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ABSTRACT

As the EOR technology is yet to be introduced in Malaysia, an initial study have to be

started to determine its suitability. Thus, chemical EOR or chemical flooding, as a

possible candidate of EOR method to be run in Malaysia, has to be studied its

compatibility with the Malaysia oil field conditions.

This project intended to study suitability of surfactant with Malaysian crude oil and sea

water through analyzing certain parameter in EOR. In this project, the interaction of

selected surfactant with water mixture and crude oil from Malaysian oil field is

determined through interfacial tension (IFT) analysis. Instead of that, the suitable

polymer compatible with the Malaysia reservoir need to be determined to be used along

with the selected surfactant.

The analysis began with preparation of water blends and crude oil, before the test on

polymer and surfactant is done. The main technique used in this project is the analysis

of IFT using spinning drop tensiometer. The final surfactant candidate also undergoes

phase behavior test to determine the interaction between surfactant solution with crude

oil at different water mixtures and surfactant concentrations.

From the study, the surfactant that has the best performance with Malaysia fluid

condition is Sample 6-79 as it shows the lowest range of IFT at all testing condition.

Apart from that, the polymer Superfloc BD319 have shown the best results compared to

the other polymer tested and have the potential use with the surfactant to be applied in

the chemical flooding in Malaysia.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND STUDY

1.1.1 About Enhanced Oil Recovery (EOR)

Because the world oil resources are limited, the exploitation of oil fields to a higher

degree is desirable. New methods are required to improve the recovery rates of oil

fields and to recover oil found in pores between rock particles. The method to

improve the recovery of the oil from the field is classified as the Enhanced Oil

Recovery (EOR) methods.

The objective of EOR is to economically increase displacement efficiency. EOR

involves mobility control of various kinds that can change oil and water viscosities,

change interfacial tensions, and change oil and water saturations. There are four

principal groups of EOR technologies available which are thermal EOR, miscible

EOR, chemical EOR and microbial EOR.

One of the methods under chemical EOR is the injection of surfactants. This method

is use to reduce interfacial tension between the oil and water phases, thus allowing

the recovery of oil trapped in smaller pores (surfactant flooding). For a number of

reservoirs, chemical EOR methods may be the only viable methods for significantly

reducing oil saturation in the field.



1.1.2 Surfactant

Surfactant is the main component in chemical flooding, one of the technique in

chemical EOR.A surfactant is a wetting agent that breaks the surface tension

between substances. The purpose of the surfactants is to lower interfacial tension

and to displace oil that cannot be displaced by wateralone.

Theothercomponent in chemical flooding is polymer. Thepurpose of the polymer

is to providemobilitycontrol for a more piston-like displacement.

1.2 PROBLEM STATEMENT

Malaysia has the 27th largest Crude Oil Reserves in the world with 3.4 billion

barrels, according to Petrochemical & Polymer Industries Division, MIDA, as on

January 2003. Like other oil producer country in the world, there is a need to

exploits it oil field to higher degree. Thus, the introduction of EOR method in the

near future is inevitable.

As the EORtechnology is yet to be introduce in Malaysia, an initial study haveto be

started to determine its suitability. Thus, chemical EOR or chemical flooding, as a

possible candidate of EOR method to be run in Malaysia, has to be studied its

compatibility with the Malaysia oil field conditions.

1.3 OBJECTIVES AND SCOPE

Theobjectives of the project is to determine the compatibility of chemical flooding

in Malaysia oil field by:

1. Determine the interaction of selected surfactant with water mixture and crude oil

from Malaysia oil field through interfacial tension (IFT) analysis.



2. Determine the bestpolymer to be used along with the surfactant forChemical

EOR in Malaysia oil field.

3. Determine thephase behavior of the selected surfactant suitable forchemical

EOR in Malaysia.

1.3.1 The Feasibility of the Project within the Scope and Time Frame

The project is to simulate the actual oil field inMalaysia to the experimental work in

lab. Thus, the water sample and crude oil which come from a location of oil

reservoir in Malaysia, Angsi 168, is assumed to represent the general condition of the

oil field in Malaysia. Instead of that, the study of the chemical EOR aspects only

covers the fluid-fluid interaction as stated in the objectives above. This means that

the study on interaction of surfactant with solid as the reservoir rock is notcovered.

To make the project feasible with the time frame and the access to the lab

equipment, the project was done at Petronas Research & Scientific Services (PRSS)

lab and inline with their study of chemical EOR for PETRONAS.

1.3.2 The Relevancy of The Project

The project is working on the possibility of the introduction of Chemical EOR in

Malaysia. As the surfactant analysis in Malaysia is still new, this project could

contribute some useful information, which might brought the interest to investors

and oil producer to look on the application of chemical EOR and EORin general in

Malaysia.



