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Abstract

Crude oil becomes heavier leads to the increasing of demand for lighter
hydrocarbon in the market. High amount of heavy components such as asphaltene and
coke in the crude oil nowadays makes it becomes heavier. Heavy oil which contains high
amount of asphaltene is less valuable in the refining process compares to the lighter oil
that contains lighter component which is maltene. It is because the valuable products like
kerosene, diesel, petrol fuel and many more are extracted from the maltene. Thus, many
researches and studies had been done to invent heavy oil upgrading technology.
Apparently, the traditional upgrading process of heavy oil which are coking, vis-breaking

and solvent de-asphalthing have low efficiency and have high operation cost.

This project will come out with two respective objectives which are to extract
maltene, asphaltene and coke from heavy oil under the standard condition and also to
investigate the reaction behavior of asphaltene under subcritical water treatment.
Separation process of maltene and asphaltene will be completed by the chemical reaction
between heavy oil and n-heptaneas well as toluene solution. Then, the heavy oil will

undergo transformation process under subcritical water state.

The extraction process under standard room condition shows weight percentage;
77.43% of maltene, 16.93% of asphaltene and 5.64% of coke. After the subcritical water
treatment in which the crude oil been heated together with water at 100°C for 30, 60, and
90 minutes, the result showed increasing amount of maltene which was 86.11% and

reduction amount of asphaltene; 9.40%.

As the conclusion, the subcritical water treatment succeeded to turn the heavy oil
into the lighter oil as there are the increasing amount of maltene and reduction amount of

asphaltene.



Acknowledgements

First and foremost, all praise to Allah, the Almighty for giving me the opportunity
to successfully complete the Final Year Project (FYP) for about 28 weeks at Universiti
Teknologi PETRONAS. | would like to express my gratitude and appreciation to those

who were involved in helping me on ensuring the successfulness of my Final Year project.

Special thanks to Dr Pradip Chandra Mandal from Petroleum Engineering
Department, my supervisor, who was responsible to supervise myself throughout my
project period. His guidance, endless support, encouragement and supervision is very
valuable towards my learning process in finishing my project and accomplishing the goals

of Final Year Project.

I would like to express my sincere gratitude to my FYP Coordinator, Dr Syahrir
Ridha from Petroleum Engineering Department for his guidance and supervision during
my Final Year Project. Under his supervision, | gained a lot of experience and knowledge

as a final year student.

Finally, 1 would like to deliver my utmost appreciation to my parents, whom never
giving up in inspiring and supporting me to accomplish this program. Last but not least, a
lot of thanks to my fellow colleagues and clique, who contributed explicit or implicitly
towards accomplishing the objectives of the industrial internship.

With their supports, guidance, teachings and suggestion, it really help me to
enhance my self-development, knowledge and attitude towards the process of my project

and accomplishing the goals of Final Year Project program.



Table of Contents

CERTIFICATION OF APPROWVAL ..ottt sttt nee e ii
Certification OF OrIgINAIITY ........ooiiiiiiic e iii
AADSTIACT ... bbb iv
ACKNOWIBAGEMENTS ...ttt et b e nnennen s \
(@8 P To] (=Y T |1 (oo [V Tox (o o USSR 1
1.1 BACKGIOUN ...t ettt 1
1.2 ProbIem StAtEMENT..........cviiiiiiiiii s 3
1.3 OBJECTIVES ...ttt bbbttt bbb 4
1.4 SCOPE OF STUAIES ...ttt ettt b e 5
Chapter 2: LITEratUre FEVIEW .......ccviiieieiiecie ettt te et et sae et esbe et e s resteebesneeneenre e 6
2.1 HEAVY CrUTR Ol ...ttt 6
2.2 ASPRAITENE. ......eiitieei et b b a e E e et e s reera e resreerenre e 7
2.3 Supercritical Water TrEatMENT ..........civiiiiiiiisie e 8
Chapter 3: MethOdOIOgY ......ccvviviiieiicice et sbeeneesbenne s 11
3L KEY MIIESTONE ...ttt bbbttt b e 11
3.2 GANTE CRANT. ...t 12
3.3 Extraction procedure under standard room condition.............ccooevvieveninnienineiene e 14

3.4 Experimental Procedure under Subcritical Water Treatment for 30, 60 and 90 minutes .. 17

Chapter 4: ResUlts and DISCUSSIONS .........cccveviiriiierieiieiiesie e esiesreeree e sreese e seesresteeeesresraessesnes 19
A1 RESUITS ...ttt bbbttt 19
4.1.1 Extraction at Standard ROOM CONAItION ..........ccviveiiieiiiiiceeee e 19
4.1.2 Extraction at 100°C fOr 30 MINUEES .......cceireieiiiiiserese e 20
4.1.3 Extraction at 100°C fOr 60 MINUEES..........cceiriiirieirieisieice e 22
4.1.4 Extraction at 100°C fOr 90 MINUEES .......cceivirieieiiinisene e 23

4.2 DiSCUSSIONS/FINTINGS ...veevieieite ettt ettt st esaeste e e saeereentesneeneeseens 25
4.2.1 Extraction under standard room CONdition ..........ccccovvviiineneneneeesee e 25
4.2.2 Extraction under subcritical water treatment (100°C) for 30, 60 and 90 minutes....... 27
Chapter 4: Conclusion and ReCOMMENAALION...........cccviiiiiiieie et 31
4.1 CONCIUSION ..ttt bbbttt bbbttt b ettt n s 31
4.2 RECOMMENUALION ...ttt 31



