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ABSTRACT

Ordinary Portland Cement (OPC) has been used widely in oil well industry. However,
OPC creates high permeability between cement particles when exposes to HPHT
environment inside the wellbore and also releases large amount of carbon dioxide
(CO,) during manufacturing process. Previous research has been conducted to
substitute OPC with geopolymer based cement such as fly ash. Geopolymer cement
successfully reduces emission of CO, to five to ten times less than OPC but still
resulted in the same permeability trend as OPC. This project introduced micro silica
in geopolymer cement to study its effect on the permeability problem in OPC and
geopolymer cement. Four samples are developed with the percentage of micro silica
range from 0% to 60%. The performance of developed samples are compared with
Class G Cement (OPC) in term of permeability at HPHT (4000psi and 120 °C )
environment for three curing durations; 24 hours, 72 hours and 120 hours and fluid
loss at LPLT environment (500psi and 70 °C). Rheology and density test are compared
at standard room conditions. The test results show the permeability of cement increase
when increase the percentage of micro silica and curing duration. For static fluid loss
test, increase in micro silica reduced the volume of filtrate. Two rheological model are
observed from the samples; Power Law and Bingham Plastic Model. At standard
room condition, the viscosity of cement slurry increased and density of samples
decreased when increase the micro silica. Overall, Sample A, B and C can replace OPC
up to 4000psi and 120°C condition while all samples have better performance than
OPC in term of fluid loss up to 500psi and 70°C, rheology and density environment

and standard room condition.



ACKNOWLEDGEMENT

First and foremost, | would like to thank Allah S.T.W. for giving me the opportunity
to complete my final year project; Micro Geopolymer Cement with Enhanced Physical

Properties for Well Cementing.

This project would not successfully completed without the help of many people and
here | would like to express my sincere appreciation to Dr. Syahrir Ridha, Lecturer of
Petroleum and Geosciences Faculty for his valuable guidance and advice as my final
year project supervisor. My special recognition | bid to Technologist in Petroleum
Engineering Laboratory, Mr. Khairul Nizam and Mr. Jukhairi for their help and

guidance in handlinClass G Cementing experiment.

Special thanks to my family for their supports and advices and everyone that helping

and sharing me their knowledge. Thank you.



TABLE OF CONTENTS

CERTIFICATION . . . . . . . [

ABSTRACT . . . . . . . . i
ACKNOWLEDGEMENT . . . . . . Y%
LIST OF FIGURES . . . . . . . Vi
LIST OF TABLES . . . . . . . viii
LIST OF ABBREVIATIONS . . . . IX

CHAPTER 1:INTRODUCTION

1.1  Background of Study . 1

1.2 Problem Statement 3

1.3 Objectives 4

1.4 Scope of Study 4
CHAPTER 2:LITERATURE REVIEW

2.1  Ordinary Portland Cement 5

2.2 Geopolymer Cement . . . 7

2.3 Experimental Program . . 10
CHAPTER 3:METHODOLOGY

3.1  Research Methodology . . 12

3.2 Key Milestones . . . 26

3.3  Project Timelines . . . 27
CHAPTER 4:RESULTS

4.1  Permeability Test . . 28

4.2  Static Fluid Loss Test . . . 33

4.3 Rheology Test. . . . 34

4.4 Density Test . . . . 39
CHAPTER 5: CONCLUSIONS & RECOMMENDATIONS

51  Conclusions . . . . 42

5.2 Recommendations . . . 43

REFERENCES . . . . . . . 44



Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13:
Figure 14.
Figure 15:
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.

LIST OF FIGURES

Cement is pumped between drill string and annulus
Potential gas migration along a well
Geopolymerisation process

Cement Mixer

Fly Ash

Class G Cement

Micro silica

Sodium silicate

Sodium hydroxide pellet

Curing chamber

Greased curing molds

Cement is stirred with stirring rod

Curing molds are tied using thread

Molds are inserted into pressure vessel

Cylinder plug is threaded into pressure vessel
Thermocouple is inserted into pressure vessel

Oil cylinder

Cement samples that have been cured

Cured cement sample surrounded by other cement (bottom view)
Cured cement sampleis surrounded by other cement (top view)
RemaininClass G Cement sample after coring process
Cement sample after coring and trimming process
Poroperm

SRATE Microscope

Static Fluid Test

Greased cylinder cell

O-ring

Filter paper

Grooved cap

Top valve installed on grooved cap

Thermocouple inserted through the hole on the cell

Vi



Figure 32. Measuring cylinder below the bottom valve 22

Figure 33. Pressurized mud density balance 24
Figure 34. Viscometer 24
Figure 35. Key milestone for this project 24
Figure 36. Permeability for all samples cured for 24 hours at 4000psi and 120°C
26
Figure 37. Permeability for all samples cured for 72 hours at 4000psi and 120°C
27
Figure 38. Permeability for all samples cured for 120 hours at 4000psi and120°C
27
Figure 39. Permeability for all samples in 24, 72 and 120 hours curing duration28
Figure 40. Permeability variation with inlet pressure at confining pressure of
12MPa 29
Figure 41. Sample A (24 hours) 30
Figure 42, Sample D (24 hours) 30
Figure 43. Sample A (72 hours) 30
Figure 44. Sample D (72 hours) 30
Figure 45. Sample A (120 hours) 30
Figure 46. Sample D (120 hours) 30
Figure 47. Volume of filtrate for Cement G, Sample A, B, C and D 31
Figure 48. Linear plot for shear rate vs. shear stress for all samples 33
Figure 49. Logarithmic plot of shear rate versus shear stress for all samples 34
Figure 42, Apparent viscosity for Cement G, Sample A and Sample B 35
Figure 51. Plastic viscosity for Sample C and Sample D 36
Figure 52. Yield Stress for Sample C and Sample D 37

Figure 53. Graph of density for Class G Cement, Sample A, B, C and D 38

vii



LIST OF TABLES

Table 1. Different classes of oil well cement: Class A until Class G 1
Table 2. The composition of cement and it’s weight percentages. 5
Table 3.  Cement Additives 6
Table 4. Composition of each samples based on percentage 12

Table 5.  Mass of Class G Cement, fly ash, micro silica and alkaline solution for

every mix 12
Table 6. Composition of fly ash Class F 12
Table 7. Project Timelines 25
Table 8. kand n values for Cement G, Sample A and B 36
Table 9. Plastic viscosity and yield stress for Sample C and D 38