CHAPTER 2

LITERATURE REVIEW AND THEORY

2.1 DEFINITION OF SURFACTANT

Some compounds, like short-chain fatty acids, are amphiphilic or ampiphatic, i.e.,

they have one part that has affinity for nonpolar media and one part that has an

affinity for polar media. These molecules form oriented monolayers at interfaces and

show surface activity (i.e., they lower the surface or interfacial tensions of the

medium in which they are dissolved). In some usage surfactant are defined as

molecules capable of associating to form micelles. These compounds are termed

surfactants, amphiphiles, surface-active agents, tensides, or in the very old literature,

paraffin-chain salts.

The unusual properties aqueous surfactant solutions canbe ascribed to the presence

of a hydrophilic head group and a hydrophobic chain (ortail) in the molecules. The

polar or ionic head group usually interacts strongly with anaqueous environment, in

which case it is the natureof the polar head group which is used to divide surfactants

into different categories.

2.1.1 Type of surfactants

Generally, there are 4 types of surfactants basedon its molecules active site:

The types are:

1. Anionic

2. Nonionic

3. Cationic

4. Zwitterionic



2.1.2 Anionic surfactant

In anionic surfactant, the surface-active portion of the molecule bears a negative

charge. This includesalkylbenzene sulfonates (detergents), (fatty acid) soaps, lauryl

sulfate (foaming agent), di-alkyl sulfosuccinate (wetting agent), lignosulfonates

(dispersants) etc.

Anionic surfactants are account for about 50 % of the world surfactant production

Soap Linear alky! sulfonates (LAS)

Alky! benzene sulfonate

o

SeSiuifl Dodecyl {aster} Mate ^

Figure 2.1: Sample ofanionicsurfactants

2.1.3 Nonionic Surfactants

The characteristic of the nonionic surfactant is the surface-active portion bears no

apparent ionic charge. Its hydrophilic group is of a non-dissociable type, such as

alcohol, phenol, ether, ester, or amide. This type of surfactant accounted for about

45% of the overall industrial production

C* Hl7 \0/ °{CH2-€%0]'1

Figure 2,2: Example ofnonionic surfactant



2.1.4 Cationic Surfactants

The surface-active portion of cationic surfactant bearsa positive charge. This typeof

surfactant includes long-chain amines and quaternary ammonium salts. Generally,

cationic surfactants more expensive than anionicsurfactants.

Figure 2.3: Example ofcationic surfactant

2.1.5 Zwitterionic Surfactants

For this typeof surfactant, bothpositive andnegative charges maybe present in the

surface-active portion

| Alkyl
•-^-cr Ammonium carboxyl

CHg o Alkyl
^^^^-^^v-r''"v^^^ Ammonium sulfate

ch3 Alkyl
M-o~ Amine oxide
CH,

Figure 2.4: Example of Zwitteronic surfactants

2.2 THE HYDROPHOBIC EFECT AND MICELLE FORMATION

In aqueous solution dilute concentrations of surfactant act as much as normal

electrolytes, but at higher concentrations very different behavior results. This

behavior is explained in terms of the formation of organized aggregates of large



numbers of molecules called micelles, in which the lipophilic parts of the surfactant

associate in the interior of the aggregate leaving hydrophilic parts to face the

aqueous medium. The formation of micelles in aqueous solution is generallyviewed

as a compromise between the tendency for alkyl chains to avoid energetically

unfavourable contacts with water, and the desire for the polar parts to maintain

contact with the aqueous environment.

2.3 MICELLAR-POLYMER FLOODING / CHEMICAL FLOODING

In practice surfactant injection alone can not achieve sufficient recovery due to

several problems, fingering, adsorption, surfactant-soil interactions, etc. Therefore, a

more complex process involving different steps is required to fully realize this

technique potential. Theprocess is termmicellar-polymer flooding (MP).

Chase

water

Taper Mobility
buffer

Slus Preflush

Flow

Direction
•

Figure2.5: Cross section ofa typical micellar-polymerflooding

Figure 2.1, shows an idealized version of an MP flooding sequences. The process is

applied in the drive mode. The process consist of:

Preflush, A volume of brine to lower the salinity is added first. Preflushes range

from 0 to 100% pore volume (PV). Sometimes an agent is added to lessen the

surfactant retention.

MP slug. The main surfactant, cosurfactants, and other chemicals are added later.

Slug volumes range from 5 to 20% PV.

Mobility buffer. This fluid is a dilute solution of a water-soluble polymer whose

purpose is to drive the MP slug and banked-up fluids towards the production wells.

The buffer volumes range from 0 to 100% PV.



Mobility buffer taper. This is a volume of brine that contains dilute polymer added

to produce a gradual change in polymer concentration from the mobility buffer

concentration to zero.

Chase water. This fluid is injected to reduce the cost of continuous injectionof

polymer.

2.4 SURFACTANT IN CHEMICAL FLOODING

A surfactant is a wetting agent that breaks the surface tension between substances.

The purpose of the surfactants is to lowerinterfacial tension and to displace oil that

cannot be displaced by water alone.