Ry (T (] Lo TR 32

A 0] 0L g0 Lo PSS 34

Figure 1: Water phase DIBQIAM ........cooerreieiiiiisise st 2
Figure 2: Heavy oil Properties; ViscoSity VS TEMPEIAtUrE .........ccccvivverieeeerieseeiesreseeseeseeeseesreens 7
Figure 3: Structure of ASPAlTENE ..........ooviiiiiiic e 8
Figure 4: Dielectric Constant of Water at 25MPa..........cccoeiiiiiiiiiiiiie e 9
Figure 5: General MethodoIOgY ........ccciiieiiiiiiic e s st sre s 13
Figure 6: EXraction FIOWCRAIT ...........coiiiiiiii e 14
Figure 7: Heavy oil MiX With N-heptane ..o e 15
Figure 8: Filtration of Heavy 0il and N-heptane...........cccooiiiiiiiiiii e 16
Figure 9: Heating process in Water Dath...........c.cccooveiiiiecicie e s 17
Figure 10: Weight Percentage of Maltene, Asphaltene and Coke under Standard Room

(00 T [ 1o} o SRS SS 20

Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:

Weight Percentage at 100 degree C for 30 MINULES .......ccoveveveiecicne e 21
Weight Percentage at 100 degree C for 60 MINULES .........cccveverevveeienieere e 23
Weight Percentage at 100 degree C for 90 MiNULES .........cccveveveviveieenieneere e 24
Asphaltene and Coke PreCipitation ..........c.ccocveiiiiiiiie et 25
COKE PreCIPITATION ....c.vevieeeieee et 26
Asphaltene and coke precipitation after 60 minutes subcritical water treatment ....... 27
Asphaltene and coke after subcritical water treatment for 90 minutes..........c............ 28
Graph based on standard room condition and subcritical water treatment................. 29
Formation of Butane from BULYNE-2 .........cccovveiiiiiii e 30
Formation of Ethane from 2-Phenyl-Ethylene-1...........ccccooiiiiiiiiiiiiicee, 30

vii


file:///C:/Users/Toshiba/Desktop/Report(azmi)/Final%20Draft%20Report%20FYP%20ll.docx%23_Toc406337381
file:///C:/Users/Toshiba/Desktop/Report(azmi)/Final%20Draft%20Report%20FYP%20ll.docx%23_Toc406337382
file:///C:/Users/Toshiba/Desktop/Report(azmi)/Final%20Draft%20Report%20FYP%20ll.docx%23_Toc406337387
file:///C:/Users/Toshiba/Desktop/Report(azmi)/Final%20Draft%20Report%20FYP%20ll.docx%23_Toc406337387

List of Tables

Table 1: KeY MIIESTONE.......couiieieieieeee ettt 11
Table 2: GaANTE CHAT......coiiieeee ettt sttt be b sbe e 12
Table 3: Experimental data under standard room condition ............cccoceeverveeenenceneseeee e 19
Table 4: Experimental data under subcritical water treatment for 30 minutes ............ccccceeuveneee. 20
Table 5: Experimental data under subcritical water treatment for 60 minutes ............cccceeveneene. 22
Table 6: Experimental data under subcritical water treatment for 90 minutes ............ccccceeuveneee. 23
Table 7: Weight Percentage of compositions under standard room condition and subcritical

WALEE TFEALMENT. ... i iveeteteteteteteeeet ettt ettt e st e st e st e b e e e e e seese et e esessestessensenseneenessessensessens 29

viii


file:///C:/Users/Toshiba/Desktop/Report(azmi)/Final%20Draft%20Report%20FYP%20ll.docx%23_Toc407722091

Chapter 1: Introduction

1.1 Background

Recent years shows that crude oil has become heavier and indirectly causes the
high demand of lighter crude oil. Moreover, the amount of asphaltene as well as coke have
been higher than ever. In result, the composition of lighter petroleum which consist of
maltene is dwindling nowadays. As the lighter crude is more valuable in the refining
process, the demand of this particular light crude has been increasing. Thus, the high
amount of heavy crude oil need to be undergo transformation process to produce lighter
crude oil. This project basically will focus on the extraction of maltene, asphaltene and
coke in the crude oil and investigation of asphaltene under subcritical and supercritical
water treatment which will focus on the transformation of asphaltene into maltene by

using the treatment.

Crude oil basically consists of three major compositions which are maltene,
asphaltene, and coke. Basically, the portion in the crude oil which can be dissolved in the
n-heptane solution, is maltene. Maltene is the most valuable composition as it mostly be
used in the refining process. In the refinery process, the valuable products such as petrol
fuel, diesel and kerosene are extracted from the lighter component which is maltene. The
remaining portion in the same crude oil which can be dissolved in the toluene solution, is

asphaltene. Last but not least, the remaining portion in the crude oil, is coke.

However, this project focus on the reaction behavior of asphaltene under
subcritical water treatment by conducting the laboratory experiment and in the further
study, the experiment under supercritical water treatment will be conducted. After done
with the treatment, the heavy oil sample undergo the the same procedure of extraction
process to identify the weight percentage of the maltene, asphaltene and coke and result’s

comparison are made.



Referring to the Figure 1, the subcritical water state is in between the triple point
and the critical point. Thus, any temperature and pressure between it can be choose to
meet the subcritical water state criteria. As this experiment, 100°C and latm were chosen
as the treatment.

SuperCritical
Water
374°C
S221Bar .l 70s°F
RIO PSS

iguid ,
Water

Pressure
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Figure 1: Water phase Diagram

Subcritical water properties in which the temperature is between 100°C and 374°C
and the pressure almost 1 atm until 221.1 MPa is suitable for the water to donate the
hydrogen ion to the asphaltene structure to form a new chemical substance. Subcritical
water treatment is very suitable chemical solvent as it can be used in many chemical

reactions and also it is not only can acts as a solvent but it also can acts as a reactant.



1.2 Problem statement

Nowadays, lighter crude oil’s demand is increasing rapidly, while the crude oil
recently becomes heavier. In addition, many valuable products like petrol fuel, kerosene
and diesel are extracted from the lighter component which is maltene. There is many
difficulties regarding the refining process by using the heavier component which consist
of asphaltene. The traditional upgrading processes of heavy oil which are coking, vis-
breaking, and solvent de-asphalting are not efficient. One of the efficient crude oil
upgrading, catalytic process, cannot upgrade heavy oil due to its high viscosity and high

conradson carbon residue.

