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ABSTRACT

Chemical flooding has been studied as an effidgritanced Oil Recovery
(EOR) method for years and the used of surfactatiie process is one of
the promising Chemical EOR methods. Recently, newlgsigned
surfactants known as CL 10 and IL 10 have beengsegh in EOR but
unfortunately their performance and behaviors atdl sinknown.
Therefore, this project will investigate their belwat with the crude oil and
their ability in reducing Interfacial Tension (IFT® ensure an efficient
CEOR. Even though there are several parameters cdmataffect the
surfactants behavior, temperature and salinity #we most sensitive
parameters which effects will be determined in tmgject. Since IFT is
very significant to show the behavior and perforoganf surfactants, the
pendant drop tensiometer is used to determine HIe Hetween the
surfactant and the crude oil thus getting the tedol the project. For the
effect of salinity, both CL10 and IL10 have tolarda the high salinity
while for the effect of temperature, only CL10 shbetter tolerant to high
range of temperature. In conclusion, CL10 is bestefactant that IL10 in

reducing IFT to the lowest.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Chemical flooding has been studied for more thaye&s as an efficient enhanced
oil recovery (EOR) technique after primary and selaoy oil recovery leave
approximately two-third of the original oil in reseir. The recent development of
chemical flooding includes alkaline flooding (Aurgactant flooding (S), polymer
flooding (P) and the combination of those either fkf®ding, SP flooding or ASP
flooding, while surfactant flooding has been prambss promising chemical EOR

(CEOR) process to enhance oil recovery.

Surfactant which is classified as anionic, catipnignionic and zwitteronic is used
in oil recovery due to its ability to lower intedal tension between residual oil and
displacing fluid. The reduction of the interfadiahsion between the trapped oil and
flooding medium has been proven by many studiescandbe considered as crucial
mechanism to improve oil recovery efficiency by ueithg capillary forces that

causes the oil to be trapped in the pores.

Nevertheless, there are several factors that ctectathe surfactant’s behavior
which are salinity, temperature, pH, concentratreservoir characteristics injection
speed and many more. It is impossible to do tasallathe factors to find out the
synchronize effect on the surfactant so they awestigated solely. As for this
paper, the focus is only on the effect of saliretyd temperature on the new

surfactant designed in reducing interfacial tension



1.2 PROBLEM STATEMENT

In order to get the lowest or ultra-low interfactehsion (IFT), the behavior of
surfactant must be known and understood first suenthe efficiency of surfactant
in reducing IFT. Unfortunately, the ability of tlee:iew surfactants used in this
research are still not fully investigated and ndéormation is available for its
behavior. Other than that, since the salinity hames effect on surfactant in
reducing interfacial tension (IFT), irregular dibtition of salinity in the reservoir
can be one of the problems in maintaining the tgbdf surfactants to mobilize the
residual oil. Besides that, surfactants need tonfstable emulsion to move the
trapped oil into the well and also to be easilyasated at the surface. Nevertheless,
the high temperature in the reservoir affects stafat's ability in forming stable

emulsion.

1.3 OBJECTIVESAND SCOPE OF STUDY

a) To investigate the ability of the new surfactanteducing IFT.

b) To find out the IFT between surfactant and the eroitlin varying salinity.

c) To investigate the effect of different temperatonethe IFT.

d) Only focus on two new surfactants designed to retlezir behavior and
performance.

e) Only evaluate IFT in varying salinity and also tke&ect of different
temperature on the surfactant effectiveness inaieduFT

This project is relevant and feasible to be caroedl First and foremost, to

study whether this project will work and feasibdebte done within the scope of

study and time, the author studied many researpkrpaand books like books

titted Modern Chemical Enhanced Oil Recovery wntiey James J. Sheng

regarding Chemical EOR and specifically about thgfastant flooding. The

author will then have clear overview on how thejgcowill be conducted and

able to plan the related activities efficiently.sB¥es that, the project is relevant

since it will help in development of EOR techniquésch is crucial recently.
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CHAPTER 2

LITERATURE REVIEW AND/OR THEORY

ENHANCED OIL RECOVERY (EOR)

Enhanced Oil Recovery (EOR) is generic term fohtégques for increasing the
amount of crude oil that can be extracted from idield. There are actually
several ways to define EOR. Sanderson (2012) laaifiet! the concepts of IOR
and EOR in practice are often mixed. Apparentlyhas been agreed among
petroleum professionals that IOR is a general tdrat implies improving oil
recovery by many means; EOR is more specific inceph and can be
considered a subset of IOR.

