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ABSTRACT
There are three types of oil production energy operations, primary recovery,
secondary recovery and enhanced oil recovery (EOR). EOR consider as the last
stage for production operations. Where the EOR classify into many types such as
gas injection, thermal injection, microbial EOR and chemical flooding.
There are many types of chemical flooding such as polymer, surfactant, alkaline
and nanoparticles EOR such as Iron Oxide (Fe2O3), Aluminum Oxide (Al2O3) and
Magnesium Oxide (MgO) etc. In this study used Nanoparticles EOR Aluminum
oxide (Al2O3).
Nanoparticles EOR Aluminum oxide (Al2O3) used a spontaneous imbibition test
for sandstone core samples after saturated of crude oil. A spontaneous imbibition
test consisting of two scenarios of nanoparticle solution (Al2O3) with change
temperature and compared with one scenario of distilled water. The spontaneous
imbibition test was performed in this study at room temperature to oven
temperature (30Co, 40Co, 50Co, 60Co, 70Co).
The results shown that the process of improving the oil increases with the increase
of the concentration of nanoparticle (Al2O3) and increase the temperature where
the rate of oil recovery mixture with nanoparticles (Al2O3) at the concentration of
1% of nanotechnology is 76.04%.

Keywords: Distilled Water; Aluminum Oxide; Reservoir Sandstone; Recovery
Factor; Temperature; Spontaneous imbibition test.
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CHAPTER 1
INTRODUCTION

CHAPTER 1: INTRODUCTION
1.1

Oil Recovery

1.1.1. Primary Recovery
The recovery of oil by natural production mechanisms is called “Primary
Recovery”. The term refers to the production of hydrocarbons from a reservoir
without the use of any process (such as fluid injection) to supplement the natural
energy of the reservoir. Primary recovery was the only method available during
the early years of the oil industry and it is still the only method used in many oil
fields . The natural energy or reservoir drive that is used during primary
production can be visualized by considering that each unit volume of oil
produced must be replaced by something in the reservoir since a vacuum cannot
exist. The primary reservoir energy comes from five mechanisms. (a) Solution
gas- drive reservoir (b) gas-cap drive reservoir (c) water drive reservoir (d)
combination drive reservoir (e) Gravity drainage reservoir. Some scientists
consider the artificial lift methods as the primary recovery, the artificial lift
methods used when the reservoir pressure decreased and it does not produce at
economic rate, the energy does not able to raise the oil into the surface, but the
energy able to push the oil until the bottom hole of the well. The most common
methods of artificial lift methods are: Sucker- Rod Pumping, Gas Lift
(Continuous and Intermittent), Electrical Submergible Pumping and Hydraulic
Pumping as shown in figure (1.1).1
1.1.2. Secondary Recovery
The second stage of hydrocarbon production during which an external fluid such
as water or gas is injected into the reservoir through injection wells located in
rock that has fluid communication with production wells. The purpose of
secondary recovery is to maintain reservoir pressure and to displace
hydrocarbons toward the wellbore. The most common secondary recovery
techniques are gas injection and water flooding. Normally, gas is injected into
the gas cap and water is injected into the production zone to sweep oil from the
reservoir (edge of the reservoir). These methods used when the producing oil by
the primary recovery become uneconomic but sometimes a pressure-

1

maintenance program can begin during the primary recovery stage. The
secondary recovery stage reaches its limit when the injected fluid (water or gas)
is produced in considerable amounts from the production wells and the
production is no longer economical. The successive use of primary recovery and
secondary recovery in an oil reservoir produces about 15% to 40% of the
original oil in place as shown in figure (1.1).1
1.1.3. Tertiary Recovery (or EOR)
Primary production and secondary recovery methods on the average produce less
than one-third of the original oil in place (OOIP). Tertiary Recovery (Enhanced
recovery techniques), EOR, can be used to recover addition hydrocarbons. EOR
introduces fluids that reduce viscosity and improve flow. These fluids could
consist of gases that are miscible with oil such as carbon dioxide or nitrogen,
steam, air or oxygen, polymer solutions, gels, surfactant polymer formulations,
alkaline-surfactant polymer formulations, or microorganism formulations.
This definition excludes water- and gas injection, which are using mechanical
energy to maintain the pressure. Infill drilling well simulations and enhanced
drilling techniques like horizontal drilling are also outside the range of this
definition. It also differ the definition of improved oil recovery (IOR) methods
given by the Norwegian Directorate (1993) which reads, “Actual measures
resulting in an increased oil recovery factor from a reservoir as compared with
the expected value at a certain reference point in time” .This definition is much
wider and includes all optimization techniques used to increase the oil
production, which were not planned at the start of production. Conventional
methods like water- and gas injection are therefore included, as well as different
EOR projects at a later production stage. It should also be mentioned that it is
highly recommended to initiate EOR processes at least from a technical point of
view, at an earlier stage than right after the secondary oil recovery period has
come to an end, the additional expenses attributed to tertiary oil recovery
processes in relationship to the expected additional recoverable oil will decide
the initiation for any EOR project in practical life as shown in figure (1.1) .2
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Figure (1.1): Flow Chart Present Oil Recovery
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Combustion

1.2

Nanoparticles

Nanoparticles or nanomaterial have size less than 100 nm ,(1nm=10-9m) in diameter ,
and have been speculated as good in-situ agents for solving reservoir engineering
problems. Some selected types of nanoparticles that are likely to be used include oxides
of Aluminum, Zinc, Magnesium, Iron, Zirconium, Nickel, Tin and Silicon. It is therefore
imperative to find out the effect of these nanoparticle oxides on oil recovery since this is
the primary objective of the oil industry. 3
Application of nanotechnology in the oil and gas industry is just emerging. Recent
research projects have shown that nanotechnology has the potential to solve or manage
several problems in the petroleum industry. One of the speculated areas of application is
in Enhanced Oil Recovery (EOR). EOR is especially important now because of the
recent global rise in energy demand which is expected to be met by the oil and gas
industry. The ability of nanoparticles to alter certain factors in the formation and in oil
properties can be taken advantage of to enhance recovery. This involves introducing
these nanoparticles into formations and studying its effect on oil recovery.3
I. Type of Nanoparticles