Moreover, due to the decreasing amount of lighter crude oil, heavy oil such as tar,
oil shale and bitumen need to be utilize in the near future. But, to utilize all those kind of
heavy oil, a new upgrading technique of heavy oil is required (Watanabe, Kato, Ishizeki,
Inomata, & Smith Jr, 2010b). Mostly, heavy oil consists of high amount of asphaltene.
Meanwhile, asphaltene is not the valuable composition in the crude oil which can be used
in the refining process. Asphaltene normally will be used to produce the least valuable
product which is tar as it is the heavier crude oil.

Besides, the presence of the heavier crude oil usually will cause side effect to the
production as well as refining processes. Some scholars comes out with their research that
asphaltene increases the viscosity of the crude oil as well as causes the blockage in the
pipelines. This is due to the deposition of asphaltene in the pipeline and directly it will
cost some money to do the cleaning of the pipeline which is pigging. Moreover, the

presence of asphaltene in the crude oil will lead the stabilization of emulsion.

Thus, this project will focus on how to extract the asphaltene from the crude oil
under standard room condition and how to transform the asphaltene (heavier) into maltene

(lighter) under subcritical water treatment.



1.3 Objectives

This project came with two respective objectives which are to extract maltene,
asphaltene and coke from heavy crude oil under standard room condition and to

investigate asphaltene under subcritical water treatment. The details are shown below.

i. To extract maltene, asphaltene and coke from the crude oil under standard
condition.

- Since the crude oil consists of three major compositions which are maltene,
asphaltene and coke, the extraction process have been done under standard room

condition to measure the weight percentage for all of them.

ii.  To investigate asphaltene under subcritical water treatment.
- After done with the extraction process, the transformation process of asphaltene
into maltene have been conducted by using subcritical water treatment. The result

are compared and discussed.



1.4 Scope of studies

Based on the project, extraction of maltene, asphaltene and coke from heavy oil
under standard room condition will be focused on. Some chemical solutions will be used
in the extraction which are n-heptane solution and toluene solution. N-heptane will be
used to dissolve the maltene portion in the crude oil. Toluene will be used to dissolve the
asphaltene portion in the crude oil. With the dissolution of maltne and asphaltene, the
weight percentage for each maltene, asphaltene and coke in the crude oil sample under

standard room condition will be determined.

Besides that, transformation process of asphaltene into the maltene also one of the
scope of studies. The subcritical (less thermal cracking) and will be used to transform the
asphaltene into maltene. The reaction behavior of asphaltene during the treatment under
the subcritical state will be studied for an example how the water donates the hydrogen
ion to the structure of asphaltene and form another chemical component which is lighter.
How the thermal/heat can break the bond of the heavier structure to form a new lighter
structure also will be studied. Only experimental under subcritical water treatment will be
conducted in this project due to the feasibility issue which is time constraint. Further study

on supercritical water treatment shall be done in the future.

However, some literature reviews regarding the supercritical water treatment have
been done because it has almost same properties with subcritical water treatment. Some
scholars highlighted that the supercritical water treatment acts as ‘thermal cracking’ and
subcritical water treatment acts as ‘less thermal cracking’. It is because they have same
properties and the only differences are their temperature and pressure used during the

treatment.



Chapter 2: Literature review
2.1 Heavy crude oil

As global reserves of lighter crude oil continue to decline, increased reliance on
heavy and unconventional crude oil will result in higher upgrading costs and more
importantly a comparatively larger carbon footprint (Suogi Zhao, Xu, Sun, Chung, &
Xiang, 2010). Heavy oil basically is one of the unconventional oil type which has API

gravity approximately between 10° to 20°.

Some scholars come out with the total estimated heavy oil’s resources as well as
bitumen which is 6.2 billion barrels, the increasing reserves of heavy oil leads to the high
demand of lighter oil (Eng, Igbal, & Niccum, 2008). Increase in sulfur levels and also
processing of heavy oil which have high sulfur leads to the serious problem on quality of
product as well as challenges in the processing conditions (S Zhao, Sparks, Kotlyar, &
Chung, 2007).

Heavy crude oil or bitumen are kind of oils in which have high viscosity and high
density (Meyer, Attanasi, & Freeman, 2007). Thus, they have high resistance to flow and
very low API gravity. However, the viscosity of the heavy oil reduced with the increment
of temperature as shown in Figure 2. Based on the research, light crude oil has high API
gravity which is more than 31.1°, medium crude oil has API gravity in between 22.3° to
31.1°, heavy crude oil has API gravity in between 10° to 22.3° and extra heavy crude oil
has API gravity below than 10°. Extra heavy crude oil which having API gravity below
than 10° is known as bitumen. To calculate the API gravity, the following equation can

be used:
141.5 _ - . .
API = o 131.5; where SG is specific gravity of the oil.

Specific gravity is a ratio of density of any substances to the density of the reference
substances and mostly the reference substance is water. Specific gravity does not have

unit. It varies with pressure and also temperature.
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Figure 2: Heavy oil Properties; Viscosity vs Temperature

2.2 Asphaltene

Asphaltene which presence in the crude oil brings many disadvantages to the
transportation as well as refining process. Based on previous study, crude oil from
Petrozuata has the highest percentage of asphaltene which is 18.8% (Appendix 1).
Asphaltene has potential to block the pipeline from the platform to the onshore terminal
as the fine particle of asphaltene will clog the fluid flow in the pipeline and some cases
asphaltene will accumulate and stick onto the pipeline and pigging operation should be
done to clear the pipeline. Asphaltene will form due to the low temperature in the crude
and also incompatible chemical reaction. The presence of asphaltenes also will increase

the viscosity of the crude oil.

