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The heavy crude oils usually contain considrable amounts of
asphaltenes. The high asphaltene contents in the crude oils would
decrese the efficiency of the refining processes. Moreever, the high
distribution of hetero-atoms (e.g. sulfur and nitrogen) in the asphaltene
causes some problems such as pollution, corroson and catalyst
poisining. The main object of this contribution is to investigate the effect
of the deasphalting process of crude oils in the sake of improving its
properties and consequently increasing the efficiency of the refining
processes.

Solvent extraction experiments using n-heptane as a solvent were
conducted on three types of Egyptian heavy crude oils (Asran, Land
Balayim and Geisum), these tests were also performed on three blends
from these three crudes with different proportions.

The experimental results illustrate that deasphalting process leads to
improve some key properties of crudes such as API gravity, viscosity,
pour point, total sulfur content, and carbon residue.

1. INTRODUCTION

The world's supply of light sweet crudes has gyedithinished in recent years and the
progressive depletion and rising cost of high qualiudes has created a need for away
to inexpensively convert heavy crudes to pipeliteapnthetic crudes[1].

The total world oil reserves are estimated to b& 3fonventional oil, 15%
heavy oil, 25% extra heavy oil, and 30% oil sanidsntren[2]. Within the next fifteen
years, worldwide production of conventional crudeésoprojected to peak and decline
irreversibly reason why it will be necessary instlilecade and the future ones to
happen to use the non conventional production wheagy oil plays an important role
to minimize the energy crisis. When petroleum sesirare expanded to include heavy
hydrocarbons, which include both heavy crude ail aatural bitumen, the outlook for
domestic oil supplies is much improved. Worldwidepdsits of heavy hydrocarbons
are estimated to total almost 5.5 trillion barrelsd four-fifth of these deposits are in
the Western Hemisphere on the other hand conveitiorude oil reserves are
estimated to 1 trillion barrels, and three-fifth thiese crudes in the Middle East,
worldwide distribution of conventional crude oilchheavy hydrocarbons are showed
in Table (1) [3,4].
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The United Nations Institute for Training And Resda (UNITAR) has
defined heavy crudes as those having an API gra¥itgss than 20, suggesting a high
content of polyneuclear compounds and a relatileiyhydrogen content. In addition
to a high specific gravity, heavy crudes in genéiale other properties in common,
including a high content of metals, nitrogen, oxygsulfur compounds, and high
carbon residue. The heavy crudes generally ardluidtat ambient temperatures and
dont meet local specifications for pipelineability [1]

Table (1) : Worldwide distribution of conventional crude oil and heavy
hydrocarbons [4].

Country Conventional crude oll Heavy hydrocarbon
United States 3% 6%
Canada 1% 45%
Other Western Hemisphey 15% 26%
Middle East 60% 9%
Rest of World 21% 14%

The asphaltene fraction of crude oil is a dark brdo black friable solid that
has no definite melting point and usually foams amells on heating to leave a
carbonaceous residue. The asphaltenes are obfeameghetroleum by the addition of
a nonpolar solvent with a surface tension lowantthat of 25 dyne cfat 25C ,
such as low-boiling petroleum naphtha, petroleuhe®gtn-pentane, iso-pentane, n-
heptane, liquefied petroleum gases.[5] The use -bkptane as the precipitating
medium yields a product that is different from thpentane-insoluble material.

The molecular weight of asphaltenes can vary fr@@01to 100000 [6].

The elemental composition of asphaltenes showttigadmount of carbon and
hydrogen usually vary over a narrow range H\C atoraiio of 1.15+0.5%, in contrast
to the carbon and hydrogen contents of asphalteotble variations occur in the
proportions of the heteroelements in particulathig proportions of oxygesmd sulfur.
Oxygen content vary from 0.3% to 4.9% and sulfurteat vary from 0.3% to 10.3%,
on the other hand, the nitrogen content has sontelebser degree of variation(0.6%
to 3.3% at the extremes)[5].

The actual structure of the constituents of thdakene fraction has proved to
be difficult. There are indications that asphaltoensist of condensed aromatic nuclei
that carry alkyl and alicyclic systems with hetdeoeents (i.e., nitrogen, oxygen, and
sulfur) scattered throughout in various; includiveerocyclic locations [7].

The upgrading options means of crude oil are tyjyickesigned to convert low
value heavy oil into higher value synthetic crusiech technology would augment the
supply of available crude and would make it possifdr refiners to blend such
synthetic crude with a more conventional feed fatatytic cracking and hydro-
cracking [1].