S\No

Table (1.1): Type of Nanoparticles
Type of Nanoparticle

Symbol

1

Aluminum Oxide

Al2O3

2

Magnesium Oxide

MgO

3

Iron Oxide

Fe2O3

4

Nickel Oxide

Ni2O3

5

Tin Oxide

SnO

6

Zinc Oxide

ZnO

7

Zirconium Oxide

ZrO2

8

Silane Treated Silicon Oxide

SiO2

9

Hydrophobic Silicon Oxide

SiO2

4

1.3

Objectives of Study

1. The objective of the experiment is to get the best oil recovery from rock.
2. Knowledge the effect of viscosity on oil extraction from sandstone.
3. Knowing the effectiveness of nanoparticles and their effect on increasing the
extraction of oil from sand rocks.
.
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1.4 Methodology
In this section, we showing the process of making a thesis as showing in the following flow chart.
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project and the
important of
this study with
supervisor

start
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powder in the
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Samples with water

The weight of
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in the burning
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Figure (1.2): Flow Chart Methodology of the Study
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CHAPTER 2
LITERATURE REVIEWS

CHAPTER 2: LITERATURE REVIEW
2.1

Definition of Enhanced Oil Recovery

Enhanced oil recovery (EOR) refers to any reservoir process used to change the existing
rock/oil/brine interactions (fluid/fluid interaction; fluid/rock interaction) in the reservoir
in order to increase the oil recovery, and this interaction might reduce the interfacial
tension, oil swelling, reduce oil viscosity; also wettability modification. The following
flow sheet shows the types of various EOR methods that are currently employed in the
oil industry.1

EOR

Thremal

Chemical

Hot

Gas

Polymer

CO2

Water-Flood
Surfactant
H2S

Steam
Processes

Alkaline
N2

In
siut combustion

Nanoparticles

Figure (2.1): Flow Chart Enhanced Oil Recovery
2.2

Type Enhanced Oil Recovery [ EOR]



Immiscible Displacement .



Miscible Displacement .



Thermal Recovery .



Chemical Recovery .



Microbial Recovery .
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Other

Microbial

1.2.1. Immiscible Displacement
Injection of fluid that is immiscible with oil displacement fluid (injection
Water, Gas (Hydrocarbon, CO2, Nitrogen, Air) .4

1.2.2. Miscible Displacement
Injection of fluid that is miscible with oil displacement fluid (hydrocarbon
solvent, CO2,flue gas,N2) .4

1.2.3. Thermal Recovery
Thermal Recovery is a process to improve oil recovery by introducing heat to
the oil reservoir so the oil viscosity will be reduced or oil phase changes into
vapor phase .4,6,7,8


Hot –water flood .



Steam processes .



In situ combustion .

A. Steam Processes
I. Steam Soak Injection
Steam drive injection is the continuous injection of steam into one set of wells
(injection wells) or other injection source to effect oil displacement toward and
production from a second set of wells ( production wells ) shown in figure
(2.2). 5,6,7

8

Figure (2.2): Steam Soak Injection Process.4
i. Advantage of Steam Soak Injection


Steam injection is a proved production technique where no other method may be
feasible .

 Steam generators can be fueled by produced oil or by gas or coal .
 Front-end costs are moderate compared to chemical methods .
 Displacement efficiency is high, recovering up to 60% of the original oil in place
for steam drive.4
ii. Disadvantage of Steam Soak Injection
 Ultimate recovery for steam soak is low, up to 10% of the original oil in place .
 The process is limited by depth due to heat losses and high steam pressure .
 Sand production is common.


Emulsion handling of produced fluids is necessary .

 Good quality boiler-feed water is not always available .
 Steam generator emission cause air quality problems .4

9

II.

Cycle Steam Injection

This process employs continuous injection of steam, usually at lower rates than
steam soak, into wells designated as injectors, which are critically placed as to
distance and direction from (production wells) shown in figure (2.3).4,5,6,7

Figure (2.3) :Steam Drive Injection Process.4
i. Advantages of Steam Drive Injection
 Successful with heavy oil .
 Recovery 50% to 60% of OOIP .
 Produced oil used for fuel .4
ii. Disadvantages of Steam Drive Injection


Close spacing required .



Depth limitation due to heat loss .



Availability of good-quality boiler-feed water .



Early steam breakthrough gives low efficiency .



Shallow depths dictate low injection pressure .



Sand control .



Emulsions .4
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B. In Situ Combustion
In situ combustion also relies on crude oil viscosity reduction, expansion, distillation,
and solvent extraction by the addition of heat to improve recovery. In contrast to steam
injection, heat is generated within the reservoir rather than at the surface and is
transported down the well bore to the sand face shown in figure (2.4).4,5,6,7

Figure (2.4): In Situ Combustion Process.4

i. Advantage of In Situ Combustion Injection


In situ combustion is applicable to a wide variety of reservoirs up to 40° API .



The process involves more efficient heat generation than steam injection.



Displacement efficiency is high although some oil is burned.



Air is readily available.



The process may produce oil that is lighter than original oil.4

11

ii. Disadvantage of In Situ Combustion Injection


Design problems exist in controlling flame front.



Producing equipment can be damaged by heat.



Corrosion and emulsion handling are necessary.



Compression costs are high.



Gravity segregation may be a problem.



Noxious gas may be formed due to combustion.4

1.2.4. Chemical Recovery
Chemical flooding is any isothermal EOR process whose primary goals are to recover
oil by (1) reducing the mobility of the displacing agent (mobility control process), and/or
(2) lowering the oil/water interfacial tension.8


Polymer Flooding.



Alkaline Flooding.



Surfactant Flooding.