2.4.1 Interfacial Tension (IFT)

Capillary forces cause large quantities of oil to be leftbehind after waterflooding of

an oil reservoir. Capillary forces arise from the interfacial tension (IFT) between the

oil and water phases that resist externally applied viscous forces and causes the

injected waterto bypass the resident oil. Thepredominant mechanism to recover this

oil is lowering the IFT through the addition of suitable chemicals (surfactants).

Lower interfacial forces recover additional oil by reducing these capillary forces.

This trapping of the resident oil can be expressed as a competition between viscous

forces, which mobilize the oil, and capillary forces, that trap the oil. According to

John Farnell1 (1987), to get increased oil recovery from lowering the IFT, the IFT

needs to be reduced to values in the range of 0.01 to 0.0001 dyne/cm.

2.4.2 Spinning Drop Tensiometer

One of the techniques to determine the IFT of the immiscible fluids interaction is

spinning drop. The equipment use is knownas spinning drop tensiometer.

The spinning drop measurement principle is based on the fact that the gravitational

acceleration has little effect on the shape of a droplet rotating at sufficient speed



aroundits longitudinal axis. The elongation of the droplet due to centrifugal forces is

balanced by the interfacial tension between the two phases. A droplet located long

the axis of a rotating capillary filled with denser fluid will form a cylindrical shape.

With the appropriate drop volume and rotational speed, the drop diameter depends

solely on the interfacial tension. The droplet stabilizes in the axis of rotation, while

the surrounding fluid is forced towardowingto its higher density.

GolioMal-'aas'

i JCdloicfof-'ISqud'phasa..
4 __ •

w

4 on

Figure 2.6:Spinning drop tubefilled with the two phases. The system is rotating

around its axis with a rotational speed W.

Consider a tube filled with the high-density phase and a droplet of the low-density

phase. The tube rotates around a horizontal axis at a certain rotational speed w (see

figure 2.6). Fromthe measurement of the length Land diameter D of the droplet, the

interfacial tension can be calculated using an equation derived by Princen6 etal.:

(o2 a*Ap
2a

Here, a is the curvature of the top of the drop and a is a dimensionless number,

both ofwhich are determined by L and D .

2.4.2 Phase Behavior

Phase behavior is one observation that can determine the performance of a

surfactant. Observation is done to view the interaction of the surfactant solution with

the oil. In general the type of phase behavior was namedafter the research done by

Winsor. Phase behavior related to the hydrophilic and hydrophobic effect of the

surfactant with the solution.
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Figure 2.7:Micelleformation in Phase Behavior Winsor Type I and Type II

The phase behavior known as Winsor Type I, Type II and Type III are described

according the region of where a number of phase exist at certain fraction and the

surfactant micelle structure behavior at the respective regions. This micelle behavior

is shown as in Figure 2.7 and Figure 2.8.

Wtisar
Typsl

I * .

L

Vttar
ivs*m
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Figure 2.8:Surfactant Micelle structure in respective type ofPhase Behavior

Winsor Type I micelles have a hydrophilic exterior (the hydrophilic heads are

oriented to the exterior of the aggregate) and a hydrophobic interior (the

hydrophobic tails areoriented towards the interior of the aggregate). Winsor Type II

surfactants are oil soluble (have a low hydrophile-lipophile balance ~ (HLB), will
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partition into the oil phase, and may form reverse micelles). Reverse micelles have

hydrophilic interiors andlipophilic exteriors; the resulting phenomenon is analogous

to dispersed water drops in the oil phase

Surfactant systems intermediate between micelles Winsor Type I systems and

Winsor Type II systems can result in a third phase with properties (e.g., density)

between oil and water. This third phase is referred to as a middle phase

microemulsion (Winsor Type III system). The middle phase system is known to

coincide with ultra-low interfacial tensions; thus, middle phase systems will result in

bulk extraction of organics from residual saturation.

The interaction of the hydrophobic and the hydrophilic side of the surfactant with

the aqueous solution oroil is different based on the composition. This canbe shown

in Figure 2.9, which show the phase behavior of water, surfactant and dense non

aquoues phase liquid (DNAPL) including oil, and the respective surfactant micelle

structure.
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Figure 2.9:Respective regionforphase behavior type I, II and III
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For the project study, as the sample consist of mixture o oil, surfactant and water,

the phase which probably will occur are either type HI or type II variations. The

characteristics for these phases are summarize in Table 2.1.

Type III is considered to have the best probability of recovering additional oil. Type

II is considered to have the poorest chance to recover additional oil. Type II- is

considered to have the second best chance to recover additional oil because it shows

interaction between the aqueous phase and crude oil and saponified acids are

observed. Eventhough Type11+ demonstrates interaction between the crude oil and

the aqueous phase, it is considered to have poorer oil recovery potential than Type

II-.

Phase Type

II

li

ra

Table 2.1: Phase Behavior Type

Phase Type Description

Two fluid envelopes exist - a bottom aqueous phase and a top oil phase.

