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Abstract

Aphron drilling fluids (ADFs) are finding increasing application in science engineering fields because of their distinctive
characteristic. As the interest in the application of aprons-based fluids continues to grow, there is a decisive need to advance a deeper
understanding of the factors affecting their behavior and properties, especially for successful petroleum industries, such as drilling
depleted reservoirs and production. This study delves into investigating the density, rheological behavior and properties, filtration
properties, bubble size, and their distribution of Aphrons-drilling fluids utilizing two ionic surfactants. Sodium Dodecyl Benzene
Sulfate (SDBS) as an anionic surfactant, Cetyl Trimethyl Ammonium Bromide (CTAB) as a cationic surfactant, described as
environmentally friendly, in Iraqi depleted reservoirs drilling. With an emphasis on the concentrations balance between Aphron
generator (SDBS) and Aphron stabilizer (CTAB), the study analyzes the behavior and characteristics of Aphron drilling fluid. The
investigation demonstrates that adding SDBS and CTAB reduces system density by 28%, owing to microbubbles production which is
utilized with near-balance drilling. Rheological testing reveals that shear-thinning behavior in all Aphron samples improved, and the
presence of SDBS affects the fluid's internal friction, gel strength, and short-term gel structure. Filtering control characteristic study
demonstrates that the presence of microbubbles significantly minimizes fluid loss by 33% with 0.20% SDBS during filtering. Bubble
size and dispersion studies demonstrate that 0.20% SDBS concentration, along with 0.30% CTAB, gives the best microbubble size
and distribution. These findings suggest that Aphron fluids will be a promising innovation in petroleum industries, during actual
drilling operations in Iragi depleted oilfields.
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1- Introduction

which employ gases such as air, carbon dioxide, or

natural gas—are favored in deep-water drilling [2].
Nun-return drilling mud (Loss circulation) is one of the

most frequently discussed problems that has attracted oil

In the oil and gas sector, drilling fluids are essential for
maintaining well pressure and stability, preserving the
formation, lubricating the drill bit, and removing cuttings

from the wellbore to the surface. Numerous drilling fluid
types are employed based on the particular well
conditions, especially in depleted zones where
hydrocarbons have been extracted extensively over time
from mature oil and gas sources, resulting in diminished
formation pressure. Low-density drilling fluids are used to
balance the drilling fluid pressure with the formation
pressure in these depleted zones, preventing wellbore
collapse or instability [1].

In order to lower the density of drilling mud while
maintaining its necessary qualities, such as lubricating
and cuttings removal, low-density drilling fluids are
formulated by adding additives, microspheres, or foaming
agents to the mud commonly used low-density foam
drilling muds are produced by injecting nitrogen or
compressed air, providing the necessary weight reduction
without sacrificing good performance, similarly, in order
to reduce wellbore instability, aerated drilling muds—

industry-wide attention. It happens when drilling fluid
that is circulated through the drill string and the annulus
doesn't come back up to the surface, partially or
completely. instead, it goes into the permeable layers that
are being drilled, causing delays in the drilling plan (NPT)
and increases in costs. Ali Al-Delfi with Faleh
Almahdawi, added the polyacrylamide (PAM) granular
gel to drilling mud and studied their effect to enhance the
mud properties. Their outcomes indicated that the ability
of PAM granular gel to reduce the mud lost circulation.
Increased concentrations of the PAM reduced the mud
loss significantly which is an excellent indicator to
mitigate mud lost circulation [3].

Both Noor Amory with Faleh Almahdawi investigated
the ability to promote improved mud properties by adding
the powder of the grape seed and pomegranate peel to the
drilling fluid. Their results showed that the effect of the
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added powder led to a reduction in mud loss which is a
good indicator of mitigating lost circulation with
increased local materials concentrations [4]. The reservoir
and wellbore are under negative pressure while drilling,
which assists the flow of formation fluids into the well,
therefore should maintain the stability of drilling wells[5].