I. Polymer Flooding
Polymers improve both vertical and areal sweep efficiency by reducing water-oil
ratio. Polymers are injected through water injection wells in order to displace the
residual oil. Increasing the displacing fluid’s viscosity and lowering its relative
permeability through plugging will improve the mobility ratio and this will make
an improvement in areal and vertical sweep efficiency shown in figure (2.5).8
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Figure (2.5): Polymer Flooding Process.4

i.

Advantage of Polymer Flooding
 Reduce residual oil saturation far below that attained by water flood.
 Areal and sweep efficiency are increased.
 Polymers are nontoxic and noncorrosive.
 Polymer floods require similar production technology as water flood.
 Use of polymers reduces producing water – oil ratio.4

ii.

Disadvantage of Polymer Flooding
 Polymers are degradable either by chemical, bacterial, or shearing action.
 Polyacrylamides require special surface handling.
 Polyacrylamides require special surface handling.
 Incremental oil recoveries may not warrant the extra front- end expense of
polymer.4
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II.

Alkaline Flooding

Alkaline flooding involves the use of aqueous solutions of certain chemicals such
as sodium hydroxide, sodium silicate, and sodium carbonate that are strongly
alkaline. These solutions will react with constituents present in some crude oils or
present at the rock/crude oil interface to form detergent like materials, which
reduce the ability of the formation to retain the oil. These chemicals enhance oil
recovery by one or more of the following mechanisms: interfacial tension
reduction, spontaneous emulsification, or wettability alteration shown in figure
(2.6).8

Figure (2.6): Alkaline Flooding Process.4

i. Advantage of Alkaline flooding
 The process is relatively in expensive to apply.
 Mobility control is better than in gas injection processes.
 The process is applicable to a wide range of crude oil.
 Conversion with water flooding to caustic flooding is easy.4
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ii. Disadvantage of Alkaline Flooding
 Corrosion potential may require coating of all piping, tanks and tubing.
 The process is not well suited for carbonate reservoirs.
 Gypsum or anhydrite may precipitate in production well bores.4

III.

Surfactant Flooding

Surfactant flooding is a multiple-slug process involving the addition of surfaceactive chemicals to water. These chemicals reduce the capillary forces that trap
the oil in the pores of the rock. The surfactant slug displaces the majority of the
oil from the reservoir volume contacted, forming a flowing oil-water bank that is
propagated ahead of the surfactant slug. The principal factors that influence the
surfactant slug design are interfacial properties, mobility of the slug in relation to
the mobility of the oil-water bank, the persistence of acceptable slug properties
and slug integrity in the reservoir, and cost shown in figure (2.7).8

Figure (2.7): Surfactant Flooding Process.4
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i.

Advantages of Surfactant Flooding
 This process involves high unit displacement and microscopic

sweep

efficiency.
 Production technology is similar to water flooding.
 Gravity segregation is usually unimportant.
 The process is applicable to wide range of reservoirs.4
ii.

Disadvantage of Surfactant
 Front-end chemical costs are high.
 Performance prediction is poor due to mixing and dispersion of slug
material.
 Slug design process is sophisticated.4

1.2.5. Microbial Recovery


producing acid dissolve rock matrix so that will increase porosity and
permeability.



Producing gas ( basically similar with CO2 flood).



Producing solvent (ethanol, butane, acet one, isopropanol). (miscible with
oil and reducing oil viscosity and giving better mobility ratio).



producing surfactant basically similar with surfactant flood.



producing polymer reacting water mobility and able to control water
mobility by increasing water viscosity.4

EOR has a lot of methods and every method has its own considerations to use it.
One of those methods is gas injection .Gas injection can be classified into two
types: continues gas injection (CGI) and water alternating gas injection (WAG).9
In Continues Gas Injection processes, there are two main types of continues gas
injection: miscible and immiscible. In miscible gas injection, the gas is injected at
or above Minimum Miscibility Pressure (MMP), which causes the gas to be
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miscible in the oil. On the other hand, in immiscible gas injection, flooding by gas
is conducted below MMP. This low pressure injection of gas is used to maintain
reservoir pressure to prevent production cut-off, and thereby increase the rate of
production shown in figure (2.8).9

Figure (2.8): Shown Continues Gas Injection Processes (CGI).10

The Water Alternating Gas (WAG) process is a cyclic method of injecting
alternating cycles of gas followed by water and repeating this process over a
number of cycles. WAG injection is to improve oil recovery, by both increasing
the macroscopic and microscopic sweep efficiency and to help maintain the
reservoir pressure, also to postpone the gas breakthrough. The WAG process
provides mobility control in fast zones which extends gas project life and oil
recovery shown in figure (2.9).11

Figure (2.9): Shown Water Alternating Gas Processes (WAG).12
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3.1

Experimental Materials

Materials that used in this experimental including : 1. Core Samples: Figure (3.1) it is sandstone and carbonate cores. those cores it is
taken from X-field.

Figure (3.1): Sandstone Cores that Used for this Study
2. Oil Sample: Use one sample of oil with density of 0.8737g/cc for our study,
taken from Y-field ,figure (3.2) shows the oil sample that used in this study.

Figure (3.2): Oil Sample that Used in this Study.
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The following is discussing of composition and properties of crude oil.
Table (3.1) The Composition of Crude Oil
Peak name
Result%
C3
0.0199
i-C4
0.0226
n-C4
0.1086
i-C5
0.2284
n-C5
0.3876
C6
2.9209
C7
4.2509
C8
7.0064
C9
7.0334
C10
6.8777
C11
7.0009
C12
5.5290
C13
6.3112
C14
6.5397
C15
5.9047
C16
4.3228
C17
3.7374
C18
4.1664
C19
3.7098
C20
2.5313
C21
1.8426
C22
1.7675
C23
1.5543
C24
1.2628
C25
1.2702
C26
1.0971
C27
0.9924
C28
1.0820
C29
1.5831
C30
2.1104
C31
2.5186
C32
1.8193
C33
1.3606
C34
0.4582
C35
0.2137
C36
0.1573
C37
0.0960
C38+
0.1987
Total
100.0000
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Test
Method

Table (3.2) The Properties of Crude Oil
Result
Test
Description

X-Field

Unit

Density @15Co

0.8245

g/cc

Sp.Gr @ 60/60Fo

0.8249

//

API

40

//

K.Viscosity@25Co

5.6136

K.Viscosity@37.5Co

3.5915

ASTM D 5002

ASTM D 445

mm2/s

3. Distillate Water: Figure (3.3) shows distillate water, which without salts for
most experimental preparations.

Figure (3.3): Distillate Water Container that Used in this Study.