No color is visible in the aqueous phase. The crude oil and aqueous phase

volumes are equal to the volumes placed in the tube. Either the alkali has

generated no visible surfactant or the surfactant have been driven into the

crude oil and no crude oil swelling has taken place (Type 11+ phase

3behavior).

Two fluid envelopes exist - a bottom aqueous phase and an oil phase. The

bottom aqueous phase is colored indicating the alkalihas saponified acids

in the crude oil which are now present in the aqueous phase. The crude

volume can be swollen due to the interaction with the surfactant (added

and in-situ), but this is not a requirement for this designation.

Three or more fluid envelopes exist - a bottom aqueous phase, one or

12



more middle emulsion phases, and a top crude oil phase. The aqueous

phase can be colored with saponified acids from the crude oil; however,

this does not necessarily have to be the case.

Two fluid envelopes exist - a bottom aqueous phase and a top crude oil

phase. The bottom aqueous phase is clear because the surfactant (added

and in-situ) reside in the crude oil phase. The crude oil phase is swollen

due to surfactant carrying water into the crude oil phase.

2.5 POLYMER IN CHEMICAL FLOODING

The purpose of the polymer is to provide mobility control for a more piston-like

displacement. There are two classes of polymers used in oil recovery, which are

Polyacrylamidesand Polysaccharides

Polyacrylamides are generally used in concentrations of 50-1000 parts per million.

The use of polyacrylamides decreases the mobility of the injected fluid by

decreasing the permeability of the reservoir rock. A polysacchamde reduces the

mobility of the injected fluid by increasing the viscosity of the fluid with very low

levels of permeability reduction occurring in the reservoirrock.

13



CHAPTER 3

PROJECT OVERVIEW/METHODOLOGY/PROJECT WORK

3.1 PROJECT OVERVIEW

In general, the chemical flooding analysis consists of water analysis, crude oil

analysis, and polymer analysis and surfactant analysis. However, crude oil analysis

was not done directlyduring the project and only the relevant data was taken for the

other analysis. For water analysis, only water blend preparation was involved

directly during the project.

The project started withthe waterblends preparation. The next stage is the selection

of polymer. 14polyacrylamides polymer types will be tested. The polymer selected

is the polymer which produce the best result in the interfacial tension (IFT) test. The

selected polymer willbe used for further test in selection of surfactant.

Then the next step is the surfactant selection. The first test for selection is using IFT

test. IFT test mainly use two mainequipment which are spinning drop tensiometer to

determine the radius of the oil interact within the surfactant-water solution, and the

densiometer, to determine the density of the surfactant solution and crude oil. The

surfactant that obtained the best IFT results will proceed for phase behavior test.

3.2 METHODOLOGY

The main methoduse in the project is determination of interfacial tension (IFT).

Thismethod requires the usage of spinning drop tensiometer and densiometer, and

applied forpolymer analysis andsurfactant analysis. However, themethodology for

14



theproject started with water blends preparation, thenfollowed bypolymer analysis

and surfactant evaluation.

3.2.1 Preparation of water blends

To represent the condition of an oil field in Malaysia, the sample needto be takenor

produced identical to actual field. For the experiment, the oil field selected is Angsi

1-68. This field was selected by PRSS to done theirCEOR evaluation, thusthe crude

oil and water samplefrom the field are available in the lab.

There are two type of water needed to be prepared. The first type is the injection

water. Injection water is the water, which will be injected into the reservoir. For the

experiment, the injection water is the seawater taken from the Angsi 1-68 area. The

second type of water is known as formation water or produced water or simulated

water. This water is probably the water composition in the reservoir or the

underground water. The water will go out with the oil and interact with the injected

water in the reservoir. For the experiment, the formation water needs to be prepared

in the lab. Thepreparation is based on the actual composition of the formation water

in the Angsi oil field. The composition of formation / simulated water is shown in

Table 3. land Table 3.2

Table 3.1: Composition ofFormation Water inAngsi 1-86

Ion, mg/L

Calcium 13

Magnesium 2.9

Strontium 1.4

Barium 2.4

Sodium 2360

Potassium 110

Chloride 1080

Sulfate 36

Carbonate 110

Bicarbonate 4070

Total Dissolved Solids 7780

pH @ 20 C 8.57

15



Therefore, it volume is still enough to undergo surfactant testing event after a

portion have been used for polymer evaluation.

Table 3.3: The list ofpolymer usedfor theevaluation

M\MI\( IIKIK IMM .. I'KOIH i'\ WMI

Ciba Polyacrylamide Magnafloc 358
Alcofloodl285REL

Alcoflood 1275A

Alcoflood 1235

SNF Floerger Polyacrylamide Flopaam 3330S
Flopaam 3430S
Flopaam 3530S
Flopaam 3630S

AN 125

Cytec Polyacrylamide Superfloc BD274
Superfloc BD317
Superfloc BD318
Superfloc BD319

Cynatrol 720H

3.2.3 Surfactant Evaluation

After the polymerhas been selected, the next test is the surfactantevaluation. There

is two part of the surfactant evaluation. The first part is the IFT test and the second

part is the phase behavior test.

