
© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2302202 International Journal of Novel Research and Development (www.ijnrd.org)  
 

c4 

 

Feasibility Analysis of Nano-based Drilling Fluid 
 

1RISHABH RAJ, 2DEVESH THAKUR, 3RISHABH RATHORE 
1Safety Engineer, 2HSSE Officer, 3MTech in HSE 

1Health, Safety & Environment,  
1ASK-EHS Engineering & Consultants Pvt. Ltd., Surat, India 

 

Abstract:  Drilling fluid is a colloidal solution which is a mixture of different fluids and additives, and it is used during the drilling 

process of subterranean wells. Drilling fluid performs many functions such as counterbalancing the formation pressure, carrying out the 

drill cuttings, lubricating the drill bit, and many more. For cost-effective and efficient drilling operation, the drilling fluid (also called 

drilling mud) play a very vital role. Nanoparticles are particles having sizes between 1 and 100 nm. Nanoparticles can be classified as 

metal nanoparticles, non-metal ceramic nanoparticles, and semiconductor nanoparticles, and a well-known type is carbon nanoparticles. 

In the oil and gas industry, Nanoparticles have been used in enhanced oil recovery and drilling fluids to intensify their various properties. 

Due to the smaller size of nanoparticles, it forms a thin, dense, and impermeable filter cake around the wellbore. It was first employed 

to improve the rheology, electrical and thermal conductivities of the resultant drilling fluid. 

In this study feasibility analysis of nano-based drilling fluid. Magnesium nanoparticle and copper nanoparticles based nano drilling fluid 

was characterized and then various properties of this fluid were measured. The comparative study of various parameters like Apparent 

Viscosity, plastic Viscosity, and yield point was performed. 
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INTRODUCTION 

Drilling Fluid which is also known as Mud plays an important role from the start of the drilling operation till the completion process. 

They are having three primary functions: first transport the formation cuttings from the wellbore bottom to the surface through the 

annulus, second cooling down the drill bit and provide lubrication to the drill bit and drilling assembly, as they get heated up while 

rotating third, they maintain the wellbore stability by exerting enough hydrostatic pressure to balance the formation pressure. To maintain 

all these functions a drilling fluid should have enough viscosity so that it can transport the formation cuttings and be able to suspend the 

weighing agents most importantly the barite otherwise the formation cutting, and the weighing agents will remain settled down at the 

bottom of the well [1][2].  

However, owing to repeated mud circulations undesirably increased viscosity may arise, resulting in problems of sticking them in the 

drill string and a rise in circulating pressure, which may cause the loss in circulation problem.[3]. Poor lubrication also causes damage 

to the drilling instruments, which is another typical concern in the drilling process. As a result, high torque and drag problems, and 

differential sticking may occur. As a result, depending on the type of activities, the drilling fluid design must be able to meet severe 

functional requirements, economic viability & environmental safety [4]. Water-based drilling fluids (WBDF) and oil-based drilling 

fluids (OBDF) are the two types of drilling fluids that have been used in on-shore and offshore drilling operations for many years.  

Water-based drilling fluids (WBDF) are the first type of drilling fluids that have been used in on-shore and offshore drilling operations 

for many years. Water-based mud is preferred because it is less expensive, although it has limitations in swollen shale strata [5][6]. In 

general, more than 80% of the industry uses water-based mud. The design of water-based mud depends on the chemical added to achieve 

particular functions. The composition depends on the ionic content, viscosity builders, filtration agents, deflocculants, and dispersant 

pH of added chemicals in the water phase. This design is a careful selection of soluble and insoluble substances added to water. This 

includes salts, surfactants, and alkalis as soluble substances. There are also insoluble substances in the mud like clays, cuttings, barite, 

etc. 