4. Toluene: it is type of solvents that used to clean core samles from previus oil
in the pores using soxcelete device, figure (3.4) shows toluene that used in this
study.
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Figure (3.4): Toluene that Used in this Study
3.2

Experimental Equipment

1. Plugging Machine: The heavy built diamond tooled drill press is especially
designed to drill in various size core samples. The standard machine comes
with a floor standing drill press, a rotary union, a coolant feeding system, a
coolant recovery pan with splash guard and a core clamping vise. The union
permits to connect the coring bit to the drill press and feed coolant to the coring
bit. The vise assembly can be mounted on the pan table and allows for the
positioning of the core. Various sizes of coring bits as well as the recirculating
coolant system are available.that showing in figure (3.5) .

Figure (3.5): Plugging Machine that Used for this Study.
2. Trimming Saw : Bench top tool designed to cut preset core sample lengths.
The preset sample lengths can be adjusted at any time by rearranging machined
spacers to the desired length between the blades. The quality of the saw blade
allows for extreme precision of the end face after trimming of 0.002 inch
(5/100 mm) that showing in figure (3.6).
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Figure (3.6): Trimming Saw that Used for this Study.
3. Soxhcelete Extractor Device: Use this equipment in the process of cleaning
core sample from oil, figure (3.7) shows soxcelete equipment that used in this
study.

Figure (3.7): Soxhcelete Extractor Device Used in this Study.
4. Oven Memmert: Used oven that shows in figure (3.8) with different
temperature degrees (30Co to 700Co) in this spontaneous imbibition tests.

Figure (3.8): Oven that Used for this Study
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5. Digital Balances: Digital balances especially selected for core applications
where measurement accuracy is required,that showing in figure (3.9).

Figure (3.9): Digital Balances that Used for this Study
6. Vacuum Pump: Vacuum pump is used to deflating air from vacuum chamber.
The vacuum pump showing in figure (3.10).

Figure (3.10): Vacuum Pump that Used in this Study

7. Vacuum Chamber: Pellicular vacuum chamber which in it done deflating air.
This chamber used first to saturate carbonate and sandstone sample with Water
(Distillate Water in this Case) in pore volume experiment. Second to saturate
carbonate and sandstone sample with oil to measure the oil recovery as
showing in figure (3.11).

Figure (3.11): Vacuum Chamber that Used in this Study
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8. Vernier Caliper: Vernier caliper it used to take accurately dimensions and in
this experiment, we used vernier caliper to take dimension of core samples to
measure bulk volume, look at figure (3.12).

Figure (3.12): Vernier Caliper that Used for this Study
9. Cup: Figure (3.13) it's glass cup which used in often water analysis
experimental.

Figure (3.13): Glass Cup that Used in this Study

10. Imbibition Cell : The spontaneous imbibitions test was conducted in test
tubes as shown in figure (3.14).

Figure (3.14): Test Tubes that Used in this Study
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11. Marienfield Mixer & Heater: Figure (3.15) shows marienfield mixer &
heater used in this study. It is a laboratory tool that use to mix chemical liquid
by using magnetic force by put piece of metal that covered by a protected
wear to prevent the chemical reaction between metal and chemicals, and
heater which use to ensure that the chemical materials are dissolved and
mixed with each other.

Figure (3.15): Marienfield Mixer & Heater Used in this Study
12. Filter Paper: Figure (3.16) shows is a semi-permeable paper used to separate
the fine solids in a liquid during a filtration process .

Figure (3.16): Filter Paper that Used in this Study
13. Burning

Crucible: Figure (3.17) shows is a cup-shaped vase used in

chemical laboratories to contain laboratory samples when heated to high
temperatures.
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Figure (3.17): Burning Crucible that Used in this Study
14. Burning Furnace: Figure (3.18) shows is a heat-insulated chamber used to
heat, heat, dry or burn a substance .

Figure (3.18): Burning Furnace that Used in this Study

15. Aluminum Foil: Aluminum foil which showing in the figure (3.19) it's made
from aluminum foil alloy and we used to severely close orifice of imbibition
cell after laboratory stopper.

Figure (3.19): Aluminum Foil That Used for this Study.
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Density

Water

Measurment

Water & Oil
Analysis

Density

Oil

Measurment

Cleaning & Draying
Water Saturation
Core Sample
Prepration

Oil Saturation
Porosity Measurment
OOIPO Measument
At Room Temperature

Experment Procedures
At 30C˚
Spontaneous

At 40C˚

Imbibition Test

At50C˚
At 60C˚
At 70C˚

Clean & Wash
(Al)Strips
Immersion in Hg2Cl2
(BDH)
Nanoparticlas
Preprationps

Edit to PH = 9
Filtrate Precipitate,
Wash & Dry
Burning Precipitate

Figure (4.1): Showing four stages of this experimental
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4.1

Water & Oil Analysis

4.1.1. Water Density Measurement
1. Use pycnometer with known it volume (50 cc) as showing in the figure (4.2).

Figure (4.1): Pycnometer with Volume (50Ml).
2. Weight the empty pycnometer as showing in the figure (4.3) .

Figure (4.3): Weight Pycnometer without Water.
3. Filling the pycnometer with water.
4. Weight the pycnometer with water as showing in figure (4.4).