Therefore according to Sheng (2011), EOR refernyg @eservoir process to
change the existing rock/oil/brine interaction Ire treservoir while Sanderson
(2012) generally identified that EOR processes Ivevanjection of gas or fluids

into the oil reservoir and displacing crude oil nfrathe reservoir toward a
production well. In the meantime, enhance oil recgvprocesses have their
objective to increase oil recovery from reserva@pléted by secondary recovery
(Donaldson et al.,, 1989) while Sanderson (2012jifidd that their primary

goals are to displace or alter the mobility of temaining oil in the reservoir.

For EOR processes, Donaldson et al. identified they can be divided into
three major categories which are chemical procedbesmal processes and
miscible processes. But Sheng (2011) added midrpbtecesses and claimed
that the classification could never be satisfactmggause several processes can

be combined.
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CHEMICAL ENHANCED OIL RECOVERY (CEOR)

Chemical EOR or chemical processes has been ddiynw&ianderson (2012) as
injection of a specific liquid chemical that efferetly creates desirable phase
behavior properties, to improve oil displacementcan be divided into three
main categories which are surfactant flooding, pwy flooding and caustic
flooding while Sheng (2011) did mentioned them msgtead of caustic, he
stressed on the combination of these processes. riéehanism of oil
displacement by surfactant and caustic floodingpased on the formation of
ultra-low interfacial tension (Donaldson et al.,899. The formation of these
surfactants result in ultra-low interfacial tenstbas surfactant flooding is being
focused in Chemical EOR.

The principles of chemical flooding are illustratéd Figure 2.1. From the
picture below, the complexity rises as several tamtal tasks such as preflush
of the reservoir and injection of additional fluidaist be applied to accomplish

an efficient process.

Water Freshwater  Mobibty control Mficellar flmid  Additional Preflush >

Figure 2.1: lllustration of Surfactant Flooding

4



2.3

SURFACTANT FLOODING

Surfactant flooding is one of the chemical EOR peses in which small
amount of surfactant is added to an aqueous flojdcied to sweep the
reservoir. Since very low oil/water interfacial $&om (IFT) is required to move
the oil through narrow capillary pores, this injeat of one or more liquid
chemical and surfactant mobilize the trapped croitidy effectively regulate
the phase behavior properties in the oil reseraod lowering IFT between the
injected liquid and oil. Figure 2.2 below show thenciple of surfactant

flooding.

B8 RESIDUAL OIL
OO WATER
= ROCH

Figure 2.2: Principle of Surfactant Flooding

For this liquid surfactant solution, co-surfactaare blended to improve the
properties of the surfactant solution. However tmmbination of multiple

components in the surfactant solution does not waetl in practice as

chromatographic separation occurs in the reser{@anderson, 2012). The
surfactant may also losses due to certain physkaiacteristics of the reservaoir.
Besides that high temperature and high salinity vael known as sensitive
factor for the surfactant system thus it is advigedse surfactants that can resist

these conditions.
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DEFINITION OF SURFACTANTSAND ITSCLASSIFICATION

As in surfactant flooding uses a blend of surfacteng agents that lower the IFT
between the liquid surfactant solution and thedwi oil, a brief introduction

and basic mechanism of surfactant should be kn®meth Sheng (2013) and
Schramm & Marangoni (2010) define surfactants asamphiphilic organic

compunds that consist of hydrocarbon chain (hydsbgh group) and

hydrophilic group. The structure is shown is FigRré.

o =,

s |

L

$
-
-
‘,—..