Amel Habeeb Assi, investigated the potential use of
orange peel powder (OPP) and Sidr leaf powder (SLP) as
green additives to drilling fluid. Laboratory experiments
were conducted to identify the effect of Local material
OPP, and SLP on the drilling fluid properties. The
experimental results reveal the effect of both the filtration,
viscosity, and alkalinity, with Side leaves proving to be
more attractive mud properties [6].

"Aphron " is a novel kind of liquid foam used as
promise drilling fluid, that was invented by Sebba-
Freedom Aphrons are made up of an internal phase core
encircled by a thin layer of aqueous material that contains
molecules of surfactant, which serves as a barrier to
prevent coalition with nearby Aphron s. The idea of
Aphron s has been exploited in a number of industries,
such as the oil and gas area, where thousands of depleted
reserves have been successfully drilled using aphron-
based drilling fluids [7].

Aphronized drilling fluids (ADFs) are a kind of drilling
mud that contains tiny bubbles called "Aphrons™ in their
nature are enhance the drilling fluid's performance in
drilling operations. These tiny Aphrons are microscopic
gas-filled bubbles surrounded by the shell that are
stabilized by surfactants, which prevent these bubbles
from merging and coalescing with each other. This
outcome in a drilling fluid with unique properties
(physical and chemical properties), has the ability to
improve the efficiency of drilling, particularly in depleted
reservoirs [8].

On the other hand, Aphronized drilling fluids can also
increase the drilling operations efficiency. For instance, it
can contribute to a decrease in the drill string problems
(torque and drag), enhance the penetration rate, and
increase the mud's ability to transport drilled cutting to the
surface. Moreover, it can reduce the number of waste
generated during drilling processes and provide
environmental improvements by reducing of toxic
chemicals used [9].

In the field, the economic using of ADFs versus
underbalanced drilling (UBD) fluids will depend on
numerous factors, including the cost of the drilling mud
preparation and equipment, the specific drilling
application, and the savings of the costs associated with
improved efficiency of drilling or mitigated reservoir
damage. Ultimately, before making any decision on the
choice of drilling fluid type, it's necessary to consult and
discuss with drilling connoisseurs and evaluate the
existing conditions [10, 11].

Brookey presented the first use of ADFs, which they
future named "micro-bubbles,” in West Texas (a re-entry
well). He outlined the system's advantages, including how
well it can improve suspension qualities, hole cleaning,
filtrate control, microbiological control, and corrosion
control. It has gained broad use in the industry and has
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been effectively used to drill thousands of depleted
reservoirs without experiencing any loss of circulation
problems [12].

Investigators (White et al.,, and Growcock et al.),
reported on the creation and use of a drilling fluid based
on microbubbles to limit mud loss in the North Sea
depleted reservoir. They described the operating
techniques, the field use of the drilling fluid, and the
laboratory methodologies utilized to create suitable
formulations. The pressure gradients needed to enable
Aphron s to penetrate deeply into the linked
microfracture/pore network of the permeable formation
were also covered [11, 13].

Growcock et al., discovered that, in contrast to
traditional bubbles, Aphron can tolerate high pressures for
extended periods of time. They also discovered that
Aphron s migrate more quickly than the base liquid,
which enables them to concentrate at the fluid front and
form an internal seal inside the rock's pore network. Also
found that Aphron-bubbles are circulated easily by
prepared fluids since it’s showing little attraction among
them or to mineral surfaces [10].

Bjorndalen and Kuru investigated the use of ADFs in
order to reduce formation damage when penetrated in at-
balance drilling. The bubble size of Aphrons was
examined in relation to several parameters, including
continuous phase quality (water quality), mixing period,
surfactant type, and concentrations of both polymer and
surfactants. Characteristics of these drilling fluids
(ADFs), such as mud weight, viscosities, and API
filtration loss, were also inspected. Furthermore, sizes of
ADFs made with anionic surfactants had greater filtration
volumes than those made with cationic surfactants, the
researchers found. Also, Cationic surfactants were more
successful than anionic surfactants in generating micro-
bubbles[14].