Table 10. Density for Class G Cement, Sample A, B, C and D. 40

viii



API
ASTM
CaCO;
Ca02Si024H,0
CaSiO4
CasSiOs
Ca (OH):
HPHT
H.0
LPLT
Na,SiO;
NaOH
Na,O
r/min

Si0,

LIST OF ABBREVIATIONS

American Petroleum Institute
American Society for Testing and Materials
Calcium Carbonate

Calcium Silicate Hydrate
Dicalcium Silicate
Tricalcium Silicate

Calcium Hydroxide

High Pressure High Temperature
Water

Low Pressure Low Temperature
Sodium Silicate

Sodium Hydroxide

Sodium Oxide

Revolution per Minute

Silicon Dioxide



CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

Cement is defined as a binder agent for construction materials. In an oil well, cement
is used to provide zonal isolation between casing and formation, prevents the
occurrence of a blowout, protects the casing from shock load while drilling in deeper
formation and protects the casing from corrosion. Eventhough petroleum industry had
begun in 1859 with the establishment of Drake Well, cement started being used in
Lompoc, California in 1903 to shut off the down hole water just above the oil sand
[1]. Cement used in construction has different properties compared to cement used
for oil well cementing. Table 1 shows the type of cement used for oil well cementing

with different properties and depths.

Table 1. Different classes of oil well cement: Class A until Class G [1]

Cement Classes Descriptions
Class A Depth: Oft to 6000ft
Class B Depth: Oft to 6_000ft. _
Moderate to high sulfate resistance.
Depth: Oft to 6000ft
Class C High early strength.
Class D Depth: GOOOft_to 10000ft. _
Moderate to high pressure high temperature.
Class E Depth: 10000ft to 14000ft.
HPHT well.
Depth: 10000ft to 16000ft.
Class F HPHT well.
Moderate to high sulfate resistant.
Depth: Oft to 8000ft
Wide range of temperature and pressure.
Class G&H Can be used with retarder or accelerator.
Act as basic cement.

In construction, cement often exposes to ambient temperature and pressure while in
the wellbore, cement exposes to high pressure and high temperature conditions which

will change the properties of cement. In oil well cementing, cement will be pumped



from the surface to the target location in the well through the drill string. Then, it will
fills in the space between the annulus and the casing as shown in the Figure 1. Two

types of cementing process involve in oil well operation:

1. Primary cementing: To full fill the objective of cementing such as providing zonal

isolation between casing and formation.

2. Remedial cementing: Repair the primary cementing or treat the conditions arising

after wellbore has been constructed.

Casheg dameter

formation

casing

cement
slurry

cement
sheath

Figure 1. Cement is pumped between drill string and annulus



1.2 PROBLEM STATEMENT

Ordinary Portland Cement (OPC) and geopolymer based cement create high
permeability when exposed to high temperature in down hole condition. Cement
with high permeability allow the migration of gas between cement particles
(Figure 2) which can reduce cement integrity and may lead to blowout.
Manufacturing of OPC is estimated to release about 3.24 billion tons of CO,
each year and expected to grow in the range of 3680 million tons to 4380 tons
in 2050 [8], [9].

Well Casing

Cement Fill

Formation W
Rock

Figure 2. Potential gas migration along a well [21]



1.3

1.4

OBJECTIVES

To develop micro green cement and examining its physical properties;
permeability, fluid loss, rheology and density.

To examine the physical properties of micro green cement.

To compare the permeability performance of micro green cement with Class G
Cement (standard oil well cement) at 4000psi and 120 °C for three curing
conditions; 24hours, 72hours and 120hours, evaluate fluid loss performance at
500psi and 70 °C and compare the rheology and density of cement samples at

standard room condition.

SCOPE OF STUDY

Development of micro green cement for oil well cementing from micro silica and
fly ash, consisting of study the properties of micro silica and fly ash as micro
green cement, conducting researches on the ratio of alkaline activator and
molarity of alkaline solution required to develop micro green cement. Physical
properties of developed micro green cement will be examined in term of
permeability, volume of filtrate, rheology and density test in standard room
condition. The physical properties for micro green cement will be compared

with Class G Cement.



CHAPTER 2
LITERATURE REVIEW

2.1 ORDINARY PORTLAND CEMENT (OPC)

Portland cement is made up of five major compounds and few minor compounds. The

composition of typical Portland cement are listed in Table 2 [30]:

Table 2. The composition of cement and its weight percentages.

Cement Compound Weight Percentages
Tricalcium Silicate 50%
Dicalcium Silicate 25%

Tricalcium Aluminate 10%
Tetracalcium Aluminoferrite 10%
Gypsum 5%

Compressive strength of Portland cement is developed through hydration; chemical
reaction between water and cement compound. Silicate contributes to the strength of
cement. Tricalcium silicate plays a major role in early strength development while
dicalcium silicate involves in developing the cement strength at later times as the
reaction of dicalcium silicate is slower compares to tricalcium silicate. Equations
below show the reaction of tricalcium silicate and dicalcium silicate with water and

both reactions are exothermic [30].

Tricalcium Silicate + Water - Calcium Silicate Hydrate + Calcium Hydroxide + Heat
2 CasSiOs + 7 H20 > 3Ca02SiO24H.0 + 3 Ca (OH). + 173.6kJ

Dicalcium Silicate + Water - Calcium Silicate Hydrate + Calcium Hydroxide + Heat
2 Ca;Si0s + 5H,0 > 3Ca02Si024H,O+ Ca(OH)2, + 58.6 kJ

The rheology is developed from reaction of aluminate compound at the beginning of
hydration. Aluminate also contributes in developing the early strength of the cement.
Rate of hydration can be controlled by adding gypsum to prevent premature hardening
of cement. Gypsum will reacts with aluminate and hydroxyl ion to form ettringite.



Ettringite will prevent hydration process by forming needle shaped crystal on the

aluminate and creating induction period (slow hydration period) [11].

Some additives as shown in Table 3 can be added to cement slurry to enhance the
properties of oil well cement.

Table 3. Cement Additives [11]

Additives Descriptions
Accelerator To speed up the early stages of hydration. Applicable in
shallow well.
Retarder Inhibit hydration and slow the setting time of cement.
Applicable in deep well.
Extender Reduce slurry density, thus reduce the hydrostatic pressure

durinClass G Cementing operation. Extender is used to
prevent break down and loss of circulation of weak
formation.

Weighting agent Increase cement density by adding high specific gravity
material to the slurry.

