\% International Journal of Advances in Engineering and Management (IJAEM)

S

JAEM

Volume 7, Issue 07 July 2025, pp: 777-782 www.ijaem.net

Effects of Silica Fume Nano-Particles As
Micro Annuli Additive on Calcium Oxide
Expanded Cement for Gas Well

'elemadi, Winnings Ojuneme, “dulu, Appah, ® Neminebor,
Gift Pepe

13Department Of Petroleum Engineering
2 Department Of Petroleum And Gas Engineering
L3Federal University Of Petroleum Resources Effurun Delta State Nigeria.
“University Of Port Harcourt, Port Harcourt Rivers Statte Nigera

Date of Submission: 15-07-2025

Date of Acceptance: 25-07-2025

ABSTRACT

Unlike oil well, gas well cement formulation
requires special additives to take care of the micro-
annuli that may arise as a result normal water
cement ratio. The normal water cement mixing
ratio usually yield low volume of cement slurry
with attendant problem, chief of which is
shrinkages. Hence, calcium oxide is used to expand
the cement to mitigate against shrinkages and
subsequently increase the slurry’s yield. The
expanded cement ensures the integrity of wellbores
and prevents the migration of fluids into the
wellbore.Traditional oil and gas well cements are
composed primarily of Portland cement, water, and
admixtures. However, concerns over environmental
sustainability and resource depletion have driven
the exploration of alternative cement additives,
such as pozzolanic materials.Pozzolanic materials,
such as silica fume, rice husk ash, and palm oil fly
ash, have emerged as promising alternative
additives in formulating cement slurries due to their
sustainability benefits and potentials to enhance
cement properties.The fracture pressure of the
weakest formation is usually considered when
formulating cement slurry. In formulating the
cement slurry under investigation, a fracture
pressure of slurry density of 15.4 ppg equivalent
was used.The normal mixing ratio of 0.44 as per
API standard would give 15.8ppg. With a specific
gravity of 3.25, calcium oxide is a density
increasing material which allowed for the use of
considerably lower amount of water, silica fume is
a density reducing material, hence the use of higher
amount of water. The incorporation of calcium
oxide (25 % BWOC) and silica fume (15 %
BWOC) lowers the slurry density to 15.4ppg. The

results obtained at 100 Bc consistencies showed a
gradual decrease in thickening time with increase
in temperature in both the expanded and non-
expanded cements. The porosity of the expanded
was determine using fresh and saline water and was
found to be lower than 0.05 % which shows that
the silica fume acted on the micro spaces in the
cement.

Keywords: Silica fume, Nano-particles, Expanded
Cement, Micro Annuli, Gas Wells

l. INTRODUCTION

Cementing of gas wells, either associated
or non-associated, is very stringent completion
process when completing gas wells. The normal
water-cement mixing ratio usually yield low
volume of cement slurry with shrinkage of the
cement in the annulus, hence the use of suitable
materials to expand the cement for proper hole fill-
up (Dulu, 2001). The oil and gas industry has been
facing challenges of gas migration after cementing
since early 1960s (Velayati et al., 2015).
Approximately 80 % of wells in the Gulf of
Mexico have gas migration problems, with of them
transmitting to the surface through cemented
casing, (Scott et al., 2003). Approximately one-
third of these failures were due to gas or fluid
migration into the cement (Dusterholt et al., 2002).
Gas migration is a worldwide problem which often
resulted in catastrophic occurrences such as
blowouts if the designed cement slurry fails to
prevent formation gas invasion. A proper cement
job ensures the integrity of wellbores and prevents
the migration of fluids (gas) into the wellbore
(Neminebor et al.,, 2023). The constituents’
materials of gas well cement slurry play a very
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crucial role in their successful placement and
performance. A notable of these constituents’
materials are pozzolans. Pozzolanic materials are
siliceous or aluminous substances that react with
calcium hydroxide, a byproduct of cement
hydration, to form additional cementations.

Nigeria, with its abundant natural
resources, holds immense potential for the
utilization of locally sourced pozzolanic materials
in gas well cementing. Investigating the effect of
these materials in preventing gas invasion through
cemented casing is essential for optimizing their
performance and ensuring wellbore integrity.

The goal of cementing a well is to exclude
water or gas movement from one zone to another
zone. In a scenario where there is incomplete zonal
isolation, weak hydraulic seal between the casing
and the cement and also between the cement and
the formations may cause oil spills or gas invasion
through the casing to the surface and the well may
never run at its full production potential. Gas well
cementing operations play a crucial role in ensuring
the integrity and longevity of gas wells. However,
gas invasion through cement is a major challenge
facing the oil and gas industry world over, leading
to numerous researches on how to overcome this
problem using micro annuli particles that would
reduce the effective permeability through the set

cement. One of the major characteristics of calcium
oxide expanded cement is the presence of voids in
the cement sheath and this can compromise the
cement integrity in the long run. Silica fume has
been extensively used in oil well cement to
increase the cement strength but it impacts as
micro-annuli additive in calcium oxide expanded
cement are not fully understood. Hence,this work
actually investigated the potentials of Nigerian
pozzolanic material (silica fume nano-particles) in
mitigating against gas invasionthrough cement.