Khamehchi. et al., investigated the stability and
rheological properties of ADFs. After evaluating the
fluid's flow behavior at different temperatures using three
different models—Power law, Bingham Plastic, and
Herschel-Bulkley—it was discovered that the Herschel-
Bulkley model was the most accurate. The study came to
the conclusion that the fluid's ability to release entrained
gas may be connected to its stability and that the fluid's
yield stress and gel strength were improved by the
addition of surfactant.  Furthermore, the fluid
demonstrated superior shear thinning behavior, high
viscosity, and improved wellbore cleaning capability after
Aphron formation. The study's findings provide valuable
insights into the behavior of Aphron-based drilling fluids,
which can further the development of drilling technology
[2].

Haideri et al. conducted a laboratory investigation
concerning the generation, description, and evaluation of
Aphron-microbubbles in the fields of chemical
engineering, drilling engineering, and petroleum refining
engineering. The effects of the different concentrations of
surfactant and polymer on the physicochemical
characteristics of Aphrons, including rheological
characteristics, mud weight, bubble size, distribution, and
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filtration loss properties, were the foremost focus of the
study. The results show that more microbubbles were
formed while increasing the concentration of surfactant
and decreasing mud weight, filtration volume, and
average bubble size, it also enhances the rheological mud
characteristics by increasing the concentration of
polymer[15].

The use of natural plant surfactants in Aphron fluids
was examined by Ali et al., the investigation focused on
the physicochemical properties of these fluids, including
stability testing, bubble size measurements, and
rheological characterization. The outcomes showed that
the two naturally occurring surfactants that were added
might be used to produce drilling fluids based on Aphron
with less of an impact on the environment and at a lesser
cost than surfactants from the market. Additionally,
increasing the concentration of surfactant reduced Aphron
diameter and fluid density, while increasing the
concentration of polymer enhanced rheological properties
and fluid density. The findings of the tests showed that
the Aphrons created from the two plant-based surfactants
remained remarkably stable over time, with no evidence
of volume shrinkage. These findings illuminate the
utilization of natural surfactants in the processing of
Aphron-based drilling fluids, potentially leading to more
environmentally friendly and cost-effective drilling
techniques[16- 18].

The aim of this study is to investigate the characteristics
of apron microbubbles and their impacts on the efficiency
of Iraqgi drilling fluids and related performance parameters
to reduce damage in depleted reservoirs. This was carried
out by conducting a numeral of laboratory experimental
tests using two types of surfactant, CTAB and SDBS.
Maintaining mud rheological and best wellbore cleaning
properties, identifying the rheological behavior, and
reducing the fluid filtration of mud, hence less formation
damage, as a result, Aphron drilling fluid can provide
these benefits using low-drilling mud density. Economic
limitations and formation lithology, however, can be
restricted from being utilized.

2- Experimental work

The behavior and characteristics of Aphron drilling
fluid were studied through a number of tests and
experiments under laboratory conditions. Aphron with
various SDBS concentrations was created and tested in
order to assess the impact of the Aphron generator and
stabilizer on the drilling fluid.

2.1. Preparation of the base fluid

The first stage entails adding soda ash to fresh water to
eliminate any potential hardening ions. The components
employed in the production of Aphron drilling fluid are
listed in the following Table 1. Following the addition of
caustic soda to get the base fluid's pH to 9.5, bentonite is
added, the mixture is stirred for 20 minutes, and the mud
is aged for 16 hours in laboratory condition. The base
fluid was mixed for 20 minutes at 10000 r/min using a
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Hamilton Beach mixer, with the polymer mixture
(Xanthan polymer (XC)) added.

Table 1. Drilling fluid components

Component Concentration (Wt%) Function

Water 100 Continuous phase
Bentonite 6.67 Gel builder

Soda ash 0.1 Hardness buffer
Caustic soda 0.1 pH control

Xanthan 045 Viscosifier,filtration
Polymer (XC) ' control

2.2. Preparation of the Aphron drilling fluid

In order to produce Aphron microbubbles, the viscous
fluid is prepared and then the Aphron Generator
Surfactant is applied to the system Table 2. To improve
Aphron 's bubble stability, add the non-ionic surfactant
Aphron stabilizer surfactant to the mixture. For optimal
surfactant dispersion, stir the mixture for two minutes.