For the first part, IFT test, three types of surfactant is being tested. The surfactants

are the anionic type and named as Agent 2385-A (manufactured by Stepan), SS-

6066 and Sample 6-79 (both manufactured by Oil Chem Technologies). There is 5

mixtures of water and the surfactant will be tested at 4 different concentration which

are 0.05 wt%, 0.10 wt%, 0.15 wt% and 0.20 wt%. Overall, for a type of surfactant, it

should have 20 samples. For each surfactant-water solution, there will be added 500

ppm of polymer chosen from polymer evaluation. The IFT test will be done with

Angsi 1-68 crude oil. The surfactant that will be chosen is the surfactant, which has

the lowest IFT range for all matrices of water ratio and surfactant concentration.

17



The next part is the phase behavior test. The selected surfactant from IFT test will

undergo the test to observe the fluid-fluid interaction with the crude oil.

3.3 TEST PROCEDURES

The test procedures consist of the general procedure for determination of IFT using

spinning drop tensiometer and the phase behavior test.

3.3.1 Determination of the Interfacial Tension using Spinning Drop
Tensiometer

Figure 3.1: Spinningdrop interfacialtensiometer Model 500

3.3.1.1 Equipment:

The equipment use is spinning drop tensiometer as shown in figure 3.1

3.3,1.2 Description ofthe equipment:

Based on Figure 3.1, the main component o the spinning drop tensiometer are:

A: the microscope to determine the final diameter of the oil



B: the inserted slot for capillary tube

C: temperature controller

D: speed-adjusting knob

E: power switch

3.3.1.3 Generalprocedure to use the equipment:

1. The sample solutionto be tested (for this experiment, the solutionmixed with

surfactant) is being put into a capillaryglasstube. Fill up glass tubes with

surfactant solutions using a pipette.

2. Thena small dropof crude oil is injected into the solution inside the capillary

tube. Ensurethat there is no trappedair bubble in the oil droplet. The Oil drop

should be in sphere form, didnot disperse, did not stickto the tube wall andcan

move freely in the

3. The capillary glass tube is inserted into tubeslot of the spinning drop equipment

(B).

4. The temperature has to be set initially(to avoid overshoot). Then the equipment

can be started and adjust to maintain the desired speed and the desired

temperature.

5. The movement of the oil drop is observer using the microscope (A), and adjust

the microscope location and focus if necessary

6. After the oil size has stabilized i.e. did not expanded anymore; or about five

minutes, the diameter of the oil is taken as the figure below.

•

P2
I

ft- ,
•

;..>. Dr

'.

Figure 3.2: The expanded oil droplet viewedfrom the microscope (B)

1. The IFT of the surfactant-solution-oil interaction can be calculated using the

general formula

Y-C<P2-pO*a2*D,*)/32 Equate (1)
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Where:

y = Interfacial Tension [N/m]

p2 = Density of the Heavier Fluid [kg/m3]

pi = Density of the Lighter Fluid(fluid of the drop) [kg/m3]

Q = Angular Velocity [rad/s]

Di = Diameter of Drop [m]

However, for the spinning drop tensiometer used, Model 500, the modified equation

is :

y=0.520 *(1/R)2*D3*(P2-P» Eqmtion(2)
where

y = Interfacial Tension [dyne/cm]

p2 = Density of the Heavier Fluid [g/cm ]

pi =Density ofthe Lighter Fluid (fluid ofthe drop) [g/cm3]

R = Speed rotation reading [m.s]

Di = Diameter of Drop [cm]

3.3.2 Phase Behavior Test

1. Preparematrix of surfactant solutions in test tubesby mixing surfactantwith

synthetic formation water. Thesurfactant solution in ascending concentration

were prepared i.e 0.05%, 0.1%, 0.15% and 0.2%.

2. Preparea matrix of surfactantto sea water (injection water) solutions ratio of

100% surfactant solutions, 75%-25%, 50%-50%, and 25%-75% and 100%

sea water. The matrix table is as per attached below, table 3.4

3. Add crude oil to the surfactant-sea water solutions to create 10 ml of

mixture.

4. Plug top of test tubes and shakevigorously to mix crude oil and surfactant

solutions.
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5. Place all test tubes in rack and allow the mixture to stabilize. The mixtures is

left in the oven at temperature of 50 °C for one week.

6. After one week, the mixture should be in two or three phases i.e top oil

phase, bottomaqueous phase, and middleemulsionphase (if any). Observe

characteristics of each phases and the colour of aqueous phase.

7. The aqueous phase color could be dark brown, yellow, milky or clear.

8. Measure the specific gravityof the surfactant-sea water solutionsusing

densitometer.