This study focused on the potentials of
silica fume nano-particles as a cementitious
material to mitigate against gas invasion through
cement.The study also investigated the porosity of
the set cement using brine solution at ambient and
laboratory conditions.

Silica fume is the by-product of the
manufacturing process of silicon metal and ferro-
silicon alloys. During this process, the burning of
pure crystalline silicate, in the form of quartz, at
temperatures exceeding two thousand degrees
Celsius reduces it into silicon. In addition, this high
temperature produces silicon dioxide vapor, which
eventually oxidizes and condenses to form silica
fume. Table 1.1 shows the chemical composition of
silica fume.

Table 1.1 Typical chemical composition of silica fume

Chemical compound

Percentage By Weight

SiO,
AlLO;
Fe,0,
Ca0
MgO
Na,O
KO
Cl
SO,

>85
<2
<1
<1
<1
<1
<1
<0.3
<0.3

1. MATERIALS AND METHODS

2.1 Materials

The materials used for this research are:
Silica fume nano-particles, Calcium oxide, Class-
G-Cement, Calcium Chloride, Antifoaming Agent
(AFA) D206, Lomar D, Diacel-FI, Marabond 21
and fresh water. Silica fume (nano-particles)
andcalcium oxide are obtained from online
vendors, while other items were obtained from a

drilling site in Gbaran Field. Bayelsa State
(Latitude:  4.9247° N, Longitude: 6.2593° E).
Selecting the additives and the use of freshwater in
formulating the cement slurry were based on well
parameters, such as formation fluids conditions,
temperature, pressure and the well’s section to be
cemented. Table 2.1 below shows the additives and
the amount used for this work.
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Table 2.1: Cement additives and the quantity used in this work
Materials/Additives Mass (g) Concentration Function
Class G Cement 320 - Cement
AFA D206 0.55 0.011gal/sk Defoamer
Calcium Oxide 80 25% bwoc Expander
Diacel-FI 225 0.31gal/sk Fluid Loss Additive
Marabond 21 0.20 0.02% bwoc Retarder
Fresh Water 400 125 % bwoc Base fluid
Silica fume 48 15 % bwoc Micro-Annuli Additive
2.2 Methods cement slurry and laboratory analysis of the test
The methods used in this research are parametersusing laboratory equipment at ambient
mathematical computations of required admixtures, and laboratory conditions. The equipment used are
laboratory blending of the admixtures to obtain the contained in the table 2.2 below.
Table 2.2: The equipment used for this research work include:
SIN Equipment/Apparatus Quantity
1 Cement Mixer 1
2 Digital Weighing Balance 1
3 Mud Balance 1
4 HPHT Cement Consistometer 1
5 Porosimeter 1
2.3 Experimental Procedure work. The block diagram is depicted in figure 2.1
This section outlines the below.

proceduresemployed in carrying out this research

Sourcing of Materials and Equipment

Formulation of Cement Slhury with calcium oxide as expander additive

|
—

Formulation incorporating Formulation withour
silica fume as micro-annuli incorporating silica fume as
additive micro-annuli additive
Density Test Fheology Test

Time Test Pressure Test

I

Eesults Comparison and Diseussions ‘

Thickening ‘ Fracture Porosity Test

Figure 2.1 Process flow diagram of the research methodology.
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1. RESULTS AND DISCUSSIONS
3.1 Effect of Calcium Oxide and Silica Fume
Nano-particles on the Slurry’s Density.

The fracture pressure of the weakest
formation is usually considered when formulating
cement slurry. In formulating the cement slurry
under investigation, a fracture pressure of slurry
density of 15.4 ppg equivalent was used.The
normal mixing ratio of 0.44 as per API standard

would give 15.8ppg. With a specific gravity of
3.25, calcium oxide is a density increasing material
which allowed for the use of considerably lower
amount of water, silica fume is a density reducing
material, hence the use of higher amount of water.
The incorporation of calcium oxide (25 % BWOC)
and silica fume (15 % BWOC) lowers the slurry
density to 15.4ppg as shown in the table below.