Besides, the high amount of asphaltene presence in the heavy oil will increase the
time needed during the distillation of the crude oil due to its high viscosity. It is due to the
difficulty of extracting the heavier and complex structure (asphaltene) as shown in Figure
3 compare to maltene which is lighter structure. Asphaltenes also contain high amount of
sulphur in which required some treatments to refine it. That’s why the crude oil which

does not contain sulphur is called sweet crude for an example Nigerian crude.



<’\77 X

Figure 3: Structure of Asphaltene

2.3 Supercritical Water Treatment

Supercritical water (SCW) which has water properties, 374°C and 22.1 MPa which
are beyond its critical point is very ideal choice to prevent the asphaltne from undergo
precipitation process at the high cracking temperature which is over 400°C (Cheng, Ding,
Zhao, Yuan, & Yuan, 2009). SCW had been under investigation as a solvent for a variety
of chemical reaction such as extraction of natural products and nanostructured material
synthesis (Bozbag, Sanli, & Erkey, 2012). Supercritical fluid has been investigated for
heavy oil upgrading and with its unique properties, it can easily dissolve aromatics as well
as light hydrocarbons (Akiya & Savage, 2002).

The most important parameter is to convert the heavy oil into lighter products by
increasing the H/C ratio (Oballa, 1994). Moreover, due to the supercritical water state,
ethers and esters, aromatic bonds as well as aliphatic bonds are easily to be broken up
(Lachance, Paschkewitz, DiNaro, & Tester, 1999). Under supercritical state, two major
reaction probably occur which are oxidation and hydrolysis (Goto, Nada, Ogata, Kodama,
& Hirose, 1998). Treated oil shale by using supercritical water, resulted in a higher
conversion and also a larger oil recovery compare to the toluene extraction (Hu, Zhang,
Guo, & Chen, 1999).

Supercritical water also contribute to more facile decomposition in oil shale polar

components during the reaction compare to the supercritical toluene (Funazukuri, Yokoi,

8



& Wakao, 1988). Due to the decrease of the dielectric constant, water lost its polarity
when it was in the supercritical state which leads its properties reorder the hydrocarbon
properties and directly becomes great solvent for organic compounds as shown in Figure
4 (Camaz & Erkey, 2014). Besides that, the solvation’s power will enable the extraction
of the lighter compound as well as increased the [HzO*] ion concentration will make the

extraction of heavy hydrocarbon becomes reactive.
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Figure 4: Dielectric Constant of Water at 25Mpa

Upgrading of heavy oil basically improving the ratio of H/C which either decrease
the amount of particular carbon or increase the amount of particular hydrogen in the oil.
Simply can defined that current upgrading techniques are categorized into two groups
which are carbon rejection and hydrogen addition. Additional, current technique used for
hydrocarbon which are carbon rejection and hydrogen addition have their own
disadvantages. For an example, hydroconversion/hydroprocessing upgrading technique,
coke and metal deposition can simply deactivate the expensive catalyst, make the process
failure. In fact, in hydroconversion technology, the process need to consume high amount
of hydrogen while the hydrogen production units are currently one of the most costly

technology.

Some researchers came out with the alternative where non catalytic carbon
rejection technology is suit to replace the catalytic hydrogen addition technology, in result,

will decrease the liquid product yield together with the high amount of coke formation



which more economical (Ancheyta, 2011). Coke formation also can be reduced by using
supercritical water (Mandal, Shiraishi, Sasaki, & Goto, 2011). Heavy oil usually has high
percentage of asphaltene which leads to many problems during production and refining
process (Ghanavati, Shojaei, & SA, 2013). Besides, the high amount of asphaltene also
cause the high viscosity of the heavy oil. Petroleum or crude oil becomes heavier due to
the high amount of the impurities such as nitrogen, sulphur, asphaltene and heavy metals
(Watanabe, Kato, Ishizeki, Inomata, & Smith Jr, 2010a).

Thus, the demand of lighter crude oil has been increasing. In result, heavier crude
oil such as heavier bitumens, oil shale and tar sand will be used in the refining process to
replace the lighter crude oil in the future (Watanabe et al., 2010a). The presence of heavier
crude oil (asphaltene) causes disadvantages which are the asphaltene will increase the
viscosity of the crude oil as well as will block the pipeline which is used to transport the
hydrocarbons. The presence of asphaltene also will cause the problem in the production
and the refining processes.

Thus, this project will comes out with an upgrading technique to transform the
asphaltene into lighter crude oil. One of the transformation technique is by using the
supercritical water (SCW). Many researchers found that catalytic cracking, coke
deposition that deactivates the catalyst is a serious problem (Watanabe et al., 2010a).
Moreover, many researchers found that hydrocracking which is one of the upgrading
method for bitumen is very costly due to the hydrogen supply problem (Diono, Sasaki, &
Goto, 2008). Thus, other upgrading technique which is not using external hydrogen
supplier are most desirable. Besides, the thermal cracking or pyrolysis of asphaltene which
produce free radicals that could abstract hydrogen which from another asphaltene
structure to form a new gas and maltene structure will lead to deficient of hydrogen of
some core’s asphaltene (Han, Zhang, Bi, & Cheng, 2011).

One of the reason to use the supercritical water in upgrading heavy oil is both
hydrogen and oils are miscible in the SCW. C-O and C-C bonds which commonly found
in esters as well ether, and also C-S and C-H bonds which commonly found in the aliphatic
are easily can be broken in the supercritical water. Gas and maltene are the product from

the reaction of asphaltene and the supercritical water (Han et al., 2011).

10



Chapter 3: Methodology

3.1 Key milestone

The key milestones for this project are shown in the Table 1. All milestone have

their own completed planned and to ensure the works will be delivered on time.

Table 1: Key Milestone

Extraction of Maltene and Asphaltene from October 2014
Heavy oil
Investigation of Reaction Behavior under November 2014
Subcritical Water

To be seen clearly, below the author highlighted all the key project milestones in the
Gantt-Chart provided.

