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Abstract

Nanoparticles (NPs) have unique capabilities that make them an eye-opener opportunity for the upstream oil industry. Their nano-
size allows them to flow within reservoir rocks without the fear of retention between micro-sized pores. Incorporating NPs with
drilling and completion fluids has proved to be an effective additive that improves various properties such as mud rheology,
filtration, thermal conductivity, and wellbore stability. However, the biodegradability of drilling fluid chemicals is becoming a global
issue as the discharged wetted cuttings raise toxicity concerns and environmental hazards. Therefore, it is urged to utilize chemicals
that tend to break down and susceptible to biodegradation. This research presents the practical application of bio-based Zinc Oxide
nanoparticles (ZnO NPs) prepared chemically from celery leaf plant extract as green additive in water-based mud drilling fluid
(WBM). The study aimed to evaluate the filtration and thermal stability of WBM using green-synthesized ZnO NPs. The results
showed that the ZnO NPs have minimal effect of mud density, but significant improvement in mud thermal stability and filtration
properties were attained with concentrations lower than 1g. The fluid loss rate was reduced by 33% with 0.45g of ZnO nanoparticles,
and the thinnest mud cake was obtained as well. In terms of thermal stability, the bio-based ZnO NPs greatly enhanced the
rheological properties of WBM at elevated temperatures. The rate of increment in plastic viscosity (PV) or decrement in yield point
(YP) and gel strength occurred in a controllable manner compared to the rheological properties of base mud at high temperatures
reaching 90°C. This study provides insight into the effect of green-synthesized ZnO nanoparticles on the performance of water-based
mud and highlights their potential as an effective and environmentally friendly additive for the oil and gas industry.
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1- Introduction
chemical reactions are obtained due to the more reactive

It has become a necessity for researchers to deeply atom surfaces exposed to each other [3-5]. The most

focus on improving the rheological behavior of WBM to
solve current technical challenges using novel materials
such as nanoparticles and biodegradable additives [1].
Nanoparticles are the building blocks of nano-materials
and defined as any ultra-small particles with size ranges
(1-100) nm [2]. In recent technology and advances in the
petroleum industry, it is required to have drilling fluid
with satisfactory performance in complicated and harsh
drilling operations i.e., shale formations in ultra-deep-
water drilling, high temperature high pressure (HPHT)
wells, etc. Hence major development has been conducted
on various emulsifiers, surfactants, and other drilling fluid
additives to enhanced drilling fluid properties. Most
additives are generally produced from polymers, but
nanotechnology has proved its effectiveness in enhancing
drilling fluid properties especially in water-based muds.
The reactivity of nanomaterials is attributed to the
incredibly high surface area to volume ratio because this
ratio tends to increase as shapes get smaller. More