Table 3.1: Effect of calcium oxide and silica fume on mixing ratio and slurry density

Cement Slurry Composition Mixing Ratio Slurry Density in ppg
Water + Class G Cement 0.44 15.8
Water + Class G Cement + CaO 0.86 16.5
Water + Class G Cement + CaO + SF 1.076 15.4

3.2 Effect of Silica Fume Nano-particles on the
Volume of Calcium-oxide Expanded Cement
Slurry.

The incorporation of calcium oxide and
silica fume in the formulation of the cement slurry
yields more volume of the cement slurry. The
increase was as a result of higher amount of water
required to mix the admixtures. The usual mixing
ratio for bentonite, a density reducing material is

5.3 % for each percent of bentonite added. The
specific gravity of bentonite is 2.65 while the
specific gravity of silica fume is 2.63 which is
almost equivalent to that of bentonite, hence 5.3 %
of water was used for each percent of silica fume.
15 % of silica fume would require about 79.5 % of
mixing water. Calcium-oxide requires less amount
of mixing water. Table 3.2 shows the volume of
slurry for each admixture.

Table 3.2: Effect of addition of calcium oxide and silica fume on mixing ratio and slurry yields

Cement Slurry Composition Mixing Ratio Vol. of Slurry in ml
Water + Class G Cement 0.44 420
Water + Class G Cement + CaO 0.86 780
Water + Class G Cement + CaO + SF 1.235 950

3.3: Effect Silica Fume as Micro-Annular
Additive on Thickening Time of Calcium-oxide
Expanded Cement.

Thickening time is the length of time it
takes cement slurry to transit from liquid to solid
state or the time it takes the cement slurry to lose
its plasticity. It is important that cement slurry
remains pumpable for quite a period of time to
allow for mixing, pumping and displacement
before it set and becomes harden in the annulus. It
is assessed under replicated downhole conditions
with the aid of a Consistometer. Since a retarder

was used in the formulation, especially in wells
with bottom-hole temperatures of greater than
125°F. In table 4.3 below, 0.02 % of Mara-bond 21
by weight of cement was used as retarder additive
at various set temperatures to determine the slurry
thickening time and then compared with the control
experiment. The control experiment was without
silica fume (0%) as micro-annular additive. The
results obtained at 100Bc consistencies showed a
gradual decrease in thickening time with increase
in temperature in both experiments.

Table 3.3: Thickening Times at Various Concentrations of silica fume and Set Temperatures

Additive Thickening Time at 100Bc in Hr:Min

Sample A @ 125°F Sample B @ 135°F
Control Experiment 6:24:05 6:12:45
15 % of Silica fume 6:55:25 6:38:20
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3.4: Effect of Silica Fume Nano-particles on
Flowrate of Calcium-oxide Expanded Cement
Slurry

One of the most crucial characteristics that
is used to mimic the flow regimes and pump profile
is the apparent viscosity of the cement slurry.Using

a Marsh funnel, the cement slurry's apparent
viscosity was determined in terms of flowrate. The
flowrate was determined at ambient temperature
using the marsh funnel and the receiving cup.The
tables below give the results of the flowrate at
ambient and at elevated temperature.

Table 3.4: Flowrates at Ambient and Elevated Temperatures

Additive Flowrate at 946 quartz in Minute

Sample A @ 88°F

Sample B @ 140°F

Control Experiment 56.00

54.00

15 % of Silica fume 48.00

46.00

3.5: Effect of Silica Fume Nano-particles on
Porosity of Calcium-oxide Expanded Cement
Slurry

Porosity is a material’s property that
measures the volume of voids it contains. It is an
important factor in the strength and durability of

cement. The porosity of cement is affected by
many factors which includes, water-cement ratio,
curing period and curing temperature. Total
porosity is related to all aspects of strength. Lower
porosity cement with enough binding materials
usually has high compressive strength.

Table 3.5: Porosities using fresh water and brine

Additive Porosity

Fresh water Brine
Control Experiment 0.09 0.10
15 % of Silica fume 0.04 0.04

IV.  CONCLUSION

The incorporation of silica fume
nanoparticles as a micro-annuli additive in calcium
oxide (CaO) expanded cement for gas wells do
have significant effects on the cement’s
performance in terms of its mechanical properties,
durability, and ability to seal the wellbore
effectively. A gas well cement was prepared with
class G cement, calcium oxide as expander additive
and silica fume nano-particles as micro-annuli
additive, the slurry and the cured cement properties
were analyzed and the results indicate prospect for
further research and utilization.

From the experimental findings and
analysis above, it can be deduced that the volume
of the slurry, thickening time, and porosity of
calcium oxide expanded cement incorporated with
silica fume nano-particles were greatly enhanced
by the incorporated micro-annuli additive in the
added proportion by weight of cement. The
following conclusions are drawn from this
investigation:

i. The incorporated silica fume nano-particles
raised the density of the cement slurry to a
desirable range of 15.8 ppg while still
increasing the slurry’s yield.

ii. The thickening time for the formulation is
within the range of time require for most deep
wells cementing process.

iii. The porosity of the cured cement is
significantly low in line with the results
obtained for other conventional additive like
diatomaceous clay.

iv. The effective permeability in the cured cement
would be very low, since permeability of an
engineering material depends on the effective
porosity of the material.

