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Abstract 
 

   This study demonstrates a sustainable, "trash-to-treasure" approach by synthesizing silica (SiO2) and alumina (Al2O3) nanoparticles 

(30–80 nm) from local waste materials—specifically bentonite clay and aluminum wire waste—and evaluating their performance as 

eco-friendly additives in 350 mL water-based drilling fluids at concentrations ranging from 0 to 1 g. Tested under harsh subsurface 

conditions, the incorporated nanoparticles significantly enhanced the fluids' rheological properties, lubricity, filtration control, and 

swelling inhibition, with performance scaling alongside nanoparticle concentration. Notably, at a 1 g dosage, the fluid's yield point 

spiked from a baseline of 9 to 42 for SiO2 and 32 for (Al2O3), while high-pressure high-temperature (HPHT) fluid loss was reduced 

from 21 mL to 14.6 mL (SiO2) and 16.4 mL (Al2O3) due to the formation of a low-permeability filter cake. Furthermore, a 0.75 g 

dosage lowered the coefficient of friction from 0.45 to 0.35 (SiO2) and 0.37 (Al2O3), while effectively mitigating clay swelling (SiO2) 

showing superior inhibition at lower concentrations), ultimately proving that these waste-derived nanoparticles offer a highly 

effective, cost-efficient, and environmentally friendly alternative to commercial drilling mud additives. 
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1- Introduction 
 

   Global energy demand has continuously increased over 

the past few decades. This scenario has prompted the oil 

and gas industry to focus on developing more complex 

and challenging reservoirs, such as unconventional shales. 

Unique characteristics of these reservoirs include their 

exceedingly low permeability and nanometer-sized pore 

throats [1]. Shale reservoirs are considered the main 

source of fossil fuels due to the depletion of conventional 

hydrocarbon reservoirs.  

   Over the past ten years, the United States has seen an 

increase in the extraction of gas and oil from shale 

deposits. The shale reservoirs are mostly made of porous 

sedimentary rock and are extremely vulnerable to 

hydration and swelling as a result of contact with drilling 

mixtures [2]. Drilling fluid's primary functions include 

maintaining stable borehole conditions, lubricating and 

cooling drill bits, reducing damage to the productive zone, 

preventing cuttings from sticking to downhole equipment, 

and removing drill cutting [3, 4]. 

   Nanotechnology has a wide range of potential uses in 

the oil and gas sector, some of which could pave the way 

for the discovery of hitherto untapped hydrocarbon 

reservoirs in sedimentary basins. This method can 

improve the drilling fluid's macroscopic features, 

including its rheological, filtration, mechanical, and 

thermal behavior, for optimal drilling performances [5, 6]. 

Their potential usefulness in improving viscosity and 

reducing fluid loss in drilling fluid rheology stems from 

their strong interparticle interaction [7].  

   The specific gravity of the fluid in which the 

nanoparticles were mixed was increased by using 

densification agents, which are nanoparticles. It is 

possible for the completion fluid to eliminate the skin 

caused by the mud cake, resulting in enhanced 

effectiveness. Nanoparticles can be used to plug fractures 

in a wellbore, which can add integrity to the wellbore and 

reduce the amount of mud that is lost throughout the 

course of drilling [8] 

   One of the most common nanomaterials used in WBMs 

is silica nanoparticles because of its many useful 

properties, including a large surface area, controlled size, 

dispersibility, and surface features that aid in reducing 

water invasion during formation and modifying rheology 

and filtration characteristics [9]. In addition, multiple 

investigations have demonstrated that water-based muds 

enriched with silica nanoparticles (ranging from 0.1% to 

0.3% by weight) have enhanced characteristics. 