Figure (4.4): Weight Pycnometer with Water.
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5. Subtract weight of pycnometer without water from weight the pycnometer with

water to get water weight.
6. Compute the density of water by following equation:

ρ𝑤 = Ww/Vw
Where: ρ𝑤: Density of water (g/cc).
Ww: Weight of water (g).
Vw: Volume of water (cc).
4.1.2. Oil Density Measurement
1. Use pycnometer with known it volume (50cc) as showing in the figure (4.5).

Figure (4.5): Pycnometer with Volume (50Ml).
2. Weight the empty pycnometer as showing in the figure (4.6).

Figure (4.6): Weight Pycnometer without Oil

29

3. Filling the pycnometer with oil.
4. Weight the pycnometer with oil as showing in figure (4.7).

Figure (4.7): Weight Pycnometer with Oil
5. Subtract weight of pycnometer without oil from weight the pycnometer with

oil to get oil weight.
6. Compute the density of oil by following equation:

ρo =Wo/Vo

Where:
ρo: Density of the oil (g/cc).
Wo: Weight of the oil (g).
Vo: Volume of the oil (cc).

4.2

Core Sample Preparation

4.2.1 Procedures of Core Sample Cleaning
Cleaning core sample done with toluene by soxhcelete device, by use toluene to
remove oil from cores (cores was use in previous experiments and was saturated
with oil), figure (4.8) showing the process of cores cleaning.
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Figure (4.8): Soxcelete Device Used to Cleaning Cores
4.2.2 Procedures of Core Sample Drying
After cleaning core sample by toluene put the core in oven at temperature (from
100C0 to 120C0) allow toluene to evaporation from pores , after 24 hours take out
cores from oven and measure its weight and then back them into oven, repeat this
step many times until weight become constant as showing in figure (4.9).

Figure (4.9): Cores Sample in Oven
4.2.3 Procedures Saturated of Cores with Distillate Water
1. Put core sample and distillate water in vacuum chamber.
2. Close vacuum chamber and accouplement pump vacuum with vacuum
chamber by using pipe.
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3. Run the pump vacuum to allow air to out from vacuum chamber as showing in
figure (4.10) and observing out the air from core sample pores.

Figure (4.10): Vacuum System.
4. Let the system running to a long time to ensure of saturation the core sample
by distillate water (2 days or more).
5. The following it is some figures (4.11) that showing core sample during
saturate by distillate water.

Figure (4.11): Vacuum Chamber During Run Vacuum Pump with Water
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4.2.4 Procedures Bulk Volume
1. Measure the length and radius of core by vernier caliber as showing in figure
(4.12).

Figure (4.12) 2: Measure of Dimension Core
2. Calculate volume of core as the following equation:-

(( )

)

Where:BV: Bulk volume (cc).
D: Dimeter of core (cm).
L: length of core (cm).

4.2.5 Procedures Draying of Core from Distillate Water
Put core in oven at temperature (from 100C0 to 120C0) allow distillate water and
brine to evaporation from pores as showing in figure (4.13). After drying the core
sample measure weight of them (dry weight) because we will use this weight in
OOIP.
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Figure (4.13): Core Sample in Oven
4.2.6 Procedures Saturated of Cores with Oil
1. Put core sample and oil in vacuum chamber.
2. Close vacuum chamber and accouplement pump vacuum with vacuum
chamber by using pipe.
3. Run the pump vacuum to allow air to out from vacuum chamber as showing in
figure (4.14) and observing out the air from core sample pores.

Figure (4.14): Vacuum System
4. Let the system running to a long time to ensure of saturation the core sample
by oil (2 days or more).
5. The following it is some figures (4.15) that showing core sample during
saturate by oil.
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Figure (4.15): Vacuum Chamber During Run Vacuum Pump with Oil
4.2.7 Procedures of OOIP Measurement
1. Take out the core sample after saturated it with oil from baker as showing in
figure (4.16).

Figure (4.16): Take Out Core Sample From Baker
2. Weight the core sample after saturated it with oil to use this weight in OOIP
measurement as showing in figure (4.17).

Figure (4.17): Weight Core Sample After Saturated it With Oil

3. We can use the following equation to calculate OOIP of carbonate and
sandstone core samples.
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Where:OOIP:- Original oil in place (cc).
Wcs:- Weight of saturation core sample (g).
Wcd:- Weight of dry core sample (g).
ρo:- Density of oil (g/cc).
4.3

Preparation The Aluminum Hydroxide Al (OH)3 Nanoparticles

Aluminum hydroxide Al(OH)3 was prepared by using strips of very pure
aluminum foil as showing in figure (4.18), the strips surfaces were firstly cleaned
up by brushing it and washing several time by deionized-distilled water to get rid
of oxidized aluminum surface.13
Secondly, the strips were degreased with acetone and thoroughly rinsed with
deionized-distilled water. next they were amalgamated by immersion for 10 sec.in
Hg2Cl2 (BDH Chemicals Ltd. Poole, England).13
The aluminum strips were then placed in backer (5L) containing deionizeddistilled water and adjusted to pH = 9. Ammonia gas was passed through the
suspension with stirring in N2 gas atmosphere.N2 gas atmosphere was used to
prevent the oxidation of aluminum strips. After exposure period needed for
complete (15 day) dissolving the strips at room temperature ,during which the pH
was kept constant by adding ammonium hydroxide solution (NH4OH).13
The precipitate was filtered and washed several time with hot deionized-distilled
water to remove the excess of ammonia the precipitate after that ,dried at 120Co
for 24 hrs. the dried precipitate was Al(OH)3 as showing in figure (4.19).13
The precipitate Al (OH)3 was then burned into the burning furnace at temperature
(of 1000Co to 1200Co) . For 2hr until aluminum oxide converted Al2O3 and
becomes white as showing in figure (4.20). 13
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Figure (4.18):Strips of Very Pure Aluminum

