Study on Stability of Asphaltenes in Thai Crude Oil

Ekapop Tongton

A Thesis Submitted in Partial Fulfilment of the Requirements for the
Degree of Master of Engineering in Chemical Engineering
Prince of Songkla University
2015
Copyright of Prince of Songkla University



Study on Stability of Asphaltenes in Thai Crude Oil

Ekapop Tongton

A Thesis Submitted in Partial Fulfilment of the Requirements for the
Degree of Master of Engineering in Chemical Engineering
Prince of Songkla University
2015
Copyright of Prince of Songkla University



Thesis Title Study on Stability of Asphaltenes in Thai Crude Oil
Author Mr. Ekapop Tongton
Major Program Chemical Engineering

Major Advisor

(Dr. Nattawan Pitipuech)

Co-advisor

(Assoc. Prof. Dr. Chakrit Tongurai)

Examining Committee:

.................................................. Chairperson

(Prof. Dr. Wiwut Tanthapanichakoon)

.................................................... Committee

.................................................... Committee

(Assoc. Prof. Dr. Chakrit Tongurai)

.................................................... Committee

(Assoc. Prof. Dr. Kulchanat Prasertsit)

.................................................... Committee

(Asst. Prof. Dr. Suratsawadee Kungsanant)

The Graduate School, Prince of Songkla University, has approved this

thesis as partial fulfillment of the requirements for the Master of Engineering Degree in

Chemical Engineering.

(Assoc. Prof. Dr. Teerapol Srichana)

Dean of Graduate School



This is to certify that the work here submitted is the result of the candidate’s own

investigations. Due acknowledgment has been made of any assistance received.

...................................... Signature
(Dr. Nattawan Pitipuech)

Major Advisor

..................................... Signature
(Mr. Ekapop Tongton)
Candidate



| hereby certify that this work has not been accepted in substance for any degree, and

is not being currently submitted in candidature for any degree.

..................................... Signature
(Mr. Ekapop Tongton)
Candidate



Faneniiwus AnmaTasnmaedueaiaiilurinuau izl
RLlie UL LONAN NBIFU
#1213 AAINTTNLAN
n1sAnEn 2558
UNARER

'
X o |

waaWanu (Asphaltenes) Fusedtlszneuvileresiiuay Aeinnatloun
Aanylugmannssnilinsiaew uﬁﬂuﬂtymfuﬁ@mmnmn@mmLLMW@ﬁu Tuilszina
1WﬂﬂtyﬁﬂﬂﬂiMﬂmzﬂﬂu°ﬂ®ﬂLL@@ﬁ@ﬁuﬁ/ﬂwuluﬂ%uquﬂﬁ?ﬂuzﬁ\iﬂyﬁilvuﬁ‘i_l deaunnainnns
Lﬂ%’lﬂuuﬂmmqummﬁ AR uazeIAlsznaLTeiNTURL SednasieiatiasnnTe

%

= oy a o ¥ = a ' ¥ a o
waaianuluidufy M lfiueaianunanisanazneuuaz neliinndyninisgasunialy
1 o :: a o d’j ¥ o =2 v = o dl [ QI 1 =K P4
via Aetiuanuddeilininisfnwunlaseairoisesudsniiudetiuennelasaadnaaes

a A ey @ g = = = v o o
waaianu e lfifludeyanugiulunisfneiadasnintesueaianu Inglfivinnisarin
waziunnresueaianulng lignisnsasuanuaznisvyumines luidfuauuwas L1
wazlfvinnisuninnesueaianuuazsduluindufiuunas L1 L2 waz L3 wanannilé

ﬁﬁmiﬁﬂmmmmmﬂ%mm@mwLamsﬁmmzmﬂLmu&i@ﬂ‘%‘mmmmwzzﬂ@mm

wadNaNw Aufunisanmsauldasnis ASTM  D2007 @9aiAausalannqalunis

]
A

d’ [~1 dl A o :// =2
fransarany duiunszuounislisraznaiuu Awiuasszgndldilugoynyinialunig
doalunisrzansazans Tnglueudsad laundsnnuseausduluinsiubu L1 Taald 2
watlafinfiufiaaduiul uaaianunazisdunanalfgniwasilaalfinatia NMR uas
FTIR wiatisuanielasaiaiiassiuaasuaaianuuasisdv
1 a 091 v a dl v a
HaN1IAaeInLdn BNuLeaianuludiuAulel¥n snsasusnaz
Fnnugandiuasianunlinamyguineslunisuen Weasannasnisnsasuandanstuilan
A a [ P dl Y o o = 02/ v a {
An wax Aannuweaianuilisuainnisanna IaaiBuinaesuaaianuluindiuauumnas
(P ] 09/ o o o =
L1 L2 uaz L3 winriu 1.67 1.36 uaz 0.82 wlefifuslagiinuin muasu iunaueaiainu
dl v o/ 1 [ & 03/ [ o Lt
nlfanauuazalmulunisatawindu 1.69 uay 1.67 waiduslaguimin auaf uay

FFurndsgulutinduauumas L1 L2 uay L3 winfu 14.57 18.89 uay 13.27 1asifuslag



Vi

wnen snuanau lunnsadmstulaa l93snisqoonis arliiBunugand asnis ASTM
D2007 tHasannussludsni99e94ayyIn1Agangn3onis ASTM D2007 denalfiasfilsznay

autlwlaunniuiBunanstunadinlilnaeniznguaslsuifnaaiuesdlsenauniialu

v
o

a ¥ o = a = a
u@ﬂmnumimmmmﬂmNmmqmuquamemwmmﬂmﬁ@mu

a

dl < 4’ o dl ° v = a = 1 d‘
Wasanniiluniislutladaniiliiueataniuinnisanaznais aNN9ANEIWLAN LNBRRTUN N

a

qeiu danalfiadosninaesueaiaiiuluisuAuuindy Wesannueaiaiiugiunse
nazangia AL IERTY 0 gringRge drasunsAnemiednunatesdndauszuing
Usannuueaiafiuseisdu doflunsdnemednuassesdszneunie luidununwdn e
dndauszainaueaiaiiuselsiugedu deualiatosnneeweaiaiuluiiuivanas

a9 TUN RN A AZIUT LI AN AN WA BLITUNNINTU WUNIRINNITANLFNN DY

'
o a

waRWANUANINTU AN s uaTludaNdae lun1sfnmadasA N IadLa g N aN1WH
1BUWINAN AAINA 1A A DL TN INTAILDRANANUARAY TIVADINIINAAINILUNTANEN

HATBIR NN LazdnduszudeiBunnuuea anusiawsdu axldguantimnianianinlu

Aa | Pt & oA @ e = = P
NU AR AITNNRUTNLUULASAITHNUAUAUABAIUTNUAL LﬂquUQU@ﬂﬂ\iL@ﬂﬂ?ﬂqWﬂﬂ\‘]LL@@W@WHIH

v
v a

DQPGIRLY



Vii

Thesis Title Study on Stability of Asphaltenes in Thai Crude QOil
Author Mr. Ekapop Tongton
Major Program Chemical Engineering
Academic Year 2015
ABSTRACT

The precipitation of asphaltenes from crude oils can lead to serious
challenges during oil production and processing due to the change of pressure,
temperature and crude oil composition casing the stability of asphaltenes in crude oil.
This work was to study of structure or parameters indicating the structure of asphaltenes
in order to use the data base to prevent their precipitation and this may help us to
understand its function as the stability of asphaltenes. The structural characteristic of
asphaltenes from L1 crude oil sources was separated into fractions by using two
different procedures; ASTM D2007 and vacuum procedures. Moreover, two light
alkanes, including n-hexane (n-C,) and n-heptane (n-C,) were also used to precipitate
asphaltenes. The asphaltenes and resins contents of L1, L2, and L3 crude oil sources
were also determined. Normally, resins extraction by following ASTM procedure is a time
consuming process due to the elution process carried out under gravity force.
Therefore, the force of vacuum was applied as the alternative ways. So, these two
techniques were used to determine the resins contents of L1. Moreover, Proton Nuclear
Magnetic Resonance (1H NMR), Carbon Nuclear Magnetic Resonance (1SC NMR), and
Fourier Transform Infrared (FTIR) spectroscopy techniques were used to characterize
the elementary molecular of asphaltenes and resins.

The results showed that the use of filtration technique caused the higher
asphaltenes contents due to wax contamination in that fraction. Moreover, the
asphaltenes contents in L1, L2, and L3 were 1.67, 1.36, and 0.82 %wt, respectively. The
asphaltenes contents precipitated by n-hexane and n-heptane were 1.69 %wt and 1.67

%wt. Also, the resins contents in L1, L2, and L3 were 14.57, 18.89, and 13.27 %wt,



viii

respectively. In addition, the use of vacuum technique caused the higher resins
contents due to aromatics contamination in that fraction. The primary structural
parameter of the asphaltenes of Thai crude oil was revealed for the first time.

The effect of temperature on the stability of asphaltenes was also
investigated. It was demonstrated that at higher temperatures, the stability of
asphaltenes was higher due to better distribution of asphaltenes in crude oil. Moreover,
the stability of asphaltenes depended on the ratios of asphaltenes to resins (A/R ratios)
in the crude oil. It was found that the stability of asphaltenes in crude oil decreased
when A/R ratios increased due to the precipitation of destabilized asphaltenes. Due to
the increase of asphaltenes to resins ratio, the more amounts of asphaltenes must be
added in the sample, but the amount of resins playing a role to increase the stability was
constant. Moreover, the density and viscosity difference from a change in temperatures
and A/R ratios were used to investigate the key parameter in the aggregation of

asphaltenes and control the stability of asphaltenes.
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CHARPTER 1
INTRODUCTION

1.1 Asphaltenes precipitation

Crude oils are complex hydrocarbon components which have
considerable variation in the color, gravity, odor, sulfur content, and viscosity. Oils
produced in different regions of the world have compositional characteristics depending
on source rock type, and maturity. Asphaltenes are the heaviest and most complex
fraction of crude oil. Asphaltenes in different crude oil sources might have different
content and structure.”