Furthermore, by demonstrating its ability to resolve 

drilling and production issues, they demonstrated its 

viability as an alternative to oil-based mud in directional, 

http://ijcpe.uobaghdad.edu.iq/
mailto:hasan.abbood1607m@coeng.uobaghdad.edu.iq
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.31699/IJCPE.2026.2.3


H. A. Abbood et al. / Iraqi Journal of Chemical and Petroleum Engineering 27, 2 (2026) 33 - 43 

 

 

34 
 

horizontal, and rocky drilling operations. Further, they 

found that it had the potential to improve the 

characteristics of high-pH drilling mud [10]. The erosion 

and cracking along the boundary and in the center of the 

shale plug are less severe when submerged in Al2O3 NPs 

mud as compared to basic mud. On the other hand, the 

Al2O3 NPs mud system exhibits better shale inhibition 

than the Fe2O3 NPs mud system [11, 12] 

   Therefore, aims to investigate the optimal 

concentrations of silica SiO2 and alumina Al2O3 NPs, 

both singly and synergistically, in the drilling mud to 

achieve the best lubricity, rheological behavior, and 

swelling using a permeable plugging tester, a high-

temperature high-pressure fluid loss apparatus, and an 

API low-temperature low-pressure fluid loss device. 

Furthermore, the NPs (e.g., SiO2 and Al2O3 NPs) used in 

this study were synthesized from sustainable sources and 

directly utilized in the experiment to minimize the 

potential impact of contamination on the acquired results. 

To the best of our knowledge, this is the first insight into 

the effect of NPs on drilling mud properties at subsurface 

conditions. Some other gradients listed in Fig. 1, were 

typically used to prevent water absorption and loss of 

drilling fluid.  

 

  

 
Fig. 1. Nanoparticles seal wellbore fractures, minimizing drilling mud loses. 

 

2- Materials and methods   

 

2.1. Materials  

 

   Waste bentonite was delivered by PetroChina Halfaya 

FZCO, Iraq Branch, the field's official operator, pursuant 

to licensing rounds concluded by the Iraqi Ministry of Oil 

with foreign companies. Such waste bentonite from 

drilling activities requires costly storage space, adding an 

additional cost to the project. This bentonite can be 

considered a sustainable source for producing silica 

nanoparticles, as a kind of trash-to-treasure strategy. DI 

water (conductivity = 1 μS/cm) was purchased from the 

local market and used in various processes in this study, 

including preparing the mud, synthesizing nanoparticles, 

various neutralization and cleaning protocols. Xanthan 

gum drilling mud, also known as a polysaccharide 

((C35H49O29) n), was gifted by CNOOC (China National 

Offshore Oil Corporation), Iraq Limited. Xanthan gum is 

a hydrocolloid polymer used with water and other 

additives, including starch, PAC-LV (Polyanionic 

Cellulose, and KOH, to formulate viscous and stable 

drilling mud. Furthermore, acidity-control reagents, 

hydrochloric acid (HCl, 33%) and sodium hydroxide 

(NaOH, Mol.wt =39.997 g/mol), were purchased from the 

local Iraqi market and used without further purification. 

Ethanol (C2H5OH, purity ≥ 99.0%, boiling point 78.37°C, 

from Sasma premium) was the cosolvent of the NPs 

preparation methods.  

 

2.2. Sustainable preparation of silica NPs 

 

   Iraqi oil fields produce considerable amounts of 

bentonite waste resulting from well-drilling activities. 

This waste contains a high proportion of phyllosilicates, 

which are rich in silicon, providing a significantly low-

cost source of silica NPs. Such abundant, low-cost, 

byproduct bentonite assures the sustainability of SiO2 NPs 

production.  To achieve this, the bentonite was first 

filtered through a 100 µ𝑚 mesh to guarantee a narrow 

particle size distribution of the raw material. It was then 

dried in a muffle furnace at 680°C for one hour. 

Subsequently, to achieve a silica-rich sample, 100 g of 

clay was mixed with 1000 mL of 2.5 M HCl solution and 

stirred at 90°C for 2 hours. After multiple filtering steps, 

the mixture was subjected to sufficient washing with DI 

water until it reached a neutral pH. Here, two silica-

silicate aqueous phases were formulated by mixing 

bentonite at various contents (e.g., 10% and 40%) with 2 

mol/L sodium hydroxide solution for 120 minutes at 90°C 

in separate processes. Each mixture was then filtered to 

remove residues and impurities, followed by 

neutralization with nitric acid in the presence of excess 

ethanol at 50°C. The solution was subsequently 
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centrifuged using a Lab Benchtop Centrifuge (Electric 96-

Well Plate Spinner, 500-2000 RPM Low-Speed 

Centrifuge) at 1800 rpm for half an hour to disperse the 

solid silica from the mixture. After discarding the liquid 

phase, the remaining silica was heated to 105°C for 3 

hours to achieve dry silica NPs [13]. 

