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1. Shale Oil

2. Hydrogenation

3. Thermal Dissolution
4. Desulphurization
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1. Competitive chemical kinetics

2. Grindability

3. Thermal Expansion Coefficient of Minerals
4. Selective and Volumetric Heating

5. Fischer Assay
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1. Gas Meter

2. Receiving Flask

3. Fourier Transform Infrared Spectroscopy (FTIR)
4. X-Ray Diffraction

g3, alie

Hrere 200> L JLSs (b et slediges
b i 59 Sole Zlssl 3l solitl Uy 5 LSy
ezl Ll 5l gadss Jemimcadi L5 0 oS 0 )-8
a8l arwy a8 dws 3l e baie ool glm 00, S
ooliiul (o Hgene (83512 5 999,50k glo—ol Lo
sa— 00,51 ) S o ol ws ol 5l (Sled o
Gl o | 0 ey ik e aiges It el
JPBNT e Wi Qe #00 lagly )0 9299,k lol
Jb sled a bt (lej slwosly )3 9 o o

oS oo 5 S ojlal ],
LS B
a5k B
N[ ; : ®
i H (D] - s Li
25 AP Lad
/A E i
\ )

ouiiS (5,5 e dbiie

99, 5le glyal b 4l anngs p208 oliws 5l Slets ) S5
(Pyere (235>

Sz gladiges gl oo c S slales Lol wly
o (2 Jed sladigad ogs,Sobe glo—el A
I8 ool 20 ol L (Haeme (000l >
v slalos (les a How, B 0S8
B cils ozl Lan 45 950 559,50k Ll
o JS 4 SST 5l o ol 4 ils 9929 s (Sl
Alp w8 elil pede al gt 'miw poe U
i Sy slwoil o gggile (el
3 0,8 o plil YI¥O GHz asly cog o0
795 B i e glsdised ool
= 29 S e 09 oe i x> Ol
by (oSS 5l ey ()l Sl ST 0
ToaiS gl By o)l o S SS o

Oy o Sleg, T eelil SLuS 5 Jlaie .l sus )5
O A y0 ;2 50 i (SARA) (e
S 5 olpse (IP-143 5 ASTM D-4124) 5_5ays,8

(=S molie ot sodg sla oimods (g pate




Bl 5o 5 65006 s

—

Si-O-Si or

Si-O-Al
vibration /

s DA

S-H Stretching

PO, Gl () (o)

/

\

OH Stretching

C-H methylene

stretching
Si-O symmetric
stretching vibration| C-H aromatic
bending
C-O Calcite
symmetric vibration
bor Your \oee Yoo Yoo Yo fooo
(cm) b
axllas 0,90 (85 Juds aig05 FTIR o lo ¥ JSC&
S Jed b3l po polie Jlgls a0 ¥ Jgue
ol ol S i poiasl] OS] oS
V/EYY YE/NVA ¥/ Yoy VYA YAIYNO Y#/aYY

PO Cod i Jd gladiged ¥ Jgue

SsS S (Syg Sy (min) oo, o) (0 ks sl (ol Ol) (200, g5 | iged
oIy o 2% W 650 495,5L Ml

/0 L4 Y14 W 900 555,50 M2

0 Yv YY) W 1200 499,50 M3

\Ad 0 Y- SJyone Cl

o/f Yo YY - Syene Cc2

YI¥ Yo Y- Syene a3

e sladiged 1o gadg Jdmodi (caojl liee
30500 0525 999,50k Elosl ol Eow (i
S e 4 S L b-cai ol slales jo adly
Dz an NilwecSS anlp (b o ol e oa it
9o JalS oot 5y wul g g 05 oo
Gy Jodmadl ool B yeo (ol 0 a8 0, S
sloabes ,o , K5 o 51 IT0] 0o aales o oL
(et Tagglh (5l cenSa e YL
S 5 slasls ol Lo sal s s

PSS [P N [ W 5 I

1. Coking
2. Char
3. Secondary Cracking

Sl sy et el ot a by ye ml
T s s i sle et i sl adisal
Sy oo 0dnl i 4 S j5 bylen . wl oo 03]
o A S s gl b aSgel Lediged oled o
Sttt SIS 1,8 5 5 Sala lyal
ol L aies o lis cas o dg o |y ol
Aiges 4V V/P M1 (°C/min) ages 5l oo )|, &,
& lais Y4/ M2 (°C/min)

sy
L Ll oy oo (59 9oy O/ as ZOIY 5l s
M3 aSgei ,oVY °C/min 4 208l > &5 il 33l
=5 ey B sgam A gudg et ci ol
i Sl A €5 S &8y 0 b e 208



PY-OY amivo NPT 1 g 010,35 VA o, lasds “UU”;
’

=YL labes jo Lt cess adgs Jdoas e
900, 5 o sldll V53l 5Ls 5> oS ol 8
pua@ul_wé;uy,,wl[v] 35,5 oo
SIS I DU - ST 3| PP G JE N B A |
s 09— U—" Le‘.v" Jy..\_w‘ [\ﬂ\] u\_)l.t‘sn u,u_>‘)5‘
P93, S e S 9oy (i b S b
)QO_Z.é)f)b_:éQ)‘J_}CA_?dLg‘)_gb_élfQ_.a)éé_’éb
Sy9—0 ;0 JYai_l ol oo og g (s el g0

RUGIEL PPN RRIV-IPR G| P JX g PO

gy slacdl (aS o)y LU 4y
0395 sl (ym)S molie g v OS5
slode—b 5l sady sloacd assed (ST s
glyl Lo alizee (ool > gl 5 cod (i
bis ¥ slasd yo (Hyome (o238 5 999,500
iloai 00 gl