Table 2. Aphron drilling fluid components
Concentration

Component (Wt%) Function
Water 100 Continuous phase
Bentonite 6.67 Gel builder
Soda ash 0.1 Hardness buffer
Caustic soda 0.1 pH control
Xanthan Polymer 045 Viscosifierfiltration
(XC) ' control

0.05, 0.1, 0.15, 0.2
SDBS or 0.3 Aphron generator

Aphron stabilizer;

CTAB 03 viscosities

2.3. Density testing

One important characteristic of Aphron drilling fluids is
density, which is particularly important when drilling in
depleted zones. Duration, temperature, pressure, mixing
duration, mixing speed, concentration of the Aphron
generator and stabilizer, and other parameters all impact
the density of the Aphron. Analyzing this impact on
density with various concentrations of SDBS has been
occupied.

2.4. Rheological and filtration measurement

Rheological characterization of Aphron was tested
automatically programmable using Viscometer model 45
APV that measures viscosity, yield point, and gel strength
of Aphron drilling mud. It also provides a reading of
shear stress against a wide range of shear rates from (®6-
®600). In addition, the major filtration properties of the
drilling fluid, such as the filtration rate and the thickness
of the filter cake were measured using the API filter press.
3- Results and discussions
It has been discovered that the existence of
microbubbles promotes the system's density to decline
with the inclusion of the Aphron generator and stabilizer.
The density testing results displayed in Fig. 1 clearly
demonstrated the impact of the Aphron additive on base
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mud. From Fig. 1, it can be observed that the density of
the 0.05% SDBS Aphron is higher compared to other 0.10
%, 0.15%, 0,20%, and 0.30% SDBS Aphron samples
respectively. This result indicates that the lower addition
of SDBS failed to generate a significant number of
microbubbles, resulting in a less noticeable reduction in
density. Conversely, the inclusion of 0.20% SDBS
resulted in a more substantial decrease in density
compared to the addition of 0.1%, and 0.15 % SDBS,
despite the lower concentration of the Aphron generator.
Moreover, increasing the ratio of the additive SDBS to
0.30 % illustrates a rise in density because CTAB
couldn’t keep microbubbles in a stable situation. This
finding can be explained by considering the balance
between the Aphron generator (SDBS) and the Aphron
stabilizer (CTAB). It should be noted that the
concentration of stabilizer (CTAB) was kept constant
across all Aphron samples. Consequently, the
combination of 0.20 % SDBS and 0.30% CTAB exhibited
a favorable balance that led to the generation of a greater
number of microbubbles with a well-distributed spatial
arrangement. The results emphasize how crucial it is to
properly choose and balance the components in order to
produce microbubbles and achieve the intended density
decrease.

In summary, the reduction of fluid density is primarily
attributed to the presence of Aphron-microbubbles
generated after adding the Aphron generator and stabilizer
has a noticeable impact directly on the density of drilling
fluid. The appropriate selection and balance of these
components are essential to achieve optimal results in
practical applications, where controlling density can be of
significant importance.
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Fig. 1. Density of F.W.B and Aphron drilling fluids at
different concentrations of SDBS