 

2.3. Sustainable synthesis of Al2O3 NPs from aluminum 

waste 

 

   The second implementation of the trust-to-treasure 

strategy is the sustainable preparation of alumina NPs 

from aluminum scrap. In this context, valuable alumina 

NPs were produced from aluminum waste, thereby 

reducing the critical environmental impact of these wastes 

through recycling this expensive metal. For this purpose, 

aluminum fillings were initially cut into small pieces and 

duplicated at a very small size. Such a small size 

increases the surface area, facilitating the chemical 

reaction and helping to control the required size of the 

reaction vessel. The fillings were subsequently aged in 

acetone for degreasing, further cleaned in an ultrasonic 

cleaner with a liquid detergent for half an hour, and 

flushed with water. This process cleaning protocol was 

repeated twice to ensure efficient cleaning and high-purity 

products. To prevent overheating, 4.5 g of cleaned fillings 

were added very slowly to 250 mL of 2 M hydrochloric 

acid in a corrosive-resistant vessel under efficient venting. 

The intermediate product from Eq.1, aluminum chloride 

(AlCl3), during dissolution was then filtered to eliminate 

all undissolved fillings from the liquid phase. Next, an 

adequate amount of 5 M NaOH solution was added 

dropwise to the liquid phase to formulate a gel of Al 

(OH)3, as indicated in Eq. 2. This gel was separated from 

the brine and rinsed with DI water at 80°C to facilitate 

detachment of the generated NaCl. Eventually, Al(OH)3 

was heated to 1000°C for 60 minutes to remove the 

remaining water, yielding Al2O3 powder (Eq. 3). To 

obtain nano-sized alumina, the produced powder was 

milled at 550 rpm for two days [14]. 

 

2𝐴𝑙 + 6𝐻𝐶𝑙 → 2𝐴𝑙𝐶𝑙3 + 3𝐻2                                     (1) 

 

2𝐴𝑙𝐶𝑙3 + 3𝑁𝑎𝑂𝐻 → 𝐴𝑙(𝑂𝐻)3 + 3𝑁𝑎𝐶𝑙                    (2) 

 

2𝐴𝑙(𝑂𝐻)3
𝐻𝑒𝑎𝑡

1000°𝐶
→ 𝐴𝑙2𝑂3 + 3𝐻2𝑂                               (3) 

 

2.4. Drilling formulations 

 

   A base drilling formulation (BF) consisting of 5% 

bentonite in deionized (DI) water was prepared using a 

mechanical mixer. Experimentally, the mechanical 

mixing is continued for 24 hours to achieve homogeneous 

clay dispersion. Characteristically, two categories of 

enhanced drilling mud were then formulated: BN and BP. 

The BN was prepared by directly adding solid silica and 

alumina NPs, separately, to the BF at various loads 

ranging between 0.25g and 1 g. The other category (BP) 

was prepared by adding silica or alumina nanofluids 

separately to the BF at various nanofluid concentrations. 

The goal of such formulations was to examine the 

combined influence of NPs on filtration characteristics, 

rheological behavior, and shale inhibition [15]. 

 

2.5. Characterization 

 

2.5.1. XRD and FTIR nanoparticles 

  

   The crystalline structure of NPs was ascertained by 

analyzing the XRD pattern with the Rigaku Ultima IV 

equipment. To examine the functional groups and 

chemical bands found in the materials, the PerkinElmer 

Spectrum 100 device was used in transmission mode to 

perform FT-IR spectroscopy analysis of silica and alpha 

alumina NPs. This analysis covered the wavenumber 

range of 400 - 4000 cm⁻¹ with a resolution of 2 cm⁻¹[16]. 