Dispersant Control slurry rheology by reducing viscosity of slurry.
Fluid loss control Use to control loss of water from cement to formation.
agent

Loss circulation agent | Reduce fluid loss from the cement into weak formation.

Oil well cement demands to have rapid gain in strength and neither shrink due to heat,
moisture, drying nor dehydration. Early strength development is important in ensuring
structural support to casing, hydraulic and mechanical isolation [16]. It can also can
be set in the presence of sulphate water, be a pump able slurry and produces no lumps,
remain fluid until close to setting time, do not produce excessive heat during setting of

cement and has low permeability to prevent migration of gas [16].

In down hole, OPC often exposes to failure such as crack due to pressure and
temperature changes inside the wellbore [1], [3]. High temperature resulted in loss of
silica in cement due to degradation. Inadequate presence of silica will convert calcium
silica hydrate (C-S-H) phase into lime rich a-dicalcium silicate hydrate. a-dicalcium

silicate hydrate creates high permeability and strength retrogression in the cement mix

[3], [16].

Permeability is the ability of fluid to flow through interconnected porous medium. Low

permeability of cement is good for a long term performance of cement while high
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permeability may lead gas percolation, result in pressure accumulation behind low
portion of the well. It also may cause blowout, bad zonal isolation and production
losses [16], [17].

Strength retrogression can be defined as a reduction in cement strength to the point
of failure due to exposure of high temperature [19]. Strength reduction also can be
affected by other factors. Cyclic pressure load may cause formation fissure to get
widen over time and result in material failure [6]. The greater the compressive strength,
the more susceptible it is to stress cracking [11]. Other than that, cement also faces the
stress from formation pore pressure which can caused cement degradation. Cement
degradation also occurs due to geochemical attack such as corrosive agent. [1].
Moreover, cement which have free water or settling tendencies can result in water
channel on the top side or at the area of reduce compressive strength and thus good

zonal isolation cannot be achieved [12].

2.2 GEOPOLYMER CEMENT

Geopolymer technology involves the converting of byproduct to valuable product. It
can be defined as large groups of binder which solidify after the activation of reactive
solid (geopolymer raw materials) in high alkaline environment. Geopolymer has been
used in numerous application such as fire heat resistant, waste encapsulation, fiber
composite, concrete and cement. Geopolymer cement has been developed since 1905

and known as alkaline activator cement [7], [22].

The difference between geopolymer cement and OPC lies in the different of energy
uses for activation process. OPC uses high energy to activate the material before
reacting with low energy material, such as water during calcination process while,
geopolymer use low energy material such as fly ash to react with small amount of high
energy solution, for example sodium hydroxide to create the reaction between those
materials. Due to low energy required for manufacturing of geopolymer cement, it can
be concluded that geopolymer cement releases five to ten times less the amount of

carbon dioxide emission compares to OPC [31], [37].



Sodium Silicate + Sodium Hydroxide

e

Geopolymer Material

Figure 3. Geopolymerisation process

Figure 3 show the process of geopolymerisation that consists of three steps. First, the
dissolution of aluminosilicates in highly alkaline solution. Alkaline solution consist of
soluble alkali metal either potassium or sodium base with sodium silicate or potassium
silicate. Silicate helps in enhancing the gelation process of geopolymer cement [23],
[24]. The solubility of aluminosilicates in the alkaline solution depends on the
concentration of the hydroxide solution; increase in the concentration of hydroxide

solution will increase the solubility of aluminosilicates.

Next, reorientation of free ions cluster take place after the dissolution process and
followed by polycondensation. Polycondensation involves the process of forming
aluminosilicates polymer network; three dimensional polymeric chain and ring
structure consisting of Si-O-Al-O bonds. In overall, geopolymerisation involves the
process of leaching, diffusion, condensation and harden network which occur under

atmospheric pressure with temperature below 100 °C [22].

Previous research concluded that geopolymer cement poses high excellent acid
resistance as acid tends to prevent alkali from leaching, higher strength, high pump
ability and lower shrinkage compared to OPC [3], [5]. It is good for environment with
temperature higher than 30 °C as silica and aluminium from raw materials already
dissolves in alkaline activator. Increase in down hole temperature will increase the rate
of reaction in producing brittle matrix, but possibility of breaking of geopolymer
intergranular might occur if temperature goes beyond 100 °C which can lead to strength

reduction [3].



2.2.1 Fly Ash

Fly ash is byproduct from coal burning that have cementitious characteristic similar to
Portland cement and it rich with silica and alumina [9], [24]. It can be used to substitute
limestone up to 40% by weight of cement [2]. Fly ash also known as artificial pozzolan
which is defined as siliceous and aluminous material, natural or artificial, process or
unprocessed which contains cementitious constituents. It will reacts with calcium
hydroxide in the presence of moisture at ordinary temperature to form relatively stable

and water insoluble compound possessinClass G Cementitious properties [15].

Fly ash contain heterogeneous mixtures of silicon oxides, aluminium oxides and iron
oxides [9]. The types of coal burned and nature of combustion process determine the
binding properties of fly ash [8]. Fly ash contributes in increasing the mechanical
activation due to increase in the surface area [7]. Applying fly ash as raw material in
cement manufacturing can reduces CO, emission and high energy required for

calcination process [7].

ASTM C618 defined two types of fly ash; Class C and Class F. The difference
between Class C and Class F are based on the amount of calcium, silica, alumina and
iron content in the ash. Class C contains high calcium, sodium and magnesium which
is produced from burning of the low rank coals such as lignite and subbituminous coal
while Class F has little calcium, higher silica and iron content which is produced from

bituminous coal [25].

2.2.2 Micro Silica

Micro silica is a by-product from the reduction of high — purity quartz with coal. It is
produced from silicon and ferrosilicon alloys in electric furnace and was first
commercially used in 1969 [38], [39]. Micro silica is categorized as highly effective
pozzolanic material due to its extreme fineness and high silica content with 85% to
95% of amorphous SiO2 [40]. Act as extender, micro silica allows 0.532 gallons of
water to be added to the cement slurry per pound of micro silica [38]. Hydrostatic
pressure durinClass G Cementing will reduces due to decrease in cement density.

Therefore, it is possible to do cementing in low pressure or depleted reservoir pressure.



Induced loss of circulation due to breakdown of weak formation can be prevented too
[41].