11
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Table 2 shows the Gantt Chart for this project in details.

3.2 Gantt chart
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CRUDE OIL SELECTION

BACKGROUND STUDY &
PARAMETERS IDENTIFICATION

EXTRACTION UNDER
STANDARD CONDITION

INVESTIGATION UNDER
SUBCRITICAL AND
SUPERCRITICAL WATER
TREATMENT

RESULT DISCUSSION

CONCLUSION

Figure 5: General Methodology

Referring to the Figure 5, that is the general methodology for this project. The
crude oil was collected from the Chemical Engineering Department. The crude oil was
from the Middle East and it is very heavy based on the extraction process result at the end
of this project. Background study was done by the literature review on this project.
However, this project does not contain much literature due to its recent research. Then,
the project proceed with the extraction of maltene, asphaltene and coke under standard
room condition. After that, the extraction will be done after the subcritical and
supercritical water treatment. Last but not least, the discussion on the result and the

conclusion.

13



3.3 Extraction procedure under standard room condition

Heavy oil

N-heptane
Soluble

Insoluble

Insoluble

Toluene —— '

Maltene (MA)

Soluble

Insoluble

Coke

Figure 6: Extraction Flowchart

Based on the Figure 6, the extraction procedure will start with the collecting the
heavy oil or bitumen. The weight of the heavy oil was measured. The heavy oil was
dissolved with the n-heptane solution. The heavy oil portion which soluble in the n-
heptane is called Maltene (MA). Then, the mixture was filtrated to trap the insoluble
portion of asphaltene and coke. The weight of the insoluble portion (asphaltene + coke)
was measured. The insoluble portion of heavy oil was washed with the toluene solution.
The heavy oil portion which soluble in the toluene solution is called Asphaltene (AS).
Again, the weight of the insoluble remaining portion (coke) was measured. Then, the

percentage of maltene, asphaltene and coke in the heavy oil were calculated.

14
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This is the simplify procedure of the extraction process to be understand:

i. Heavy oil was prepared and weighted by using the electronic balance which is
very sensitive.
ii.  Filter paper was prepared and weighted by using the electronic balance as the
weight of filter paper is very small.
iii.  Heavy oil was mixed with n-heptane based on Figure 7. The mixture was

shake/stirred to provide better dilution.

Figure 7: Heavy oil mix with n-heptane

iv.  The mixture of heavy oil and n-heptane was filtered by filter paper and filter funnel
into the conical flask as shown in Figure 8. The undissolved portions which are

asphaltene and coke will be trapped on the filter paper.

15



Figure 8: Filtration of Heavy oil and n-heptane

v.  The filter paper was dried in the oven for 2-3 minutes.
vi.  The filter paper containing the asphaltene+coke was weighted.
vii.  The weight of produced asphaltene+coke were calculated by deducting the weight
of filter paper.
viii.  Produced Asphaltene+coke were washed with toluene carefully (Appendix 2).
Toluene was poured directly onto the filter paper containing asphaltene and coke.
iX.  The filter paper was dried again in the oven for 2-3 minutes.
X.  The filter paper containing the coke was weighted.

xi.  The weight of produced coke was calculated by deducting the weight of filter
paper.

After that, the weight for each maltene, asphaltene and coke portion were calculated.

Weight of coke = (Filter paper + coke) — Filter paper
Weight of asphaltene = (Asphaltene+coke) — weight of coke.
Weight of maltene = Heavy oil — (Asphaltene+coke)

Then, the weight percentage for each maltene, asphaltene and coke portion were

calculated.
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Weight of maltene

X 1009%
Weight of heavy oil 00%

Weight percentage for maltene =

Weight of asphaltene

Weight percentage for asphaltene = Weight of heavy oil

X 100%

Weight of coke
Weight of heavy oil

Weight percentage for coke = x 100%

3.4 Experimental Procedure under Subcritical Water Treatment for 30, 60 and 90
minutes

i.  Three sample of heavy oil were prepared and weighted by using the electronic
balance which is very sensitive.
ii.  Sufficient amount of water added into all the samples.
iii.  Each of the samples was heated for 30 minutes, 60 minutes and 90 minutes

respectively at 100°C in the water bath as shown in Figure 9.

o

Figure 9: Heating process in water bath

iv.  After the heating process, water was removed out from each of the samples by
filtration process. The filtration process been done by using the filter paper, filter
funnel and conical flask too.
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v.  To ensure the minimum amount of water left in the samples, the samples was put
in the oven for 2-3 minutes to let the water evaporated out.
vi.  After that, the samples were extracted by using the same procedure for the
extraction process under standard condition.
vii.  Filter paper was prepared and weighted by using the electronic balance as the
weight of filter paper is very small.
viii.  Heavy oil was mixed with n-heptane carefully based on MSDS (Appendix 3). The
mixture was shake/stirred to provide better dilution.
iX.  The mixture of heavy oil and n-heptane was filtered by filter paper.
X.  The filter paper was dried in the oven.
xi.  The filter paper containing the asphaltene+coke was weighted.
xii.  The weight of produced asphaltene+coke were calculated by deducting the weight
of filter paper.
xiii. ~ Produced Asphaltene+coke were washed with toluene carefully. Toluene was
poured directly onto the filter paper containing asphaltene and coke.
xiv.  The filter paper was dried again in the oven for 2-3 minutes.
xv.  The filter paper containing the coke was weighted.

xvi.  The weight of produced coke was calculated by deducting the weight of filter
paper.

After that, the weight for each maltene, asphaltene and coke portion were calculated.

Weight of coke = (Filter paper + coke) — Filter paper
Weight of asphaltene = (Asphaltene+coke) — weight of coke.
Weight of maltene = Heavy oil — (Asphaltene+coke)

Then, the weight percentage for each maltene, asphaltene and coke portion were

calculated.