recent approach in nanotechnology is to make it green
industry and produce more environmentally friendly
nanoparticles that are applicable to real world practices. It
has been reported that biological systems such as yeast,
algae, bacteria and plants can potentially transform
inorganic metal ions into metal nanoparticles through
reductive capability of proteins exist within their structure
[6]. It is remarkable to mention the fundamental control
over the morphology and size of produced nanoparticles
from plants is connected to the interaction of
biomolecules with metal ions since plant contain different
concentrations and composition of components that are
biologically active. The morphological diversity of
produced nanoparticles synthesized from plants can be
described as triangles, spheres, cubes, nanorods, or
nanowires. Generally, plants contain various metabolites
and effective phytochemicals including terpenoids,
polyphenols, sugars, alkaloids, amides, flavones and
phenolic which are the main bio-reduction components of
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metal ions from metal salts yielding nanoparticles [7]. In
2018, Assi, used potato starch as drilling fluid additive
and results showed improved filtration loss and mud cake
consistency also, it increased basic rheological parameters
in high pH media [8]. In 2019, Al-Hameedi et al. worked
on introducing grass powder (GP) as drilling fluid
additive and results showed viscosity improvement from
8 to 9 cP, gel strength improvement from 22 to 26
Ib/100ft?> and 28% reduction in fluid loss [9]. In 2021,
Novriansyah reported that 2 wt% of cassava starch is able
to improve drilling fluid filtration properties through
reducing fluid loss from 5.2 to 1.6 ml as well as
improving the gel strength from 0.4 to 0.6 Ib/100ft? [10].
In 2022, Jagar et al., developed nano-biodegradable
drilling mud using pomegranate peel (PP), Prosopis
Farcta Plant (PFP) and SiO; and TiO.. Results showed
better filtration properties and rheological properties with
TiO2 and PP [11]. ZnO nanoparticles are widely
recognized as safe, biocompatible and technological
material that has caught profound attention due to its
distinguished performance as photoluminescence agents
in biosensors, antibacterial agents in many products, and
UV-absorbers in coating materials [7-12]. ZnO
nanoparticles are known to have stable physical and
chemical properties during applications as they show the
least sensitivity to temperature and pressure variation,
indicating a stable elemental compound and favored to be
used for industrial applications [13]. ZnO NPs are
registered as an eco-friendly material providing the lowest
toxicity even at high concentrations [14]. The term
“nanofluid” is referred to drilling fluid system that
incorporates nanoparticles. It is a colloidal dispersion of
any nano-sized material such as (nanofibers, nanotubes,
nanorods or nanowires) into base medium of (water, oil,
polymer solution or ethylene glycol). These incorporated
fluid systems show distinctive thermos-physical
properties compared to base fluid. The very small size of
the dispersed nanoparticles with its high surface to
volume ratio enhances the electrical and thermal
properties of the nanofluid. Upon reaching extreme depths
characterized by elevated temperatures and pressure,
thermal stability of the drilling fluid becomes stringent
requirement which can be attained by the use of nanofluid
of suitable nano-material to have the optimum
performance [15]. In 2022, Alkalbani et al., investigated
the effect of various sizes of ZnO NPs on rheological
properties of WBM at both surface conditions and
downhole ones with maximum temperature reached 90°C.
Results showed the addition of ZnO NPs to WBM
achieved (40% - 65%) improved rheological properties,
and bigger sizes of ZnO NPs from (30-45) nm showed
more rheological improvement compared to smaller sizes
(10-30) nm. Additionally, bigger ZnO NPs sizes formed
more stable fluid at elevated temperatures [16]. In this
paper, bio-based ZnO nanoparticles prepared from celery
leaf plant extract are going to be applied into pre-hydrated
water-based drilling fluid as a green additive and
investigate the effect of different concentrations of these
nanomaterials on the thermal stability and filtration
properties of the water-based mud.
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2- Experimental Work
2.1. Mixing Pre-Hydrated Bentonite Water Based Mud
with ZnO NPs

Firstly, the base mud was prepared by mixing 500ml of
distilled water using Hamilton Beach Mixer for 10 min to
ensure base fluid consistency. Then, 27g of bentonite
(viscosifier agent) was added to the base fluid and mixed
for 30 min. the mixture was let to fully hydrate for 20
hours at room temperature. After the hydration period,
about 0.2 g and 0.65 g of soda ash and caustic soda were
added respectively and each mixed for five minutes.
Lastly, different concentrations of ZnO Nanoparticles
namely (0.15, 0.3, 0.45, 0.6 and 1) grams were added to
each mud cup sample separately and mixed for 20 min to
ensure proper nanoparticles dispersion within the drilling
fluid mixture. The Bio-Based ZnO nanoparticles were
chosen for their low toxicity as the zinc element is used in
numerous parameters of metabolism activities, hence, it
has better biodegradability, relatively cheap materials as
well as being least susceptible to temperature variation.
The selected ZnO NPs are characterized to be having an
average particles diameter size of 35 nm, purity up to
93% and grey powder form with hexagonal wurtzite
structure.

2.2. Mud Density Test

Standard mud balance is used to perform this test as.
The mud cup is filled with drilling fluid sample in away
ensuring some of it is expelled from the top cap hole. The
cup is then firmly held with cap hole covered with thumb
and outside of the cup is wiped until clean and dry.
Lastly, the beam is placed on the base support and
balanced by using the rider along the graduated scale.
Balance is achieved when the bubble is directly under the
center line.