Asphaltenes are one of crude oil component causing a major problem in
the petroleum industry known as asphaltenes precipitation. This precipitation problem
can occur in the process of drilling (upstream), transportation (midstream), and refining
(downstream). Asphaltenes may precipitate in different places along the production
processes, for instance, formation of asphaltenes inside of pumps, tubing, wellheads,

safety valves, flowlines, and surface facilities as represented in Figure 1.1 A

Figure 1.1 Asphaltenes precipitation problemm



The precipitation of asphaltenes predominantly depends on their stability
in crude oil.” The changes of temperature, pressure, and compositions during oil
production can induce asphaltenes destabilization. Therefore, asphaltenes tend to
precipitate into clusters causing precipitation problem in various processes leading to
the decrease of capacity and productivity. Thus, the economics including costs of

. ) . . 1,4
operation and maintenance is higher than normal.l"*

1.2 Research motivation

Mostly crude oil in Thailand is light crude oil, the asphaltenes content
itself is not as high as compared to those of heavy crude oil. Light crude oil with small
amount of asphaltenes is more prone to cause problems than heavy oil because heavy
crude oil contains many of intermediate components, resins, that are good asphaltenes
solvents whereas the light crude oil may consist mainly of paraffinic materials, which are
poor soluble for asphaltenes.[S’ o Moreover, the mixing of different crude oil sources can
induce asphaltenes precipitation and deposition due to the change of crude oil
Composition.m

The stability of asphaltenes in Thai crude oil has never been discussed.
Additionally, the study of asphaltenes molecular structure is the key to prevent their
precipitation and can help understanding its function as the stability of asphaltenes.[& %
In order to prevent the asphaltenes precipitation problems as stated above, to know and

to understand the structure of asphaltenes in difference crude oil sources, might help

preventing asphaltenes precipitation problem.

1.3 Research objectives

In this study, not only the asphaltenes and resins contents as well as

asphaltenes structures, but also the asphaltenes precipitation and resins separation



methods were investigated. The standard ASTM and the modified ASTM methods were
applied in order to quantity and qualify the obtained asphaltenes and resins. The effect
of solvent types on the precipitated asphaltenes contents as well as their structures was
also studied. In addition, the effect of the temperature and the ratios of asphaltenes to
resins on the stability of asphaltenes were also discussed. The objectives of the present

study are as follows:

1.3.1 Asphaltenes contents and their structures

1.3.1.1 Studies of the separation methods on asphaltenes

contents and their structures.

This work studied the asphaltenes contents and their structures in
L1 crude oil. The experiments were conducted by using two different asphaltenes
precipitation methods; which are filtration and centrifugation. The precipitated
asphaltenes were analyzed their functional groups by using Fourier Transform Infrared
(FTIR) spectroscopy technique. Moreover, Proton Nuclear Magnetic Resonance (1H
NMR), Carbon Nuclear Magnetic Resonance (130 NMR) were used to determine some

structural parameters in the precipitated asphaltenes.

1.3.1.2 Studies of the asphaltenes contents and their structures in

three different crude oil sources.

This work studied the asphaltenes contents and their structure in
L1, L2, and L3 crude oils. The experiments were conducted according to ASTM D2007
method. The precipitated asphaltenes form three different crude oil sources were
analyzed for their functional groups and some structural parameters by using Fourier
Transform Infrared (FTIR) spectroscopy and Nuclear Magnetic Resonance (NMR)

techniques, respectively.



1.3.1.3 Studies of the effect of solvent types on the asphaltenes

precipitation and their structures

This work studied solvent types used to induce asphaltenes
precipitation in L1 crude oil. The experiments were conducted by using two different
types of solvent, which are n-hexane and n-heptane. The precipitated asphaltenes from
two different solvent types were analyzed for their functional groups and some structural

parameters by using FTIR and NMR techniques, respectively.

1.3.2 Resins contents and their structures

1.3.2.1 Studies of the separation methods on resins contents and

their structures.

This work studied the resins contents and their structure in L1
crude oil. The experiments were conducted by using liquid adsorption chromatography
with two different procedures. Resins were separated according to ASTM D2007, the
adsorption was carried out under gravity force, and another experiment was done under
vacuum pressure. The separated resins were analyzed for their functional groups and

some structural parameters by using FTIR and NMR techniques, respectively.

1.3.2.2 Studies of the resins contents in three different crude oil

sources

This work studied the resins contents in L1, L2, and L3 crude oils.

The experiments were conducted according to ASTM D2007 method.

1.3.3 Asphaltenes stability

1.3.3.1 Studies of effect of operating parameters on asphaltenes

stability.



This work was focused on investigating the effect of operating
temperatures and the ratios of asphaltenes to resins on asphaltenes stability of L1, L2,
and L3 crude oils. The experiments were conducted by measuring density and viscosity
deviations of L1, L2, and L3 crude oils due to the variation of temperatures and the
ratios of asphaltenes to resins. Experiments were conducted under typical conditions in
crude oil transportation process in which on the temperature range of 40°C to 70°C. The
ratios of asphaltenes to resins were varied in order to imitate the difference in

asphaltenes and resins contents in crude oil.



CHARPTER 2
THEORIES AND LITERATURE REVIEWS

Asphaltenes and resins background were reviewed in this chapter. The
first two sections provided some information for asphaltenes and resins in crude oil. The
saturates, aromatics, resins, and asphaltenes analysis (SARA analysis) and asphaltenes
precipitation mechanism were discussed in the third and fourth sections, respectively.

Asphaltenes characterization was reviewed in the last section.

2.1 Asphaltenes

Asphaltenes firstly defined by Boussingault in 1837 as the distillation
residue of bitumen are insoluble in alcohol and soluble in turpentine.m] Asphaltenes are
the heaviest and the most complex fraction of crude oil. They are more defined in term
of solubility class than structural molecule class. They are soluble in aromatic solvents
such as toluene and benzene, but are insoluble in light n-alkane such as n-pentane (n-
C,), n-hexane (n-C), and n-heptane (n-C7).[1’4]

In general, the structure of asphaltenes consists of aromatic rings, long
aliphatic chains, and alicyclic. Each component can be substituted by heteroatoms
such as oxygen, nitrogen, and sulfur as well as trace metals, nickel and vanadium.
Moreover, the composition and structure of asphaltenes are widely different depending
on the origin of crude oil sources. Therefore, the amount of aromatics, alkane, alkyl
chains, and heteroatom are altered.”"""

The structure of asphaltenes is consistent with the Yen model-stacking
asphaltenes fused-ring system which was suggested more than 40 years ago as shown

[12,13]

in Figure 2.1.



Figure 2.1 Structure of asphaltenes by Yen model"'* ™

2.2 Resins

Resins, which are separated by using SARA analysis are defined as the
composition of crude oil recovered by liquid adsorption chromatography after elution of
oils by nonpolar solvents." The Figure 2.2 shows the structures of resins having a
similar structure as asphaltenes, but they have a lower content of hydroxyl groups,
aromatics, alkane, alkyl, and heteroatoms causing the molecular weight less than
asphaltenes.[g]

The role of resins on asphaltenes stability was investigated by
Nellensteyn in 1930. He proposed a hypothetical model where resins adsorb on
asphaltenes and provide a steric stabilizing layer. The resins in oil prevent the
precipitation of asphaltenes by increasing the stability of asphaltenes and decreasing
the size and amount of precipitated asphaltenes. They play a role as surfactants in

[8, 15]

stabilizing colloidal particles of asphaltenes in oil are shown in Figure 2.3. When a
solvent, light n-alkane, is added to oil, resins are dissolved in the liquid, leaving active
areas of asphaltenes particles, which allow the aggregation of the same and,
consequently, asphaltenes precipitation.[s] So the stability of asphaltenes in oil also

depends on the ratio of resins to asphaltenes in the oil.”!



Figure 2.2 The structure of resins’™®”

Figure 2.3 The mechanism of resins interacted with asphaltenesm]

2.3 Saturates, aromatics, resins, and asphaltenes analysis (SARA analysis)

SARA analysis is the method of separating crude oil into saturates,
aromatics, resins, and asphaltenes fractions as represented in Figure 2.4. In SARA
fractionation, asphaltenes are separated from the other hydrocarbon components by
adding n-alkane such as n-heptane or n-propane. The remaining components which are
called maltenes are then further fractionated by passing the mixture through a liquid
adsorption chromatography column. Each component is removed from the column by

flushing with various solvents. Saturates are the molecule containing the maximum



number of hydrogen atoms without no double or triple bonds between the carbon and

hydrogen atoms. Aromatics normally consist of one or more rings of six carbon atoms

and six hydrogen atoms such as benzene (C6H6).[17]

CCrude oil>

dilute with n-alkane

> < =
solution
/
v

Ma'tenes precipitate
adsorb on chromatographic column
elute with:
. . s
7~ \ N

(1) alkane (2) aromatic (3) polar solvent
} \ !