Sd sladiges jo gl by Ol i
b8l s g5,S0le glyal Ly (om0l >
29 et M2 4y M a5l bl oS 5
o e aigei 45 il so sl Ly )85 M3 digas
Lo Hyore (a0 Lo g coow (i
St )3 el Bl LS 5 el g Al
S—oy3 VY 5l ols (el oy, gudgs sla et
C3 ;0 (=)99—0y0 V7 390> a4 Cl asges )0 9
)R

L Solog, | LS 5 2 SmilogyT (5 ymy ol yd
ol 599,50k glsl L (ool 25 il
gy M3 diged ;5 5 (9 9 yd V dga=) (il

(=39 vy ¥ 090 >) 0,5 0 055 4y —dalS

1. Mass Loss

2. Conversion

3. Liberation of Intermolecular

4. The self-generated Intraparticle
5. Intraparticle Oil Degradation

6. Self-generated Gas Sweep Rates
7. Gas Phase Cracking
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1. Heavy Oil Fractions

2. Dehydrogenation

3. The Dealkylation

4. Reforming Reaction

5. Diffusion Limited

6. Extent of Diffusion Control
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Introduction

If oil shale is heated, it produces a fluid like a
hydrocarbon [1] In fact, oil shale is defined as an
unconventional reservoir of hydrocarbons, and it
is predicted that the shale oil produced from these
sources is more than four times the proven oil reserves
in the whole world [2], Regardless of the production
processes of shale oil, the properties of shale oil cannot
be used in any industries for many reasons, including
high viscosity, high amounts of impurities such as
sulfur, nitrogen, oxygen, heavy metals, etc., and the
high percentage of asphaltene compounds. In such a
way, their extraction and transportation are challenging
and complicated, and their price in world markets is
much lower than light crude oil [3].

Materials and Methods

30 g of oil shale samples of oil shale formations located
in the Qalikuh Lorestan Mountain were used in each
stage of the experiments[4]. This value is the minimum
value that can be used to analyze tests related to oil
produced from oil shale or so-called shale oil. The oil
shale samples are irradiated once with conventional
heating and once with the use of microwaves to extract
the produced shale oil from them. For this purpose,
the Fisher assay developed with microwaves and
conventional heating was used. A schematic of this
device is shown in Figure 1. First, we put the powdered
oil shale samples under microwave radiation at various
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powers and measured the temperature of the oil shale
in different time intervals. Based on the temperatures
recorded for the microwave-irradiated samples, the oil
shale samples are subjected to conventional heating
with the same heating interval. All efforts were made
to reach the same temperatures under microwave
radiation, which sometimes may have a slight
difference. In all oil shale samples, 2% by weight of
activated carbon was added to increase the absorption
coefficient and uniform heating distribution. The
process of microwaves and conventional heating in
the device is entirely in a state where the entire device
is saturated with helium gas. After the path to the gas
meter is saturated with helium, the microwave heating
process is carried out in the mentioned time intervals
under the frequency of 2.45 GHz. As a result of heating
the oil shale samples, the produced gas enters the gas
meter. As a result of cracking, the amount of shale oil
entered the collector container after being cooled by
the cooling system. The amount of saturated, aromatic,
resin and asphaltene compounds (SARA) of shale oil
was determined at each stage (ASTM D-4124 and IP-
143 methods. The elemental compounds of produced
shale oil, including their carbon, sulfur, nitrogen, and
oxygen elements, were measured using the Vario Max-
CHNS elemental device (ASTM D5453) - (ASTM
D4294). Also, some compounds, bands, and bonds
of the produced shale oil were determined using the
Fourier transform infrared (FTIR) method.
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Results and Discussion

The results related to the amount of shale oil produced
for different oil shale samples are shown in Figure 2.
As can be seen in all the samples, the oil shale samples
that have been exposed to microwave radiation show
the highest efficiency in shale oil production. By
Microwave heating in sample M1 to Cl 10.6%by
weight Improved the recovery (12.6 OC/min), for
sample M2 to C2 (19.9 °C/min) improving of Oil
production increased to 31.1% and, and finally shale
oil produced decrases to 16.27% by weight with
heating rate to 27 °C/min in sample M3, There is an
optimal temperature for the maximum yield of shale
oil produced in oil shale samples under microwave
radiation.
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Fig. 2 Improved oil Production by Micro wave heating Vs.
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Figure 3 show SARA Analysis of sample | in
microwave and convention heating, The result show
that asphalten and aromatic content more reduced by
micro wave heating and Resin content increase due
convention heating. Saturated content no change.
Figure 4 show SARA Analysis of sample 2 in
microwave and convention heating, The result show
that asphalten content more reduced by micro wave
heating and Saturated content increase due convention
heating. Resin and Aromatic content no change.
Figure 5 show SARA Analysis of sample 3 in
microwave and convention heating, The result show
that asphalten content more reduced by micro wave
heating and Saturated content increase due convention
heating. Resin and Aromatic content near to unchanged.
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Fig. 4 SARA Analysis of sample 2 in microwave and con-
vention heating.
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Conclusions

Based on the results of this study, pyrolysis of oil shale
using microwaves has a higher efficiency from the
point of view of the amount of shale oil produced than
pyrolysis with conventional heating.

In shale oil production from oil shales, by using mi-
crowaves, the amount of shale oil and properties of it
dependent to power and time of processs.In fact, in the
pyrolysis of oil shale by microwaves, there is an op-
timal heating rate for the maximum amount of shale
oil production with high quality of produced oil. In
the other form there is a optimum rate of heating for
more production and upgrading of produced oil by mi-
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crowave hating, but in normal heating with incrased
of temperature reduced the saturated content and in-
crased the resin.
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