Plastic viscosity and yield point of cement will increase when micro silica mix with
Portland cement. Strong network between micro silica and cement is created due to
increasing of slurry gels as the micro silica tends to absorb more water in the solution
[40].

With the average size of 0.1 um, micro silica particles can fill in the pores between
cement particles and block the narrow passages of fluid, thus lowering the permeability
of cement. Gas percolation through unset cement can be restricted when gas
permeability reduced [38]. In addition, micro silica can reduce the fluid loss into the
permeable formation through bridging and blocking between the cement
particles. Cement permeability and fluid loss can also be improved through uniform

dispersion between cement particles and micro silica [41].

High reactivity of micro silica will increase the strength of cement due to increase rate
of dehydration. Previous research shows 64% gain in strength in 8 hours and 43% gain
in strength when 2% By Weight of Cement (BWOC) of micro silica is added to the

cement class H [38].

High temperature in wellbore condition can caused cement retrogression. Portland
cement will transform crystalline phases into alpha silica hydrate, a weak and porous
compound when the cement is exposed to temperature higher than 230°F. By adding
35% of micro silica to cement slurry, a strong and impermeable crystalline phase called
tobermerite will form. At temperature higher than 150°C, tobermerite will convert
into xenotlite with traces of gyrolite. The compressive strength of xenoltlite is exceed
5000 psi [38], [42].

2.3 EXPERIMENTAL PROGRAM

In preparing geopolymer cement, two ratios need to be considered; water geopolymer
solid (WGS) ratio and alkaline solution to fly ash (AL: FA) ratio. WGS ratio must be

equivalent as water cement ratio (WCR) in Portland cement in order to compare
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geopolymer cement with OPC. It can be achieved by having the same mass or by
having the same volume of cementitious materials as OPC in WCR [29]. WGS and
WCR affect the workability of cement itself. By reducing these ratios, cement

workability can be improved but it will reduce its early strength.

In WGS ratio, the water component is the total mass of water used in making alkaline
solution plus any extra water added to the mixture. Geopolymer solid is the sum of
the mass of sodium silica solid, sodium hydroxide solid and fly ash. For alkaline
solution to fly ash ratio, alkaline is mass of alkaline used in the mixture, for example
the total mass of sodium silicate solution and sodium hydroxide solution. Fly ash is

the mass of fly ash alone [27].
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CHAPTER3
METHODOLOGY

3.1 RESEARCH METHODOLOGY
I.  Preparation of cement slurry
ii.  Laboratory test of cement slurries

ili.  Tabulations and interpretation of laboratory test result data

3.1.1 Preparation of Cement Slurries

Preparation of cement slurries are based on APl RP 10-A Section 7. Five samples are
prepared (Table 4) from Class G Cement (Figure 5), fly ash (Figure 6) and micro silica
(Figure 7). The mass for each material in every mix is presented in Table 5. The
composition of Class F fly ash are presented in Table 6. No additive is added in all

samples. The propeller type mixing device is used to prepare cement slurry (Figure 4).

Table 4. Composition of each samples based on percentage

Samples Class G Cement | Fly Ash Class F | Micro Silica
Class G 100% 0% 0%
Cement

A 0% 100% 0%

B 0% 80% 20%

C 0% 60% 40%

D 0% 40% 60%

Table 5. Mass of Class G Cement, fly ash, micro silica and alkaline solution for every

mix in grams
S | Class G Fly Ash Micro Sodium | Sodium Water
amples | cement Class F Silica Silicate | Hydroxide
Class G
Cement 500 0 0
A 0 500 0
B 0 400 100 178.59 71.43 100.15
C 0 300 200
D 0 200 300

12



Table 6. Composition of fly ash Class F

Composition | Al,0; | SiO, | Fe,05 | K,0 | MgO | Na,0 | SO; | Loss of
as oxide ignition
Typical 23.74 | 56.70 | 597 | 149 | 0.73 | 0.40 | 0.65 | 5.06
values,
weight %

Composition | CaO | ZrO, | SrO | NiO | CuO | P,0; | MnO | ZnO
as oxide
Typical 398 | 0.05 | 0.04 |0.02|0.025|0.048 | 0.024 | 0.017
values,
weight %

3.1.1.1 Water Cement Ratio and Water Geopolymer Solid
Ratio
WCR and WGS ratio = 0.44 according to water cement ratio for Class G Cement. The
mass method is used for WGS ratio but due to lesser specific gravity of fly ash and
micro silica, the volume of fly ash and micro silica are larger compared to Class G
Cement. Alkaline solution to fly ash ratio of 0.5 is chosen based on previous research
[24]. To obtain the same ratio for WGS with WCR, 100.15¢g of water is added in every

geopolymer cement samples.

3.1.1.2 Alkaline Solution

Sodium silicate (Figure 8) and sodium hydroxide (Figure 9) are used as alkaline
activators and the ratio of sodium silicate to sodium hydroxide is 2.5 which is believed
to give an effective reaction between these two solutions [23], [24], [27], [33]. Sodium
silicate solution of Grade A53 which contains Na,0 = 14.7%, SiO, = 29.4% and
water = 55.9% is used in this experiment. 361grams of sodium hydroxide in pellet
form with 99% purity is dissolved in 1000 grams of distilled water to produce 12M
sodium hydroxide solution [23], [24]. Both alkaline solutions are made constant for all

samples.

13



3.1.1.3 Mixing Procedures [34]

i.  All materials are weighted according to Table 5.
ii.  The mixer is turned on. Mixing container is filled with wet materials and placed
on the mixer motor.
iii.  Mix 1 button with rotation of 4000r/min +/- 200 r/min is pressed for 15seconds.
In this moment, all the dry materials is poured into the mixing container.
iv.  Mix 2 button is pushed after the 15seconds. The rate of rotation is increase from
4000r/min +/- 200r/min to 12000r/min +/-500r/min for 35seconds.

v. Cementslurry is ready.

Figure 4. Mixing device Figure 5. Class G Cement

Figure 6. Fly Ash Figure 7. Micro silica

14



Figure 8. Sodium silicate Figure 9. Sodium hydroxide pellet

3.1.2 Laboratories Test of Cement Slurries

3.1.2.1 Permeability
Permeability is defined as the ability of fluid to flow within the cement particles when
subjected to differential pressure under the helium flow. Permeability mathematically

equated by Darcy law.