2.3. WBM Rheology for Thermal Stability Test

The thermal stability of drilling fluid is reflected in the
behavior mud rheological properties at high temperatures
along with the intrusion of active solids which is normally
encountered during the operations geothermal drilling job
of deep oil and gas wells. High temperatures affect the
chemical and physical properties of drilling fluid in a way
that causes excessive gelation and formation damage
problems. Total circulation loss, well instability stuck
pipe and difficulty in cementing jobs are all associated
problems with elevated temperatures as drilling proceed
further below subsurface [17]. The OFITE 800 viscometer
is used to test the rheological behavior of drilling fluid at
elevated temperatures and investigate the thermal stability
of the mud at such conditions. Firstly, the mud sample is
poured into the viscometer mud cup and then mounted
into the heating cup. Let the sample mix using the speed
setting “STIR” until the desired temperature is reached.
The knob is then rotated to desired speed setting, e.g., 600
and waited for the reading to stabilize and recorded the
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dial speed in the data sheet. It should be noted that the
proper way to take rheology readings is to start from the
highest speed and continue to the next lower speed and so
on till full readings are attained. Rheological
measurement from dial readings can be taken directly.
The Apparent Viscosity (AV) measured in centipoise
and calculated by:

AV = R600/2

e The Plastic Viscosity (PV) measured in centipoise

and is calculated by:
PV = R0 — Raoo.

The Yield Point is measured in Ib/100ft? and is
calculated by:

YP = R300* PV

To test the gel strength of drilling fluid, the following
steps are involved: after taking all the readings at different
shear rates, the mud is allowed to shear at 600 rpm for a
few seconds. Then, the rotating shaft is stopped, and timer
is turned on for 10 seconds. After 10 seconds, the gear is
immediately switched on to shear at 3 rpm and. The
maximum reading that the needle reaches is recorded as
the gel strength for 10 seconds. The same steps are
repeated for 10 minutes gel strength.

2.4. Low Pressure Low Temperature (LPLT) Filtration
Test

The amount of fluid lost into drilled formation, together
with filter cake, are essential characteristics to identify for
any drilling fluid before practical field application. This
test was conducted using the OFITE dead-weight
hydraulic filter press. The OFITE low pressure filter press
helps the drilling mud engineer to correctly measure fluid
loss and filter cake thickness. The device is integrated
with a dead weight hydraulic assembly that provides
suitable hydraulic pressure of 100 psi exerted on drilling
mud sample inside pressure test cell at room temperature.

3- Results and Discussion

3.1. Effect of Bio-Based ZnO nanoparticles on WBM
Density

The results showed that the addition of the synthesized
ZnO nanoparticles has almost no effect on the density of
the mud, as shown in Fig. 1. This is an advantage for the
added nanoparticles as they help maintain better
equivalent circulating density (ECD) when drilling into
deviated wells. It is also a privilege when dealing with
well kicks or in wells having narrow window between
fracture gradient and pore-pressure gradient, as no
increment is observed in mud density when adding the
Zn0 nanoparticles.

3.2. Effect of Bio-based ZnO NPs on WBM Filtration
Properties

The effect of different concentrations of the synthesized
ZnO nanoparticles on filtration properties of the pre-
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hydrated bentonite drilling fluid is shown in Fig. 2. It was
observed that the addition of ZnO nanoparticles improved
the filtration properties of the WBM by reducing the rate
of fluid loss over the period of 30 minutes. The maximum
recorded improvement for fluid loss was attained with
0.45g of ZnO nanoparticles, which reduced the amount of
fluid loss from 19.6 ml to 13.2, equivalent to a fluid loss
reduction rate of 32.6%.
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Fig. 1. Mud Density with Different Concentrations of
ZnO NPs
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Fig. 2. Fluid Loss vs. Different Concentrations of ZnO
NPs