-

Hydrophiic hesd group LUpophitc hydrocarbon tail Water
(polar part} {ranpolar pact)

Figure2.1: Structure of Surfactant

If the surfactant contains a hydrocarbon chain Watfs than 12 carbon atoms, it
is called water soluble because the polar headpgioags the entire molecule in
water. However, when the hydrocarbon chain lengtgreater than 14 carbon
atoms, the compounds are called water-insolubl&astants, because they do
not dissolve in water due to the long hydrocarbbaircs. While Schramm
(2010) stated that these molecules show surfadgitactike lowering the
interfacial tension and surface tension in whichytlare dissolved by forming
oriented monolayers at interfaces. He also addadittis the nature of the polar
head group which is used to divide surfactants different categories; anionic,

cationic, nonionic and zwitteronic/amphoteric saotéats as Table 2.1.



Table2.1: Categories of Surfactants

Categories Examples Structure
Anionic Sodium dodecyl sulfate =TSN
(SDS)
Cationic Cetyltrimethylammonium NG NN

bromide (CTAB)

Nonionic Polyethylene oxides vdropii dropheb

N TN TN TSN
Zwitterionic/ | Dodecyl betaine B NP AN
Amphoteric

Among this types, anionic surfactants are widelgdus enhanced oil recove
due to their lower adsorption on reservoir rock<compared to other types
surfactants (Donaldson et al., 1989). Sheng (2adidgd that anionic surfactai
exhibit relatively low adsorption on sandstone mekhose surface charge
negative while cationic surfactants can stronglgaald in sandstoneocks and
being used in carbonate rocks to change wettabiilioyn oil-wet to water-wet.
As for nonionic surfactants, it acts as cosurfastdn improve system pha
behavior. Therefore, anionic and cationic is usualixed together to increa:
the tolerace to high salinity. Zwitteronics surfactants dsoa known as
amphotheric contain two active groups either naig-anionic, nonionic-
cationic or anioni-cationic. Even they are temperatuaed salinity tolerant, bt
they are expensivi
For the surfa@nt, there are several methods to characterizactarfts
a) Hydrophile-Lipophile Balance (HLB)

HLB is number that indicates relatively the tendettcsolubilize

in oil or water and thus the tendency to form w-in-oil or oil-

in-water emulsions. Low HLBnumbers are assigned

surfactants that tend to be more soluble in oil @nfbrm wate-

in-oil emulsions. When the formation salinity is loavJow HLB

7



surfactant should be selected. Such a surfactanine&e middle-
phase micro-emulsion at low salinity. When the fation
salinity is high, a high HLB surfactant should ledested. Such a
surfactant is more hydrophilic and can make miqiiase micro-
emulsion at high salinity.

b) Critical Micelle Concentration (CMC) and Kraff Poin
CMC can be defined as the concentration of sunfdstabove
which micelles are spontaneously formed. Upon duotion of
surfactants or any surface active materials in®system, they
will initially partition into the interface, reducg the system free
energy by lowering the energy of the interface Waled as area
time surface tension and removing the hydrophobitspof the
surfactants from contact with water. One parametdated to
CMC is Kraff temperature, or critical micelle temnature. This is
the minimum temperature at which surfactant fronceths.
Below the Kraff temperature, there is no value tloe critical
micelle concentration because micelle does not.form

c) Solubilization Ratio
Solubilization ratio for oil/water is defined asethwatio of the
solubilized oil/water volume to the surfactant vaki in the
micro-emulsion phase. Solubilization ratio is clgseelated to
IFT. When the solubilization ratio for oil is equed that for

water, the IFT reaches its minimum.



2.5

SURFACTANTSIN ENHANCED OIL RECOVERY

About 60% to 70 % oil is still remained in the neser even after primary and
secondary recovery like water flooding. The cheinitaoding especially

surfactant flooding has been suggested by manyargsers to recover the
remaining oil to increase the recovery. Thordaa (1999) stated that Mobility
Ratio and Capillary Number are two important pnohes for oil recovery,

introducing surfactant in reservoir is an effecterghanced oil recovery. This
method has been supported by Brygual (2007), Khosravi (2010), Zeidani
et.al (2013) and Fengt.al (2012) who further stated that this surfactant thas

ability to reduce or lower interfacial tension betm two fluids and through
which they can increase the Mobility ratio of Oildt®r and the Capillary
Number thus allow the residual oil to flow.

The ability of surfactants on different type of eesir depends on the type of
surfactant to reduce the IFT.