Weight of maltene

X 100%

Weight percentage for maltene = — :
Weight of heavy oil

Weight of asphaltene

Weight percentage for asphaltene = x 100%

Weight of heavy oil

Weight of coke
Weight of heavy oil
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Chapter 4: Results and Discussions

4.1 Results

4.1.1 Extraction at Standard Room Condition

The experiment was conducted in the room temperature and pressure which there
was no temperature and pressure effect on the composition of the crude. Table 3 is the

result of the extraction experiment.

Table 3: Experimental data under standard room condition

Component Weight (g)
Crude Oil 1.010
Filter paper 1.045
Coke 0.057
Asphaltene 0.171
Maltene 0.782

These are some of the calculations involved to make people get deep understanding about
this extraction process:

weight of maltene

Weight percentage of maltene = x 100%

weight of heavy oil

_0.782g
1.01g

x 100% = 77.43%

Weight of asphaltene

X 100%

Weight percentage of asphaltene = Weight of heavy oil

=21719 y 100% = 16.93%

1.01g

Weight of coke
Weight of heavy oil

Weight percentage of coke = X 100%

90579 100% = 5.64%

1.01g
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Figure 10: Weight Percentage of Maltene, Asphaltene and Coke under
Standard Room Condition

Figure 10 shows the result of the weight percentage of the composition after the
extraction process at the room temperature and pressure. Maltene has the highest
percentage which is 77.43%, asphaltene is 16.93%, and last but not least, coke is 5.64%.
Since the percentage of asphaltene is quite high, supercritical water treatment is required
to reduce the amount of asphaltene in the heavy oil. The details findings are discussed

below.

4.1.2 Extraction at 100°C for 30 minutes

Table 4: Experimental data under subcritical water treatment for 30 minutes

Component Weight (g)
Crude Oil 1.5060
Filter paper 1.0845
Coke 0.0935
Asphaltene 0.2145
Maltene 1.1980
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weight of maltene

. _ .
Weight percentage of maltene weight of heavy oil X 100%
=229 4 100% = 79.55%
1.506 g
Weight percentage of asphaltene = “e-dhtof asphaltene o 4 50,

Weight of heavy oil

0.2145

9 % 100% = 14.24%
1.506 g

Weight of coke
Weight of heavy oil

Weight percentage of coke = x 100%

_0.0935g
1.506 g

x 100% = 6.21%
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Figure 11: Weight Percentage at 100 degree C for 30 minutes

Table 4 and Figure 11 show the result for the extraction of heavy oil after the
subcritical water treatment at 100°C for 30 minutes. The percentage of the maltene
increases to 79.55% whereas the percentage of asphaltene decreases to 14.24%. The
percentage of coke increases slightly to 6.21%. From the literature review, the percentage

of coke should be maintained and this shows the contradiction occurred by this project.
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4.1.3 Extraction at 100°C for 60 minutes

Table 5: Experimental data under subcritical water treatment for 60 minutes

Component Weight ()
Crude Oil 1.4902
Filter paper 1.0860
Coke 0.0745
Asphaltene 0.1991
Maltene 1.2166

Weight of maltene

Weight percentage of maltene = x 100%

weight of heavy oil

121669 5 100% = 81.60%
1.4902 g

Weight of asphaltene

x 100%
Weight of heavy oil

Weight percentage of asphaltene =

_01991g
1.4902 g

X 100% = 13.36%

Weight of coke
Weight of heavy oil

Weight percentage of coke = x 100%

_00745¢g

= X 100% = 5.00%
1.4902 g
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Figure 12: Weight Percentage at 100 degree C for 60 minutes

Table 5 and Figure 12 show the result for the extraction of heavy oil after the
subcritical water treatment at 100°C for 60 minutes. The percentage of the maltene
increases to 81.60% whereas the percentage of asphaltene decreases to 13.36%. The
percentage of coke increases slightly to 5.0%. It shows the reduction in asphaltene portion

in the heavy oil.

4.1.4 Extraction at 100°C for 90 minutes

Table 6: Experimental data under subcritical water treatment for 90 minutes

Component Weight (g)
Crude Oil 1.5911
Filter paper 1.0850
Coke 0.0715
Asphaltene 0.1495
Maltene 1.3701
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weight of maltene
weight of heavy oil

X 100%

Weight percentage of maltene =

= 137019+ 100% = 86.11%

15911 g

Weight of asphaltene

Weight percentage of asphaltene = x 100%

Weight of heavy oil

_ 014959

= X 100% = 9.40%
1.5911g

Weight of coke

x 1009%
Weight of heavy oil 00%

Weight percentage of coke =

0.0715
= ——9x 100% = 4.50%
15911 g
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Figure 13: Weight Percentage at 100 degree C for 90 minutes

Table 6 and Figure 13 show the result for the extraction of heavy oil after the
subcritical water treatment at 100°C for 90 minutes. The percentage of the maltene
increases to 86.11% whereas the percentage of asphaltene decreases to 9.40%. The
percentage of coke increases slightly to 4.5%. It shows the reduction in asphaltene portion

in the heavy oil.
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4.2 Discussions/Findings

4.2.1 Extraction under standard room condition

The crude oil that has been used for the extraction process was from Middle East
which is normally heavy crude oil. Based on the literature, heavy crude oil and bitumen
have 90% maltene and 10% asphaltene (Watanabe et al., 2010a). However, this heavy oil
contains only 77.43% of maltene, 16.93% of asphaltene and 5.64% of coke. The value
shows the difference as to compare with the literature review. It shows that this heavy oil

sample is very heavy as the percentage of asphaltene is beyond than 10%.