It is also remarkable to mention that concentrations
higher than 0.45g of ZnO nanoparticles showed a similar
amount of fluid loss. Furthermore, a thinner and less
permeable mud cake was obtained as concentrations of
ZnO nanoparticles increased compared to base mud. The
ultra-fine size of the nanoparticles can physically plug the
formation throats and thus reducing the volume of fluid
loss. The dispersed nano-sized particles among other
micro-sized components of drilling mud act as bridging
agents and seal porous voids effectively, producing a
firmer, thinner, and crack-free surface of the mud cake. In
terms of efficient drilling operations, less fluid filtrate,
which means less fluid invasion into drilled formation and
minimized formation damage. Additionally, thinner mud
cakes reduce the likelihood of differential sticking
problems. Severe stuck pipe problems impose costly
operations to free and retrieve stuck pipe, which further
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increases non-productive time by increasing the duration
of drilling program. Enhancing drilling fluid filtration
properties by enabling the mud to preserve its aqueous
phase throughout drilling operations would greatly
enhance the wellbore stability, particularly when drilling
into water-sensitive formations and improve the rate of
penetration, ultimately improving the overall drilling
program to reach targeted depths. From Fig. 3, the results
show that the optimum concentration of the applied bio-
based ZnO nanoparticles is 0.45 g, at which the thinnest
mud cake and lowest fluid loss volume are obtained
among other applied concentrations.

3.3. Effect of ZnO NPs on WBM Thermal Stability

Thermal stability of pre-hydrated water-based mud was
tested at various aging temperatures, namely (60°C, 70°C,
80°C, and 90°C). The thermal stability of drilling fluid is
directly reflected in the behavior of mud rheological
properties at elevated temperatures. Therefore, the
performance of the synthesized ZnO nanoparticles at
elevated temperatures, namely the rheology of WBM
sample containing the optimum concentration of ZnO
nanoparticles, was subjected to various aging
temperatures, and was compared to rheology of base mud
at same temperatures. Based on previous tests, the

optimum concentration for the ZnO nanoparticles was
identified to be 0.45 g, at which optimal drilling fluid
properties were obtained, as beyond this concentration,
the effect of ZnO nanoparticles seems to be very minimal
compared to the specified concentration. The investigated
rheological parameters included PV, YP and Gel strength.
Detailed results for the effect of ZnO nanoparticles on
WBM rheology at elevated temperatures are shown in
Table 1.
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Fig. 3. Filter Cake Thickness vs. Different

Concentrations of ZnO NPs

Table 1. Results for WBM Rheological Properties at Elevated Temperatures

Base Mud Base Mud + 0.45 g of ZnO NPs

Rheological Parameters at at at at at at at at

60°C 70°C 80°C 90°C 60°C 70°C 80°C 90°C
600 RPM 116 107 101 93 99 89 82 83
300 RPM 101 89 68 58 86 75 66 63
200 RPM 91 76 60 48 78 70 60 57
100 RPM 84 71 54 44 73 63 54 52
6 RPM 80 68 50 41 67 55 50 48
poparentViscoslty (V). 58 535 505 465 495 445 41 415
Plastic Viscosity (PV), cP 15 18 33 35 13 14 16 20
Yield Point
(YP), Ib/100 ft2 86 71 35 23 73 61 50 43
Gel 10 sec, 1b/100 ft? 53 41 20 6 69 53 43 35
Gel 10 min,
1b/100 ft2 66 58 38 25 78 69 61 55

3.4. Apparent and Plastic Viscosity of WBM at Elevated enhanced the thermal stability of the WBM by

Temperatures

Results for apparent viscosity (AV) and plastic viscosity
(PV) at elevated temperatures are shown in Fig. 4 (a) and
Fig. 4 (b). It was observed that with increasing
temperature decreased the AV of both the base mud and
nano-based mud. In contrast, the PV of both the based
mud and nano-mud increased with increasing mud
temperature. Results showed that the AV values of the
base mud decreased from 58 cP to 46.5 cP at temperatures
of 60°C and 90°C, whereas the nano-based mud showed a
decrease in AV from 49.5 cP to 41.5 cP under the same
temperature conditions. This clearly shows that ZnO NPs
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maintaining a lower declining rate of AV with increased
temperatures compared to the rate of AV decrement of the
base mud at the same temperatures.