Recent advancements have shown the development of a wide variety of Synthetic Based Mud (SBM). It may also increase drilling 

efficiency while avoiding contamination of subsurface structures.[7][8] SBM is also preferred as the ideal mud for a harsher environment 

where OBM & WBM is having limitations and irrespective of the fact that drilling fluid businesses offer several different types of 

drilling fluids. SBM is a kind of OBM that employs a higher-quality base fluid, resulting in fewer environmental hazards [9]. They are 

non-water-soluble organic chemicals that are used as the base fluid in SBM. They do not consist of petroleum-origin products, either in 

base oil and not even in additives. As a result, SBDFs are eco-friendly, biodegradable, and toxic-free[9].   

Base oils utilized in SBDF do not contain aromatics and can have a wide range of chemical structures, including esters, linear-alpha-

olefins (LAO), poly-alpha-olefins (PAO), ethers, n-alkanes, and acetal derivatives.[10]   
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A study on biodegradation by Candler et al. (1999) revealed that the drilling fluid base chemicals’ aerobic and anaerobic biodegradability 

was as follows: Ester>LAO>IO>PAO>mineral oil [11]. As stated, when it comes to SBDF, the first sort of base oil that's employed is 

an ester. EBDF is preferred to choose due to its numerous advantages, including a higher rate of penetration (ROP), High-Temperature 

Tolerance, Corrosion control, improved wellbore stability, particularly in shale formations, can be stored & Reuse, minimized formation 

damage, higher lubricity, and lower torque/drag for drill string rotation [1][12], [7, 8, 11], [13–19]. EBDF has been reported to be less 

harmful. EBDF is having the capability to degrade itself, which is quicker than diesel or mineral oils and they maintain the same 

performance as OBDF [20].  

 

As we know, drilling techniques are necessary for the production of gas and oil from rigs. A vital component of the drilling process is 

the drilling fluid. In the drilling industry, drilling fluid is essential [21].  

Failure of the drilling fluid can cause problems throughout the drilling and finishing processes, particularly in high-pressure, high-

temperature (HPHT) circumstances [22]. The ability of drilling fluids to transfer the temperature from the bit is typically quite low [21]. 

The rheological properties, such as apparent viscosity (AV), plastic viscosity (PV), and yield point (YP), in the water-based drilling 

fluid, can be increased by introducing nanoparticles [23]. The typical additives have numerous drawbacks, including high cost, 

convoluted synthesis processes, and unfavorable rheological characteristics [23]. 

 

In this paper we have tried to formulate an efficient drilling fluid by adding a Nanocomposite and to determine the viability and 

implications of environmentally friendly practices, the fluid characteristics were studied. The main discussion in this work is focussed 

on the examination of drilling fluid that has been altered by nanoparticles [24].  

 

The use of nanomaterials in drilling fluid has two primary objectives. The first is to improve the drilling fluid's thermal and physical-

mechanical properties [24]. This is predicated on fluid or mud loss, a crucial problem during drilling operations[25]. The use of nano-

particles in drilling fluid offers a chance to control fluid loss after efforts to reduce fluid loss failed to produce the desired results [25]. 

 

1.1 Nanoparticles  

In this paper, the precursors used are, Copper Sulphate Pentahydrate (CuSO4.5H2O) and Magnesium Nitrate (Mg(NO3)2) for their 

respective nanoparticles. The nanoparticle includes particles having a size between 1 and 100 nm, these particles have different 

properties at their atomic level due to their size. This change in the properties of nanoparticles is beneficial in many fields. Nanoparticles 

can be classified as metal nanoparticles, non-metal ceramic nanoparticles, and semiconductor nanoparticles, and a well-known type is 

carbon nanoparticles [26]. Nanoparticles have a wide range of applications in various scientific fields. In the oil and gas industry, it is 

used in enhanced oil recovery and drilling fluids to enhance its various properties. Nanofluids are defined as fluids in which at least one 

additive with the size range of 1-100 nm is present. Common additives of drilling fluid such as bentonite and barite have a size range 

between 100 nm to more than 100 microns  

 

 

1.2 Characterization of Nanoparticles: 

UV-Vis spectroscopy: The nanoparticles of various metal ranges in size between 2 and 100 nm are characterized by using UV–Vis. A 

wavelength of 300 to 800 nm is generally used. The formation and stability of nanoparticles in an aqueous solution are determined by using 

this technique.[27] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2302202 International Journal of Novel Research and Development (www.ijnrd.org)  
 

c6 

 

 

 

2. EXPERIMENTAL SECTION: 

 
Figure 1.1: Flow chart representing the plan of work. 