 

2.5.2. Morphological test 

 

   The FESEM-TESCAN-XMU model of scanning 

electron microscopy was used to evaluate the structure 

and elemental makeup of the produced NPs in this 

investigation [17]. 

 

2.5.3. Atomic force microscope 

 

   Atomic Force Microscope (AFM-LN Digital 

Instruments, ARTISAN technology group) measurements 

were utilized to confirm the nano-nature of the 

synthesized particles, with their topography [18].  

  

2.5.4. Rheological testing 

 

   The flow characteristics of the mixed muds were 

systematically studied. Properties, including thickness, 

strength of cohesion, thickness of the solid material layer, 

and the amount of liquid lost, were systematically 

measured under various operational conditions. A Van-G 

meter was employed to evaluate gel strength (10 minutes) 

and mud viscosity (10 seconds). The yield point (YP) (Eq. 

4), gel strength (GS), and plastic viscosity (PV) criteria 

were all established in accordance with the API standard 

(Eq. 5). The PV and yield point values at motor speeds of 

300 RPM and 600 RPM were assessed using the Van-G 

meter. The filter cake was subsequently evaluated, and a 

filter press was employed to ascertain the filtration loss. A 

pressurized filter medium is located within the 

pressurized cells of the filter press. To raise the cell 

pressure to 100 psi, a nitrogen cylinder was connected to 

the filter press device. An Ofite HTHP filter press was 

utilized to conduct the high-pressure high-temperature 

filtration test at 120°C and 500 psi. This technique 

utilized standard filter paper and CO₂ to generate 

pressure. Each of the two tests required approximately 30 

min [19]. 

 

𝑃𝑉 =  𝜃600 − 𝜃300                             (4) 

 

𝑌𝑃 = 𝜃300 − 𝑃𝑉                                (5)   
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2.5.5. Lubricity  

 

   The coefficient of friction (COF) was measured during 

the lubricity test using extreme pressure/lubricity testers. 

The drill string and wellbore are similar in that they are 

both made of metal [20]. An estimation of lubricity might 

be conducted via the (Eq. 6) below:  

 

𝐶𝑜𝐹 =  
𝑇𝑜𝑟𝑞𝑢𝑒 𝑟𝑒𝑎𝑑𝑖𝑛𝑔

100
                      (6) 

                           

2.5.6. Testing shale swelling  

 

   To prevent shale formation swelling, drilling muds 

should be intended to deliver the best possible reserve and 

well stability. A clay-rich formation may expand rapidly 

during drilling if the drilling mud is not appropriate for 

that formation. Shale instability, washouts, clogged pipes, 

and constricted holes may result from this swelling. The 

well stability improves via an appropriate drilling mud 

prior or during drilling. We used a technique to measure 

expansion to track the length of a quality shale core over 

time at normal temperature and pressure to see if the shale 

was absorbing or losing water. The swelling was 

measured in millimeters and given as a percentage of the 

initial length. The percentage indicator shows how much 

the pressed shale powder in the fluid cup has expanded, 

applying pressure to the pipe [21]. 

 

3- Results and discussion  

 

3.1. Characterization of nanoparticles  

 

3.1.1. The XRD patterns 

 

   Fig. 2 (A) illustrates the XRD pattern of the synthesized 

silica nanoparticles. XRD results detected a broad peak 

instance at 2θ = 23°, with some variation (20-25°) 

depending on the synthesis conditions and water content. 

Other short-range order attributes to the Si-O-Si bond 

angles and distance. With no other significant peaks. 

These results confirm the amorphous nature of silica NPs 

The XRD pattern of Al2O3 NPs are depicted in Fig. 2 (B). 

Diffraction bands were observed at 2θ values of 27°, 33°, 

37.7°, 46°, 56.4°, 65°, 75.5°, and 84.9°, respectively. All 

of the detected diffraction peaks coincide with specific 

Miller indices: 120, 108, 118, 012, 290, 024, 130, and 

224. With the card 𝑛𝑢𝑚𝑏𝑒𝑟 00 − 010 − 0173, these 

indices are an exact match to the reference pattern for 

Al2O3 in the ICDD database. According to the diffraction 

examination, the produced nanoparticles have a 

hexagonal lattice structure [16]. 