The increment of PV for the base mud incurred abrupt
changes, especially for temperatures greater than 70°C,
indicating mud failure at such temperatures. The PV of
the base mud increased rapidly and almost doubled from
18 to 33 and 35 cP at temperatures of 70°C, 80°C, and
90°C, respectively. The behavior of PV increment with
increasing aging temperature reflects the fact that higher
temperatures cause increasing clay hydration, and
increased viscosity indicates the increasing attractive
forces as well as increasing the internal and mechanical
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friction between particles at elevated temperatures. On the
other hand, the effect of ZnO nanoparticles is clearly
showing a more stable and uniform increment of PV at
elevated temperatures represented by the smooth curve,
no abrupt changes, and a controlled rate of PV increment.
When the base mud showed a sudden change in PV at
temperatures between 70°C to 80°C and up till 90°C, the
nanoparticles improved the PV at such temperatures by
maintaining a reasonable increase in PV values with only
a few centipoises, namely from 13 cP at 60°C to 20 cP at
90°C. Therefore, the addition of ZnO nanoparticles
improved the thermal stability of water-based mud, i.e.,
the water-based mud with nanoparticle additives can
function properly as designed properties will be
maintained within the safe limit of changes. For instance,
at the temperature of 90°C, WBM with 0.45g of ZnO
nanoparticles has a PV value of 20 cP, which is quite
similar and close to the PV value of 18 cP of the base
mud at 70°C.
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Fig. 4. (a) — Effect of ZnO NPs on AV of WBM at
Elevated Temperatures, (b) — Effect of ZnO NPs on PV of
WBM at Elevated Temperatures

3.5. Yield Point of WBM at Elevated Temperatures

Results for yield point (YP) at elevated temperatures are
shown in Fig. 5. It was observed that as the aging
temperature increases, the YP decreased for both base
mud and nano-mud. It can be clearly seen that the base
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mud deteriorates and loses its electrochemical forces at
temperatures greater than 70°C. This is another indicator
that the mud is practically losing its rheological properties
at elevated temperatures, represented by the sharp
decrease in YP values at temperatures between 70°C to
80°C, from 71 Ib/100ft? to 35 1b/100ft? respectively. The
reduction in YP values with increasing temperatures is
due to reduced electrochemical forces between solid
particles of the mud. in other words, the attractive forces
are broken at higher temperatures. Such a reduction in YP
will immediately affect the mud functionality, especially
hole cleaning, as very low YP will have less efficient
ability to carry cuttings.

Yield Point
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Fig. 5. Effect of ZnO NPs on YP of WBM at Elevated
Temperatures

The addition of 0.45g of the synthesized ZnO
nanoparticles improved the YP wvalues, indicating
enhanced thermal stability of the mud at elevated
temperatures. As shown by results in Table 1, the
lowering trend for the YP values of the nano-drilling fluid
is more stable and still to be efficient at higher
temperatures. For instance, the YP value of nano-drilling
fluid at 90°C is equivalent to YP values of base mud at
temperatures between 75°C -78°C. This trait of
nanoparticles improved the thermal stability of the mud
due to enhanced agglomeration of particles and enhanced
shear stress. However, it is remarkable to mention that the
bentonite mud structure can only tolerate temperatures
lower than 95°C, after that, the mud will completely fail.
Therefore, the role of nanoparticles was enhancing the
rheological properties at elevated temperatures by
sustaining reasonable rheological parameters that enable
the mud to function properly.

3.6. Gel Strength of WBM at Elevated Temperatures

The 10-seconds and 10-minutes gel strength properties
were investigated at elevated temperatures, and the results
are shown in Fig. 6 (a) and Fig. 6 (b), respectively. Gel
strength results showed a similar trend for YP with
increased temperature. Generally, gel strength decreased
with increasing temperatures for both based mud and
nano-mud. Gel strength results also further confirm the
deterioration of the bentonite water-based mud at
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temperatures higher than 70°C after which, a sharp
decrease in gelation properties is recorded. For instance,
at 90°C, gel strength recorded only 6 1b/100ft> and 25
Ib/100ft? for 10-sec and 10-min, whereas, at 60°C gel
strength was 53 Ib/100ft? and 66 Ib/100ft? for 10-sec and
10-min. The sharp reduction in gel strength of the base
mud at elevated temperatures threatens the cuttings
suspension mud functionality and drill cuttings are
expected to fall out of the mud and accumulate at the
bottom of drill string when circulation is ceased. Such
situation can lead to severe wear of bottom hole assembly
(BHA), stuck pipe and chemical corrosion of the bit along
with increased surge and swab pressure will be required
to resume the mud circulation. ZnO nanoparticles
enhanced the gelation properties of the bentonite water-
based mud with sufficient gel strength values. For
instance, at 90°C the 10-sec gel strength of nano-mud is
35 1b/100ft?, whereas the base mud has only 6 Ib/100ft2.
Additionally, at 90°C for both 10-sec and 10-min gel
strength, the nano-mud has gelation properties equivalent
to gelation properties of base mud at temperatures lower
than 75°C. In other words, the mud capacity to hold more
rock cuttings at elevated temperatures is greatly improved
with the addition of ZnO nanoparticle that ultimately
result in overall enhancement of drilling operations.
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Fig. 6. (a) Effect of ZnO NPs on 10-sec Gel Strength of
WBM at Elevated Temperatures, (b) Effect of ZnO NPs
on 10-min Gel Strength of WBM at Elevated
Temperatures