Saturates Aromatics Resins Asphaltenes

Figure 2.4 SARA analysis[m

The different types of solvent (n-alkane) used can cause the different
appearance of asphaltenes obtained in color and texture. Asphaltenes separated with
lower molecular weight alkanes (e.g., propane) would be sticky and more liquid-like as

represented in Figure 2.5

(a)

Figure 2.5 Examples of the appearance of asphaltenes separated from Mars-P crude oil

with an excess of (a) n-pentane (n-C,) and (b) n-heptane (n—C7)m
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2.4 The mechanism of precipitated asphaltenes
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Figure 2.6 The mechanism of precipitated asphaltenes in crude oil and toluene™™

Figure 2.6 shows the precipitation properties of asphaltenes depending
on the types of used solvent; crude oil (purple) or toluene (yellow). When the
concentrations or mass fraction of asphaltenes are lower than 100 mg/L or 10" mass
fraction, individual molecules can be seen especially at low concentrations. When
concentration increases, the molecules will stick together. As concentration increases to
100 mg/L, or 10™ mass fraction, the molecules is quite near-spherical molecules due to
aggregation of eight to ten molecules of asphaltenes. In this area is called
nanoaggregates of asphaltenes. Once the concentration are higher than 5,000 mg/L, or
mass fraction of 5x10°, nanoaggregates becomes the clusters. Alkane chains of

adjacent clusters may interact. These clusters may remain in stable colloidal suspension
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until concentration reaches a mass fraction of 10°. Therefore, the stability can be
reduced at higher concentrations in crude oil causing the asphaltenes clusters

precipitation.[m]

2.5 Asphaltenes characterization

Over the past few decades, many literatures have been discussed on the
structure of asphaltenes using numerous techniques including 'H NMR and "°C NMR,
FTIR, Electron Spin Resonance (ESR), Mass Spectroscopy, X-ray, Vapor Pressure
Osmometry (VPO), Electron Microscopy, and Gel Permeation Chromatography (GPC).
The use of each technique depends on the objectives of the researches and principles
of that technique.m]

NMR is one of the techniques that is widely used to characterize,
especially the "H NMR and °C NMR spectroscopy, providing relevant information about

the series of structural parameters. The significant data obtained from NMR

spectroscopy such as Hq, Hp, Hy, aliphatic carbon (C,), and aromatic carbon (C,) are

[20-22]
carbon”

used to calculate the structural parameters, like aromaticity (f,) and n
Moreover, FTIR spectroscopy is also used to characterize the functional groups of
asphaltenes such as aromatics, aliphatic including alkane and alkene, and hydroxy!

[20, 23-25]
groups.
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CHARPTER 3
METHODOLOGY

3.1 Chemicals, materials and equipment

Thai crude oil samples in three different sources, L1, L2, and L3,
supplied from Petroleum Authority of Thailand (PTT) were used to study in this work.
Three crude oil samples were measured some crude oil physical properties. Ambient
density measurement (DMA 4500 M) was used to determine the density of crude oils.
The viscosity of crude oils was measured by using Electromagnetic viscometer (EV
1000). Liquid Analyzer Gas Chromatography (7890A) was used to characterize crude oil
composition in term of amount of each compound in crude oils. Moreover, the cold
fingers (CF15200) was used to determine the wax content in crude oil.

The asphaltenes of crude oil samples were induced to precipitate by
adding two different light alkane solvents, n-hexane and n-heptane (Ajax Finechem Pty
Ltd, Netherlands). After asphaltenes precipitation was occurred, the precipitated
asphaltenes were separated from crude oils by using two methods, filtration and
centrifugation techniques. Filtration technique consists of suction flask, filter paper (8
um), borosilicate filtering funnel, and vacuum pump. While the centrifugation technique
consists of centrifuge (Equipment & Chemical Co., Ltd, Bangkok) and centrifuge tube.
The obtained asphaltenes were redissolved in toluene (Labscan Asia CO Ltd, Thailand)
in order to remove the contaminated fraction. Moreover, resins were separated by
adsorption on clay (Ashapura volcaly Co., Ltd, Thailand) and were flushed by mixture of
toluene and acetone (Labscan Asia CO Ltd, Thailand). Clay was packed into designed

column according to ASTM D2007.
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3.2 Methodology

3.2.1 SARA analysis

3.2.1.1 Asphaltenes separation
(1) Filtration technique

Asphaltenes were induced to precipitate from crude oil
sample (W) by weighing 10 g of crude oil and then n-heptane was added 450 ml
during stirring the mixture at room temperature to ensure homogeneity. The mixture
sample was rinsed through filter paper (8 um) connected with a 125 mm of borosilicate
filtering funnel and a vacuum pump. Asphaltenes were precipitated on the filter paper,
which were washed with n-heptane until the washing was colorless. The obtained
fractions were resoluble in toluene to separate the contaminated fraction. Dissolved

. [17]
asphaltenes were recovered by toluene evaporation.

(2) Centrifugation technique

(2.1) n-C, asphaltenes

A centrifugation based separation technique was developed
to quantify the amount of asphaltenes. The centrifuge was set to 4000 rpm,
corresponding to a relative centrifugation force (RCF) of 2469. In these experiments, 270
ml of n-heptane was mixed with 7 g of crude oil sample (W_,). The mixture was stirred by
magnetic stirrer to ensure homogeneity. Then, each sample was centrifuged at 4000
rom for 10 min, causing the asphaltenes particles aggregated and precipitated at the
bottom of the centrifuge tube. The liquid is decanted to separate it from the asphaltenes
particles, which form a compact cake in the bottom of the tube. The asphaltenes were
then washed several times with heptane to remove the minor quantity of contamination

adhering to the asphaltenes particles until the solution becomes colorless. Toluene was
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added in each tube to separate the contaminated fraction. Dissolved asphaltenes were

. [4, 26]
recovered by toluene evaporation.

(2.2) n-C, asphaltenes

Asphaltenes were separated from crude oil sample (W _,) with

oil
the same procedure as n-C, asphaltenes but the solvent was changed from of n-

4,26
heptane to n-hexane.”

3.2.1.2 Asphaltenes contents

After toluene evaporation, the obtained asphaltenes (W  ines)

were weighted. Then asphaltenes contents were calculated, as the following equation.m

asphaltenes

Asphaltene s contents (Yowl) = ———x7100 (3.1)
W

oil

3.2.1.3 Resins separation

There are two different maltenes, filtration and centrifugation
maltenes due to the asphaltenes separation methods. Each maltenes fraction was
further separated into saturates, aromatics, and resins by using liquid adsorption
chromatography with two different procedures, ASTM D2007 and applied vacuum

procedure.
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(1) ASTM D2007 procedure (gravity force)

%)

Ga:,md
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)
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Figure 3.1 Clay adsorption column™”

Figure 3.1 showed the clay adsorption column. It was
prepared by placing 100 g of clay adsorbent in the column. A piece of 25 mm thickness
of glass wool was used over the top surface of the clay in the column to prevent
agitation of the clay while charging the eluent solvents. It was important that the
adsorbents in column be packed to a constant level. A minimum of ten taps with a soft
rubber hammer at different points up and down and 25 taps on top of column should be
employed to achieve constant level. A suitable rubber hammer may be assembled by
fastening two No. 7 or 8 rubbers. Resins were separated from deasphalt oil or maltenes,
which was separated asphaltenes out of crude oil. Maltenes were weighed 5 g of
sample and then n-heptane was diluted with 25 ml of n-heptane solvent and mix well to
ensure a uniform solution. The sample should not display precipitate or flocculate at this

point. If a precipitate was present asphaltenes may be removed by the procedure of
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asphaltenes separation. 25 ml of n-heptane was added to the clay to activate its
adsorption. The diluted maltenes were rinsed though column after that approximately
500 ml of n-heptane was rinsed slowly to the column and maintain a head level above
the clay beds to wash the saturates portion of the sample from the adsorbents. The first
obtained fraction was saturates and solvent recovered by n-heptane evaporation. After
n-heptane effluent has essentially drained from the column, charge a 50 to 50 volume
mixture of n-heptane and toluene. Collected 1560 ml of the mixed heptane and toluene
rinsed to column and maintain a head level. The obtained fractions were recovered by
n-heptane and toluene evaporation so that the remained fraction was aromatics with
some remaining saturates. Finally, the remained component on the clay were resins and
other polar fractions. They were flushed by 50 to 50 volume mixture of toluene and
acetone added continually into the column until the effluent liquid was practically
colorless. Then, the obtained fractions from column were brought in the separatory
funnel. Then, 10 g of anhydrous calcium chloride were added to that fraction in the
separatory funnel and shake for about 30 s. Allowed the mixture to settle for at least 10
min. Then, the anhydrous calcium chloride was taken by filter paper. Moreover, the
water contamination, which was bottom the separatory funnel due to the highest density,
was effluent. Finally the mixed toluene and acetone were evaporated by using

evaporator to obtain the fraction of resins.’”

(2) Vacuum procedure

Normally, resins extraction by following ASTM procedure is a
time consuming process. It is due to the elution process carried out under gravity force.
Therefore, the force of vacuum was applied to be the alternative ways due to less time
than general procedure. Resins were separated from maltenes sample with the same
solvent as ASTM D 2007 procedure but the vacuum force was applied. This procedure

used vacuum pump for resins separation.
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3.2.1.4 Resins contents

The obtained resins (W were weighted, then were calculated

resins>

the resins contents, as the Eq.3.2

resins

Resins contents (Yowt) = x100 (3.2)

Wasphaltenes + Wimaltenes

3.2.2 Determination of asphaltenes and resins structures in Thai crude

Q.
»

3.2.2.1 Nuclear Magnetic Resonance (NMR) (Varian, Germany)

(1) 'H NMR Spectroscopy generated the distribution of H atoms in
the aliphatic and aromatic regions of the asphaltenes. Liquid-state proton or 'H NMR
spectra operated at 500 MHz. Chemical shifts were reported (in parts per million, ppm),
which were relative to the appropriate reference signals. "H NMR spectra were recorded
in deuterated chloroform (CDCI,) with a pulse width of 3 microsecond, a recycle delay of
2 seconds, a spectral width of 16 ppm, a tube diameter of 5 mm, and at least 128
scans.

(2) "°C NMR studies were performed in 5 mm tubes at 298 K at 125
MHz using deuterated chloroform (CDCI,) as the solvent (100 mg of asphaltenes in 0.5
ml of CDCl,). The pulse program was set to inverse gated decoupling with a flip angel
30°. At least 8,000 scans were collected and averaged for each asphaltenes to enhance

the accuracy.