3.1. Aphron bubble size and distribution

Fig. 2 illustrates microscopic images of five Aphron
prepared samples with various ratios of SDBS. Moreover,
the following table demonstrates the results regarding
bubble size, film thickness, and distribution in Aphron
drilling fluids.
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The results showed that the concentration changing of
SDBS significantly affected bubble size, film thickness,
and bubble dispersion as shown in Fig. 3. In order to
clarify the above results, we have to consider the
continued existence of HTAB as an apron stabilizer.
0.30% SDBS concentration resulted in a substantial
increase in average bubble size (400 um) compared to the
other concentrations. This shows that adding more SDBS
may result in greater bubble size. However, at 0.20 %
SDBS concentration in Aphron fluid shows higher bubble
distribution with better film thickness and more stability
(Fig. 3). In conclusion, the results illustrate that the
concentration of the Aphron generator SDBS has an
enormous effect on the size, film thickness, and
distribution of bubbles in the Aphron drilling fluids.
Lower SDBS concentrations produce larger bubbles with
thicker films, whereas higher concentrations produce
smaller bubbles and thinner films. The ideal concentration
of 0.20% SDBS, along with 0.3% CTAB, appears to give
the best circumstances for producing smaller and more
frequent bubbles with thinner sheets.

3.2. Rheology
3.2.1. Rheological behavior

For evaluating the rheological behavior of the
freshwater bentonite and Aphron samples, shear stress has
been recorded using a Viscometer as illustrated in Fig. 4.
As is obvious, it clearly illustrates that the overall pattern
of decreasing viscosity rate as the shear rate rises, a
feature typical of shear-thinning fluids, commonly
referred to a pseudoplastic fluid. Furthermore, the figure
reveals the occurrence of yield stress, which is defined as
the lowest shear stress required for the fluid to begin
flowing. This attribute is consistent with Herschel-
Bulkley drilling fluids. Herschel-Bulkley model is ideal
for applications requiring high rates of shear, especially
drilling activities in deep drilling (Fig. 4). These kinds of
fluids can also be useful in conditions requiring a high
yield stress, such as drilling wells in unstable formations.
Such fluids have a yield stress that prohibits cuttings from
settling in the bottom of the wellbore, and its shear-
thinning tendency makes pumping and circulation less
complicated. As a result, Herschel-Bulkley model drilling
fluids are versatile enough for a wide range of
applications, which makes them an effective option in a
variety of operating scenarios. Their particular blend of
qualities makes them adept at controlling various
obstacles faced during actual drilling activities.

3.2.2. Rheological properties

Fig. 5 and Fig. 6 demonstrate the rheological parameters
of Aphron drilling fluids, including plastic viscosity (PV),
yield point (YP), cleaning capacity, and gel strengths
tested at 10 seconds and 10 minutes. The observed
alterations in rheological parameters are influenced by the
concentration of SDBS. The variations can be due to the
interaction of SDBS and base fluid in the drilling mud
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system. It can be seen clearly that the plastic viscosity
(PV) has improved due to the rise of the percentage of
SDBS in the drilling mud system due to the existence of
friction force between bubbles. Whereas, 0.20% SDBS of
Aphron shows tranquil cleaning efficiency compared to
another rate of SDBS. A clear trend of increasing the
plastic viscosity is obtained by increasing the
concentration of Aphron. However, the value of the yield
point is highly increased by adding 0.05 wt.% SDBS into
the base drilling fluid from 22 to 116 Ib/100ft> and

Fig. 2. Bubble size and distribution of aphron drilling fluid

decreased with increasing the concentration to 0.1 wt.%.
Afterward, the inverse behavior of the yield point was
achieved with the concentration of SDBS as shown in
Fig. 5. Furthermore, Fig. 6 presents the features of the
initial and final gel strength along with the cleaning
capacity measured under the influence of Aphron agent at
different concentrations. As is clear, the values of these
parameters were increased when the first dosage of SDBS
was added to the base drilling fluid and then started to
decline with increasing its concentration.
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Fig. 4. Rheological behavior of the developed drilling
fluids with and without the presence of aphron by shear
rate vs. shear stress
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3.3. APl filtration loss

API filtration loss has been examined at laboratory
conditions for both F.W.B and Aphron drilling fluid with
varying rates of SDBS additive, in order to clarify the
effect of microbubbles on filter control. The results of the
test are summarized in Fig. 7. It can be clearly seen the
effect of microbubbles caused by SDBS additive with
various ratios in the Aphron drilling fluid which explains
the trends in API filtration loss values. These
microbubbles play a crucial role in filter control,
influencing the fluid's filtering behavior during testing.
The API filtration loss of F.W.B is 12 ml. which reflects
the mud's natural filtering properties in the apron-
microbubbles absence. Conventional muds, or bentonite-
based systems, have filtration rates described as moderate
to high, as a result, it depends on solids movement and
growth of filter cake throughout tests.