Table 3.4: Matrix tablefor Phase Behavior Test

Injection Produced Phase Behavior

Water Water at surfactant concentration of:

% % 0.05% 0.10% 0.15% 0.20%

0 100

25 75

50 50

75 25

100 0
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 POLYMER SELECTION/SCREENING FOR EOR

The polymer selection for Chemical EOR has to undergo two tests. The first one is

to observe the solubility of the polymer in the prepared surfactant-water mixture,

and the second test is to determine the IFT reduction by each tested polymer.

4.1.1 Observe on the Clarity of the Solution

Each polymeris mixed with the surfactantand water mixture solutionbefore the IFT

test. The clarity of the solution is observed to ensure that the polymer is soluble in

the water - surfactant solution. If the polymer is found out insoluble in the mixture,

the polymer is considered not suitable for Chemical EOR. However, from the

observation, all 14 polymers testedwere foundout soluble in the water mixturesand

thus could be proceed to the next stage, which is the IFT test.

4.1.2 IFT Test For the Polymer

Experiment has been done on the 14 types of polymer (polyacrylamide type) to

select the best polymer to be use in further IFT test for surfactant selection. The test

on the polymer was done based on the IFT produced from the surfactant solution

mixture with the polymer. The best polymer is the polymer that produced the lowest

IFT on the oil-surfactant solution. The condition of the test are at 50 °C at

atmospheric pressure, using a same concentration of surfactant (0.10 wt% of Agent

2385-A) in the same ratio of water mixture (50%-50% injection water to formation

water), and the concentration of the polymer in the solution is 500 ppm. The crude

oil used is Angsi 168 Crude Oil.
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The results are shown in Figure 4.1 and table 4.1

Interfacial Tension Between Surfactant (Agent 2385-61A)'+ 500 ppm polymer and
Angsi 168Crude Oil at 50°c
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E
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- 0.20000 -H

0.10000
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/V///SS ///*/*
^
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Figure 4.1: IFT ofoil - surfactant (Agent 2385-A) solution with various type of
polymer

Figure 4.1 shows the result of the polymer screening for use in the Chemical EOR.

At the same concentration of surfactant used, water mixtures, and crude oil, different

types of polymer (polyacrylamide) have shown a different value on the IFT of the

solution surfactant - oil.

As from the analysis, the lowest IFT was achieved using Superfloc BD319,

manufactured by Cytec, and followed by Flopaam 3430S, manufactured by SNF

Floerger. The range of IFT readingfor all polymers is from 0.35914 dynes/cmto

0.65548 dynes/cm.
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Table 4.1:Polymer types andthe IFTreading obtain after IFTtest in prepared
solution (surfactant 0.10 wt %Agent 2385-A, ratio 50% injection water-50%

formation water) with CrudeOil Angsi 168.

Ranking Name IFT (dynes/cm) Manufacturer

1 Superfloc BD319 0.35914 Cytcc

2 Flopaam 3430S 0.36608 SNF Floerger

3 Alcoflood 1285 REL 0.37689 Ciba

4 Superfloc BD274 0.38520 Cytec

5 Alcoflood 1275A 0.41552 Ciba

6 Magnafloc 358 0.41753 Ciba

7 Flopaam 3330S 0.45057 SNF Floerger

8 AN 125 0.46531 SNF Floerger

9 Superfloc BD317 0.46554 Cytec

10 Flopaam 3630S 0.48685 SNF Floerger

11 Superfloc BD318 0.51384 Cytec

12 Cynatrol 720H 0.55776 Cytec

13 Flopaam 3530S 0.62657 SNF Floerger

14 Alcoflood 1235 0.65548 Ciba

From the results, it was found out that even the main function of the polymer in the

Chemical EOR is as a mobility buffer component, it also can contribute to slight

change in IFT between the solution-oil. Thus, the polymer with can produced lower

IFT compared to the others polymer is the best possible polymer to be used in the

Chemical EOR. Instead help to reduce the interaction force (IFT) between the

solution with oil, it will also reduced some cost for the project as the lower

surfactant concentration needed to obtained optimum condition for Chemical EOR.

Theselected polymer, Superfloc BD319 is thenproceed to be the component for the

IFT tests for surfactant selection. 500 ppm of Superfloc BD319 will be included in

each surfactant solution prepared for the IFT test. This is as per-instruct in the IFT

test procedure section.
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4.2 SURFACTANT SELECTION FOR EOR

The surfactant selection for Chemical EOR has to undergo two tests. The first one is

to determine the best surfactant, which have the lowest IFT range for all the different

ratio of water mixtures. Then, the selected surfactant proceeds to the second test,

which is the phase behavior test.

4.2.1 Determination of IFT reading for Different Surfactants

Three different surfactants have been tested for the IFT determination test. The

surfactants are Agent 2385-81 A manufactured by Stepan, SS 6066 and Sample 6-

79, both manufactured by Oil Chem Technologies. All the surfactants used are from

anionic type.