3.2.2.2 FTIR Spectroscopy (Bruker, Germany)
FTIR was used to characterize the asphaltenes functional groups.
Infrared spectra were recorded on a FTIR spectrometer in the transmittance mode over

the wavenumber region of 4000-400 cm’. Asphaltenes samples were prepared by
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mixing the materials with spectroscopic-grade potassium bromide (KBr) to obtain a 1

(Y%wt/%wt) asphaltenes/KBr.

3.2.3 Asphaltenes stability

3.2.3.1 Effect of temperatures on the stability of asphaltenes in

crude oll.

The cylinder with a 3.5 cm diameter and 24 cm height containing about
100 ml of crude oil was immersed in a water bath with temperature controller as shown
in Figure 3.2. The temperature of the crude oil was kept at 40°C for 3 hours. Then, the
crude oil was sampled at three different specific heights of cylinder. The sampling
points; A, B, and C are the location of the top, middle, and bottom section of cylinder
used to contain crude oil samples, respectively. The obtained crude oil was measured
density and viscosity by Ambient Density Measurement (DMA 4500 M) and
Electromagnetic Viscometer (EV1000), respectively. The procedures were the same as
described in temperature at 40°C, but the temperature of crude oil was changed from

40 to 50, 60, and 70°C, respectively.

— i

o - -

/ c
S

Figure 3.2 Experimental set up for studying the effect of temperature on asphaltenes

stability
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3.2.3.2 Effect of the ratios of asphaltenes to resins on the stability

of asphaltenes in crude oil

Reconstitution of each crude oil sample was prepared with
dispersion of asphaltenes and resins in the range of ratios of asphaltenes to resins,
0.042-0.154. These ratios were calculated and varied based on asphaltenes and resins
original contents, shown in Appendix D. The asphaltenes were mixed with toluene
before resoluble back because they are not resoluble directly in crude oil. In contrast,
resins can be soluble in crude oil so they were added directly in their crude oil. The
procedure is quite similar to the effect of temperatures on the stability of asphaltenes,

but the temperature of each crude oil sources was fixed at 40°C.
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CHARPTER 4
RESULTS AND DISSCUSTION

4.1 Asphaltenes contents

4.1.1 Effect of asphaltenes separation methods on asphaltenes contents

The asphaltenes contents of L1 precipitated by filtration and
centrifugation techniques were 9.81 and 1.67 %wt, respectively shown in Table 4.1.
Obviously, the use of filtration technique caused the higher asphaltenes contents due to
the increase of the amount of wax contamination in that fraction. The use of filtration
technique had a low pressure causing the temperature reduction during filtration. It was
the most common cause of wax deposition because the decrease of temperature

causing the wax solubility in crude oil declined.””

Although the use of filtration
technique was a conventional technique, it was not suitable for crude oil consisted of

higher wax contents, which is 23.76 %wt at 30°C in L1 crude oil.

Table 4.1 The asphaltenes contents of L1 using the different separation technique with

n-C,

The procedures of separation Asphaltenes contents (%wt)

Filtration 9.81

Centrifugation 1.67
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Figure 4.1 The obtained asphaltenes separated by (a) filtration technique and (b)

centrifugation technique

In addition, the appearance of obtained asphaltenes were shown in
Figure 4.1. It was found that the obtained asphaltenes by filtration technique was more
blown and stingier solid than asphaltenes that were separated by centrifugation
technique due to higher wax contamination of filtration technique. Normally, the
asphaltenes samples obtained from both techniques were taken into an oven at 105°C.
This condition caused the sample obtained from filtration technique melted on the filter
paper. Generally, the asphaltenes were not melted at that temperature so that the
obtained asphaltenes by filtration technique was not pure asphaltenes. There are some

wax contaminated within these asphaltenes.

4.1.2 The asphaltenes contents of three different crude oil sources

The asphaltenes contents in each crude oil source are shown in Table
4.2. The asphaltenes contents of L1, L2, and L3 precipitated by n-heptane were 1.67,
1.36, and 0.82 %wt, respectively. Apparently, the asphaltenes content of L1 crude oil
source is the highest following by L2 and L3. However, there were other parameters that
can affect to the amount of asphaltenes precipitations such as solvent-to-crude oil ratio,

mixing time, and temperature. These parameters must be fixed to avoid the deviation.””
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Table 4.2 The asphaltenes contents in each crude oil source using n-heptane as

solvents
Crude oil sources Asphaltenes contents in crude oil (Y%wt)
L1 1.67
L2 1.36
L3 0.82

Figure 4.2 Asphaltenes of (a) L1, (b) L2, and (c) L3 crude oil sources

According to Figure 4.2, the appearance of obtained asphaltenes was

black solid for all samples.

4.1.3 Effect of solvent types on the asphaltenes precipitation

The asphaltenes contents in each source are shown in Table 4.3. For
example, the asphaltenes contents of L1 precipitated by n-hexane and n-heptane were
1.69 %wt and 1.67 %wt, respectively. Apparently, the use of low soluble carbon-number
alkane solvents caused the higher precipitated asphaltenes contents due to the
increase in the amount of resins contamination in that fraction.””* The polarity of light n-
alkanes affected the amount of separated asphaltenes. The higher polarity of solvents

used, the higher asphaltenes precipitation obtained in the solvents.*"*
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Table 4.3 The asphaltenes contents in L1 crude oil source using the different solvents

Asphaltenes contents in crude oil (Y%wt)

Crude oil sources
Separated by n-hexane Separated by n-heptane

L1 1.69 1.67

Figure 4.3 The difference of asphaltenes separated by (a) n-hexane and (b) n-heptane

Moreover, the difference of n-alkane solvents used to separate
asphaltenes was caused not only the amount of asphaltenes“' 4], but also the change of
physical properties such as color and texture. Figure 4.3 shows the appearance of the
obtained asphaltenes using n-hexane solvent were more black and stingier solid than

asphaltenes that were separated by n-heptane solvent.””

4.2 Resins contents

4.2.1 Effect of resins separation methods on resins contents

After asphaltenes were separated from crude oil, the rest from the

extraction is called maltenes. The maltenes or deasphalt oil, composes of resins,
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saturates, and aromatics. Resins were separated from that obtained maltenes by using
2 different techniques, filtration and centrifugation techniques. Normally, extraction of
resins from deasphalt oil must follow ASTM procedure which is a time-consuming
process. Thus, vacuum pressure supplied by a vacuum pump was applied to enhance
the elution process.

The resins contents are shown in Table 4.4. It was found that maltenes
obtained from filtration technique, the resins contents separated by ASTM and vacuum
procedures were 14.80 %wt and 16.86 %wt, respectively. Maltenes obtained from
centrifugation technique, resins contents separated by ASTM and vacuum procedures
were 14.57 %wt and 17.12 %wt, respectively. Clearly, the resins contents used the
vacuum procedure were higher than ASTM procedure. The use of vacuum procedure
for resins separation caused the higher other contamination, especially aromatics that
molecule are similar to obtained resins. Moreover, force from vacuum pump, was higher
than gravity force (ASTM procedure). This caused the resins contents obtained from

vacuum procedure were higher than that.

Table 4.4 Resins contents in L1 source separated by n-heptane that use the different

separation techniques

Maltenes obtained from Maltenes obtained from
filtration technique centrifugation technique
resins resins resins resins

Resin contents (Y%wt) separated separated | separated | separated
by ASTM by vacuum | by ASTM | by vacuum
procedure procedure | procedure | procedure
(a) (b) (c) (d)
L1 14.80 16.86 14.57 17.12
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Figure 4.4 The difference of resins separated by different methods as shown in table 4.4

Additionally, Figure 4.4 showed that the texture was black and gummy

liquid as same as all sample.

4.2.2 The resins contents in three different crude oil sources

Resins were separated from that obtained maltenes by using
centrifugation technique. The resins contents of L1, L2, and L3 separated by n-heptane
were 14.57, 18.89, and 13.27 %wt are shown in Table 4.5, respectively. Obviously, the
resins content of L2 crude oil source had the highest content following by L1 and L3,

respectively.



Table 4.5 The resins contents in each crude oil sources
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Crude oil sources

Resins contents (%wt)

L1 14.57
L2 18.89
L3 13.27

(b)

Figure 4.5 Resins of (a) L1, (b) L2, and (c) L3 crude oil sources

Moreover, Figure 4.5 shows the appearance of L1, L2, and L3-resins

separated by n-heptane solvent were black and sticky liquid as same as all samples.

4.3 Asphaltenes structures

4.3.1 Effect of asphaltenes separation methods on asphaltenes

structures

4.3.1.1 NMR spectra

'H NMR and °C NMR spectroscopy were used to characterize the

asphaltenes structure. The amount of hydrogen and carbon atoms including the

structural parameters can be determined from these techniques. These data were used

to predict the structure of asphaltenes for better understanding.

[20-22]




27

!
H
i
o
. S . .l JLL ' /J !
(b)
/
I
f
(.
|
|
fil:l. Iﬂ f'/
a ‘

Figure 4.6 The 'H NMR spectrums of asphaltenes separation by (a) filtration technique

and (b) centrifugation technique
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Figure 4.7 The C NMR spectrums of asphaltenes separation by (a) filtration technique

and (b) centrifugation technique
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'H NMR spectrums of asphaltenes separation by filtration and
centrifugation techniques are shown in Figure 4.6. Aliphatic proton region is divided into
three regions which are a-hydrogen band refers to the a-hydrogen to aromatic ring
(2.05-4.5 ppm region), the B-hydrogen band refers to the B-hydrogen to aromatic ring
(1.1-2.05 ppm region), and y-hydrogen band refers to the y-hydrogen to aromatic ring
(0.4-1.1 ppm region).mzz] These three regions are integrated to obtain % hydrogen (Q,

B, and y), respectively.