The addition of bio-based ZnO nanoparticles to the
bentonite water-based mud showed a thinning effect on
YP and gel strength, with minor increased viscosity at
higher temperatures. The nanoparticles were observed to
boost mud functionality and resemble mud properties at
temperatures lower than actual ones by 20 degrees. There
were no signs of thermal degradation of the ZnO
nanoparticles, as they kept improving the rheological
properties of the water-based mud up to 90°C and gave
good thermal stability enhancement.

Drilling fluid rheology is one of the most susceptible
properties among other drilling properties especially when
the drilling operations are executed in varying conditions
of pressures and temperatures. Unstable drilling fluid
rheology directly influence the efficiency of downhole
cleaning and equivalent circulating density (the effective
dynamic mud density that is slightly higher than static
density). At the bottom of HPHT wells, drilling fluid will
most likely lose its functional properties. Consequently,
drill solids “cuttings” will fall out of suspension and
accumulate near drill bit, causing severe downhole
cleaning issue. Such situation will impose additional
operations cost and increase the non-productive time. In
directional and highly deviated wells the problems
associated with thin drilling fluids are even more
amplified and may eventually lead to total abandonment
of the well.

4- Conclusions

In conclusion, the overall effect of the bio-based ZnO
nanoparticles on basic water-based drilling fluid is to an
effective green additive with significant improvement to
filtration properties and enhanced the thermal stability of
the mud at elevated temperatures. Summarized
conclusions are as follows:

1. Minimal to zero effect on the density of the mud
which is beneficial for drilling inro narrow fracture
pressure formations.

2. Fluid loss rate was reduced by 33% and mud cake
thickness was 1/32 inch with the addition of 0.45¢g of
ZnO nanoparticles to water-based mud. The
enhanced rate of fluid loss and thin mud cake
positively contribute to more efficient drilling
operations such as reducing the potential for
differential sticking problems as well as minimizing
formation damage by filtrate invasion.

3. Thermal stability of bentonite water-based drilling
fluid was significantly improved by the addition of
0.45g of ZnO nanoparticles. Nanoparticles enhanced
the rheological performance of the drilling fluid at
elevated temperatures reaching up to 90°C through
maintaining controllable PV increment rate as well as
more stable decrement in AV, YP and gel strength
rheological parameters with no sign of thermal
degradation.
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Nomenclature

AV Apparent Viscosity
cP Centipoise
ECD Equivalent Circulating Density
°C Degree Celsius
°F Degree Fahrenheit
g gram
HPHT High Pressure High Temperature
LPLT Low Pressure Low Temperature
ml Milli liter
PV Plastic Viscosity
PP Pomegranate Peel
Ib/100ft? Pound per hundred square feet
psi Pound per square inch
PFP Prosopis Farcta Plant
RPM Round Per Minute
Reoo Viscometer dial reading at 600
TiO, Titanium dioxide
uv Ultraviolet
WBM Water-Based Mud
wit% Weight percent
YP Yield Point
Zn0O Zinc Oxide
References

[1] T. Zanwer, A. A. Jagar, and A. S. Mohammed,
“Sustainable aspects behind nano-biodegradable
drilling fluids: A critical review,” Geoenergy Science
and Engineering, no. January, 2023,
https://doi.org/10.1016/j.geoen.2023.211443