2.1. Methodology 

This section discusses in detail the different materials, instruments, procedures, and techniques that were implemented during the paper. 

2.2. Materials 

A Mettler Toledo PB303-S weighing machine with an accuracy of up to 0.02 g was used to accurately weigh all the materials. Distilled water 

was prepared using Ultra Quartz Double Distiller, and vegetable peel and fruit peels were sourced from local shops. The materials used for 

the preparation of the drilling fluid and the nanoparticles are mentioned below in Table 2.1 

 

Table 2.1: Materials used for the preparation of the drilling fluid and the nanoparticles 
 

 

 

 

 

 

 

2.3 Equipment Used 

 Hamilton Beach Mixer[28] HMD200 was used for the mixing and preparation of drilling fluids so as to achieve a homogenous 

mixture.  

 Labtronics pH Meter [29] model LT-50 is an instrument used to determine the pH of a drilling fluid.  

 OFITE LPLT Filter Press [30] with Dead Weight Hydraulic Assembly model 140-31 was used in this paper. It consists of a 

cell body to hold the mud sample, a pressure inlet, and a base cap with screen and filter paper. 

 Grace M 3600 Viscometer [31] was used in this project, it is a true Couette, coaxial, cylinder, rotational viscometer and is 

used to determine various rheological properties of drilling fluid properties such as apparent viscosity, plastic viscosity, yield 

point, and gel strength. 

 

 

 μa = Ѳ600/2 

 μp = Ѳ600-Ѳ300 

 τy = Ѳ300-μp 

Material Supplier 

Bentonite Powder Pallav 

Carboxy Methyl Cellulose-HV Pallav 

Copper Sulphate Pentahydrate A&B Associates 

Magnesium Nitrate A&B Associates 
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 OFITE Mud Balance [32] was used to determine the density or weight of the drilling fluid. It consists of a graduated arm with 

a volume cup on one end of the beam and a counterweight on the opposite end.  

 FANN Marsh Funnel [33] was used to determine the marsh funnel viscosity of the drilling fluid.  

 

3. WORK DONE 

3.1 Formulation of Base Mud 

     Water Based Mud (WBM) samples were prepared by adding varying concentrations of Bentonite (1%, 2%, 3%,4%, and 5%) in 1000 

mL of distilled water. Furthermore, the varying concentration of CMC (0.10%, 0.15%,0.20%, and 0.25%) was added to each native mud 

sample. A standard weighing machine is used to accurately weigh the amount of Bentonite and CMC, and a Hamilton beach mixer is used 

to formulate and mix the water-based mud homogeneously. 

 

Each mud sample containing varying concentrations of Bentonite and CMC was then tested for its rheological and filtration properties after 

which an optimum mud containing 2% bentonite and 0.2% CMC in 1000 mL of distilled water with optimum properties was selected so as 

to carry further studies on the effect of nanoparticles on the water-based drilling fluid. This selection was done based on achieving optimum 

properties by using the least number of materials. 