Table 4.6 The structural parameters of L1-asphaltenes separated by filtration and

centrifugation technique

Asphaltenes Asphaltenes
separation by separation by
filtration centrifugation
Molecular Parameters technique technique
% of aromatic carbons 50.5 51.9
% of saturated carbons 49.5 48.1
f, (aromatic carbon fraction) 0.505 0.519
% aromatic hydrogens 6.3 6.2
% hydrogen (a) 4.4 3.3
% hydrogen (B) 71 72.1
% hydrogen (y) 18.2 18.5
% of saturated hydrogens 93.7 93.8
C/H ratios 1.5 1.1
Nearbon = [Ha + (Hg + Hy)/Hqg 28.8 211
aromatic hydrogens/saturated hydrogens 0.067 0.066

The structural parameters of asphaltenes obtained by 'H NMR and
“C NMR were shown in Table 4.6. The Neabon PArameters obtained from 'H NMR

spectrums were 28.8 and 21.1 for asphaltenes precipitated by using filtration and
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centrifugation techniques, respectively as shown in Table 4.6. Therefore, n can be

carbon?
determined by [Hq + (Hg + H,)J/Hqa. The remaining impurities in the unfractionated
asphaltenes that could influence these values, i.e., a lower ‘n’ value correlated to

fractionated asphaltenes_[20*22]

The use of filtration technique caused the higher
asphaltenes contents due to the increase of the amount of wax contamination in that

fraction. Therefore, n values of asphaltenes precipitation by filtration technique were

carbon
higher than asphaltenes precipitation by centrifugation technique.

Moreover, the ®C NMR spectrums of the filtration and
centrifugation asphaltenes obtained in this work are shown in Figure 4.7. The aromaticity
parameter (f,) obtained from "C NMR spectrums can be determined from two different
integration domains in that spectrums. It was calculated by C_/(C, + C,), where C,
refers to aliphatic carbons (10-70 ppm region) and C,, refers to aromatic carbon (100-
160 ppm region). It indicates a degree of aromatic condensation and levels of hydrogen

. [20-22]
deficiency.

The f, values were 0.505 and 0.519 for asphaltenes precipitation by
filtration and centrifugation techniques, respectively. The f, value of asphaltenes
precipitation by filtration technique was lower than asphaltenes precipitation by
centrifugation technique. Due to temperature drops during filtration, wax can be

occurred. Normally, wax is the aliphatic hydrocarbon so that C, value was higher.

Therefore, f, determined from C_/(C,.+ C,) was declined.
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4.3.1.2 FTIR spectra

The primary structural parameters of asphaltenes precipitation by
filtration and centrifugation techniques obtained from FTIR spectrums are shown in
Figure 4.8 and Figure 4.9, respectively. Some key functional groups in both of obtained
asphaltenes molecules such as the hydrocarbons groups (aliphatic, aromatics and

alicyclic), phenol, and heteroatom are presented.
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Figure 4.8 The FTIR spectrum of asphaltenes separation by filtration technique
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Figure 4.9 The FTIR spectrum of asphaltenes separation by centrifugation technique

Figure 4.8 and Figure 4.9 show that the absorption band in the
region of 3200-3450 cm’' indicates O-H stretching (i.e., 3435.95 and 3433.26 cm” for
obtained asphaltenes from filtration and centrifugation techniques, respectively). The
band approximately 2920 and 2850 cm’' shows the CH, and CH, alkane, respectively.
Also, the band at 1700 cm’ represents the carboxylic acids. Aromatic ring is
represented the band at 1600 cm”. The spectrum at 1458 cm’ corresponds the CH,
bending of aliphatic and naphthenic rings. Additionally, the band at 1383 cm’”' shows all
CH, bending including aliphatic and naphthenic rings. The next band, which appears at
~1032 cm’' is attributed to the sulfoxide groups (C,S=0) or ester linkages. Para-disub
benzene (C-H) and monosubstituted benzene (C-H) have the band at 800-860 cm’ and

700-750 cm’'. The results do not depend on the used techniques.[zo’ 23:25)
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4.3.2 The structural parameters of three different crude oil sources

4.3.2.1 NMR spectra
'H NMR and "°C NMR spectrums of asphaltenes of L1, L2, and L3

crude oil sources were shown as Figure 4.10 and 4.11, respectively.
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Figure 4.10 'H NMR spectrums of asphaltenes separation by n-heptane of (a) L1, (b) L2,
and (c) L3
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Figure 4.11 C NMR spectrums of asphaltenes separation by n-heptane of (a) L1, (b)

L2, and (c) L3



36

Table 4.7 The structural parameters of asphaltenes separated by n-heptane as solvents

of L1, L2, and L3 crude oil sources

L1- L2- L3-
Molecular Parameters asphaltenes | asphaltenes | asphaltenes

% of aromatic carbons 51.9 17.3 36.4
% of saturated carbons 48.1 82.7 63.6
f, (aromatic carbon fraction) 0.519 0.173 0.364
% aromatic hydrogens 6.2 17.6 9.3
% hydrogen (a ) 3.3 4.5 4.8
% hydrogen (B) 721 69.6 71.5
% hydrogen (y) 18.5 8.3 14.5
% of saturated hydrogens 93.8 82.4 90.7
C/H ratios 1.1 0.2 0.67
Neason = [(Ha + (Hg + Hy)1/Hq 21.1 18.4 19.02
aromatic hydrogens/saturated hydrogens 0.066 0.214 0.102

The n parameters obtained from that spectrums were 21.1,

carbon

18.4, and 19.02 for asphaltenes precipitation by n-C, of L1, L2, and L3, respectively

shown as Table 4.7. The n values of L1-asphaltenes had the highest values

carbon

following by L3, and L2, respectively. The origin of crude oil sources and the process of

[20, 22]

asphaltenes separation can reflect to n value.

carbon

The aromaticity parameter (f,) values were 0.519, 0.173, and 0.364
for asphaltenes precipitation by n-C, of L1, L2, and L3 as shown in Table 4.7,
respectively. The f, value of L1-asphaltenes was the highest value following L3 and L2,
respectively. This data represented the molecular structure of L1-asphaltenes, which

. . . [20, 22]
mainly consisted of the aromatics more than the other sources.
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4.3.2.2 FTIR spectra

The FTIR spectrums of L1, L2, and L3 asphaltenes are shown in

Figure 4.12-4.14, respectively.
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Figure 4.14 FTIR spectrum of L3-asphaltenes

The functional groups of asphaltenes in three crude oil sources
indicate O-H stretching, hydrocarbon including aliphatic and aromatic ring, the sulfoxide
groups (C,S=0) or ester linkages, Para-disub benzene (C-H), and monosubstituted

benzene (C-H), respectively. The results do not depend on the crude oil sources.m 23:29]

4.3.3 Effect of solvents types on asphaltenes structures

4.3.3.1 NMR spectra

'H NMR and “°C NMR spectrums of asphaltenes separation by n-

Ce and n-C, asphaltenes are shown as Figure 4.15 and 4.16, respectively.
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Figure 4.15 'H NMR spectrums of asphaltenes separation by (a) n-hexane and (b) n-

heptane
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Table 4.8 The structural parameters of asphaltenes separated by n-hexane and n-

heptane as solvents

Molecular Parameters n-Cy asphaltenes | n-C, asphaltenes
% of aromatic carbons 33.9 51.9
% of saturated carbons 66.1 48.1
f, (aromatic carbon fraction) 0.339 0.519
% aromatic hydrogens 10.59 6.2
% hydrogen (a ) 3.53 3.3
% hydrogen (B) 72.3 72.1
% hydrogen (y) 13.6 18.5
% of saturated hydrogens 89.41 93.8
C/H ratios 0.57 1.1
Neooon = [Ha + (Hg + Hy)1/Hq 25.3 21.1
aromatic hydrogens/saturated hydrogens 0.118 0.066

According to Table 4.8, the n_,. . parameters obtained from 'H
NMR spectrums were 25.3 and 21.1 for asphaltenes precipitation by using n-C, and n-
C,, respectively. The lighter n-alkanes were used to separate the asphaltenes, the more

resins contamination is occurred. Therefore, n values of asphaltenes precipitation

carbon

by n-hexane are higher than those precipitations by n-heptane.mm

The aromaticity parameter (f,) values were 0.645 and 0.173 for
asphaltenes precipitation by n-C, and n-C,, respectively. The f, value of n-Cg
asphaltenes was lower than the n-C, asphaltenes. The separation efficiency of aromatics
from crude oil sample using n-heptane was more than the use of n-hexane as solvent for
separation. The previous study showed that the use of n-C, as solvent to precipitate

asphaltenes has a higher values of fa.m’ 2l
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4.3.3.2 FTIR spectra

Figure 4.17 and 4.18 show the FTIR spectrums of n-C, and n-C,

asphaltenes, respectively
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Figure 4.17 FTIR spectrum of n-C, asphaltenes
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The obtained results of FTIR spectrum from both solvents; n-C,

20-2325 The use

and n-C, show the similar functional group of asphaltenes precipitation.
of FTIR technique to determine asphaltenes structure indicates only the primary
structural parameter. Therefore, NMR needs to be used in this study for a better

understanding of the structural parameter.

4 4 Resins structures

4.4 .1 Effect of resins separation methods on resins structures

4.4.1.1 NMR spectra

'H NMR spectrums results of ASTM resins and vacuum resins
obtained from both maltenes are shown in Figure 4.19 and 4.21, respectively. Moreover,
Figure 4.20 and 4.22 show the C NMR spectrums of ASTM resins and vacuum resins

obtained from both maltenes, respectively.