Figure (4.19): Filtered and Washed Precipitate

Figure (4.20) : Burning Furnace
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The following diagram as shown figure (4.21) the flow sheet of the
preparation procedure for AL(OH)3 nanoparticles.13

Aluminum metel (strips), immersed in Hg2Cl2 solution ,washing with distilled water

Amalgam strips putted in backer containing distilled water .passing NH3 gas
through the solution with stirring . at pH =9 with N2 gas atmosphere
After 15day at constant PH =9 the strips dissolved and gives Al(OH)3 (sol-gel)
The Al(OH)3(sol-gel). filtrate,washed ,drying at 120Co for24hrs
The dried sol converted to powder of AL(OH)3 nano particles
Al (strips) + Hg2Cl2 (solu) --> Al(OH)3(sol-gel)+Hg +HCl
Burn the powderAl(OH)3 converted to aluminum oxide Al2O3 at 1100Co for 2 hours

Figure (4.21): The Flow Sheet Preparation of Nanoparticles.13
 Weight of nanoparticle powder (Al2O3) (1.80 g) as shown figure (4.22).

.
Figure (4.22): Weight Nanoparticle Powder
 Powder particles divided into two parts different in weight (0.6g,1.2g).
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 To calculate the concentration of quantitative powder nanoparticles which
will add to the distilled water the following equation should be used.
(

Amount of (Al2Oᴣ )=

i.

) (

)
(



Concentration of (1.2g) =0.99%



Concentration of (0.6g) =0.49%

)

Take 120 ml of distilled water as shown figure (4.23).

Figure (4.23): 120 ml of Distilled Water
ii.

Put each of the powder particles in nanoparticlesAl2O3 in a cup and mix it
with distilled water by using the scrambling device for 2 hours as shown
figure (4.24).

Figure (4.24): Mixing Process by Use Mixing Device
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iii.

Take the nanoparticle solution with a simple sample and place it in a
graduated tester.

4.4

Procedures of Spontaneous Imbibition Test

We used pipes as showing in figure (4.25) as anagram of amott cell.

Figure (4.25): Pipe Used Anagram of Amott Cell
1. Put saturated core sample with oil in graduated tester spontaneous imbibition
pipes as showing in figure (4.26).

Figure (4.26): Put Core Sample in Graduated Tester
2. Fill graduated tester that consist core sample by distillate water & (Al2O3) as
showing in figure (4.27).
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Figure (4.27) : Graduated Tester that Fill by Distillate Water & (Al2O3)
3. Close pipe orifice by using aluminum foil and paper tape, we use aluminum
wire on paper tape to good seal, thus cannot the oil evaporation as showing in
figure (4.28).

Figure (4.28): Close Pipe Orifice to Prevent Evaporation of Oil
4. Take the result of oil production from pipe gradation at room temperature on
many times until the reading become constant.
5. Raise the temperature to 30C˚ and take the result of oil production on many
times until constant result .
6. Raise the temperature to 40C˚ and take the result of oil production on many
times until constant result.
7. Raise the temperature to 50C˚ and take the result of oil production on many
times until constant result.
8. Raise the temperature to 60C˚ and take the result of oil production on many
times until constant result.
9. Raise the temperature to 70C˚ and take the result of oil production on many
times until constant result.
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10. Calculate oil recovery by the following equation:
R= NP/N*100
Where: R: Oil Recovery (fra).
NP: Oil Production (cc).
N : Original Oil In Place (cc).
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CHAPTER 5: EXPERIMENTAL RESULTS
5.1

Water & Oil Analysis Result

5.1.1. Water Density Result
The table (5.1) showed the density of two type of and distillate water.
Table (5.1): Density of Distillate Water
Water type

Wdry (g)

Wsat (g)

Vw (cc)

Density
(g/cc)

31.24

49.32

20

0.904

29.569

82.393

50

1.0565

Distillate
water
Distillate
water

5.1.2. Oil Density Result
The table (5.2) showed the oil density result.
Table (5.2): Density of Oil
Oil type

Wdry (g)

Wsat (g)

Vo (cc)

Density
(g/cc)

Y-feild

29.569

73.254

50

0.8737
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5.2

Core Analysis Result

5.2.1. Pore Volume of Sandstone Core Samples Results
By calculate volume of distillate water which inter to pore space done calculate
pore volume of sandstone reservoir core samples which listed in table (5.3).

S-001

Table (5.3): Pore volume of Core Sandstone with Distillate Water
Dry
Weight of
Density of
Saturated
Pore volume
weight
amount
distillate
weight
(Pv) (cc)
Wdry
distillate
water(ρ)
Wsat (g)
PV= Wf/ ρ
(g)
water (Wf)(g)
(g/cc)
66.1448
73.1343
6.9895
0.904
7.731747788

S-002

63.7521

70.491

6.7389

0.904

7.454535398

S-003

68.2248

76.7483

8.5235

0.904

9.428650442

S-004

67.3788

75.5271

8.1483

0.904

9.013606195

S-005

55.6445

63.7412

8.0967

0.904

8.956526549

S-006

61.1574

68.1296

6.9722

0.904

7.712610619

S-007

59.0086

67.6425

8.6339

0.904

9.550774336

S-008

62.4626

70.2789

7.8163

0.904

8.646349558

S-009

65.2913

71.9629

6.6716

0.904

7.380088496

S-010

57.5101

65.631

8.1209

0.904

8.98329646

Name
sample
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5.2.2. Bulk Volume of Sandstone Core Sample Results
By using cylinder volume base done calculated bulk volume of carbonate and
sandstone reservoir core samples different volume, the bulk volume of core
samples listed in table (5.4).