_ (2000x0PxQxuxL)

B AxIP2 — QP2
Where Q = Flow rate, litre/s k: Permeability, md L: Length, cm
A:Cross Sectional Area, cm? w: Viscosity,cp
OP: Qutlet Pressure,atm IP: Inlet Pressure, atm

Good cement should provides low permeability to prevent the gas migration between
the cement particles. In this project, permeability of gas for all samples are tested using
Poroperm (Figure 23) according to API 10B-2, Section 11.

Before proceeding to permeability test, the samples need to be cured to simulate the
wellbore condition (4000psi and 120°C) in curing chamber (Figure 10) for three

different durations and cored to have the size of Poreporm holder.

15



Preparation of Cured Cement Samples

Vi.

Vii.

viil.

Curing molds are greased on the inner surface before assemble (Figure 11).

Prepared cement slurry is poured into the assembled molds. The cement is poured
in three layers. In every layer, cement slurry is paddled using the stirring rod to
destroy the bubbles in the cement slurry (Figure 12). Then, all the molds are
clamped using the threaded rod (Figure 13).

Curing chamber is switched on.

The molds are lowered into the pressure vessel (Figure 14). The cylinder plug
thread is lubricated using grease. The cylinder plug thread is threaded into the
cylinder (Figure 15). Then, the set screws on top of the cylinder thread are
tightened using spanner three different torques (15, 30 and 40 ft-1bs).

A thermocouple is inserted through the hole on top of cylinder plug and is tied
loosely (Figure 16).

The air supply is opened and the flow of oil into pressure vessel is monitored
through oil cylinder (Figure 17). The thermocouple is tightened with a spanner
when the oil expelled from the thermocouple.

The pump is on and off until the pressure reached 4000 psi.

The temperature is set in the program list. In this project, 120 °C is chosen as the
temperature.

The heater is on and followed by the timer.

Then, auto and run button is pressed to start the operation. The durations of the
operation are varied in every experiment: 24hours, 72 hours and 120 hours.

Figure 18 shows the cured cement samples after 24hours.
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Figure 10. Curing chamber

Figure 12. Cement is stirred with stirring Figure 13. Curing molds are tied
rod using thread

Figure 14. Molds are inserted into pressure Figure 15. Cylinder plug is threaded
vessel into pressure vessel
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Figure 16. Thermocouple is inserted into Figure 17. Oil cylinder
pressure vessel

Figure 18. Cement samples that have been cured

Procedures of Core Cutting

The cured cement samples need to be cored using core cutting saw to be in cylinder

shape. Before coring, the cured cement sample are surrounded by other cement which

act as a holder as shown in Figure 19 and Figure 20.

i.  The cement sample is placed in the core cutting saw holder.

ii.  The switchison.

iii.  The water supply is opened which act as lubricant during the coring process.

iv.  The rotating cutter is pulled down slowly to cut the cement sample and get a
cylinder shape for cured cement (Figure 21) (diameter of cylinder = 1.5inch).

The remaininClass G Cement holder after coring process is shown in Figure 22.
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Procedures for Core Trimming

Cored sample is trimmed with core trimming saw machine to get at least 1.0 inches in

length.

i.  Cement sample is placed in the core trimming holder.

ii.  The switch is on and water supply is automatically on which act as lubricant
during trimming operation.

lii.  The trimming process is started by pushing the cement holder through the saw.

Figure 19. Bottom view of cement
holder

Figure 21. Cement sample after coring Figure 22. The remaininClass G
and trimming process Cement after coring
process is done

Procedures for Permeability Test using Poroperm (Figure 23)

i.  The core sample with a standard size (1.0 inch in length and 1.5 inches in
diameter) is placed in the core holder.
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ii.  The confining pressure with 400psi and the injection pressure is 100psi are
applied for all samples.

iii.  All the sample inputs (diameter, length and weight) are inserted into the
computer programme.

iv.  The experiment started by clicking on the start button on the computer screen.

v.  The permeability of the sample is then recorded and tabulated.

Microstructure View

The microstructure view for all samples are done using SRATE microscope with 10x

resolution (Figure 24).
Procedures for Microstructure View:

i.  The specimen is cut into 1 to 3cm and placed on the specimen table.
ii.  LED light is turned on and the microstructure of cement can be seen from

binocular head.

Figure 23. Poroperm Figure 24. SRATE Microscope
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3.1.2.2 Static Fluid Loss Test [58]

Static fluid loss test is done to measure the slurry dehydration after the completion of

cementing process. The volume of filtrate at certain differential pressure is recorded.

The test is conducted according to API 10B-2, Section 10 using static fluid loss tester

(Figure 25) at low pressure low temperature condition (LPLT) at 500psi and 70°C.

Static Fluid Test Procedures [58]:

Vi.

Vii.

viii.

Xi.

Xii.

The fluid-loss cell is greased on the inner part. The cell is dried and cleaned
before grease (Figure 26).

Prepared cement slurry is then poured into the cell until the fill line.

Next, O-ring is inserted in the cell, next to the fill line (Figure 27).

A 325 filter mesh (Figure 28) is placed next to the O-ring and again another O-
ring is placed after the filter mesh.

A grooved cap is installed after the filter mesh and tighten using an Allen key
(Figure 29).

The valve is installed above the grooved cap and is tighten using a spanner
(Figure 30). The valve is closed. This valve acted as bottom valve by changing
the position to the bottom.

The cell is then placed into heating jacket (on fluid loss tester). Another valve
and valve adapter are installed, tighten and closed at the top before connecting
to the pressure source.

A thermocouple is inserted through the hole at the top of the cell (Figure 31).
The switch is on and the temperature increment is observed at the thermocouple.
The desired temperature is 158 °F (70°C).

When desired temperature is reached, the pressure at the pressure source
(nitrogen) is set to 500 psi. Then, the top valve is opened to let the pressure flow
through the cell.

Measuring cylinder is placed below the bottom valve and the bottom valve is
opened (Figure 32).