 

3.1.3. FE-SEM analysis  

 

   The FE-SEM pictures of silica nanoparticles, shown in 

Fig. 3A, have a constant, almost spherical shape. For 

silica nanoparticles, the most common distribution of 

particle sizes is around 92 nm. Fig. 3B, shows pictures of 

alumina nanoparticles captured by FE-SEM. The 

morphologies of these alumina nanoparticles ranged from 

spherical to semi-spherical, and their crystal sizes varied. 

In addition, the photos indicate the existence of 

aggregates made up of many nanoparticles. For alumina 

nanoparticles, a 44 nm dispersion is the most typical. 

Because of their tiny size and enormous surface area, 

nanoparticles are able to successfully cross microscopic 

holes and mobilize contained oil. This leads to a dramatic 

improvement in oil recovery.  

 

 

 
Fig. 2. shows the XRD patterns for silica nanoparticles(A) 

made at 600°C, which have a non-crystalline structure, 

and alumina nanoparticles(B) made at 1200°C 

 

 

 
Fig. 3. FE-SEM images for silica NP (A), and alumina NPs (B) 
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3.1.2. FT-IR analyses 

 

   This examination focuses on the relationship between 

the sample's chemical composition and its absorption 

bands, particularly its vibrational bands [22]. Fig. 4A, 

displays the FTIR transmittance spectrum, providing 

evidence of the existence of the synthesized silica 

nanoparticles, spanning 400-4000 cm⁻¹. O-H stretching 

vibrations are reflected in a band from 1637 to 1620 cm⁻¹, 

while O-H groups are responsible for the broad feature 

between 3415 and 3443 cm⁻¹. In addition, the results from 

Adam and Chua are in agreement that high temperatures 

are necessary for the total elimination of water molecules. 

In addition, the significant bands at 1103 and 802 cm⁻¹ 

represent the stretching vibrations of Si-O-Si, whereas the 

feature at 459 cm⁻³ signifies the Si-O bond. The FTIR 

spectra of the alumina nanoparticles that were synthesized 

is shown in Fig. 4B. Aluminum and oxygen atomic 

vibrations are corresponding to the bands at 440 and 894 

cm⁻¹. Even more so, the band in the 3450-3650 cm⁻¹ 

range is produced by the bending and stretching 

vibrational modes of a water molecule [23]. 

 

3.1.4. AFM analyses 

 

   Fig. 5, provided additional information about the 

surface and size of the materials. The silica nanoparticles 

Fig. 5A, showed a well-organized surface, with an 

average particle size of 7.35 nm for samples made with 5 

M HNO₃. This size is consistent with what has been 

reported in Tadanaga et al [24]. In contrast, the alumina 

nanoparticles Fig. 5B, had a smooth and even surface, 

with an average size of 2.79 nm. FM analysis further 

revealed that approximately 30% of the alumina 

nanoparticles exhibited a particle size of 58 nm, while the 

remaining 70% displayed a diameter of 16 nm. This 

observed uniformity indicates a significant potential for 

application as efficient adsorbents and catalytic agents, 

thereby supporting conclusions drawn from prior research 

Mirzaasadi et al [25]. In summary, the multimodal 

characterization validates the successful synthesis of 

nanoscale silica and alumina particles, each possessing 

unique structural, chemical, and morphological 

characteristics, which are appropriate for the functional 

improvement of water-based drilling fluids [26]. 

 

 

 
Fig. 4. FTIR spectra patterns for silica NPs (A) and 

alumina NPs (B) 

 

 

 

 
Fig. 5. FE-SEM images for silica NPs (A) and alumina NPs (B) 

 

3.2. Properties of rheology 

 

3.2.1. Plastic viscosity 

 

   Plastic viscosity (PV) is a fluid's resistance to flow. It’s 

mainly due to the interaction of adjusted particles in the 

drilling mud, which causes mechanical friction, the 

liquids, and the deformation of the liquid that is under 

shear stress [27]. For this reason, drillers rarely use 

drilling fluids with a high PV in actual drilling operations. 