2.5.1 Anionic Surfactants

Most of the sandstone reservoir use anionic swfddor EOR. They are a lot of
anionic used in EOR for this type of reservoir liRetroleum sulfonates, Alpha
Olefin Sulfonate, Alkyl Benzene sulfonate, Alkyl yrSulfonate and Synthetic
Alkyl Sulfonate. Besides that, the commercial amosurfactant known as
sodium alkane sulfonate (Bio-Terge PAS-8S) has losed in heavy oil studies
in the past. The petroleum sulfonate for exampke been used in Loma Novia
Field Low-Tension Waterflooding in the mid-1960.



2.6

2.5.2 Cationic Surfactants

For the cationic surfactant, it has been used tprore water wetness of
carbonate reservoir (limestone, dolomite) fromvedt to water-wet. Type of
cationic surfactant used as mentioned in literatsiakyl trimethyl ammonium.

However, the cationic surfactant is not usuallydugesurfactant flooding.

2.5.3 Nonionic Surfactants

This kind of surfactant is usually used in carbenaservoir like dolomite and
limestone. Nonionic ethoxy sulfate for example lhaen used together with
anionic ethoxy sulfate and injected into the Ydielsl in Texas. Other than that,
nonionic POA alone has been injected into CottordvGeeek field in Wyoming
for EOR.

EXISTING SURFACTANTSUSED

Surfactant can be classified into four categoridsciv are anionic, cationic,
nonionic and zwitterionic surfactant as stated lshr&mm (2010). While for
Bryan et.al (2007), anionic surfactant was used in their EohdnHeavy OiIl

Recovery research known as sodium alkane sulfombieh has been used in
heavy oil studies in the past. From some reseatCk&periences, they found
that sulfonated surfactants are mostly used becthese are more thermally
stable at high temperature than hydrolytically spsible sulfates. Petroleum
sulfonates, Alpha Olefin Sulfonate, Alkyl Benzenalfenate, Alkyl Aryl

Sulfonate and Synthetic Alkyl Sulfonate are someneples of sulfonated
surfactant commercially used for oil recovery. As Khosravi (2010), he used
internal olefin sulfonate (I0S) because he belieedhigh amount of C makes
it a good surfactant. He added that the high leagbon in this surfactant can

demonstrate superior phase behavior even withrédsepce of asphaltenes, high

10
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2.8

viscosity and paraffin content. Nevertheless, Fetrag) (2012) did not encourage
introducing single surfactant system as the resshiswed that it could not
reduce the Interfacial Tension to the ultra-lowefiéore they decide to either

mixing the surfactants or design new surfactant.

PROBLEMSWITH SURFACTANTSAND FACTORSAFFECTINGIT

The use of surfactant in oil industry is widely epted as an effective enhanced
oil recovery method. Unfortunately, there some lemgles and problems in
applying surfactant into the reservoir. Thomatsal (1999) revealed some
limitation of using surfactants in oil recovery timeir research. One of them is
the dilution of surfactant in water at the pointsitnot effective to reduce IFT
anymore. Besides, the loss of surfactant due tads®rption and reaction with
minerals are also a problem. As the reservoir @Ess$egh temperature, the
surfactant become unstable in the reservoir andagily produce unstable
emulsion at downhole reservoir condition which thdifficult to break on
surface. This concludes that there are severalnpeas that can affect the
performance of surfactant in reducing IFT amongolwhare temperature and

salinity.

EFFECT OF SALINITY ON IFT

Reducing IFT is one of the main mechanisms forastiaht-related EOR and it
is closely linked to water and oil solubilizatidmest known as phase behavior.
Since the salinity of brine gives strong impacthe surfactant solution phase
behavior, it also affects the IFT. The oil-microdsion phase/interfacial tension
decreases as the salinity increases.(Bansal & 318a18). This has been proven
from experiment conducted by Karnanda, Benzagodk@uraishi, & Amro,
(2012) showing the existence of salt in brine ¢di concentration of surfactant
relatively reduces IFT values compare with IFT eabf surfactant solution in

pure water. Sheng (2013) added that generally asang salinity of brine

11
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2.10

decreases the solubility of surfactant in brine ckhmeans the surfactant can
perform better. Nevertheless, Austad & Milter, (@pXlaimed that as the
salinity increases in the three phase region (fHyourable to form ultra-low
IFT) approaching optimal salinity, suddenly it tarmto Il (+) system (not
favorable to form ultra-low IFT). These concludatttthe salinity definitely
affect the IFT.