It should be noted that this study and its
findings are valid for the gas well cement and the
additives used. Other classes of cement and the
additives combination can exhibit different
characteristics. Even additives from the same
category, but different source, could behave
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differently, and thus need to be investigated
separately.

Therefore, it is recommended that silica

fume nano-particles should be incorporated in the
formulation of calcium oxide expanded as micro-
annuli additive for gas well cement, since it has the
tendency of reducing the cement void spaces,
maintaining a considerable thickening period, for
the cement placement.

ACKNOWLEDGEMENT

Federal

We wish to thank the management of
university of Petroleum Resources,

Effurun, Delta State for the conducive environment
for carrying out the project work in no distant time.

[1].

12].

[3].

[4].

[5].

[6].

[71.

REFERENCES
Ahmed, S., Ezseakasha, C. P., and Salehi,
S. (2018). Improvement in Cement
Sealing Properties and Integrity Using
Conductive Carbon Nano Materials: From
Strength to Thickening Time. Society of
Petroleum Engineers. Doi:
10.2118/191709-MS
Andersen, C. D., Lin, Y. Y., and Liang, J.
T. (2019). Polyelectrolyte-Complex NPs
for FluidLoss Control in  Oilwell
Cementing.  Society of  Petroleum
Engineers. Doi: 10.2118/194485-PA
Atashnezad, A., Coryell, T., and Hareland,
G. (2017). Barite NPs Reduce the Cement
Fluid Loss. Society of Petroleum
Engineers. doi: 10.2118/185114-MS
Bermudez, M. (2007). Effect of Sugar on
the Thickening Time of Cement Slurries.
Society of Petroleum Engineers. Doi:
10.2118/113024-STU
Deshpande, A., and Patil, R. (2017). Use
of  Nanomaterials in  Cementing
Applications.  Society of Petroleum
Engineers. Doi: 10.2118/183727-MS
Kelessidis, V. C., Fraim, M., Fardis, M.,
Karakosta, E., Diamantopoulos, G.,
Arkoudeas, P., ElHardalo, S., Lagkaditi,
L., Papavassiliou, G. (2014).
Comprehensive Assessment of Additive
and Class G Cement Properties Affecting
Rheology, Fluid Loss, Setting Time and
Long Term Characteristics of Elastic
Cement. Society of Petroleum Engineers.
Doi: 10.2118/167731-MS
Murtaza, M., Mahmoud, M., Elkatatny, S.,
Al Majed, A., Chen, W., and Jamaluddin,
A. (2019). Experimental Investigation of
the Impact of Modified Nano Clay on the

[8].

[9].

[10].

[11].

[12].

[13].

[14].

Rheology of Oil Well Slurry. International
Petroleum Technology Conference. Doi:
10.2523/IPTC-19456-MS

Nelson, E. B., and Guillot, D. (2006).
Well Cementing. Second  Edition,
Schlumberger. Texas, USA. ISBN-
13:978-097885300-6

Neminebor G. P, Adewole S, andAkpoturi
P. (2023). Feasibility of Water Hyacinth
Ash as an Accelerator in Cement Slurry

Formulation. International ~ Journal  of
Engineering and Management
Research, 13(4), 131-1309.

https://doi.org/10.31033/ijemr.13.4.17
Robinson, W. W. (1939). Cement for Oil
Wells: Status of Testing Methods and
Summary of Properties. American
Petroleum Institute. AP1-39-567

Salehi, S., Khattak, M. J., Ali, N., and
Rizvi, H. R. (2016). Development of
Geopolymer-based Cement Slurries with
Enhanced Thickening Time, Compressive
and Shear Bond Strength and Durability.
Society of Petroleum Engineers. Doi:
10.2118/178793-MS

Umeokafor, C. V., and Joel, O. F. (2010).
Modeling of Cement Thickening Time at

High  Temperatures with  Different
Retarder Concentrations.  Society of
Petroleum Engineers.

d0i:10.2118/136973-MS

Vipulanandan, C., Krishnamoorti, R.,
Mohammed, A., Boncan, V., Narvaez, G.,
Head, B., and Pappas, J. M. (2015). Iron
NP Modified Smart Cement for Real-
Time Monitoring of Ultra Deepwater Oil
Well Cementing Applications. Offshore
Technology Conference. Doi:
10.4043/25842-MS

Wells, B. (2018). Halliburton cements
Wells. American Oil & Gas Historical
Society. Exploring Energy News, March
2018, Page 5.

DOI: 10.35629/5252-0707777782

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 782