The addition of NPs generally increased the PV of 

Bentonite-WBM, as shown in Fig. 6, which shows that 

the base fluid displayed a plastic viscosity of 7 cP. The 

viscosity remained constant at 7cP with (0.25 and 0.5g) of 

SiO2 NPs but increased to a maximum of 8cP at (0.75 

and1g). Additionally, Al2O3 NPs increased PV more than 
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SiO2 NPs when added to the base fluid. The viscosity 

gradually increased to 9 𝑐𝑃 at 0.5 and 0.75g, respectively, 

but become 10cP at 1 g, coordinating with Maulani et al 

[28]. The results obtained from Al2O3 NPs were notably 

different from those of SiO2 NPs. The plastic viscosity of 

the nano-based formulations was discovered to be slightly 

higher for Al2O3 NPs based mud formulations and to 

remain between 7 and 8 cP for SiO2 NPs based 

formulations, which agrees with available literature 

Abbood & Al-Anssari [29, 30].  

 

 
Fig. 6. NPs concentration affected by Plastic Viscosity 

(cp) 

 

3.2.2. Yield point 

 

   In the Bingham plastic model, Yield Point (YP), the 

initial resistance to flow induced by electrochemical 

forces between particles, is a crucial parameter influenced 

by the volume fraction of solids and the surface properties 

of the particles. A mud's capacity to lift cuttings out of the 

annulus under dynamic conditions is assessed using its 

yield point [31]. During testing, the xanthan-WBM's YP 

was measured at 4 lb/100ft2. Fig. 7, illustrates how NPs 

can affect the (YP) of xanthan-WBMs. Firstly, the yield 

point of base mud was measured at 15 lb./100 ft², 

subsequently growing to a peak of 48 lb./100 ft2 after 

incorporating 1 g of Al₂O₃ NPs that are listed in Ahmed 

Hullio et al  [32]. The yield point for SiO2NPs was 

observed at 26 lb./100 ft² with a load of 0.3 g, rising to a 

highest of 58 lb./100 ft² at 1 g.  

 

 
Fig. 7. NPs concentration affects the yield point 

 

3.2.3. Gel strength 

 

   A crucial mud feature is gel strength, which shows how 

well the drilling fluid can suspend drill cuttings and 

weighing elements after circulation is stopped [33]. The 

impact of NPs on gel strength is illustrated in Fig. 8 and 

Fig. 9 at 10 seconds and 10 minutes, respectively. The gel 

strength of base mud was measured at 10 seconds and 10 

minutes, yielding values of 3.5 lb/100 ft² and 8 lb/100 ft², 

respectively. The gel strength of Bentonite-WBM 

increased with the addition of Al2O3 NPs, ranging from 

0.25 to 1 g, as listed in Deng et al [34]. The gel strength 

of Bentonite-WBM at 10 seconds and 10 minutes was 

measured at 28 and 32 lb/100 ft², respectively, with a 

concentration of 1 g Al2O3 NPs. Following 10 seconds 

and 10 minutes of exposure to SiO2 NPs, the gel strengths 

elevated to 34 and 38 lb/100 ft², respectively, which 

indicated Doukeh et al [35]. A greater initial torque may 

be necessary to accommodate the fluid's pronounced 

gelling properties. A robust gel is necessary to prevent 

numerous challenging drilling scenarios finally, at 1 g 

concentration, SiO2NPs gel better than Al2O3 NPs. 

 

 
Fig. 8. NPs concentration effects on gel strength over a 

10-sec 

 

 
Fig. 9. NPs concentration effects on gel strength over a 

10-minute period.   

 

3.3. Influence of nanoparticles on fluid filtration 

 

   In this test, it is possible to determine how much fluid 

has been lost and how thick the mud cake has become. 

High filter loss is undesirable because it can cause 

damage and instability during the forming process [36]. 