Table (5.4): Bulk volume of Core Sandstone with Distillate Water
Bulk volume
(cc)
Name
Length (cm)
Diameter (cm)
sample
Bv=(
)*D2*L
5.25
2.89
34.438551
S-001
S-002

4.96

2.91

32.9881177

S-003

6.31

2.95

43.1283926

S-004

5.17

2.96

35.5765513

S-005

5.07

2.88

33.0280411

S-006

4.94

2.91

32.8551011

S-007

5.07

2.91

33.7197091

S-008

5.12

2.91

34.0522506

S-009

5.07

2.87

32.7990779

S-010

5.16

2.84

32.6870903
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5.2.3. Porosity of Sandstone Core Sample result with Distillate Water
By divided pore volume on bulk volume of sandstone core sample get porosity.
We observed attained the maximum porosity of carbonate core sample to 21% of
S-003, while the maximum porosity of sandstone cores samples to 28% of S-007,
porosity of sandstone core samples listed in table (5.5).

Table (5.5):Porosity in core Sandstone with Distillate Water
Porosity
Name
Pore volume
Bulk volume
Ø=PV/BV
sample
(cc)
(cc)
(fra)
7.731747788
34.438551
0.22450851
S-001
S-002

7.454535398

32.9881177

0.22597638

S-003

9.428650442

43.1283926

0.21861817

S-004

9.013606195

35.5765513

0.25335806

S-005

8.956526549

33.0280411

0.27117947

S-006

7.712610619

32.8551011

0.23474621

S-007

9.550774336

33.7197091

0.28324012

S-008

8.646349558

34.0522506

0.25391419

S-009

7.380088496

32.7990779

0.22500902

S-010

8.98329646

32.6870903

0.27482705
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5.2.4. Porosity of Sandstone Core Sample Result with Oil
By divided pore volume on bulk volume of sandstone core sample get porosity.
We observed attained the maximum porosity of carbonate core sample to 19.2%
of

S-001, while the maximum porosity of sandstone cores samples to 25% of

S-007, porosity of sandstone core samples listed in table (5.6).

Name
sample
S-001

Table (5.6):Porosity in Core Sandstone with Oil
Porosity
Pore volume
Bulk volume
Ø=PV/BV
(cc)
(cc)
(fra)
6.643126931
34.438551
0.19289799

S-002

6.518713517

32.9881177

0.19760791

S-003

8.463774751

43.1283926

0.19624602

S-004

8.285567128

35.5765513

0.23289406

S-005

7.138491473

33.0280411

0.21613427

S-006

6.528213346

32.8551011

0.19869711

S-007

8.508298043

33.7197091

0.25232418

S-008

7.440998054

34.0522506

0.21851707

S-009

6.451756896

32.7990779

0.19670542

S-010

7.807714318

32.6870903

0.23886233
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5.2.5. Results of OOIP in Core Sandstone
Table (5.7) showing OOIP of sandstone core samples. Some core samples
saturated in oil with density 0.8737 g/cc.

Table (5.7): OOIP in Core Sandstone
Weight of
Density of
Saturated
amount
distillate
weight
distillate
water(ρ)
Wsat (g)
water
(g/cc)
(Wf)(g)
71.9489
5.8041
0.8737

Name
sample

Dry
weight
Wdry
(g)

S-001

66.1448

S-002

63.7521

69.4475

5.6954

0.8737

6.518713517

S-003

68.2248

75.6196

7.3948

0.8737

8.463774751

S-004

67.3788

74.6179

7.2391

0.8737

8.285567128

S-005

55.6445

61.8814

6.2369

0.8737

7.138491473

S-006

61.1574

66.8611

5.7037

0.8737

6.528213346

S-007

59.0086

66.4423

7.4337

0.8737

8.508298043

S-008

62.4626

68.9638

6.5012

0.8737

7.440998054

S-009

65.2913

70.9282

5.6369

0.8737

6.451756896

S-010

57.5101

64.3317

6.8216

0.8737

7.807714318
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OOIP
(cc)
6.643126931

5.3

Results of Spontaneous Imbibtion Test

5.3.1. Effect of Distelat Water, with Time, and Temperature on Oil
Recovery for Core Sample.

Distelat Water

Cumulative Oil Recovery
(%OOIP)

100
90
80
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30
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10
0
0
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48

72

96

120

144
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Figure (5.1): Effect of Distelat Water on Cumulative Oil Recovery
for Sandstone Core Samples with Time and Temperature
In this study we have used basic core samples of sandstone, the spontaneous
imbibtion test for these basic core samples has been used by the water-distilled
without properties change, the basic core samples used are (S-001), and after the
distilled water displacmeted of the oil is present in the core sample, For the
recovery of oil at the beginning of this experiment verey low at room temperature
(25Co) for other 24 hours is (13.55%), then we increased the temperature to
(30Co) for other 24 hours we noticed a slight increase in production for the
recovery of oil is (18.06%), And then increased the temperature to (40Co) other 24
hours and the oil recovery rate was (30.11%), and continued to increase the
temperature to (50Co) other 24 hours and the recovery rate of oil (45.16%), and
then we increase the gradual temperature to (60Co) for other 24 hours and the rate
increasedn oil recovery is (58.69%), and we increased the temperature to (70Co)
for a other of 24 hours and the rate of increase was verey hight with the
cumulative oil recovery rate (70.75%) as showing in figher (5.1).
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5.3.2. Effect of Nanoparticles (Al2O3), with Time, and Temperature on Oil
Recovery for Core Sample
I. First Scenario At Conctriction 0.45% @ Weight Nanoparticles Al2O3
(0.6g).

