 Ladiged (il 3 (5918
Lodiges aads cin Sy o)l b g zlsl uili
20l 695515 G g 00 0w el 90 Bae ay
aShIA) IS o 7l g g —Sojlasl la e (sl

] 00
g mli Y

0l 3w 15343l b dasin V-
3leolai ! Lo Ladiges ¢rw ol )8 sl 51 sy
em” oo add 9o (V) JSi 0 odwlewsa FTIR b
OiShoynl 6518 slasisn L Ls 0 OAY cm'g T8
03gd e (yizmen i Fe O (5,51 aSi& )0 (Fe-0)
L5 YA (e (O-H) (39 02 5 5anST oty Qi
s YNV em™ o 55 agn 90 ol aS Cewl YPO. em”

\

D W wleas aseie YVY- cm®

(8l (2l )3l g9 XRD gl 5l ool il Lo

Bg—d o pam—iv oy ojlasl g sHe b 6T iux
o,la—ls a0 JCPDS o jlasbul 3l oolawl Ly oo oo ol
ST XOI0 XNV lolgy o ol o eme s Yo APY

) 03995059— ol i Lo Fov ol oma FeCl ,*H O
5 0ab adlol aileoaw S 4 (Pl leeas
oolizasl U 5 0,8 o 1,8 V" C 0l plas (3,0 Jsdows
oo ) o i il B simsogw; Jle |
s PH olas gl 0o )0 Ve psiigala Sy nn Jstone
b » Joows ol g 99 oo ooliiwl Bl)3930 o 5
] & j50a iy V) A pH a8 (Slej L al
Lo Jodoeo ay ol ol > Lo lsjon ol a 8L
o lonST sasme iiSTy 5l 5, 5 ,Lid 5l eolaul
ol Sy ad> o (50l )3 09D e (S sl
ooy b 3l e 09 o JuSeis Fe 0, &l 3956 S,
by oud i 89 ¢ Jgulone copmn i (8l Slric 90
(DA A A o iz 0090558 o 3l eolai il
el VY S 4 ol S5 jolws Gy o
Sh Sis gl awg o 5 ilw a0 Ve sl
Gl glagyge;l P
GleS (LS 5 53 e (o T 0 Sy 4
Fe Op ol)ds b jo—a> Sl aulio 5 5 595,500
2 smsarebe Gimle S anl)d o Jlsd S5 eadzi
3 assed 59, 31,5 g Les Ol nsi g b a s F L
ke B0 laul e85 1,8 ) 0550 w8
Ol Lo 999,50k sl 2l S pls ci aged
3,09y 4 8,8 L8 (5 ,alS YIFD vwlws) olg Tl
Jbsd o8 5l (59 9oy 1) S A o g 90
asges 5l i Lo B¢ 50 adziw Fe 0L &lyd9 5L
y3al clin a8 (lyms o eaiSTy s i
od— ool wl Sl i—ep 5l i sladigad yo
SHaol ecss jo D139 a e 5l lasebl (sl !
oy Ly ol o soliiul Bl iéy, Jolome
g Wb adlol Bl s il Jolowe o ;a5 sy5e (S35
a8 8oV Soedy g SO el S A
259 5l plsebl g Slaalie an a g Ly o s iy
Jeol bl ml (8, Jotone jo D350 lie

Y ok o ooh i 69 Gl g (ol Ay o (SARg R (ol anlibad


https://arcpe.modares.ac.ir/article-38-64832-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-12 ]

-Fe O, ol,3eb 1 calfagle)] oo, n

130

1201 445F=0

110+

100 +

oo
(=]
T

Trasmission( )
=]
=

60
501

4 ”
40 [58Fe0

3366 0-H
37320-H

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Wavelength(cm™-1)

ooyt Fe O, aiges FTIR a3l mmls ¥ JSs
Figure 2. FTIR analysis results of Fe,0, synthesized
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Figure 7. Temperature variation during microwave heating in the presence of Fe304 oxide and activated carbon and

their absence
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