(a)
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Figure 4.19 "H NMR spectrums of (a) resins (filtration, ASTM) and (b) resins (filtration,
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Figure 4.21 'H NMR spectrums of (c) resins (centrifugation, ASTM) and (d) resins

(centrifugation, vacuum)
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L

Figure 4.22 C NMR spectrums of (c) resins (centrifugation, ASTM) and (d) resins

(centrifugation, vacuum)
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Table 4.9 The resins structural parameter in L1 source separated by n-heptane that use

the different separation techniques

Maltenes obtained from Maltenes obtained from
filtration technique centrifugation technique
resins resins resins resins

Molecular Parameters separated separated | separated | separated
by ASTM by vacuum | by ASTM | by vacuum
procedure procedure | procedure | procedure
(@) (b) (c) (d)
% of aromatic carbons 26.7 32.9 24.4 29.1
% of saturated carbons 73.3 67.1 75.6 70.9
f, (aromatic carbon fraction) 0.267 0.329 0.244 0.291
% aromatic hydrogens 8.8 9.0 5.0 6.9
% hydrogen (a ) 9.0 7.0 9.8 6.2
% hydrogen (B) 66.6 68.5 70.2 69.6
% hydrogen (y) 15.6 15.4 15.0 17.3
% of saturated hydrogens 91.2 91.0 95.0 93.1
Neoon = [Ha + (Hg + Hy)1/Hq 10.1 12.9 9.7 15.0
aromatic hydrogens/saturated 0.096 0.099 0.052 0.074
hydrogens

Table 4.9 shows the resins structural parameter in L1 source separated

by n-heptane that use the different separation techniques. Maltenes obtained from

filtration technique for asphaltenes separation, the n parameters of resins separated

carbon
by ASTM and vacuum procedures were 10.1 and 12.9, respectively. Maltenes obtained
from centrifugation technique for asphaltenes separation, the n_,,, parameters of resins
separated by ASTM and vacuum procedures were 9.7 and 15, respectively. The use of
vacuum technique caused the higher resins contents due to the increase of the

. . . N . [20, 22] .
contamination, especially aromatic in that fraction. Therefore, n values of resins

carbon
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separated with vacuum technique were higher than resins precipitated with ASTM
technique. Maltenes obtained from filtration technique for asphaltenes separation, The f,
values of resins separated by ASTM and vacuum procedures were 0.267 and 0.329,
respectively.

Maltenes obtained from centrifugation technique for asphaltenes
separation f, values of resins separated by ASTM and vacuum procedures were 0.244
and 0.291, respectively. The aromaticity values of resins separated with vacuum

[20, 22]

procedure was higher than those of resins separated with ASTM procedure. The
use of vacuum procedure for resins separation caused the higher other contamination,
especially aromatics. Vacuum procedure, force obtained from vacuum pump, was

higher than gravity force (ASTM procedure) leading to higher aromatics carbon fraction.

4.4.1.2 FTIR spectra

Figure 4.23-4.26 show the FTIR spectrums of resin, which were
obtained from both techniques including filtration and centrifugation techniques

separated by ASTM and vacuum procedures.
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Figure 4.26 FTIR spectrum of resins (d) separated by vacuum procedure

The functional groups of resins in both technique indicate O-H
stretching, hydrocarbon including aliphatic and aromatic ring, the sulfoxide groups
(C,5=0) or ester linkages, Para-disub benzene (C-H), and monosubstituted benzene

(C-H), respectively.[zo’ 23:29]

The results of FTIR spectrums can be concluded that the
effect of procedures including ASTM and vacuum used to separate resins did not affect
to the functional groups of resins. FTIR techniques can indicate only the qualitative data,
which was not different. So NMR technique must be used in this study for better

understanding the structural parameter.

4.5 Study on effect of temperatures on asphaltenes stability

In this part, the effect of temperature on the stability of asphaltenes in
crude oil has been discussed. Upstream, midstream, and downstream processes
involve temperature variations which can cause the precipitation of asphaltenes leading

to deposition and fouling problems during the production, transportation and processing
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of crude oils.” ¥ In Thailand, the precipitation of asphaltenes problems always occur in
transportation of process—piping system so that, in this study the range of simulated
temperature will be 40, 50, 60, and 70°C.

However, L2 could not be measured the physical properties at 40°C due
to wax problem. Then effect of temperature on asphaltenes stability in L2 crude oil can
be studied at 50°C and higher.

Three light crude oil samples with different physical properties including
density, viscosity, and composition were tested the effect of temperature on stability of
asphaltenes at four different temperatures (40-70°C). The physical properties such as

[3, 29]

density and viscosity were used as indicators of the stability of asphaltenes. The
measured densities and sampling points of each crude oil source at four different
temperatures are showed in Figure 4.27, 4.29 and 4.31. Also, the measured viscosities
versus sampling points of each crude oil source at four different temperatures are
showed in Figure 4.28, 4.30 and 4.32. Moreover, the kinematic viscosity obtained from
the combination of density and viscosity in order to better understanding of system are

shown in 4.33-4.35. The sampling points; A, B, and C are the location of the top, middle,

and bottom section of cylinder used to contain crude oil samples, respectively.
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Figure 4.29 Crude oil densities and location of sampling points at different temperatures

of L2
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Figure 4.33 Crude oil kinematic viscosities and location of sampling points at different

temperatures of L1
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The Figure 4.27-4.32 showed that, with an increase in the temperature at
the same sampling points, the density and viscosity of each crude oil sample decreased
as showed in Figure 4.27-4.32. This is due to the increase of temperature to the crude oil
causes the greater kinetic energy and higher inter molecular forces of the crude oil
molecules. Therefore, each crude oil unit takes up more space casing more freely to
move as the temperature increases causing the decrease of density and visoosity.[so’ o
For example, sample of crude oil L1 at the top section of cylinder, the crude oil density
decreased from 0.8615 to 0.8390 g/cm3 and the crude oil viscosity decreased from to
40.909 to 9.707 cP with an increasing of the temperature from 40 to 70°C. In addition,
crude oil density decreased from 0.8625 to 0.8391 g/cm3 and the crude oil viscosity
decreased from 53.369 to 9.924 cP at the bottom section of cylinder.

Moreover, when the points of sampling were changed from the top (A) to

bottom (C) section of cylinder at a constant temperature. The densities and viscosities of

crude oil increased, particularly at lower temperature (40°C). For example, sample of
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crude oil L3, the crude oil density increased from 0.8470 to 0.8486 g/cmaand the crude
oil viscosity increased from to 15.309 to 17.912 cP with the changing of sampling points
from the top (A) to bottom (C) section of cylinder at 40°C. However, the crude oil density
slightly decreased from 0.8212 to 0.8216 g/cm3 and the viscosity slightly decreased
from 6.886 to 6.920 cP at 70°C. This indicates that the irregular distribution of
asphaltenes in cylinder causing the measured densities and viscosities of the bottom
section of cylinder are higher than the top section of cylinder, especially at 40°C. . 921
The lower temperature of crude oil causes each asphaltenes units are closer together,
resulting in the higher aggression of each asphaltenes molecules in crude oil & ¥
Therefore, the stability of asphaltenes decreased with the decreasing of temperatures.
On the other hand, the stability of asphaltenes increased with increasing of
temperatures. Similar trends were reported in the effect of temperature on asphaltenes
precipitation by using two types of crude oil and different solvents. The results were
founded that the temperature increased from 40°C to 60°C, the asphaltenes solubility

32 . .
B2 Moreover, the dissolution of

increased, was similar for both crude oil samples.
asphaltenes in toluene at different temperatures were also reported. The results showed
the asphaltenes aggregated when the temperature decreased.™

Moreover, Figure 4.33-4.35 show that the trend of kinematic viscosity
results is more clearly than the density and viscosity results. Normally, the kinematic
viscosity was calculated from viscosity and density, which is the combination between

that two parameters. Therefore, the use kinematic viscosity indicating the stability of

asphaltenes was better than density or viscosity individually.

4.6 Study on effect of ratios of asphaltenes to resins on asphaltenes stability

The crude oil compositions, especially the asphaltenes and resins
contents, have been reported that they effect on the stability of asphaltenes, were the
most important factors to control stability of asphaltenes. According to the original

asphaltenes to resins ratios in L1, L2, and L3 are 0.114, 0.072, and 0.062, respectively.
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The effect of ratios of asphaltenes to resins on the stability of asphaltenes was studied
by varying ratios of asphaltenes to resins. Asphaltenes were added to the original crude
oil source in order to increase asphaltenes to resins ratios.”™

In order to in reconstitute crude oil composition, asphaltenes and resins
must be resoluble back in each original crude oil source with varying amount of them.
However, asphaltenes are not soluble directly in crude oil, they are mixed with toluene
prior to be resoluble in crude oil. To increase ratios of asphaltenes to resins by adding
asphaltenes, while resins are constant, asphaltenes must be mixed with toluene prior to
resoluble in each crude oil. The addition of toluene in original crude oil effects on its
density and viscosity. Then density and viscosity of original crude oil with that mixed

. - . 133]
toluene is lower than original crude oil.
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The measured densities and viscosities of each crude oil sample versus
the points of sampling at different ratios of asphaltenes to resins are shown in Figure
4.36-4.41. This shows that, as the increase of A/R ratios at a constant of point of
sampling, the densities and viscosities of each crude oil samples increased, particularly
at the lowest points of cylinder. For example, the density increased from 0.8563 to
0.8573 g/cm3 and the viscosity increased from to 5.959 to 6.921 cP with an increasing of
A/R ratios from 0.114 to 0.154 at the top section (A) of cylinder of L1. In addition, the
density of crude oil increased from 0.8564 to 0.8576 g/cm3 and the viscosity of crude ail
increased from 6.097 to 8.158 cP at the bottom section (C) of cylinder because the
amount of asphaltenes increased as A/R ratios increased.