0.45% Nanoparticles (Al2O3)
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Figure (5.2): Effect Al2O3 Conctriction 0.45% of on Cumulative Oil Recovery
for Sandstone Core Samples with Time and Temperature

In the first scenario, we used basic sandstone core samples, and the spontaneous
imbibtion test for these basic core samples was used with the nanoparticlas
solution (Al2O3) at conctriction 0.45% representing 0.6 g of the nanoparticlas
powder (Al2O3) ,the sample used for this test is (S-004), we observed the
penetration of the nano powder into the sample pores and where it reduced of the
oil viscosity, the oil recovery at the beginning of the experiment at room
temperature (25Co) for 24 hours was very low is (14.26%), then we increased the
temperature to (30 Co) for another 24 hours we noticed a slight increase in oil
recovery is (23.25%), and then we continued to increase the temperature to
(40Co) for another 24 hours and the recovery rate of oil was(38.75%), and we
continued to increase the temperature to (50Co) for another 24 hours the recovery
rate of oil was (52.70%),and then we continued to increased the temperature was
gradual to (60Co) for another 24 hours and was rate the oil recovery is (60.45%)
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,where we reached temperature (70Co) for another 24 hours and the rate of
increase was very high the cumulative recovery rate mixture of oil and
nanoparticles (Al2O3) is (74.40%) as showing in figher (5.2).
II. Second Scenario at Conctriction 1% @ Weight Nanoparticles Al2O3
(1.2g).

1% Nanoparticles (Al2O3)
Cumulative Oil Recovery
(%OOIP)
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Figure (5.3): Effect Al2O3 at Conctriction 1% of on Cumulative Oil Recovery
for Sandstone Core Samples with Time and Temperature

In the second scenario, we used basic sandstone core samples the spontaneous
imbibtion test for these basic core samples was used with the nanoparticlas
solution (Al2O3) and we increased the concentration to 1%, which represents 1.2
g of the nanoparticlas powder (Al2O3), the sample used for this test is (S-009), we
observed the penetration of the nano powder into the core sample pores and
where it reduced of the oil viscosity, the oil recovery at the beginning of the
experiment at room temperature (25Co) for 24 hours was very low is (12.07%),
then we increased the temperature to (30 Co) for another 24 hours we noticed a
slight increase in oil recovery is (30.17%), and then we continued to increase the
temperature to (40Co) for another 24 hours and the recovery rate of oil
was(44.66%), and we continued to increase the temperature to (50Co) for another
24 hours the recovery rate of oil was (54.31%), and then we continued to
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increased the temperature was gradual to (60Co) for another 24 hours and was rate
the oil recovery is (62.76%) ,where we reached temperature (70Co) for another 24
hours and the rate of increase was very high the cumulative recovery rate mixture
of oil and nanoparticles (Al2O3) is (76.04%) as showing in figher (5.3).
Note that in the scenario (first,secoand) of nanoparticles (Al2O3) when the oil was
extracted from the core sample from the temperature of 25Co to 40Co, layer
consists of a of drops of (Al2O3) containing oil. This is because Al2O3
nanoparticles have the property of absorption and adsorption in these conditions.
When the temperature is higher than 40Co, there the drps of (Al2O3) will swell
when the temperature is increased to 60Co and 70Co, the drps of (Al2O3) will
explosion and formed a layer of oil.
We observed that when the oil is recovered by the use of Al2O3 nanoparticles we
get the cumulative output of a mixture of oil and nanoparticles (Al2O3). Therefore,
nanoparticles must be separated from the oil by filtration or using magnetic
materials to know the exact result of oil recovery.

5.3.3. Comparison the Effects Between Oil Recoveries (Sandstone Rocks).

70.75%

74.40%

1

S-001

2

76.04%

3

Figure (5.4) Comparison Between Oil Recoveries for Sandstone Core
Samples
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Figher (5.4) shows the comparison of oil extracts to the basic samples of
sandstone. The spontaneous imbibtion test of the sandstone core samples is
performed by distilled water with nanoparticle powder with temperature effect
and time as enhanced oil recovery method. in this study we explain the
effectiveness of the nanoparticle (Al2O3) on the recovery of the accumulated oil
of the various basic core samples of sandstone.
From figher (5.4), we observed that the cumulative oil extraction in (S-001,

S-

004, S-009 ) in the spontaneous imbibtion test by distilled water with its
temperature and recovery of oil from low to very reasonable was the additional oil
recovery rate of the butter was (70.75%), then when adding 1.6g from
nanoparticle (Al2O3) to distilled water at concentration (0.45%) we noticed an
increase in cumulative oil recovery of distilled water by (3.65%) with extra oil
recovery mixture with nanoparticles (Al2O3) is (74.40%). when the concentration
of nanoparticles was increased to (1%) by adding (1.2)g from nanoparticle
(Al2O3), we obtained an increase in the cumulative recovery rate of (5.29%) from
the distilled water and a (1.64%) increase from the nano particle solution at a
concentration of 0.45% ,the oil recovery mixture with nanoparticles (Al2O3) was
very high (76.04%) of the total oil in the core sample.
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CHAPTER 6
Conclusions
&
Recommendations

CHAPTER 6: CONCLUSION & RECOMMENDATION OF THIS STUDY

Conclusion
The conclusions reached after this study are :
Nanoparticles of (Al2O3) scattered in distilled water the best oil recovery
from sandstone rock. were the higher the recovery rate.
Whenever the higher the temperature were the higher the recovery rate.
Whenever the higher the concentration of (Al2O3), were the higher the
recovery rate.
Nanoparticles of (Al2O3) scattered in distilled water have a capacity of oil
absorption and adsorption of temperature (25Co-40 Co), this property
loses its temperature increase even higher.
Comparison of the efficiency of various liquids (without nanoparticles in
them) in the oil from the core sampl in general, it can be observed that
distilled water gives a low cure.
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Recommendations
In this study we recommend that you consider the following :
Should be knowing and information of the properties of nanoparticles
and the factors that affect.
Use another type

of reservoir

rocks such as carbonate rocks and

compare them with sandstone rocks.
The use of another type of nanoparticle and the knowledge of its ability
to extract and recover the oil from the rock .
Should be used large quantities of nanoparticles in the spontaneous
imbibtion test to obtain best results.
The use of any other type of crude oil with the different combinations of
oil and know its viscosity.
Knowledge

the exact

result of oil recovery must be separated

nanoparticles from oil using filtration or magnetic materials.
We recommend conducting some analysiss and tests of nanoparticles
powder by using X-ray and FTIR device …..etc.
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