EFFECT OF TEMPERATURE ON IFT

Many studies reported that IFT decreased as temperancreased which has
shown in Aoudia, Al-Shibli, Al-Kasimi, Al-Maamari& Al-Bemani, (2006)
research. In their research, two surfactants haes investigated in the range
45-80C in which the IFT very rapidly decreased firstilreaching a minimum
at T=60C but then increased above that temperature. Tkehaiaed that this
occurred due to increasing temperature that redugesosity. Reducing
viscosity causing the surfactant increasingly nigta the interface thus reduce
IFT. While in term of phase behavior claimed by #aas& Milter, (2010), the
system moves toward the II(-) [water external neenolsion which has
potential to reduce IFT to ultra-low] state as teenperature increased. The

literatures proved the IFT is indeed affected bggerature.

INTERFACIAL TENSION

Interfacial tension can be defined as interfacavben two immiscible liquid. In

oil recovery, Donaldson et al. (1989) stated thatira-low interfacial tension

between crude oil and brine phases is requirechsoire easy flow of trapped
oil. It is because it can reduce the work of defaion needed for oil to move
through narrow neck of pores. Many studies has shitwat in order to displace
residual oil from the reservoir, the desirable iifgeial tension must be lowered
to the range of 107(-2) to 107(-1). Besides presiatudy (Donaldson et al.,

12



1989), have shown that relatively small concerdraof petroleum sulfonates

(surfactant) can create quite low interfacial tendbetween crude oil and brines.

There are some methods used to measure interfaasibn as Figure 2.4 and
spinning drop is one of the ideal techniques usedrterfacial tension test to
define chemical mixtures that have potential tadpee incremental oil. Drelich
et al. 2002 claimed in his research that the spomdrop method has been very
successful in examination of ultralow interfacehg$ion down to 107(-6) mN/m.

INTERFACIAL TENSION
MEASUREMENT METHODS

III. Analysis of Capillary-
Gravity Forces

II. Measurement of
Capillary Pressure

L Direct Measurement
Using a Microbalance

EE o J MAXIMUM
WILHELMY CAPILLARY
HUBHLE
& FLATE U PRESSURE H RISE
o B U
DU NOUYA GCROWING DROF
RING «. DROP | O VOLUME
IV. Gravity=Distorted V. Reinforced Distortion
Dropa of Drop
PEMDANT — | SPINNING
U DROP =— | DROP
|
T
‘C} | SESSHE C::J_I MICROFIPETTE

Figure2.4: Interfacial Tension Measurement Methods
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CHAPTER 3

METHODOLOGY/PROJECT WORK

Experimental
methodology
M ethodology |
Research

M ethodology

Figure 3.1: Division of Methodology

In this project, the methodology is divided intqpexmental and research methodolt

to complete the project successfu

3.1EXPERIMENTAL METHODOLOGY

Preparation of brine Interfacial Tension

and surfactant solution (IFT) test

Figure 3.2: Schematic Diagram of Experimental Methodology

As shown in figure abovehere are actually twonain processes in conduct this
projectwhich are preparation of bri and surfactant solutioanc interfacial tension
test. Most of thanethodologies involved e in labexperimental methocusing several

equipments and matericin order to achieve the projestbbjectives

14



3.1.1 Preparation of Brine and Surfactant Solution

a) To prepare the brine, stocsolution of sodium chloride (Na( was
prepared by weighng out the salts (NaCl) and then distilled wates
added. The brine was stirred till the solid satially dissolvec

b) While for crfactant solution of twodifferent types of surfactant;
Surfactant IL 10 and SurfactanL 10 were prepared in the lab bd on
the calculated formula according to desired comeéioh of surfactan

c) Then, the stock solution, surfactant solution amstilded water were

mixed togethe accordingly.

i) Weighting ii) Stirring
<

beaker

Weighing
scale

iv) Mixing iii}) Completed Stock
Solution

Figure 3.3: Solution Preparation

15



3121FT Test

OSA20 Pendant Drop ensiometer (Figure 3.5)s usedto measure the
Interfacial Tensio for this project. The equipment is not only ablemeasure
IFT but also can measure contact angle and sutiaggion. In measurin

interfacial tension (IFT), it applies pendant droptrod.