In the beginning of the experiment, the crude oil was mixed together with the 50
ml of n-heptane in order to dissolve the maltene portion in the crude oil. The n-heptane
was poured directly into the crude oil 5 ml per session for 4 times and the remaining 30
ml was poured directly onto the filter paper. Basically, the n-heptane need to be poured
onto the filter paper until there is no visible dilution of fine on the filter paper. It will
confirm that no more maltene left on the filter paper. N-heptane is among the best choice
of solution that can be used to dissolve the maltene in the crude oil. If there is no n-heptane,

researchers can use the n-hexane as well as pentane.

i T DR PRADIY C
| PRO® : PETROLUEAD

| CONTACT DETAIL : 013-A4545¢
| MATERIAL : HEAVY C
/ DURATION 1 OCY\A-

e —

Figure 14: Asphaltene and Coke Precipitation
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The maltene was dissolving in the n-heptane and will pass through the filter paper.
Basically, maltene, asphaltene and coke particle cannot be seen as they are black in color.
The filter paper will trap the undissolved portions which are asphaltene and coke as shown
in Figure 14. During the filtration, the amount of remaining fine particles (AS+coke)

which can be seen clearly are more than the one that mentioned in the literature reviews.

After the maltene is completely dissolved, the filter paper was dried in the oven.
It is because, n-heptane within the filter paper will evaporated and will left only the fine
particle of asphaltene and coke. This step is important to ensure only fine particle will left
on the filter paper to avoid the error during weight measurement. After that, the fine
particles which consisted of asphaltene and coke was washed with 50 ml of toluene.
Asphaltene portions were dissolved in the toluene solution. Toluene solution will poured

directly onto the filter paper until there was no visible dilution of the fine particles.

Figure 15: Coke Precipitation

The filter paper again was dried in the oven to ensure the toluene evaporated and
left only the fine particle of coke as shown in Figure 15. The weight percentage of the
coke from the extraction is 5.64%. As per literature reviews, coke portion in the heavy oil
is very less and could be negligible (Eng et al., 2008). It shows that this crude oil sample

is very heavy because it contains high amount of coke.
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4.2.2 Extraction under subcritical water treatment (100°C) for 30, 60 and 90
minutes

This discussion referred to the all three samples. In the beginning of the
experiment, the heavy oil was mixed with the water. The sufficient amount of water added
into the heavy oil because during the heating process, the water will evaporated as it will
heated up at 100°C for 30, 60 and 90 minutes. There are two choices for heating medium
which are hot plate and water bath. Water bath was chosen because it can supply the heat
at larger area more than hot plate which can supply only at the bottom part of the container.

The temperature of the water bath was set to be maintained at 100°C.

This treatment is called subcritical water treatment because water is used in the
treatment and the temperature of the medium is in between the triple point (more than
100°C) and supercritical point based on water phase diagram. If the supercritical water
treatment known as ‘thermal cracking’, this subcritical water treatment is known as ‘less

thermal cracking’ due to less heat been applied during the treatment.

Figure 16: Asphaltene and coke precipitation after 60 minutes subcritical water
treatment
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After done with the heating process, the heavy oil was separated from the water.
Filter paper, filter funnel and conical flask also were used in the separation process. To
ensure the minimum amount of water left in the sample, the heavy oil was put in the oven
for 2-3 minutes. The remaining water in the heavy oil sample will evaporated out. After
that, the extraction process will be done and the procedure is similar to the previous
extraction process under the standard room condition. Precipitation of asphaltene and coke

after 60 minutes of subcritical water treatment can be seen on Figure 16.

Figure 17: Asphaltene and coke after subcritical water treatment for 90 minutes

From the Figure 17, precipitation of asphaltene and coke for the 90 minutes treatment
was Visibly less compare to the 60 minutes treatment (Figure 16). Here, time reaction was
a manipulation variable as the longer the reaction time, the more the thermal cracking

process will happen to turn the heavy oil into lighter oil.

Below is the result summary in table and graph form for the standard condition and

subcritical water treatment.
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Table 7: Weight Percentage of compositions under standard room condition and
subcritical water treatment

Composition Weight Weight Percentage at 100°C (%)
Percentage at _ _ _
Standard Room 30 minutes 60 minutes 90 minutes
Condition (%)
Maltene 77.43% 79.55% 81.60% 86.11%
Asphaltene 16.93% 14.24% 13.36% 9.40%
Coke 5.64% 6.21% 5.00% 4.50%
100
816 86.11
o | 7743 73.35
S
&
*2 60
5
T 40
®
=
20 6.93 4.24 3.36
5.64 6.21 g 94 45
0
Standard 100°C; 30 100°C; 60 100°C; 90
Condition minutes minutes minutes

Experimental Condition

B Maltene M Asphaltene Coke

Figure 18: Graph based on standard room condition and subcritical water treatment

From the Table 7 and Figure 18 and graph above, the weight percentage of
asphaltene were reduced from the standard room condition to the condition in which
100°C for 30, 60 and 90 minutes which are subcritical water treatments. The result also
shows the increasing amount of maltene in the crude oil after having the subcritical water

treatment. During the experiment, the heat that been supplied to the sample will break the
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bonds of the carbon structure. The carbon will become unstable and the hydrogen from

the water will come and make the bond together with the carbon.

H H
CHs CH CH CH3 =) CH: CH CH CHs
Butyne-2 H b
Butane

Figure 19: Formation of Butane from Butyne-2

From the Figure 19, Butyne-2 is one of the heavy structures in the heavy crude.
During the subcritical water treatment, the heat will break the triple bonds at the second
carbon. Due to that, the carbon becomes unstable and it tends to bond with other ion.
Meanwhile, the hydrogen from the water also unstable and it will go to the carbon and
make the bond. Thus, the Butane structure will be formed which is lighter structure. It
shows how the subcritical water turns the heavy oil into the lighter oil. Another example
can be seen on Figure 20 on how the subcritical water treatment can break the heavy

structure which is 2-Phenyl-Ethylene-1 and form new lighter structure which is Ethane.