The Aphron-based drilling fluids API filtration test
demonstrated that the volume of filtrate loss reduced as
the SDBS concentration increased in the Aphron mud
sample. This is attributed to numerous microbubbles
generated into the Aphron system forming a three-
dimensional network inside the drilling fluid. This

32

network works to prevent mud solids from migrating to
the filter media, hence increasing the mud’s resistance to
filtration. The Aphron-microbubbles bridge the holes in
the filtrating area by building a solid filter cake, limiting
the cake's permeability and fluid loss.

Moreover, the microbubbles enhance the effective
surface area of fluid, giving higher interaction with solid
particles and enhancing solids suspension. These
circumstances will persevere until the microbubbles
starting burst, at which point the property that exists with
0.30% SDBS added to Aphron-based drilling fluid is lost.
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Fig. 7. Measured values of the fluid loss and filter cake
thickness for the developed drilling fluids at different
concentrations of Aphron

4- Conclusions

The results of this study accentuate the crucial role of
the concentration balance between Aphron generator
SDBS and Aphron stabilizer CTAB to determine Aphron-
bubble size and distribution in the Aphron mud system.
Achieving this balance is critical to optimizing the
necessary drilling fluid characteristics and performance
during drilling operations.

Increasing the surfactant content in Aphron drilling
fluid has been demonstrated to be helpful since it reduces
filtration loss and increases  viscosity. These
enhancements can lead to more efficient drilling
operations and wellbore stability. Comprehensive testing
revealed that an Aphron drilling fluid concentration of
0.2% SDBS provided the best results because it achieved
the lowest fluid filtration with accepted other properties.
This concentration should be investigated and confirmed
under actual drilling conditions.

The rheological behavior of Aphron fluids demonstrated
shear-thinning with a yield stress, corresponding with the
Herschel-Bulkley model. This unique behavior makes
Aphron fluids well-suited to certain drilling issues and
broadens its possible occupies in the drilling field.

Nomenclatures and abbreviations

ADF
API

Aphron Drilling Fluid
American Petroleum Institute
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AV Apparent Viscosity

CTAB City-Termidyl Ammonium Bromide
F.W.B Fresh Water Bentonite

IDC Iragi Drilling Company

NPT Nun-Productive Time

PAM Polyacrylamide

PV Plastic Viscosity

SDBS Sodium Dodecyl Benzene Sulfate
UBD Underbalance Drilling

XC Xanthan

YP Yield Point

Reference

[1] C. C. White, A. P. Chesters, C. D. lvan, S. Maikranz,
and R. Nouris, “Aphron-based Drilling Fluid: Novel
Technology for Drilling Depleted Formations in the
North Sea,” SPE, Feb. 2003.
https://doi.org/10.2118/79840-MS

E. Khamehchi, S. Tabibzadeh, and A. Alizadeh,
“Rheological properties of Aphron based drilling
fluids,” Petroleum Exploration and Development,
vol. 43, no. 6, pp. 1076-1081, Dec. 2016,
https://doi.org/10.1016/S1876-3804(16)30125-2

A. K. Al-Delfi, F. H. M. Al-Mahdawi, Y. Mukhtar,
and Y. Eltahir Bagadi, “Experimental Study to
Investigate the Effect of Polyacrylamide Gel to
Reduce the Lost Circulation,” lIraqi Journal of
Chemical and Petroleum Engineering, vol. 24, no. 1,

[2]

3]

pp. 79-88, Mar. 2023,
https://doi.org/10.31699/1JCPE.2023.1.9
[4 N. S. Amory and F. H. M. Almahdawi,