The pendant drop method is probably the most caamgnversatile an
popular method to measure interfacial tension. Peadant drop methc
involves the determination of the profile of a drojpone liquid suspended
another liquid at mechaniceequilibrium. The profile of a drop of liqui
suspended in another is determined by the balasivecbn gravity and surfas
forces.The interfacial tension is then calculated fromfibleowing equatior
_ ApgD?

H

14

Figure 3.4: Pendant Drop

WhereAp, g, D and H are the density difference betweeatsw and crude oi
gravitational constant, drop diametand correction factor related to the she
factor of the penda drop respectivelyA typical pendant drc apparatus
consists of three parts: an experimental cell, lrminating and a viewin:
system to visualize the drop and a data acquisgtystem to infer the interfaci

tension from the pendant drop prof

16



There are several steps and precautiont should be taken to measure |

using OSA20 Pendant Drop Tensiometer. The stepasbelow:

1. Crude oil is placed as the rising drop liquid sificeas lower density the
water while surfactant solution was placed as liglkd.

2. The temperature is sto 90C before generating an oil rising bubble in
cell like in Figure3.6.

3. The bubble image is captured using a live camenaected to a comput
and then analyzed and calculated using OSA20 st

4. For the calculation, densities for both crudl and surfactant solution a
required as input data in software and measured3ensity mete

5. Five measuremes of different oil bubbles are recorded an average IFT

are calculated as final resu

Figure 3.5: OSA20 Pendant Drop Tensiometer

17



Figure 3.6: Inverted Drop

Figure 3.7: Density Mete

i. By usingOSA20 Pendant drop tensiometitre IFT between surfacta

used and crude oil are measure different salinity with fixec

temperaturat 90C and concentration of 1.0 &s table belov

Table 3.1: IFT in Varying Salinity

Surfactants Nan

Salinity (wt %)

IFT (mN/m)

CL 10

2.3

2.5

2.7

3.0

IL 10

2.3

2.5

2.7

3.0

ii. Then the IFT e measured at different temperature with fi

concentratiorof 1.0 wt% and 3.0 wt%alinity as table belo

Table3.2: IFT in varying Temperature

Surfactants Nan

Temperature (°C)

IFT (mN/m)

CL 10

25

40

60

80

90

IL 10

25

40

60

80

90

18




3.2

CHEMICAL AND TOOLS

Table 3.3: List of Chemicals and Tools

and

ion

No | Chemicals/Materials/Tools Description

1 Sodium Chloride (NaCl)| Used to make brine

2 Surfactants Two new surfactant used; CL 10 antDIL

3 Crude QOil Selected crude oil from a field to bstéd

4 Laboratory Glassware Glassware like beakers, cabnilask and
measuring cylinder are used to make brine
surfactant solution.

5 Glass storage bottles To store the 15 sampleame to be tested

6 Distilled Water To make brine and surfactant sotu

7 OSA20 Pendant Drop | An equipment to measure Interfacial Tens

Tensiometer (IFT)

8 Magnetic Stirrer To stir the solution prepared

9 Weighting balance To weight the sodium chloridd aurfactants

10 Density meter To measure the density of samples

19
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* Submit the written propos

Project Work Continues g)roposal DEEIE(ER

(week 10-12)
. . * Preparing presentatic
Laboratory equipmer e

confirmatior :
* Presenting the proposal

* Laboratory experiment ) .
‘ y &xp , the supervisor and intern
examinel

Submission of Interim
Draft Report (week 13) Submission of Interim

« Updated previous repc report (week 14)
with updated activitie * Improve the draft witt
» Submit the draft t more solid progre:
Supervisc

Figure 3.4: Key Milestones of Project (FYP 1)
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(week 1-7) Report (week 8)
+ Obtained all surfactants ai « Outline the
crude 0|I_ = Background, Probler
* Preparation of sampl Statements, Objective, Sc

» Equipement confirmation fc e of Study,Literature revie'
IFT test and Methodolog

» Submit the written repc

Pre-Sedex (week 10) Project Work Continues

« Finalizing result (week 8-9)