The volume of filtrate is then recorded in each five minutes.
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Figure 26. Greased cylinder cell

Figure 27. O- ring [58] Figure 28. Filter paper

Figure 29. Grooved cap [58] Figure 30. Top valve installed on
grooved cap [58]
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Figure 31. Thermocouple inserted Figure 32. Measuring cylinder below
through the hole on the cell the bottom valve [58]
[58]

3.1.2.3 Rheological Measurement

Rheology measurement aim to observe the friction pressure and flow regime of the
slurry and thus determine the pump ability of the cement to the target location. The
viscometer is run with different shear rate, then the shear stress value can be read from
calibrated scale. The fluid that has been placed between outer cylinder and inner
cylinder caused the viscous drag. This viscous drag produced torque at the boob which
transmits precision to the calibrated scale. The test is done according to APl Spec
10B-12.4 at standard pressure and temperature using viscometer (Figure 34). There
are two types of rheological model for cement slurry: Bingham Plastic Model and
Power Law Model. Bingham Plastic Model consist of PV and YP. Plastic viscosity
(PV) is defined as resistance of fluid to flow, with lower PV provides better hole
cleaning and lower equivalent circulating density at the bottom. Yield point (YP) is
the ability of the cement slurry to lift the cutting out of annulus where high YP of
cement is desirable [32]. PV and YP can be calculated based on this formula.

PV = 9600 - 9300, YP = 9300 — PV

In Power Law Model, apparent viscosity will decrease as the shear rate increase and
can be calculate using this formula where k is consistency index, y is shear rate and n

is power law exponent [35].

fo =ky" !
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Rheology Measurement Procedure [35]:

The rotor slot and groove are aligned with the lock pin in the main shaft socket.
Then, the rotor is pushed upward and turned into counterclockwise to lock it.
The cement was poured into the viscometer cup to the fill line.

The stage is raised so that the rotor is fully immersed to the proper immersion
depth.

The cement slurry was stirred with the lowest rate, 5.11s-1 and the reading is
taken after the shear stress values constant at the scale. Step 4 is repeated with
other rates value, 10.2s71, 170s™1, 340s1, 511 s~*and 1020s 1.

All readings are recorded for further interpretation.

3.1.2.4 Slurry Density Test

Density test is done to determine hydrostatic head of cement slurry according to the

procedure specified in APl Spec 10B-6. The test used pressurized mud balance (Figure

33) and conducted at standard pressure and temperature. Slurry is poured into fixed

volume sample cup and the entrained air is compressed with lid to produce more

accurate result.

Density Test Procedure [35]:

The sample cup is filled with cement slurry to a level slightly below the upper
edge of the cup [6 mm £ 0, 5 mm (1/4 in)].

Lid is placed on the cup with the check valve in the down (open) position. The
lid is pushed downward until the excess slurry expel through check valve.

The sample cup is then pressurized by maintaining downward force on the pump
cylinder housing in order to hold the check valve down (open) and at the same
time the piston rod is forced inward.

The exterior of the cup is then rinse and wiped. Then sliding weight is moved
right and left until the beam is balanced which can be seen from the centered
attached bubble between two scribed marks.

The density of cement slurry is read from calibrated scales on the arrow side of

the sliding weight.
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Figure 33. Pressurized mud density balance Figure 34. Viscometer

3.1.3 Tabulation and Interpretation of Result

All the result will be recorded, tabulated, interpreted as in Chapter 4 (Result and

Discussion).
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3.2 KEY MILESTONES

No Yes
Figure 35. Key milestone for this project
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3.3 PROJECT TIMELINES

Table 7. Project Timelines

TASK/ WEEK 213]4|5|6]|7(8
Preliminary Research
Work
Preparation of Cement
Slurries

©

10[11]12[13[14]15]16]17]18| 19] 20| 21 | 22| 23] 24| 25| 26|27| 28

Laboratory Test

Result Interpretation

Report Writing @ @

)
)
)
(=)

Proposal Defence

Interim Report (17" April)

Progress Report (9™ July)
Pre Sedex (23" July)

Final draft Project Report and Technical Paper (13" August)

00606000

VIVA
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CHAPTER 4
RESULT AND DISCUSSION

Class G Cement is oil cement recommended by API. The performance for Sample A,

B, C and D are compared with Class G Cement for four test conducted.

41 PERMEABILITY TEST
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PERMEABILITY OF CLASS G CEMENT, SAMPLEA, B, C
AND D FOR 24HOURS CURING AT 4000PSI AND 120 °C
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.
»

increase in micro silica percentage

Figure 36. Graph of permeability for all sample cured for 24 hours at 4000psi and

120 °C
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PERMEABILITY OF CEMENT G, SAMPLE A, B, CAND D
FOR 72 HOURS CURING AT 4000PSI AND 120 °C
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Figure 37. Graph of permeability for all samples cured for 72 hours at 4000psi and 120
°C

PERMEABILITY OF CLASS G CEMENT, SAMPLEA, B, C
AND D FOR 120HOURS CURING AT 4000PSI AND 120 °C

B G Cement
H Sample A
H Sample B

Sample C
H Sample D

increase in micro silica percentage

Permeability, mD
N w B w [e)} ~ (o] Vo]

[

Figure 38. Graph of permeability for all samples cured for 120 hours at 4000psi and 120
°C

As mentioned in the literature review, the permeability of cement samples should
decrease when micro silica increase. However, the result for Sample A, B, C and D
are not as expected. All cement samples show increase in the permeability when

increase in micro silica percentage.

29



For 24 hours curing duration (Figure 36), Sample D show the highest permeability
which is 276% higher than Class G Cement while only Sample A (100% fly ash) has
lower permeability compared to Class G Cement with 78.7% differences. For 72 hours
and 120 hours curing duration (Figure 37 and Figure 38) respectively, only Sample D
has higher permeability than Class G Cement while the permeability of Sample A, B
and C are below Class G Cement.

For 72 hours, the permeability for Sample D is 196 % higher while for 120 hours the
permeability for Sample D is 255% higher than Class G Cement. The permeability of
developed cements also increase as the curing duration increase as shown in Figure
39.

PERMEABILITY TREND OF CLASS G CEMENT,
SAMPLES A, B, CAND D FOR ALL CURING DURATIONS
AT 4000PSI AND 120°C
7.01
% 6.01
3: 5.01
% 4.01 B G Cement
g 3.01 B Sample A
g 501 m Sample B
101 Sample C
I I . W Sample D
0.01 —— -.
24 72 120
Curing duration, hours _ icrease in micro silica

Figure 39. Permeability of Class G Cement, Sample A, B, C and D for all curing
duration

As mentioned in literature review, micro silica help in lowering the permeability of
cement but the permeability showed by Figures 36, 37, 38 and 39 are contradicting
with the literature review. The permeability increase when micro silica increase.
Increase in permeability in Sample A, B, C and D are expected due to weakening of
the pore structure and pore connectivity of the cement samples when it is exposed to

high temperature.
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120 °C is stated as high temperature for common well. At lower temperature, particles
react slowly thus left large amount of unreacted particles. The geopolymerisation will
continue with these unreacted particles, thus reduce pore space and pore connectivity
over time and thus decrease the permeability of cement sample. Nevertheless, high
temperature resulted in rapid hardening in geopolymer cement, but poor quality

geopolymer matrix (highly heterogeneous pore structure) [56].