4.2.1.1 Agent 2385-81A

.Solution-
•••* •?•

Table 4.2: IFT test results matrixfor Agent 2385-81A

Injcviinn '•' Formation
" •••AVaicr-, Water1- -

r""" •••- ILL
--••*••••! ,

•*v •

:i/* Surfactant
•i. • .

'*•'•'fir*. .-.

—u.Urtf""-

t-'oiiccntrn'tion'

. '-'HW-p-u".. .JE'wy-v- -•.ojr)*v----- •*"0-:l'5(:-ii.,.-. • 0.2('f'/v

A 1'JU n "• ns " A\ 1 M 1.(*?.

B 75 25 0.44 0.28 - 0.32 0.37

C 50 50 0.37 0.29 0.36 0.35

D 25 75 0.31 0.29 0.28 , 0.29

E 0 100 0.34 4.12 0.35 0.30

The table shows the result for the IFT tests for Agent 2385-81 A. Generally, it was

found out that the IFT is high when the surfactantsolution is made of injectionwater

only. Instead of that one point have been found to be located at extreme position

which is the value for IFT at 0.10 % concentration of surfactant in 100% of

formation water.The plottingof the IFT value in the graph is shownas in Figure4.2
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Figure 4.2:IFTreadingfor different concentration ofsurfactant Agent 2385-81A

From the graph, it was found out that the IFT range for surfactantAgent 2385-81 A

mostly between 0.28 dyne/cm to 0.50 dyne/cm. There is one extreme point that was

out from the waiter mixture general trend, which is the IFT value at 0.10 5 of

surfactant concentration in 100% formation water. While for water mixture of 100%

injection water only, the IFT range from 1.50 dyne/cm to 2.08 dyne/cm, which is

quite high and exhibit different behavior than the IFT of the same surfactant at

different water composition.

Overall, the behavior shown by the surfactant indicates that the IFT is higher when

the water is at 100% injection water onlybut then reduced when the solution contain

the mixture of injection water with formation water. This means that the surfactant

solution could not maintain at lower IFT when interact with the crude oil at different

water composition.
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4.2.1.2 SS-6066

Table 4.3: IFT test result matrixfor SS-6066

Solution ..Injection- •
.^=\yaieV'"-

•••(Itti'fc^

.lonnalion.-
11 •*-• >

•. v Wafer •*••
11-1'.(/ Surl'iieutM

oikviu'raliori'.-..._.
-

.J).V5,\-::-

0.086 0.071"" 0.072""
""Vy.lOHi

~ 0.158A 100 0

B 75 25 0.366 0.277 0.278 0.318

C 50 50 0.209 0.179 0.169 0.190

D 25 75 0.236 0.151 0.134 0.198

E 0 100 0.286 0.223 0.258 0.307

From the table, the lowest IFT value is 0.071 dyne/cm, which is obtained at 0.10 wt

% of .surfactant in 100% injection water. The is a total of 3 points where the IFT

value is below 0.1 dyne/cm and all of them were obtained when the solution is in

100% injection water mixture. The highest IFT value is 0.366 dyne/cm at surfactant

concentration of 0.05%, in the solution mixture of 75% injection water and 25 %

formation water.

IFT Reduction versus Concentration ( SS 6066 )

'.400

0.350

0.300

— 0.250
E

0.05% 0.10% 0.15?

Surfactant Concentration

-100% IW ~e-75% IW 25% FW -±-50% IW 50% FW -*-25% IW 75%FW -»-0% IW 100% FW

Figure 4.3: IFTreadingfor different concentration ofsurfactant SS-6066
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In general, the graph shows that the range of the IFT for the surfactant for all

condition tested range from 0.071 dyne/cm to 0.3666 dyne/cm. Compared to the

performance of surfactant Agent 2385-81 A, surfactant SS-6066 has a lower and

narrower range of IFT. The SS-6066 surfactant gives the lower value of IFT at it

different concentration when the water solutions consist of 100%.of injection water.

While this surfactant concentration of 0.10 wt % have the narrow range of IFT at

different water composition compared to its other setof surfactant concentration.

4.2.1.3 Sample 6-79

Table 4.4: IFT test results matrixfor Sample 6-79

Solution -.'Injection •

;:"ij\v>%*"''

• Ijinnulion-

--•-vAy.aJer;1'̂
.rf;i.^ 1!-•-1 a Swfi'atMant . ..'.mj**•*• *'••».?