N. Saber Majeed and D. Mahammed Naji, “Synthesis
and Characterization of Iron Oxide Nanoparticles by
Open Vessel Ageing Process,” Iragi Journal of
Chemical and Petroleum Engineering, vol. 19, no. 2,
pp. 27-31, 2018,
https://doi.org/10.31699/1JCPE.2018.2.5

H. Abdul Hadi and H. Abdul Ammer, “Experimental
Investigation of Nano Alumina and Nano Silica on
Strength and Consistency of Oil Well Cement,”
Journal of Engineering, vol. 23, no. 12. p. 51, 2017,
https://doi.org/10.31026/j.eng.2017.12.04

Faleh H. M. Almahdawi and K. Saad, “Enhancement
of Drilling Fluid Properties Using Nanoparticles,”
Iragi  Journal of Chemical and Petroleum
Engineering, vol. 19, no. 2, pp. 21-26, 2018,
https://doi.org/10.31699/1JCPE.2018.2.4

R. Augustine and A. Hasan, “Chapter 21 - Cellular
response to nanobiomaterials,” in Woodhead
Publishing Series in Biomaterials, M. B. T.-H. of B.
B. Mozafari, Ed., Woodhead Publishing, 2020, pp.
473-504. https://doi.org/10.1016/B978-0-08-102967-
1.00022-0

S. Iravani, “Green Synthesis of Metal Nanoparticles
Using Plants,” Green Chemistry, vol. 13, no. 10, pp.
2638-2650, 2011,
https://doi.org/10.1039/c1gc15386hb

[2]

[3]

[4]

[5]

[6]

97

[7] V. V. Makarov et al., ““Green” Nanotechnologies:
Synthesis of Metal Nanoparticles Using Plants,”
ACTA NATURAE, vol. 6, no. 20, pp. 40-61, 2014.

A. H. Assi, “Potato Starch for Enhancing the
Properties of the Drilling Fluids,” Iragi Journal of
Chemical and Petroleum Engineering, vol. 19, no. 3,

8]

pp. 33-40, 2018,
https://doi.org/10.31699/1JCPE.2018.3.4
[91 A. T. Al-Hameedi et al, “Evaluation of

Environmentally Friendly Drilling Fluid Additives in
Water-Based Drilling Mud,” SPE Europec featured
at 81st EAGE Conference and Exhibition. p.
D021S003R006, Jun. 03, 2019.
https://doi.org/10.2118/195510-MS

[10] Novrianti, I. khalid, Yuliastini, and A. Novriansyah,
“Experimental analysis of cassava starch as a fluid
loss control agent on drilling mud,” Materials Today:

Proceedings, vol. 39, pp. 1094-1098, 2021,
https://doi.org/10.1016/j.matpr.2020.07.189
[11]A. A. Jagar et al, “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

[12] A. P. A. S. Al-taie and H. S. A. Alwahab, “Synthesis
of Pure Nano Semiconductor Oxide ZnO with
Different AgNO3 Concentrations,” Baghdad Science
Journal, vol. 14, no. 2, pp. 379-389, 2017,
http://dx.doi.org/10.21123/bsj.2017.14.2.0379

[13]P. J. Boul and P. M. Ajayan, ‘“Nanotechnology
Research and Development in Upstream Oil and
Gas,” Energy Technology, vol. 8, no. 1, p. 1901216,
Jan. 2020, https://doi.org/10.1002/ente.201901216

[14]E. R. Kim, Y. G. Park, and D. K. Chang, “The
Morphologic Assessment of Rectal Neuroendocrine
Tumors,” Video Journal and Encyclopedia of Gl
Endoscopy, wvol. 2, no. 1, pp. 1-8, 2014,
https://doi.org/10.1016/j.vjgien.2013.06.001

[15]S. Perween, M. Beg, R. Shankar, S. Sharma, and A.
Ranjan, “Effect of zinc titanate nanoparticles on
rheological and filtration properties of water based
drilling fluids,” Journal of Petroleum Science and
Engineering, vol. 170, pp. 844-857, 2018,
https://doi.org/10.1016/j.petrol.2018.07.006