* Preparing Post * Test all the samples usi

« Presenting the pos OSA20 Pendant Dro
Tensiomete

* Analyzing Date

Final Draft & Technical
Report (week 12) Viva (week 13)
» Updated previou * Preparing presentatic
progress report wit slide
updated activitie « Presenting for viv
» Submit the draft t«

Supervisor

Submission of Hardbound (week 16)

» Updated the previous report after \
* Submit the hardbound

Figure 3.5: Key Milestone of FYPII
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34  GANTT CHART

PROGRESS

Proposal Defense

Materials confirmation

Laboratory survey & booking

Preparation of materials and solution

Conducting Experiments

Documenting Results

Submitting Progress Report
Final Touch Up

Pre-EDX

Submission of Draft Report

00 =] O LA e L ed s

SEMNV BREAK

STUDY WEEIK
FIMNAL WEEIK

Submission of Dissertation

Submission of Technical Paper
Gl Presentation

Submission of Project Dissertation
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CHAPTER 4

RESULTSAND DISCUSSION

41 RESULTS

The interfacial tension (IFT) test result for ba@i.10 and IL10 in different

salinity and temperature are summarized and predenthe graph.

IFT vs Salinity
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Figure 4.1: Graph of IFT against Salinity
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4.2

IFT vs Temperature
25
20 &, /./.7
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Figure 4.2: Graph of IFT against Temperature
DISCUSSIONS

There are several errors can occur throughout ttperement either it is
systematic error or random error. Systematic esreaused by the way in which
the experiment was conducted while random erraraissed by unknown and

unpredictable changes in the experiment like paxadiror.

One of the systematic errors is the temperatureatar of OSA20 Pendant Drop
Tensiometer. The indicator which made up of stedlis located in the closed
box that only detects the temperature of surrouraiednot directly into the
sample. Therefore, even temperature is set up 16,90cannot ensure that the
temperature of samples tested is same as that tetupe So for every sample, it
is placed for about 10 minutes in the closed bath the hot plate as the base
before start the test.

The random errors can occur especially during tepgration of solution since a
lot of measurement is involved. One of those islevheading the scale of the
measuring cylinder to measure the liquid to be ihixighe eyes of student might

not be parallel to the scale and cause the reddisbightly high or low from the
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exact measurement. Besides that, the error canr aheung weighting of
substances using the weighting balance which i® gusensitive instrument. The
air surrounding movement might let unwanted elesiéké powder to be on the

weighting balance which can affect the reading.

After two weeks starting the last semester andinigalith equipment’s and lab
booking, the experiment eventually can be staiféé.experiment to test the IFT
by using spinning drop tensiometer begins withedéht salinity of CL 10 which
are 2.3 wt%, 2.5 wt%, 2.7 wt% and 3.0 wt%. The expents for all four
samples by spinning drop tensiometer are set ‘@ @0d takes about 4 hours to
complete. The test for a sample actually only caresabout 15 to 30 minutes
but due to some errors and mistakes occur befatelanng the experiment lead
the total time to be longer as 3 to 4 hours.

Unfortunately due to the unavailability of the sgiimy drop tensiometer, the test
cannot be proceeded further to other surfactants pamameters for the third
week of this semester. Nevertheless, another ecuipfior IFT test known as
OSA20 Pendant Drop Tensiometer has been successiblked and can be
used on B week of semester. Four samples of CL 10 with thffesalinity need
to be re-run by OSA20 Pendant Drop Tensiometer usscdhe result from
spinning drop becomes invalid since it has beemdddcto use another method.

So that the final results for all samples are statided.

In order to prove that the surfactants used hagaliility to reduce IFT, IFT test
between crude oil and distilled water only is cartdd. The result obtained for
that as reference is 25 mN/m. Based on Figure Hel,iriterfacial tension for
CL10 is reduced from 25 mN/m to about 14 mN/m wioleIL10 is to about 18
mN/m at 2.5 wt% salinity. These reductions of IFillicate that the surfactants
used are able to reduce IFT for this type of cratdleBesides that, the graph of
IFT against salinity in Figure 4.1 also indicateattthe different salinity give

different value of IFT which suggest the saliniffeat the surfactant IFT. The
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effect of salinity on IFT is important to be foundt because the salinity of brine
in the subsurface of oil reservoir may vary in batbal and vertical extent. This
is more significant when the mature field that hbeen undergone several water
flooding will experience substantial differences salinity for instance the
salinity of injected water is contrast to the am@i formation brine. Therefore,
this IFT test with different salinity will assidté formulation design of these two

surfactants for CEOR in future.