An early reference to the use of sulfuric acid waade by Marersson and
Eickmann in 1908 who first precipitate the asphadte from asphaltic materials by
treatment with low-boiling naphtha, followed by dtenation of the naphtha-soluble
material with concentrated sulfuric acid, the ppdate produced by the sulfuric acid
treatment was actually material that had been atedd¢o an asphaltene-type product
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by interaction of the asphaltic constituents witle sulfuric acid, application of this
method has led because emulsion formation and hendificulties in the separation
procedure, and it must also be remembered thatshef the strong grades of sulfuric
acid can lead to sulfonation of the constituentsany instances, and regeneration of
these constituents to their natural state may fieut if not impossible[7].

Deasphalting of heavy asphaltic crudes before figmt thermal
treatment produces deasphalted whole crude withuceztl asphalt content
relative to the feed and heating the deasphaltedecto temperature in excess
of 500F in a downstream refinery processes. We can elefieasphalting
process as a liquid-liquid separation operationt teatracts the last of the
easily convertible hydrocarbons from heavy oil [6].

Most deasphalting process use light aliphatic hgaideon such as propane,
butane, pentane, etc., to precipitate asphaltiqopooents from the feed. The choice of
hydrocarbon solvent depends on the desired qualdyyield of the deasphalted oil.

The solubility of oil in solvent at fixed temperatuincreases as the concentration of
heavier components in the solvent increase. Thexthaly is the ability of solvent to
separate paraffinic and sometimes resinous oilsn ftbe crude. Practically any
conventional deasphalting equipment and processbeamused, for example the
"ROSE" or Residual Oil Supercritical Extraction pess may be modified for use
here; although those modification necessary to racoadate use of a whole crude as
feed rather than a reside fraction as feed, musidme.

The deasphalted whole crude may contain some ofi¢hsphalting solvents
and will have a much reduced asphaltene and met&tict. It may safely be subjected
to conventional thermal processing and\or solvesbvery steps e.g., one or more
stages of flash vaporization and distillation toaeer solvent for reuse in deasphalting
process , and separate the (DWC) Deasphalted V@iralde into various hydrocarbon
fractions.

The asphalt fraction may be subjected to conveatistages of flash
vaporization to recover solvent for reuse in dealjly process, the asphalt phase
may be used as is (for making roads), mixed wittemar other cutter stocks to make a
low grade fuel oil or coked to make more distilproduct[1].

2. EXPERIMENTAL WORK AND RESULTS

In this research work three types of Egyptian keemude oils and three blends
consists of different percentages from these cnildewere experimentally examined
by a solvent extraction method using n-heptaneepasate asphaltene fraction. These
crude oils were obtained from Asran, Land Balayamg Geisum wells, Table (2) lists
the main characteristics of these crudes, and Téd)leshow the properties of n-
heptane.
In this work n-heptane is used as a solvent toragpasphaltenes from crude
oil for these reasons:
1) Volatility constraints and consistency of the adghee fraction favor the use
of n-heptane.
2) The hydrogen-to-carbon atomic ratio of n-heptarmeipitate is lower than that
of the n-pentane precipitate, this indicates advigtegree of aromaticity in n-
heptane precipitate.
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3) Nitrogen-to-carbon, oxygen-to-carbon, and sulfucéobon rations are usually
higher in the n-heptane precipitate, indicatinghbig proportions of the
heteroelements in this material.[5]

4) Solvent recovery in this work between 55.5 to 8.3

PROCEDURE

1. Before deasphalting process the physical propedfesrude oils such as
(density, sulfur content, viscosity, pour point was determined according to
the standard methods ASTM [8].

2. Simple solvent extraction process for crude oihgs-heptane as a solvent
was performed using solvent to oil ratio 9:1 at°@0for 45 min and surged
with a consistent speed by an electro magnatiestir

3. The asphaltene was separated by filteration process

4. Solvent recovery by distillation for reuse in ddzalting process.

5. The deasphalting process was evaluated by the ndetion of key
properties of deasphalted oils such (density, sutfintent, viscosity, pour
point ...) according to the standard methods ASTM [8]

Table (2) : The main characteristics of the crudeits used.
Standard Land , Blend | Blend | Blend