Additionally, with the change of sampling location from the top (A) to the
bottom section (C) of cylinder at a constant A/R ratio, the densities and viscosities of
crude oil increased, particularly at higher A/R ratio. For example, the density and
viscosity of L1 at the top section (A) were 0.8573 g/cm3 and 6.921 cP, respectively,
whereas the density and viscosity at the bottom section (C) were 0.8576 g/cm3 and
8.158 cP. The irregular distribution of asphaltenes in cylinder might occur during the
measurement of densities and viscosities leading to the obtained value of the bottom

[29, 34, 35]

section was higher than the top section of cylinder. This represented that the

stability of asphaltenes in crude oil decreased causing the precipitation.[s’ % el

Therefore, the stability of asphaltenes in crude oil decreased, especially at high A/R.
Moreover, Figure 4.42-4.44 show that the trend of kinematic viscosity

results is related to density and viscosity results, but is more clearly than that. The use

kinematic viscosity indicating the stability of asphaltenes was better than density or

viscosity.
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On the other hand, to reduce ratios of asphaltenes to resins, resins must
be added directly in original crude oil sample. It was found that the measured densities
and viscosities of each reconstituted oil sample increased at the constant point of
sampling. Because the amount of resins that are added to crude oil having sticky
texture. However, resins can increase the stability of asphaltenes due to the measured
densities and viscosities of the bottom were similar to the top section of cylinder. This

represented that the stability of asphaltenes in crude oil was increased with the addition

[8, 9, 34-36][8, 9, 34-36][8, 9, 33-35] [8, 9, 34-36]

of resins as shown in Figure 4.45-4.48. The results were
quite similar to that. Resins can improve the solubility of asphaltenes because the
increase of resins to asphaltenes would greatly reduce the present toluene used to be
soluble in asphaltenes.[m Figure 4.49-4.50 show that the kinematic viscosity results is
similar to density and viscosity results, but is more obviously than that. The use
kinematic viscosity indicating the stability of asphaltenes was better than density or

viscosity discretely.



69

CHARPTER 5
CONCLUSION AND SUGGESTIONS

5.1 Conclusion

5.1.1 Asphaltenes precipitation

The amount of asphaltenes of L1 precipitated by filtration technique was
higher than centrifugation techniques. The use of filtration technique caused the higher
asphaltenes contents due to the increase of the amount of wax contamination in that
fraction. The use of filtration technique had a high pressure drop causing the

temperature reduction during filtration. Therefore, n values of asphaltenes

carbon
precipitation by filtration technique were more than asphaltenes precipitation by
centrifugation technique. In contrast, f, values of asphaltenes precipitation by filtration
technique were lower than that.

The asphaltenes contents of L1, L2, and L3 precipitated by n-heptane
were 1.67, 1.36, and 0.82 %wt, respectively. The appearance of obtained asphaltenes
of L1, L2, and L3 were black solid as same as all sample. In addition, the amount of
precipitated asphaltenes out of L1 by n-hexane was higher compared to that obtained
by n-heptane. The asphaltenes precipitated by n-C, alkane had the higher amount of the
contamination from their unfractionation. Mainly of previous study showed that the use of
n-C, as solvent precipitated the asphaltenes resulting in the higher values of f,. The
separation efficiency of aromatics from crude oil sample using n-heptane was more than
the use of n-hexane as solvent for separation. The functional groups of asphaltenes of
Thai crude oil, obtained from FTIR spectrums, consisted of aliphatic, aromatics,

alicyclic, phenol, and some heteroatoms. The functional groups of asphaltenes do not

depend on asphaltenes separation methods, crude oil sources, and used solvents.
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5.1.2 Resins separation

The resins contents used the vacuum procedure were higher than that
used ASTM procedure. The use of vacuum technique caused the higher resins contents
due to the increase of the contamination, especially aromatic in that fraction. Vacuum
procedure, force obtained from vacuum pump, was higher than gravity force (ASTM
procedure). This caused the resins contents obtained from vacuum procedure were

more than that. In addition, n and f, values of resins separated with vacuum

carbon
technique were higher than resins separated with ASTM technique. The use of vacuum
procedure for resins separation caused the higher other contamination, especially

aromatics. This causes n and f, of resins separated with vacuum technique were

carbon
higher than that. Moreover, the resins contents of L1, L2, and L3 separated by n-
heptane were 14.82, 18.89, and 13.27 %wt, respectively. Obviously, the resins content
of L2 crude oil source had the highest content following by L1 and L3, respectively.
Moreover, the appearance of L1, L2, and L3-resins separated by n-heptane solvent
were black and sticky liquid. Although the use of different techniques for resins
separation, the functional groups of resins separated with vacuum and ASTM

techniques are still consist of aliphatic, aromatic, alicyclic, phenol, and some

heteroatoms.

5.1.3 Stability of asphaltenes

The temperature of crude oil is one of important parameters controlling
the stability of asphaltenes in crude oil. The stability of asphaltenes decreased with the
decreasing of temperatures, especially at 40°C. This is because of its lower solubility in
crude oil. Consequently the operated temperature, which is not the problems of
asphaltenes precipitation in Thai crude oil, should be the range between 50-70°C. Also,
the stability of asphaltenes decreased with the increasing ratios of asphaltenes to resins.

Due to the increase of A/R ratio by adding asphaltenes into crude oil, while resins
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contents playing a role to increase the stability are constant. Moreover, the stability of
asphaltenes in crude oil was increased with the addition of resins. Resins can improve
the solubility of asphaltenes because the increase of resins to asphaltenes would greatly
reduce the present toluene used to be soluble in asphaltenes. So the stability of

asphaltenes in oil depends on the ratio of asphaltenes to resins.

5.2 Suggestions

5.2.1 The use of NMR including 'H NMR and “C NMR and FTIR
techniques was just the primary structural parameters and functional groups. The other
additional techniques such as Liquid Chromatography — Mass Spectrometry (LC-MS), X-

Ray Diffraction (XRD) should be used to predict the structure of asphaltenes and resins.

5.2.2 The effect of temperature on stability of asphaltenes, the design of

cylinder used to contain the crude oil samples should be more suitable for sampling.

5.2.3 Operating pressure, which is one of significant effect casing the

stability of asphaltenes, should be further studied.

5.2.4 The additional studies of other composition in crude oil including

saturates and aromatic because they can effect on the stability of asphaltenes.
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PROPERTIES OF DIFFERENT CRUDE OIL SOURCES
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A1. Analysis each crude oil composition of each oil by using the liquid analyzer gas

chromatography
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Figure A1.1 GC spectrum of L1 crude oil source
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Table A1.1 Compositional analysis of L1 crude oil source
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Carbon number Yowt Carbon number Y%owt
C, 0.00 Phytanes 0.47
C, 0.00 Cio 3.66
C, 0.01 C, 3.82
C, 0.06 C,, 3.96
C, 0.26 C,, 3.46
Cs 0.88 C,, 3.59
C, 1.53 C,, 3.07
Cq 5.36 C,s 3.04
C, 412 o 2.98
Cio 3.54 C,, 2.95
C, 3.87 C,g 2.48
C, 3.55 C, 2.53
Cips 4.37 C, 2.59
C. 5.16 C,, 2.32
Cis 6.34 C,, 1.42
Cie 4.58 Cs, 1.37
C,, 4.19 C., 0.87

Pristanes 1.64 Cis 2.60
Cis 3.36 Total 100




Table A1.2 Compositional analysis of L2 crude oil source
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Carbon number Yowt Carbon number Y%owt
C, 0.00 Phytanes 0.61
C, 0.00 Cio 3.54
C, 0.00 C, 4.00
C, 0.01 C,, 4.30
C, 0.04 C,, 3.80
Cs 0.12 C,, 4.05
C, 0.67 C.,, 3.58
Cq 1.87 C,s 3.64
C, 3.15 Ce 3.55
Cio 2.48 C,, 3.70
C, 2.56 C,g 3.32
C, 2.29 C, 3.62
Cips 3.54 C, 4.10
C. 4.10 C,, 3.65
Cis 5.20 C,, 2.65
Cie 4.03 Cs, 2.49
C,, 4.20 C,, 1.28

Pristanes 1.64 Cis 4.84
Cis 3.38 Total 100




Table A1.3 Compositional analysis of L3 crude oil source

80

Carbon number Yowt Carbon number Y%owt
C, 0.00 Phytanes 0.42
C, 0.00 Cio 3.54
C, 0.00 C, 3.65
C, 0.09 C,, 3.54
C, 0.33 C,, 3.13
Cs 1.36 C,, 2.97
C, 1.84 C,, 2.94
Cq 7.21 C,s 2.84
C, 5.25 Ce 2.73
Cio 4.83 C,, 2.67
C, 4.38 C,g 2.21
C, 3.91 C, 2.26
Cis 5.16 C, 1.94
C. 4.97 C,, 1.65
Cis 512 C,, 1.09
Cie 412 Cs, 0.88
C 4.35 C., 0.72

Pristanes 2.09 Cis 2.16
Cis 3.65 Total 100
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The compositional analysis results of three crude oil samples including
L1, L2, and L3 obtained from PTT, Thailand are respectively shown in Table A1.1-1.3.
The results showed that all crude oil samples there are light components of all crude oil
samples because C, was found in all crude oil samples. Obviously, almost all of crude

oil samples mainly consist of C,-C,,, but L2 mainly consist of C,,-C,,. Moreover, L2

187
crude oil is the highest fraction of heavy components with C,., = 4.84 %wt following L1

and L3, respectively.

A2. Analysis the crude oil physical properties such as density and viscosity at different

temperatures (40, 50, 60, and 70°C).

Table A1.4 Densities and viscosities of crude oil sources L1, L2, and L3 as different

temperatures
L1 L2 L3
T °C
emp (°C) Density Viscosity Density | Viscosity Density | Viscosity
(g/cms) (cP) (g/cma) (cP) (g/cm3) (cP)
40 0.8618 41.914 wax wax 0.8474 15.728
50 0.8549 18.945 0.8722 67.817 0.8403 11.787
60 0.8455 13.144 0.8650 34.322 0.8275 8.188
70 0.8390 9.735 0.8583 23.497 0.8213 6.880
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The densities and viscosities of each crude oil source were measured at
40, 50, 60, and 70°C as show in Table A1.4. The densities of each crude oil source L1,
L2, and L3 at 50°C were 0.8549, 0.8722, and 0.8403 g/cms, respectively. Therefore, API
gravity calculated from Eq. A1 and Eq. A2 of each crude oil source were 32°, 28.8°, and
34.8°, respectively. It is due to the API gravity of these crude oil samples, they
represented that they are light crude 0ils.”® The results showed that L2 was the heaviest
crude oil due to its show the lowest API value and was similar as the compositional

analysis results from GC spectra.