Fig. 10 and Fig. 11 demonstrate the filtration efficiency of 

the Bentonite-WBM under (a) ambient conditions (LTLP) 

and (b) subsurface harsh (HTHP) conditions. The 

outcomes show that the base mud displayed filtrate 

volumes of 12.4 mL at LTLP and 21mL at HPHT. The 

addition of 0.25 g of silica NPs reduced the filtrate 

volumes to 10.2 ml at LTLP and 13.6 ml at HPHT. In 

contrast, the combination of base mud and silica NPs 

showed improved performance more than alumina NPs. A 

gradual decrease was observed at 0.5 g, ultimately 

resulting in filtrate volumes of 8ml and 9.8 ml at 1 g. In 
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both LTLP and HTHP conditions reported in Wang et al  

[37]. Adding 0.25 g of alumina NPs reduced the filtrate 

volumes by 10.4 ml and 14.6 ml, while using 0.5 g of 

alumina NPs with the base mud directed to greater 

decreases to 9.2 ml and 11.2 ml. The influences of LTLP 

and HTHP are examined in relation to the base fluid. SiO2 

NPs performed better than Al2O3 NPs, but both kinds 

facilitated the reduction of the liquid that passed through. 

The hydration of mud minerals by Al2O3 and SiO2 NPs 

occurs because these NPs limit the quantity of water that 

may enter the gaps among clay particles, thereby 

effectively preventing shale issues [38]. 

 

 
Fig. 10. NPs concentration affects the filtrate (ml) 

 

 
Fig. 11. NPs concentration affects the filtrate (ml) 

 

3.4. Swelling behavior and nanoparticle effects 

 

   By decreasing syneresis and improving their swelling 

behavior, higher concentrations of silica and alumina NPs 

enhanced the bentonite WBM during the swelling 

evaluation of the base mud and NPs. Consequently, the 

best silica-based WBM was identified as silica NPs. On 

the other hand, an increase in alumina NPs concentration 

during the swelling evaluation of the bentonite WBM and 

alumina NPs resulted in syneresis in addition to reducing 

the swelling of the polymer gel. Fig. 12, using four 

different drilling fluids, shows the expansion meter results 

for sodium bentonite shale, including fresh water, Al2O3 

and SiO2 NPs, Xanthan-WBM. After 18 hours of 

exposure to fresh water, the xanthan-WBM grew by 

7.32%, as agrees with Miao et al [39] .The addition of 

SiO2 nanoparticles reduced shale swelling in water-based 

drilling fluid to below 4%. The incorporation of Al2O3 

nanoparticles reduces swelling to 4.90% by effectively 

occluding nanopores in clay, hence inhibiting shale 

expansion. Due to stability concerns, Bentonite-WBM 

fails to sufficiently diminish swelling; however, this can 

be alleviated by incorporating Bentonite-WBM with the 

nanoparticles. The synergetic effects of nanoparticles 

indicate that the bentonite in the nanoparticle system 

absorbed less water, leading to less clay swelling and 

enhanced shale strength [40]. 

 

 
Fig. 12. Exposed to fresh water and drilling fluids, 

sodium bentonite's swelling percentage 

 

3.5. Lubricity and nanoparticle concentration 

 

   Drag and torque are both affected by the coefficient of 

friction (CoF). Precise correlations between field and lab 

data are essential for CoF. Low CoF is necessary for the 

design of well paths and drill strings, as well as for the 

creation of mud systems that can reduce drag and torque. 

This shows that the fluid is lubricating well Komekbay et 

al [41] .This study found that a small amount of 

nanoparticles in the drilling fluid slightly decreased CoF, 

Fig. 13. SiO2 NPs typically have a greater surface area 

than Al2O3 NPs. SiO2 and Al2O3 NPs were added to 

xanthan-WBM at 0.75g each, reducing torque to 35% and 

37%, respectively. However, 1g of Al2O3 NPs produced 

the highest torque of 40%. Because it crushes more 

readily when rotating, xanthan-WBM has higher CoF 

values than Bentonite-WBM with SiO2 NPs and Al2O3 

NPs, as presented in Fan et al [42]. 