“Experimental Investigation of Pomegranate Peel and
Grape Seed Powder Additives on the Rheological and
Filtration Properties of Un-Weighted WBM,” Iraqi
Journal of Chemical and Petroleum Engineering,
vol. 21, no. 4, pp. 33-40, Dec. 2020,
https://doi.org/10.31699/1JCPE.2020.4.4

A. Abbas, U. Alameedy, M. Alsaba, and S. Rushdi,
“Wellbore Trajectory Optimization Using Rate of
Penetration and Wellbore Stability Analysis,”
Kuwait: SPE, Dec. 2018.
https://doi.org/10.2118/193755-MS

A. H. Assi, “Using Environmentally Friendly
Materials to Improve the Properties of the Drilling
Fluid,” lIraqgi Journal of Chemical and Petroleum
Engineering, vol. 25, no. 1, pp. 121-128, Mar. 2024,
https://doi.org/10.31699/1JCPE.2024.1.12

John Wiley and Sons, Foams and Biliquid Foams-
Aphrons. 1987.

F. B. Growcock, G. A. Simon, A. B. Rea, R. S.
Leonard, E. Noello, and R. Castellan, “Alternative
Aphron-Based Drilling Fluid,” SPE, Mar. 2004.
https://doi.org/10.2118/87134-MS

[5]

[6]

[7]
[8]

33

[9]1 A. Molaei and K. E. Waters, “Aphron applications —
A review of recent and current research,” Advances
in Colloid and Interface Science, vol. 216, pp. 36-54,
Feb. 2015, https://doi.org/10.1016/j.cis.2014.12.001

[10]A. Belkin, M. Irving, R. O’Connor, M. Fosdick, T.
Hoff, and F. B. Growcock, “How Aphron Drilling
Fluids Work,” in All Days, SPE, Oct. 2005.
https://doi.org/10.2118/96145-MS

[11]C. C. White, A. P. Chesters, C. D. Ivan, S. Maikranz,
and R. Nouris, “Aphron-based Drilling Fluid: Novel
Technology for Drilling Depleted Formations in the
North Sea,” SPE, Feb. 2003
https://doi.org/10.2118/79840-MS

[12] T. Brookey, “‘Micro-Bubbles’: New Aphron Drill-In
Fluid Technique Reduces Formation Damage in
Horizontal Wells,” Louisiana: SPE, Feb. 1998.
https://doi.org/10.2118/39589-MS

[13]F. B. Growcock, A. Belkin, M. Fosdick, M. Irving, B.
O’Connor, and T. Brookey, “Recent Advances in
Aphron Drilling-Fluid Technology,” SPE Drilling &
Completion, vol. 22, no. 02, pp. 74-80, Jun. 2007,
https://doi.org/10.2118/97982-PA

[14]N. Bjorndalen and E. Kuru, “Physico-Chemical
Characterization of Aphron-Based Drilling Fluids,”
Journal of Canadian Petroleum Technology, vol. 47,
no. 11, Nov. 2008, https://doi.org/10.2118/08-11-15-
CS

[15]M. Heidari, K. Shahbazi, and M. Fattahi,
“Experimental study of rheological properties of
aphron based drilling Fluids and their effects on
formation damage,” Scientia Iranica, vol. 24, no. 3,
pp. 1241-1252, Jun. 2017,
https://doi.org/10.24200/sci.2017.4108

[16]M. Ali Ahmadi, M. Galedarzadeh, and S. Reza
Shadizadeh, “Spotlight on the use of new natural
surfactants in colloidal gas aphron (CGA) fluids: A
mechanistic study,” The European Physical Journal
Plus, vol. 132, no. 12, p. 519, Dec. 2017,
https://doi.org/10.1140/epjp/i2017-11792-1

[17]J. A. Ali, Rawezh N. Ahmed., “Development of a
Nanobiodegradable Drilling Fluid Using Prosopis
farcta Plant and Pomegranate Peel Powders with
Metal Oxide Nanoparticles,” ACS Omega, vol. 7, no.
35, pp. 31327-31337, Sep. 2022,
https://doi.org/10.1021/acsomega.2c03492