!j£>;P5%- ..o:r(v^"';-.o..i^:j •*f.).2()'.M,

0.046A 100 0 0.033 0.025 0.030

B 75 25 0.082 0.042 0.060 0.074

C 50 50 0.056 0.026 0.043 0.050

D 25 75 0.058 0.043 0.045 0.076

E 0 100 0.097 0.038 0.076 0.083

From the table 4.4, the lowest IFT value is 0.025 dyne/cm, which is obtainedat 0.10

wt % of surfactant in 100% injection water. This is the lowest value obtained from

all of the tests including the IFT test done on surfactant Agent 2385-81 A and

surfactant SS-6066. All the IFT values achieved using this surfactant (Sample 6-79)

are below 0.1 dyne/cm. The highest IFT value is 0.097 dyne/cm at surfactant

concentration of 0.05%, in 100% formation water. The graph (Figure 4.4) has shown

that, for all water mixtures, the lowest IFT achieved at surfactant concentration of

0.10 wt %. Compared to the other surfactants tested, the surfactant Sample 6-79

have the narrowest range of IFT for all surfactant concentration at different water

ratio in the solution.
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Figure 4.4:IFTreadingfor different concentration ofsurfactant Sample 6-79

From the IFT test done on the three surfactants, surfactant Sample 6-79 was chosen

as the best surfactant. This is because among the surfactants tested, it has the

narrowest range of IFT produced for all water condition and surfactant

concentration. It overall IFT range is between 0.025 dyne/cm to 0.097 dyne/cm, or

in general, below 0.1 dyne/cm, while surfactant SS-6066 exceed 1.0 dyne/cm on

most condition and Agent 2385-81 exceed 1.0 dyne/cm when the solution is in

100% of Injection water. Surfactant 6-79 then proceeded forthe phase behavior test.

29



4.2.2 Phase Behavior Test for the Selected Surfactant

From the IFT test, the best surfactant is found out to be the Sample 6-79. Thus, the

surfactant was selected to further undergo another test, which is the phase behavior

test. The result of the test is as shown in Table 4.5

Table 4.5: PhaseBehavior testresultsfor Sample 6-79 with Angsi Crude Oil

Solution l-'iiiiilihrated I'uasc..Volumes %" Phase
*.. ••••-•-'-. . -:f •: ... ' - , .

*• —V-. •^1r-.T- "•••:.. IVpC1--

, . " •'••••.,, , ".*•"••»••••* *,..' "" '

-• -I'ha.^- ; ; • n.;i; ;
.p. Description„.
'• .Code -r-

I*,..-i ••••*.;..-—••

"' (dync/cml
*"!"-f.- ,

-liolKim":- MiLldL*"" '•'Top.

Al II- LY,C

A2 II- LY,C

A3 n- LY,C

A4 n- LY,C
^

Bl 49.0 1.0 50.0 III Y,T

B2 11 + C,T

B3 48.0 2.0 50.0 III LY,C

B4 II- LY,C

CI n + M

C2 11 + C

C3 11 + M

C4 II M

attfM'fi-:JT

DI II- Y,T

D2 II- Y,T

D3 II- Y,T

D4 II- Y,T

El II- B,T

E2 II- B,T

E3 II- B,M

E4 n- B,M

Remarks: B = Brown, C = Clear, G = Grey, M = Milky Y = Yellow,

D = Dark, T = Translucent O = Opaque, PPT = Precipitate
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Phase behavior tells whether the surfactant have the possibilities to recover the oil

by looking at the interaction shown between the surfactant solution and the oil. In

type III, there is an existing of a middle emulsion phase between the aqueous

solution and the oil, while in type II-, the even the middle emulsion phase did not

clearly exist, thecolored bottom aqueous phase indicated the present of crude oil.

From the results, it can been seen that the best phase best behavior, which is type III,

can be achieved at Bl and B2. Bl is the condition of 0.01 wt % of surfactant in

solution of 75 % Injection Water with 25 % Formation mixture. Meanwhile B2 is

0.15wt%> of surfactant in the same water ration of 75 % Injection Water with 25 %

Formation mixture. Type III indicates the best possibilities of surfactant to recover

additional oil. In overall, the surfactant solution have shown the phase behavior

mostly at type II- which canbe considered the second best condition for recovery of

additional oil. However, the solution mixture of 50 % injection water to 50 %

formation waterhave showntype 11+ which is poor conditionfor oil recovery.

In general, surfactant Sample 6-79 hasthe probability forenhanced oil recovery

from its overall performance in IFTtest andphasebehavior test.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

From the study, the surfactant that has the best performance with Malaysia fluid

condition is Sample 6-79. Surfactant sample 6-79 has the lowest range of IFT

compared to the other surfactant tested. Surfactant sample 6-79 also shows the best

result in phase behavior test. Foroverall, it achieved type II- andIII,which indicates

the possibility of additional oil recovery.

Apart from that , the polymer Superfloc BD319 have shown the best results

compared to the otherpolymer testedand have the potential use with the surfactant

to be appliedin the chemicalflooding in Malaysia.

5.2 RECOMMENDATION

As the EOR application is yet to be done in Malaysia and there still not much of

analysis done on the suitability of chemical EORwith Malaysia oil field condition,

there is a need to run further research on this area. This include the analysis on the

surfactant interaction at elevated pressure and temperature, modeling of Malaysia

chemical EOR in Malaysia reservoir, and interaction of surfactant solution with the

reservoir rocks in Malaysia oil reservoir.
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