Micro silica tends to absorb more water compared to Ordinary Portland Cement due
to high specific surface area. Increase in the percentage of micro silica will increase
the water demand. However, higher temperature increases the rate of moisture loss
from the cement samples resulted in inadequate water. Inadequate water increase the
potential of crack (permeability will increase too) as water is needed for crack free

geopolymer [56].

Research by Nasvi et al. [56] has the same trend of result with this experiment. Figure
40 presents the graph of permeability versus inlet pressure for 24 hours curing.
Eventhough permeability decrease as inlet pressure increase but for the same inlet
pressure, it is observed the permeability of cement increase as the temperature increase
from 23 °C to 70°C. From the permeability trend it can be concluded if Nasvi. et al.
[56] use temperature more than 70°C, the expected permeability for 120 °C might be
higher than 0.1 mD and will be similar to permeability obtained from this experiment.
Nasvi et al. also indicated, the permeability of Class G Cement also increases when

increasing the curing duration [56].

m2ideg a3Ddeg *45deg *60deg = T0deg

=

LR

[ 1

[ala}}
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4 3 ] 7 B L pLa] Il
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Figure 40. Permeability variation with inlet pressure at confining pressure of 12MPa
[56]
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Microscopic View

The structure of all samples are viewed under microscope with 10x resolution and the
results are in Figures 41, 42,43, 44, 45 and 46.

Figure 45. Sample A (120 hours) Figure 46. Sample D (120 hours)

Figures above present the microstructure of Sample A and Sample D when exposed to
high temperature and high pressure for 24 hours, 72 hours, and 120 hours. Sample A
which contain 0% of micro silica seems to have same microstructure and no obvious
difference can be detected on the sample from all different curing duration. However
for Sample D, increase in black hole (expected as degrade micro silica) when increase
in curing duration are observed. These figures (Figures 42, 44 and 46) proved the result
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presented by graph in Figure 39 increase in curing duration caused the degradation

micro silica to be higher.

42  STATIC FLUID LOSS TEST

Static fluid loss test is done to observe the effectiveness of developinClass G Cement
in retaining it water phase or to lose it as a filtrate to the formation when subjected to
differential pressure across the permeable medium. Inadequate water caused cement
dehydration and reduce the pump ability of cement to the target location. 50mI/30 min

is an ideal fluid loss according to API standard [49].

When cement reached its target place, the cement filter cake may form against the
formation wall. High permeability of cement filter cake cause high fluid loss from the
cement to the formation. The cement pore pressure will decrease and gas influx may

be induced into the cement.

In this project, all samples have been tested with low pressure, low temperature
condition with 500psi and 70 °C for 30 minutes using static fluid loss tester in
accordance with API standard. The volume of filtrate is taken in every 5minutes. The

result for all samples are presented in the Figure 47.

FLUID LOSS FOR CLASS G CEMENT, SAMPLEAB, C

100 AND D AT 500PSI AND 70°C
_ 9%
€ g0
(%]
£ 70
£
g 60 B G Cement
50
? H Sample A
L 40
0 B Sample B
o 30
i) Sample C
S 20
e H Sample D

10

>
»

increase in micro silica

Figure 47. VVolume of filtrate for 30 minutes for Cement G, Sample A, B, C and D
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From the result, Class G Cement shows the highest fluid loss while sample D which
contain 40% of fly ash and 60% of micro silica has lowest fluid loss. However, Sample
A, B, C, and D show ideal API Standard for fluid loss with volume of filtrate are below

50ml in 30 minutes.

Increase in the percentage of micro silica improves cement fluid loss and bleeding.
The small size of micro silica which is less than 0.5 micrometer act as micro filler
between cement and fly ash particles, hence block the passages of fluid between these

particles and in cement filter cake thus reduce the volume of fluid loss.

Based on previous research, tiny particle of fly ash and micro silica will react with
excess calcium oxide and calcium hydroxide during early hydration to form additional
cementitious material of triclacium silicate and fill in the void space between the

cement particles [28].

In addition, higher percentage of micro silica is expected to increase water demand of
cement and reduce the possibility of fluid loss to occur [51], [52], and [53]. Increase
the percentage of micro silica will prevent the bleeding inside the cement due to the
large surface area of micro silica compared to fly ash and Class G Cement. Most free
water is used in wetting of the large surface area of the micro silica and hence the free
water left in the mix water that may bleed decrease [54]. Bleeding is the settling of
solid particle inside the cement and water phase which tends to push to the top of the
cement. As cement particle settles to the low side, a continuous water channel formed

on the upper side, creating a path for gas migration [55].

All these concepts explain why sample D which contain higher percentage of micro
silica has lowest filtrate and Class G Cement which has biggest particle size has

highest filtrate (exceed the ideal range of fluid loss) [51].

43 RHEOLOGY

Rheology measurements are performed at standard condition and scatter plots (Figure
48 and Figure 49) are prepared to determine the rheological data for each sample. For
good cementing operation, cement with low viscosity and low yield stress are needed

to produce low equivalent circulating density during pumping.
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According to Figure 48 and Figure 49, all samples have been categorized into two
rheological models; Bingham Plastic Model and Power Law Model and all samples

show non Newtonian fluid behavior.

Class G Cement, Sample A and Sample B have demonstrated Power Law Model while
Bingham Plastic Model is presented by Sample C and Sample D (Figure 48). A log-
log graph of shear stress versus shear rate has been prepared (Figure 49) to support the
results from linear plots. Based on APl Recommended Practice 10B-2 Section 12,
Power law Model resulted in a straight line in the log- log graph as shown by Sample
C and Sample D while Bingham Plastic Model produced a curve as presented by

Cement G, Sample A and Sample B.

LINEAR PLOT FOR SHEAR RATE VS. SHEAR STRESS
FOR CLASS G CEMENT, SAMPLE A, B, CAND D
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Figure 48. Linear plot for shear rate vs. shear stress for all samples
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LOGARITMIC PLOT FOR SHEAR RATE VS. SHEAR
STRESS FOR CLASS G CEMENT, SAMPLE A, B, CAND D
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Figure 49. Logarithmic plot of shear rate vs. shear stress for all samples

Comparison on Cement G, Sample A and Sample B for Power Law Model.