Test Asran : Geisum

test Balayim 1 2 3
Specific gravity | ASTM , .
at 60/60°F D1298 0.9909| 0.9445 0.9016| 0.9745 0.9337 0.92305
API gravity ADSZE'\; 113 | 18314 | 2544| 137 20035 21.796
Asphaltene ASTM d L
content wt.% DA124 29 18.67 5.386| 21.25 13.36 8.3
Sulfur content
wt.% ASTM 5 3.299 2.288| 3.593 3.031 2.8638
* D4294
(X-ray)
Pour point( °F) AS;)F;VI 90 65 70 70 60 55
Conradson
carbon residue ASTM 8.72 11.49 7.34 9.5 8.21 7.55
D189
wt.%
Kinamatic ASTM
viscosity(C.St.) D44 5037 394.11 37.47| 16425 109/2 87.2p5
At 40°C S

Blend1=50%Asran+50%Land Balayim
Blend2=75% Land Balayim+25% Geisum
Blend3=50% Land Balayim+50% Geisum

* NASR Petroleum Company Laporatory .
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Table (3) : Properties of n-heptane as solvent .

Name N-Heptan

Critical temperature 542.1°K
Molecular weight 100.21
Molecular formula CH3-(CH2)5-CH3
Viscosity of n-C7 at 0 °C 0.524 C.P.
Boiling range 55-85 °C

Weight. per ml at 20 °C About 0.682-0.684 gm

EXPERIMENTAL RESULTS & DISCUSSION

The results obtained are reported in Tables (438)ilkbustrated in Figures(1-10), from
these results indicated that properties of crude siudied are enhanced after
deasphalting process which increase the refinirfigieicy such as APl gravity
increase, and viscosity, pour point, sulfur contard carbon residue decrease.
= API of deasphalted oil becomes higher because Hspbdraction which has
the lower API is eliminated from crude oll.
= As asphaltene fraction contain high percentage etérbatoms, metal, and
condensed aromatic rings so the deasphalted oilldvascontent of sulfur,
metal, and carbon residue.
= The asphaltene fraction has long saturated chaitashaed to condensed
polynuclear aromatic rings which increase pour poircrude oil so pour point
decrease after deasphalting process.
= As asphaltene fraction is the more viscous fractiborude oil , the viscosity
of deasphalted oil become lower.

Table (4): API for crude oils before and after deaghalting.

kinamatic Viscosity at 40°c
Crude Before Deasphalting After Deasphalting
Asran 5037 700.75
Land Balayim 394.11 21.34
Geisum 37.47 18.05
Blendl 1642.5 30
Blend2 109.2 24.57
Blend3 87.225 39.7
Table (5) : Kinamatic viscosity at 4@C forcrude oils before and after
deasphalting
API
Crude Before Deasphalting After Deasphalting
Asran 11.3 16.5
Land Balayim 18.314 29.77
Geisum 25.44 33.8
Blend1 13.7 24.18
Blend2 20.035 29.58
Blend3 21.796 32.93
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Table (6) : Carbon residue for crude oils before ath after deasphalting

Conradson Carbon Residue wt%
Crude Before Deasphalting After Deasphalting
Asran 8.72 8.25
Land Balayim 11.49 6.21
Geisum 7.34 3.703
Blend 1 9.5 5.24
Blend 2 8.21 5.44
Blend 3 7.55 5.37

Table (7): Pour point for crude oils before and afer deasphalting.

Pour Pointo F

Crude Before Deasphalting After Deasphalting
Asran 90 60
Land Balayim 65 45
Geisum 70 55
Blend1 70 30
Blend2 60 45
Blend3 55 45

Table(8) : Sulfur content for crude oils before andafter deasphalting.

Sulfur Content wt%

Crude Before Deasphalting After Deasphalting
Asran 5 4.6

Land Balayim 3.299 2.5
Geisum 2.288 1.9
Blendl 3.593 3.3
Blend2 3.031 2.49
Blend3 2.863 2.3

3.CONCLUSIONS

0 The high asphaltic crude oils have higher densitsgcosity, and have large
amount of sulfur, nitrogen , metal, and carboidies contents .

(@]

crude oil.

O O O0OOo

The deasphalted crude oil

has lighter densityh@nigAPl) than the origin

The viscosity of deasphalted crude oils becomegiow

The pour point of crude oils decreased after ded8pb process.

The deasphalting process reduced total sulfur abwofecrude oils.
Conradson Carbon residue of crude oils reduced @éi@sphalting process.
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Figure (5) :Comparison between pour point of craitiebefore and after deasphalting.
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