[18]S. K. Al-hlaichi, F. H. M. Al-Mahdawi, and J. A. Ali,
“Drilling Optimization by Using Advanced Drilling
Techniques in Buzurgan Oil Field,” Iragi Journal of
Chemical and Petroleum Engineering, vol. 24, no. 2,
pp. 53-64, Jun. 2023,
https://doi.org/10.31699/1JCPE.2023.2.6


https://doi.org/10.2118/79840-MS
https://doi.org/10.1016/S1876-3804(16)30125-2
https://doi.org/10.31699/IJCPE.2023.1.9
https://doi.org/10.31699/IJCPE.2020.4.4
https://doi.org/10.2118/193755-MS
https://doi.org/10.31699/IJCPE.2024.1.12
https://doi.org/10.2118/87134-MS
https://doi.org/10.1016/j.cis.2014.12.001
https://doi.org/10.2118/96145-MS
https://doi.org/10.2118/79840-MS
https://doi.org/10.2118/39589-MS
https://doi.org/10.2118/97982-PA
https://doi.org/10.2118/08-11-15-CS
https://doi.org/10.2118/08-11-15-CS
https://doi.org/10.24200/sci.2017.4108
https://doi.org/10.1140/epjp/i2017-11792-1
https://doi.org/10.1021/acsomega.2c03492
https://doi.org/10.31699/IJCPE.2023.2.6

W. K. Mutter et al. / Iragi Journal of Chemical and Petroleum Engineering 25, 4 (2024) 27 - 34

Ahad) gl Lablal) Mgalls datlaall Aulall jaal) Blge 0 g8 Gl Gailad
Blaiieuall LA L& )yl Jalds

CT e e S e galh T e dilA g

Gl ol oot deals cdunigl LS (Ldil) deuria aud )
Al «biill 5))jg «Jladil) bodi 4S5y ¥
ladill 4yjpgan o SYU drala cLaglpnl ad 1
Gl ¢SS il ¢ ysen ¢ ilypen Amals cduatigh LS e lodil] Teotis 2 £

3

ADAl)

e -Braall lpailiad i dualall davigh Y lae 8 1305 Gl (ADFS) (g5 jind) lge 225
Jalgall acl agh Jupail denls dals @l (oY) Ao saciaall Jilsad) Gubiy alaa¥l a5 el
Oyl GHAD jea e cdanlill 4l ) cleluall Ll Lals (gailads eSslu Je jig Al
paas zdll (ailads daaslonll pailaddly dlolully BB Ay (4 duball o G .z LYl
Glin€ As) skl gl Ladlall dgall e bl alasiul £ 8V jeall (load gasisiy cle il
ey n die SO A (i gl bl gl dmdls 50l (SDBS) asageall (3 oo
il alKe 8 il A b Chag i) ahudl 5l Lils 52LS (CTAB) agised!
caals ((CTAB) (gl cufiag (SDBS) sl alga o 381l Oilsi Ao S5l pa . 5adbicadl] 485l
A8 e oy CTAB 5 SDBS dila) o)) sl sy - (81 il aile ailiady gl alaty Gyl
Aolow Gl e aglenl) HLEAY) CRAS AREN) A Y1 Cile i) ) Caanw @lldg YOV A duniy ol
Ay oJall B8y (Bl Jalall SiaY) e SDBS s figng cs il Clie puan 6 paill 385
IS oy A58 e lall) dsa o) il A Sl pailiad ) miag el gadl Gle Jall
Al ana ciluhy ol xad gl Llee LS SDBS %+, ¢ ae %YY dusty Jilgaddl (o (e S
Glelilll ana il ey (CTAB %Y+ wula ) %+,Y+ 4wy SDBS S5 of ol
Aobail e lall (& laely ISyl 058 09 8) il o ) il o8 iy . lgasyshg Baaall dig 5
830l 4810 Jaail) Jsis 8 Bledl) joall clilee Dla

Ay il clela (Oilgiall jaall o(yg sl e cyg sl Alga cygsal AN culalgl)

34