The power law model is identified by this formula [35]:
T =ky"
T = shear stress, k = consistency, y = shear rate and n = power law exponent.

Table 8 presented the values for k and n for Cement G, Sample A and Sample B

obtained from the equations on linear graph.

Table 8. k and n values for Cement G, Sample A and B

Samples k, Ibf.s"/ ft? n

Cement G 0.081972 0.4495
Sample A 0.002505 0.8533
Sample B 0.005372 0.831
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Consistency index, k measure the viscosity of the fluid, while n measures the degree
of deviation of cement slurry from Newtonian behavior [43]. k is proportional to the

apparent viscosity of power law fluid as shown by the formula:

Hg = kyn_l

The higher the value of k, the more viscous the fluid. From Figure 50, Sample A and
Sample B exhibit desired result. Both samples shows lower apparent viscosity than
Class G Cement for every shear rate value. Lower apparent viscosity is prefer

durinClass G Cementing operation to avoid loss of circulation during placement of

cement.
APPARENT VISCOSITY FOR CLASS G CEMENT,
SAMPLE AAND B
4
a 3.5
3: 3
2 25
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5.11 10.2 170 340 511 1020
Shear rate, s-1

Figure 50. Apparent viscosity for Cement G, Sample A and Sample B.

Increase in the percentage of micro silica in cement sample resulted in high apparent
viscosity due to high specific surface of micro silica compared to Cement G and fly
ash. Specific surface area for micro silica is 63000 to 150000 ft2/Ib, 1400 to 3400
ft?/lb for fly ash and Portland cement has a specific surface area of 1500 to
2000 ft2/1b [47]. Increase in surface area will increase the water requirement. In this
experiment, the volume of water to cement or water to geopolymer are made constant

for all samples. Therefore, the samples which contains high micro silica experienced
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inadequate water and tend to form gels between its particles [41], [45]. High specific
surface area also enhances the attractive forces between cement particles, resulted in

strong networks for the samples that contain high micro silica [44].

Bingham Plastic Model for Sample C and Sample D

Bingham Plastic Model is presented by this formula:
T= MY+ Ty
where T: shear stress p,: plastic viscosity y: shear rate t,: yield stress
Plastic viscosity = 0499 — 0390

Table 9. Plastic viscosity and yield stress for Sample C and Sample D

Plastic Viscosity Yield Stress
Samples
cp 1b/100ft?
Sample C 147.85 8.2048
Sample D 329.08 38.235

As mentioned, the viscosity of cement slurry increase when there is an increase in

micro silica and this trend can be observed from Figures 51 and 52.
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Figure 51. Plastic viscosity for Sample C and Sample D

YIELD STRESS FOR SAMPLE C AND SAMPLE D
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Figure 52. Yield Stress for Sample C and Sample D

Plastic viscosity is defined as an indication of the number, size and shape of solids in
a fluid while the yield point measure the attraction that occurs between solids in the
fluid itself [48].

Figure 51 and Figure 52 increase in the percentage of micro silica from 40% to 60%

show significant increase in PV and YP of the cement samples.
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For the same weight, particle with smaller size and less weight will have high solid
contents. Micro silica has smallest size and lowest weight compares to fly ash and
Class G Cement [46]. As defined, plastic viscosity is a function of solid content, thus
increase in micro silica will increase the solid content and resulted in high plastic

viscosity.

High yield stress in Sample D compared to Sample C is caused by binding of large
amounts of water by micro silica, thus hinder the water from lubricating the flow of

larger grain and require additional stress to initiate the flow [45].

44  DENSITY TEST

Density test for all samples are done using pressurized mud balance standard condition

and the result are as in the Figure 53.

DENSITY FOR CLASS G CEMENT, SAMPLE A, B, CAND
D
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Figure 53. Graph of density for Class G Cement, Sample A, B, Cand D

Table 10. Density for Class G Cement, Sample A, B, C and D.

Weight of Specific Percentage difference with Class G Cement

Materials, g gravity Cement | Sample | Sample | Sample | Sample

G A B C D
Ordinary Portland 3.15
Cement
Class F Fly Ash 238 0% 4.08% 6.5% 8.03% | 10.13%
Micro silica 2.22
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Figure 53 shows the reduction in density of cement samples as the percentage of micro
silica increase and percentage of class F fly ash decrease. Cement G has the highest
density while Samples D consist of 40% of fly ash and 60% of micro silica shows the
lowest density with 10.13% density difference compared to Class G Cement.

Density differences for each samples are affected by difference in specific gravity of
each material in the mixture formulations. Materials with high specific gravity resulted
in high density cement samples. Accordingto Figure 53. Graph of density for Class
G Cement, Sample A, B, Cand D

Table 10 show micro silica has the lowest specific gravity followed by fly ash and
Class G Cement and therefore Sample D which contain highest percentage of micro

silica has the lowest density.
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5.1

CHAPTER 5
CONCLUSSIONS AND RECOMMENDATIONS

CONCLUSIONS

From the obtained data, it can be concluded that:

1.

Sample A, B and C which contain (0%, 20% and 40% of micro silica) can replaced
Ordinary Portland Cement in high pressure high temperature well (4000psi and
120°C).

Sample D which consists of 60% of micro silica cannot replaces Ordinary Portland
Cement in HPHT well due to degradation of micro silica.

High curing temperature will cause the micro silica to degrade, thus increase the
permeability of the cement samples.

Increase in curing duration will increase the permeability of cement due to
weakening of microstructure.

Micro silica and fly ash have significant effect in improvinClass G Cement fluid
loss at low pressure low temperature condition (500psi and 70°C). All geopolymer
cement samples have less than 10ml/30 min of volume of filtrate.

Micro silica has significant effect in increasing the viscosity of cement sample due
to high specific surface area, but the viscosity of Sample A and Sample B are still
below the viscosity of Class G Cement. High specific surface area of micro silica
tends to absorb more water compare to small specific surface area material.

Micro silica can reduce the density of cement sample due to low specific gravity

compare to fly ash and Class G Cement.
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5.2 RECOMMENDATIONS

Suggested further works for expansion and continuation:

1. Vary the curing temperature from 20° C to 200° C to observe the effect of
temperature on cement performance.

2. Increase the curing duration to one month to observe the permeability of cement
in down hole condition against time.

3. Replace micro silica with nano silica and compare the performance of both against
temperature.
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