 

                                                

Fig. 13. NPs concentration effects on the coefficient of 

friction (CoF) 

 

4- Conclusion 

 

   Feasible enhancement of drilling mud properties can be 

achieved via adding sustainably synthesized nanoparticles 

from zero-cost raw materials. Characterization analyses 

(XRD, FTIR, AFM, FESEM) confirmed the successful 

synthesis of SiO2 and Al2O3 nanoparticles with particle 
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sizes of 30–80 nm and acceptable purity, and verified the 

crystalline structure and distinctive functional groups for 

each type. The incorporation of nanoparticles 

significantly improved the rheological properties of the 

drilling fluids. Increases in plastic viscosity, yield point, 

and gel strength were observed with increasing 

nanoparticle concentration, attributed to the high surface 

area of nanoparticles and the development of a structured 

network within the fluid that enhances cohesion and 

stability. A marked reduction in the coefficient of friction 

was achieved, particularly at 0.75 g addition, where the 

lowest values were recorded (0.35 for SiO2 and 0.37 for 

Al2O3). This reduction can lower torque and drag during 

drilling operations, thereby improving drilling efficiency. 

Filtration properties were substantially enhanced under 

both LPLT and HPHT conditions. The HPHT filtrate 

volume decreased from 21 mL (reference) to 14.6 mL for 

SiO2 and 16.4 mL for Al2O3 at 1 g concentration. This 

improvement is attributed to the nanoparticles’ ability to 

plug pores and form a thin, low-permeability filter cake 

that minimizes fluid invasion into formations. The 

nanoparticles effectively reduced the swelling percentage 

compared to water alone. 
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 خصائص فائقة لطين الحفر بفعل الاستخدام المستدام للجسيمات النانوية

 
 2، 1سرمد الانصاري ، 3زين العابدين اراين ، ، *2، 1 حسن علي عبود

 
 ية، كلية الهندسة، جامعة بغداد، العراقو قسم الهندسة الكيميا 1

 قسم هندسة النفط، كلية الهندسة، جامعة الناجي، العراق 2
 كلية غرب استراليا للمناجم والمعادن والطاقة والهندسة، جامعة كيرتن، ولاية غرب استراليا، استراليا 3

 
  الخلاصة

 
تُظهر هذه الدراسة نهجاً مستداماً يعتمد على مبدأ "تحويل النفايات إلى ثروة"، حيث تم تخليق جسيمات    

—نانومتر من مواد نفايات محلية 80و 30( النانوية بحجم يتراوح بين 3O2Al( والألومينا )2SiO( االسيليك
تقييم أدائها كمضافات صديقة للبيئة في سوائل الحفر ذات الألومنيوم يت ونفايات الأسلاك اتحديداً طين البنتون

غرام. وعند اختبارها تحت ظروف جوفية قاسية،  1و 0مل( بتركيزات تراوحت بين  350الأساس المائي )بحجم 
أدت هذه الجسيمات النانوية المدمجة إلى تحسين الخواص الريولوجية، والقدرة على التزييت، والتحكم في ترشيح 

، وتثبيط الانتفاخ بشكل ملحوظ، حيث تضاعف الأداء مع زيادة تركيز الجسيمات النانوية. وبشكل السوائل
 42إلى  9( للسائل من خط الأساس Yield Pointغرام، ارتفعت نقطة الخضوع ) 1خاص، عند تركيز 

لحرارة للألومينا، في حين انخفض حجم السائل الراشح تحت ظروف الضغط العالي ودرجة ا 32للسيليكا و
مل للألومينا نتيجة تشكّل كعكة ترشيح منخفضة  16.4مل للسيليكا و 14.6مل إلى  21( من HPHTالعالية )

للسيليكا  0.35إلى  0.45غرام في خفض معامل الاحتكاك من  0.75النفاذية. علاوة على ذلك، ساهم تركيز 
انو السيليكا تثبيطاً فائقاً عند التركيزات للألومينا، مع الحد بفعالية من انتفاخ الطين )حيث أظهرت ن 0.37و

الأقل(، مما يثبت في النهاية أن هذه الجسيمات النانوية المستخلصة من النفايات توفر بديلًا عالي الكفاءة، 
 .واقتصادياً، وصديقاً للبيئة للمضافات التجارية المستخدمة في طين الحفر

 
 .الألومينا، الجسيمات النانوية، طين الحفر التخليق المستدام، السيليكا، الكلمات الدالة:

 

 

 

 

 