Both CL10 and IL10 show same trend of IFT agaiadingy line in which that
IFT is increasing at first from 2.3 wt% to 2.5 wialinity. But from salinity at
2.5 wt% to 3.0 wt%, the IFT keep decreasing fohl®®L10 and IL10 until 14.42
mN/m and 17.35 mN/m respectively. From the resuittgined, both surfactants
have tolerance to high salinity since they have IB6W at highest salinity of 3.0
wt%. This behavior of surfactants is favorable &urfactant flooding. The
decreasing of IFT as the salinity increases caexipkained in term of solubility.
As the salt concentration increases, the solubdftgurfactant will be reduced
which then allow the surfactant to migrate intaenfdce increases. This kind of

trend is supported by various researchers like 8aashah (1978).

The effect of temperature on IFT between crudewd water is investigated for
two surfactants (CL10 and IL10) at reservoir coondsg. The graph of IFT
against Temperature from Figure 4.2 summarized hHwmvtemperature range
from 25C to 90C affects the surfactants performance on IFT. Fioengraph
plotted, both CL10 and IL10 lines are decreasimgt fand then increasing but
they have different turning point. For CL10, thd I§tarts to increase from 80D
after decreasing rapidly from 2Z5. While for IL10, the IFT stop decreasing
when it reach 6@ and increases to high IFT which is 19.89 mN/m.1CL
maintain low IFT about 21 mN/m to 12 mN/m in widenge of temperature
(25°C-80°C) and can be considered to have good toleranbeggbotemperature.
Instead for IL10, the IFT only decreasing untiP@Conly and the lowest IFT is
only 13 mN/m.
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This kind of trend against temperature is also Ilteduand supported from
research of Aoudiat.al, 2006. The decreasing of IFT with increasing of
temperature can be explained in two terms whiclsahebility and viscosity. In
term of solubility, increasing in temperature regltice solubility of surfactant in
which more surfactant can react at interface. Whilderm of viscosity, the
viscosity is decreasing with temperature increasiftge reduction of viscosity

causes surfactant migration to interface increases.

From the results obtained with respect to tempegatdL10 is a good surfactant
to reduce IFT due to it can withstand with high pemature and achieve low IFT
in wide range of temperature including high tempee This is of great

importance in the actual EOR process by surfadtaatling, owing to the facts

that the temperature in many reservoirs is notaumifbecause of infiltration of

hot water from underlying strata and that a sligetrease in the formation
temperature occurs during injection that may dherlFT.
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CHAPTERS

CONCLUSION AND RECOMMENDATION

51 CONCLUSION

Surfactant has become a very promising applicatioimcreasing oil recovery.

Thorough researches about surfactant are necessatgow better about its
behavior and performance in lowering interfaciahsien. Temperature and
salinity which are the most sensitive factors dfferthe surfactants’ behavior
require some experiment to reveal the effect ofséhgarameters on the
interfacial tension especially by using new sudats designed. From this
project, it has been proved that both temperatatesalinity have major effect
on surfactant in reducing IFT. The results obtaif@dboth surfactants tested
show significantly changes of IFT in varying saljnand temperature. For the
effect of salinity, both surfactants show tolerémthigh salinity while for the

effect of temperature, CL10 has better tolerarthearange of high temperature.
Other than that, it can be concluded that CL10eigel surfactant than IL10. It

can be observed by its performance to reduce IRfietdower than IL10 is able.

52 RECOMMENDATION

After completing this project, it is suggested tavé further study on the
formulation design of both surfactants so that tbey reduce IFT to the lowest
about 10"-2 mN/m. Hopefully by this project, themsurfactants designed are
capable to be used in Chemical EOR by showing geadtion with oil in

reducing the interfacial tension to increase theemiovery and eventually lead to
effective EOR. Last but not least, it is advisablelevelop the new and effective

surfactants over time and widen the applicatioit. of
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