[16] A. M. Alkalbani, G. T. Chala, and M. T. Zar Myint,
“Insightful study on the effect of zinc oxide
nanoparticle diameter on the rheology of water base
mud at elevated temperature,” Journal of Petroleum
Science and Engineering, vol. 217, no. July, 2022,
https://doi.org/10.1016/j.petrol.2022.110878

[17] A. Ettehadi, “An Experimental Study on Structural
and Thermal Stability of Water-Based Drilling
Fluids,” European Journal of Science and
Technology, no. 23, pp. 70-80, 2021,
https://doi.org/10.31590/ejosat.843568


https://doi.org/10.31699/IJCPE.2018.2.5
https://doi.org/10.31026/j.eng.2017.12.04
https://doi.org/10.31699/IJCPE.2018.2.4
https://doi.org/10.1016/B978-0-08-102967-1.00022-0
https://doi.org/10.1016/B978-0-08-102967-1.00022-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999464/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999464/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999464/

F. H. A. Al-Ogaili et al. / Iraqi Journal of Chemical and Petroleum Engineering 24, 4 (2023) 91 - 98

i) 3yl dga pladinly saall Jilud Glal) LR padsil Galgd ands
At Aipaal) dygilil

LAPL R 1 ‘:.Ap Jj} ‘)S% ‘\ (,“SJ‘AM\ M@& ‘\ ‘...A.')S.J\ JJ:IA a—ﬁh&

Ghall ek calaiy Aaals cAuatigh A0S laill davia aud )
Glll lypen Anals cAeotigh LS hodill didia pd ¥
il Doysgan slpaglyl o Y drals )] ale anid 1

LaDAl
dobaill deliall b dad (s cllae mii lly laas daiadll dlsall o ied dusilill slsall
rmhall Sl bl el 8 Al Sgal) aladind il Tas g il g haiu) Gllee & Lagead
Glaeall o Jiad mawy 4l Cun 3d Ghad aidh (oA (gl juall lgaas e 5ydlie )5
oty 0588 (Ally aasll Bia sl G g BlaaVl e il G0 oSl jsaia Jily Gl
slo Je Alad Mg Lol cadly Zlasy JWSYly il dilsw ae Lgilill Closal) mas &3 L 0g,Sl)
Oe Aokl LY LS by (@hall duasilly madsilly Gaal) Laglsy) e ddide (ailiad Gawas
Cun Daale Al Cinpal iall dilsed 435S ALl algall oaslall) Jlatll A6 o) SAL aeal)
Dl Jilges Wa dilie 52l (6% lly cuttings jiad) cilidee e A3l gpaall sinall ki o
Nsa alatial Cuaioa) o maal A e (alial 2 Lo L) hlially Awddl Cislie (e A3
Gleall Gadail) Gadl 13a aany Uil 138 ey Alad Byzeany sl dsall ) Jha £ibes
LK 58 L KU 3yl il aliiies (o Wil Bpanal) Ligilill Sl auSsl ZNO slsa sz
e Dgislill ZnO dse il o) cjell Lyl m3tl (WBM) Sl sl Jlad &3l dissea L5l
OS il Galsdg gulall hall Jhna) Lo il S agae (5$ alS diua LG ! gulall 8
Jaee Jalfs @3 Cum Laaly ahe e JB 5Shg siall cpla Galsd pead @ Cus 38830 §ypear Jlad
mud e Ly Joanll aig daih ahe +,£0 aladinbiy L0l VY duing jeall (pla ol lge ola
oS G Ll dgdl @yie ophll (hall JhauY) Lal ey JJas ALE Al I3 cake
o=l Jaag PV J) & 53l Jaeae o)) Gus Ll 3)hal) lags 8 WBM J daaglys)ll pailiadl)
Ceb (8 Agilil) dlgall lle dlady Slhes oSa3 e Jug haial JS) oS Gel strengthdl 5 YP
Agiedan 4l ddle Bha @l vie Ll dgall o (JAN il cpay Ak jiall

Laglonll Galsd ¢ Sl jasll Gada cohall Hhsad) « jaall (pl madi Jilga LUl il auaSsl olse PAREEANK]
Adle 5yl sy aie

98