Pcrudeoil
SGcrudeoil = (A1)
water
API() =145 4315 (A2)
SG

Figure A1.4 shows that, the density of the each crude oil source
decreased rapidly as the temperature increased.”™ This is due to the increase in
temperature to the crude oil causing the greater kinetic energy and the higher vibrations
of the crude oil molecules. Therefore, each crude oil unit takes up more space as the
temperature increases causing the decrease of density.m] Moreover, the effect of
temperature on viscosity of each crude oil source is demonstrated in Figure A1.5. The
viscosity of the each crude oil source decreased dramatically when the temperature
increased.” According to the increase in temperature because of added energy
effectively causes the molecules of the liquid required energy to overcome inter
molecular forces. Therefore, the molecules move further apart causing the decreases in

the viscosity.m
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A3. Analysis the wax content at different temperatures (30, 40, 50, 60, and 70°C).

Table A1.5 Wax content of crude oil sources L1, L2, and L3 as different temperatures

Wax content (%wt)

Temp (°C)
L1 L2 L3
30 23.77 46.79 15.42
40 3.06 15.47 1.10
50 0.45 0.66 0.45
60 0.29 0.32 0.18
70 0.25 0.28 0.25
50
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Figure A1.6 The effect of temperature on density of the different crude oil sources L1,

L2, and L3

The wax contents of each crude oil source were measured at 30, 40, 50,

60, and 70°C as show in Table A1.5. The wax contents at 30°C were 23.77, 46.79, and

15.42 %wt in L1, L2, and L3, respectively. Apparently, not only the density, viscosity,
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and C,., of L2 crude oil were the highest value, but also the wax content. Moreover,
Figure A1.6 shows that, the wax content of the each crude oil source decreased rapidly
as the temperature increased. This is due to the increase in temperature to the crude oil
causing the wax solubility in crude oil increased.”” Therefore, the low wax contents at

higher temperature.



APPENDIX B

THE DATA AND DETERMINATION OF STRUCTURAL PARAMETERS

B1. The data of chemical region for determination of structural parameters

Table B1.1 Chemical shift regions of various types of protons

[20, 22]

Chemical shift

Regions Type of protons
range (ppm)
6-9 Total aromatic proton
6-7.2 Mono-aromatics proton
Aromatic
7.2-7.6 Di-aromatic molecules
7.2-8.0 or >8.0 Poly-aromatics molecules
2.05-4.5 H-a to aromatic ring
1.1-2.05 H-B to aromatic ring in paraffinic CH and CH,,
0.4-1.1 H-y to aromatic ring/terminal CH,
1.3 CH, in long alkyl chains
Aliphatic
0.5-4.5 Total aliphatic proton
0.9 CHj, in long alkyl chains
2.1 CH, in aromatic rings
2.6 CHj, in aromatic rings




Table B1.2 Chemical shift regions of various types of carbons
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[20, 22]

Chemical shift range

Type of carbon atoms

(ppm)

202-220 Ketone carbonyl

182-170 Acid carboxyl

175-165 Ester or amide carboxy!

100-160 Aromatic carbon

149.2-158 Aromatic carbons attached to heteroatoms

137.2-149.2 Substituted carbons bonded to some alkyl groups (not include
methyl and methylene bridge between aromatic rings)

100-128.5 Quaternary aromatic carbons without triple-bridged aromatic
carbons

128.5-160 Tertiary aromatic and triple-bridged aromatic carbons

132.5-137.2 Substituted carbons bonded to methyl group or to
cycloparaffinic alpha-CH,

132.5 Naphthalene derivatives and methylated derivatives

129.2-132.5 Bridgehead aromatic carbons

115.0-129.2 Protonated aromatic carbon

5-10.0 Total Aliphatic carbon

25-60 Naphthenic carbon

29.1-31.5 Carbons in alkyl chains (n > 6)

27.6-28.6 Carbons in branching position of a terminal iso-propyl group

17.6-20.4 Carbons in CH, branches

13.7-15.5 Carbons in terminal position of n-alkyl chains (n > 6)

0-20.5 Total carbon in CH, groups




Table B1.3 Infrared absorption frequency range of FTIR spectrum

[20, 25]
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Bonds Frequency range (cm’1) Functional groups

3000-2850 Alkanes (stretch)
2900-2700 Aldehyde
1450 and 1375 — CH, (bend)

C-H
1465 — CH, (bend)
800-860 para-disub benzene
700-750 monosubstituted benzene
3100-3000 Alkenes (stretch)

=C-H 3150-3050 Aromatics (stretch)
1700-1000 Alkenes (bend)
1680-1600 Alkenes

C=C
1600-1400 Aromatics
1750-1730 Ester
1740-1720 Aldehyde

C=0
1725-1700 Carboxylic acids
1700-1640 Amide

c-0 1300-1000 Alcohols, esters, carboxylic acids
3650-3200 Alcohols, phenols

O-H
3300-2500 Carboxylic acids

C.5=0 1032 sulfoxide




89

B2. The determination of structural parameters from NMR spectra

Figure B1.1 'H NMR spectrum of asphaltenes separation by centrifugation technique
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Table B1.4 The determination of structural parameter of asphaltenes separation by

centrifugation technique and characterization by 'H NMR technique

chemical
shift range Quality Yowt
(ppm)
Mono-aromatics 6-7.2 0.31 (from "H NMR 0.31
molecules spectrum) 16.47 x100=1.88
Di-aromatics molecules | 7.2-7.6 0.22 (from "H NMR 0.22
—x100=1.34
spectrum) 16.47
Poly-aromatics 7.2-8.0 or 0.51 (from 'H NMR 0.51
— x100=3.10
molecules >8.0 spectrum) 16.47
Aromatic region 6-9.0 0.31+0.22+0.51 = 1.04 1.04
— x100=6.31
16.47
H-a to aromatic ring 2.05-4.5 0.73 (from 'H NMR 0.73
— x100=4.43
spectrum) 16.47
H-B to aromatic ring in 1.1-2.05 11.7 (from '"H NMR 117
o — x100=71.04
paraffinic CH and CH, spectrum) 16.47
H-y to aromatic 0.4-1.1 3 (from "H NMR spectrum) 3
— x100=18.21
ring/terminal CH, 16.47
Aliphatic region 0.5-4.5 3+11.7+0.73 = 15.43 15.43
— x100=93.64
16.47
Total = Aromatic hydrogen region + 1.04+15.43 = 16.47 6.31+93.69 =
Aliphatic hydrogen region 100
Nearbon — [HU+ (HB + HV)]/Hu O73+(1 1 7+3)
=21.14
0.73
Aromatic/Aliphatic 1.04
— =0.0674

15.43
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228 200 181 108 160 12 140 5 0" " 28 ' ppa

Figure B1.2 C NMR spectrum of asphaltenes separation by centrifugation techniques
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Table B1.5 The determination of structural parameter of asphaltenes separation by

centrifugation technique and characterization by "C NMR technique

chemical
shift range Quality Yowt
(ppm)
9.51 (from "°C
9.51
Aromatic carbon | 100-160 NMR spectrum) x100=51.85
18.34
1+7.83 = 8.83
. . . 1 8.83
Aliphatic region 10 -70 (from "C NMR x100=48.15
18.34
spectrum)
Total = Aromatic 9.51+8.83 = 18.34
carbon +
Aliphatic carbon
f, (aromatic carbon fraction) 9.51
—=0.5185
=C,/(C+C,) 18.34
c .. Total carb 18.34
~ ratio =2 CAON =1.113
H Total hydrogen 16.37




93

APPENDIX C

THE DETERMINATION OF KINENATIC VISCOSITY

The kinematic viscosity is the ratio of viscosity to density. This represents

can be calculated by dividing the absolute viscosity of a fluid with the fluid mass density

as following equation.

Where, v

Y7,
yo,

v= £
P

is crude oil kinematic viscosity (cm’/s)
is crude oil viscosity (g/cm s)

is crude oil density (g/om3)

Table C1.1 Crude oil densities and location of sampling points at different temperatures

of L1
The density of different location sampling points (g/cm3)
Temp (°C)
A B C
40 0.8615 0.8623 0.8625
50 0.8524 0.8525 0.8526
60 0.8455 0.8456 0.8456
70 0.8390 0.8391 0.8391




Table C1.2 Crude oil

temperatures of L1

viscosities and
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location of sampling points at different

o The viscosity of different location sampling points (g/cm s)
Temp ( C)
A B C
40 0.409 0.439 0.534
50 0.181 0.196 0.197
60 0.134 0.132 0.136
70 0.097 0.099 0.099

Table C1.3 Crude oil kinematic viscosities and location of sampling points at different

temperatures of L1

o The viscosity of different location sampling points (cmz/s)
Temp ( C)
A B C
40 0.4749 0.5089 0.6188
50 0.2118 0.2297 0.2316
60 0.1579 0.1562 0.1610
70 0.1157 0.1175 0.1183
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APPENDIX D
THE DETERMINATION OF A/R RATIO

The amount of asphaltenes-to-resins ratios of L1, L2, and L3 were 0.114,

0.072, and 0.062, respectively, which was calculated by Eq.C1

é Ratios = Wasphaltenes (D1)

R w

resins

Table D1.1 The determination of ratios of asphaltenes to resins

Sources Asphaltenes contents Resins contents A/R ratios
(Yowt) (Yowt)
1.67
1.67 14.57 —=0.114
L1 14.57
1.36
1.36 18.89 —=0.072
L2 18.89
0.82
0.82 13.27 —=0.062
L3 13.27
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