/—\ | |
7\
{ l‘a ]. } — H (|: (i:H
\ ~—/
— H H
Z-Phenyl-Ethyene-1 Ethane

Figure 20: Formation of Ethane from 2-Phenyl-Ethylene-1
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Chapter 4: Conclusion and Recommendation

4.1 Conclusion

The extraction process of the maltene, asphaltene and coke under standard room
condition had been done successfully in which weight percentage of maltene is 77.43%,
asphaltene is 16.93% and coke is 5.64%. The extraction process under the subcritical
water treatment (100°C) after 90 minutes of treatment shows the less amount of
asphaltene and higher amount of maltene which are 86.11% of maltene and 9.40% of
asphaltene. This will conclude that, the subcritical water treatment (100°C) able to turn
the heavy oil into the lighter oil. However, further study on supercritical water treatment
which provides higher thermal shall be done in the future due to the time constraint.

Thus, from the result, the following objectives are to be met.

i.  To extract the maltene, asphaltene and coke under standard room condition.

ii.  To investigate reaction behavior of asphaltene under subcritical water treatment.

4.2 Recommendation

Below are some of the recommendations for this project in the future:

i.  Further study on supercritical water treatment in experimental basis as it will
provide higher thermal and pressure on the composition of the heavy crude oil.

i.  To increase the accuracy of the results, the author is recommended to shake the
heavy oil container before starting the experiment. This is because the fine particle

is settle down at the bottom of the container and the result would not be accurate.
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Appendices

Table 1 — Asphaltene Content, API Gravity, and Elasticity Response

ASPHALTENE ELASTICITY RESPONSE
CONTENT (AFFINITY)
Crude Oil API LP LP | Polymer | Polymer
Sample Type | Testl | Test2 | ¢ ooviey | 100 | 300 | A B
Merey Heavy 16.8 15.5 16.0° | None | None High High
Petrozuata Heavy 18.8 18.1 9.1° None | None High High
Corocoro Heavy 6.0 6.7 25.1° | None | None High High
Albian Heavy 11.0 10.6 22.4° | None | None High High
Bow River Heavy 11.4 10.3 21.8° | None | None High High
Maya Heavy 14.6 15.4 21.9° | None | None High High
Western
Canadian Heavy 11.5 11.9 20.9° None | None High High
Select
San Joaquin o Lo .
Valley Heavy 8.9 8.9 13.0 None | None High High
Marlim . . . .
2 B y o y

Blend Heavy 6.7 6.6 222 High | High High High
g:it Texas Intermediate 2.8 2.8 31.6° High | High | Moderate | Moderate
West Texas . o . . ]
Intermediate Light 0.5 - 41.6 High | High | Moderate | Moderate
Basrah Light 4.8 - 31.0° High | High | Moderate | Moderate

Appendix 1: Asphaltene Content

PRODUCT IDENTIFIER REFERENCE
(CAS # 108-88-3) TOLUENE TO123421

WARNING !

Flammable solid. May ignite in moist air. Reacts violently w ith w ater. Corrosive material. Causes burns to the skin and
eyes. May cause severe burns of mouth and throat. May be fatal if sw allow ed. May cause lung injury - effects may
be delayed. May cause sensitization by skin contact.

FLAMMABILITY E PRECAUTION:

Keep away from heat, sparks and flame. Avoid contact with water. Keep away from incompatibles. Use with

HeALTH & H

adequate ventilation. Keep container tightly closed. Handle in accordance with good industrial hygiene and safety

practices. Do not swallow . Do not breathe dust. Avoid contact with eyes, skin and clothing. Wash thoroughly after
REACTIVI I I 0 handling. Wear protective goggles, full face shield, impervious boots, gloves and apron.
FIRST AID:
PERSONAL If inhaled, remove from contaminated atmosphere. For skin contact, flush with w ater for at least 15 minutes, w hile
PROTECTION removing contaminated clothing. Launder clothing before reuse. For eye contact, flush w ith running w ater for at least
20 minutes. If ingested, do not induce vomiting. Have victim rinse mouth w ith w ater, then let victim drink w ater or milk.
REFER TO SAFETY DATA SHEET Never give anything by mouth if victimis unconscious. For all cases, obtain medical attention immediately.
PERSONAL PROTECTIVE EQUIPMENT GHS HAZARD SYMBOLS SHIPPING DESCRIPTION
. ;il ¥ TOLUENE
Dust
Splash Synthetic  and 33,." U N 1294
Goggles Gloves Apron Respirator

ICC GHMOSP

Appendix 2: Toluene MSDS
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Flashpoint: -4 °C
Boiling point: 98 °C
Density [g/cm?: 0,68

0rceee n-heptane

First-aid measures

After inhalation: In case of unconsciousness
place patient stably in side position for
transportation.

After skin contact: Immediately wash with water
and soap and rinse thoroughly.

After eye contact: Rinse opened eye for several
minutes under running water.

After swallowing: Give large amounts of water. If
symptoms persist consult doctor.

FLAMMAELE LIGUID

lass 3
DOT UN1206

HEALTH [ 1|
FIRE

roper shipping name:
Heptanes

REACTIVITY [0]

Danger

NuGeneration Technologies, LLC (dba NuGenTec)

Hazard statements:

Highly flammable liquid and vapour May be fatal if swallowed and enters airways. Very toxic to
aquatic life. Very toxic to aquatic life with long lasting effects, Causes skin iitation. May cause

drowsiness or dizziness 1155 Park Avenue, Emeryville, CA 94608
Precautionary statements:

Keep away from heat/sparks/open flames/hot surfaces. - No smoking. Use explosion-proof electrical/ salesteam@nugenteccom Www.nugentec‘com
ventilating/ighting/equipment. IF SWALLOWED: Immediately call a POISON CENTER or doctor/ 888-996-8436 or 707-820-4080 for product information
physician N SKIN {or hair): Remave/Take off immadiately all contaminated clothing Rinse skin

with water/shower Store locked up. Dispose of contents/container in accordance with local/regional/
nationalintemational reguiations

Appendix 3: N-heptane MSDS
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