 

3.2. Characterization of Nanoparticles 

The nanoparticles are characterized using Ultraviolet-visible spectrophotometry. Ultraviolet-visible (UV-Vis) spectrophotometry is 

a technique used to measure light absorbance across the ultraviolet and visible ranges of the electromagnetic spectrum. When incident 

light strikes matter it can either be absorbed, reflected, or transmitted. The absorbance of radiation in the UV-Vis range causes atomic 

excitation, which refers to the transition of molecules from a low-energy ground state to an excited state. Before an atom can change 

excitation states, it must absorb sufficient levels of radiation for electrons to move into higher molecular orbits. Shorter bandgaps 

typically correlate to the absorption of shorter wavelengths of light. The energy required for molecules to undergo these transitions, 

therefore, are electrochemically-specific. A UV-Vis spectrophotometer can use this principle to quantify the analyses in a sample based 

on its absorption characteristics[27] 

Ultraviolet-visible (UV-Vis) spectrophotometry is used as a preliminary test to determine the presence of nanoparticles. In this study, 

the peak of synthesized nanoparticles was observed in the range of 200 nm to 350 nm with respect to absorbance. 

 

3.3. Preparation of Nanoparticle Water-Based Drilling Fluid 

Nanoparticles water-based drilling fluid is prepared by adding the respectively prepared nanoparticle in varying concentrations (2%, 

4%,6%, and 8%) to the optimum base mud. The nanoparticle water-based drilling mud is then tested for rheological and filtration 

properties to determine the optimum concentration at which the optimum properties are achieved. 

 

 

Figure 3.1: Cu Nanoparticle (FPE) UV spectrophotometry Result 
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Figure 3.2: Mg Nanoparticle (FPE) UV Spectrophotometry Result 

 

 
 

 

 

 

4.3 Comparative analysis of Cu and Mg nanoparticle-based drilling fluid: 
 

 
Figure 4.3.1 Graphical Representation of variation of Apparent Viscosity with change in Cu & Mg nanoparticle concentration. 

 

 

 

 
 

 

 

Figure 4.3.2 Graphical Representation of variation of Plastic Viscosity with change in Cu & Mg nanoparticle concentration 
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Figure 4.3.3 Graphical Representation of variation of Yield Point with change in Cu & Mg nanoparticle concentration 

 

 

 

 
 

Figure 4.3.4 Graphical Representation of variation of filter loss with change in Cu & Mg nanoparticle concentration 

 

4. RESULTS & DISCUSSIONS: 

 

4.1 Analysis of Cu nanoparticles-based drilling fluid: 
 

NP concentration (%) 2% 4% 6% 8% 

Density (gm/cc) 1.01 1.01 1.01 1.01 

pH 5.53 5.2 4.57 4.34 

Marsh funnel viscosity (sec) 36.79 36.36 35.92 35.55 

Plastic viscosity (cP) 4.3 4 3.7 3.8 

Apparent viscosity(cP) 4.9 4.65 4.4 4.25 

Yield point (lb/100ft^2) 1.2 1.3 1.4 0.9 

Gel strength 10 secs (lb/100ft^2) 0.835 0.625 0.835 0.625 

Gel strength 10 mins (lb/100ft^2) 0.835 0.625 0.835 0.835 
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Mud thickness (1/32 inch) 1 1 1 1 

Filtrate loss (ml) 28 29 30 29 

 

4.2 Analysis of Mg nanoparticles-based drilling fluid: 

 

NP concentration (%) 2% 4% 6% 8% 

Density (gm/cc) 1.01 1.01 1.01 1.01 

pH 6.92 6.95 6.84 6.28 

Marsh funnel viscosity (sec) 37.245 36.025 35.99 35.27 

Plastic viscosity (cP) 4.1 4.7 4.3 3.7 

Apparent viscosity(cP) 5.4 6.05 5.5 4.8 

Yield point (lb/100ft^2) 2.6 2.7 2.4 2.2 

Gel strength 10 secs (lb/100ft^2) 0.627 1.253 0.835 1.044 

Gel strength 10 mins (lb/100ft^2) 1.671 1.671 1.253 1.044 

Mud thickness (1/32 inch) 1 1 1 1 

Filtrate loss (ml) 26 28 27 24 

 

5. FUTURE OF THE WORK: 

 

After finishing this study, we can analyze the wide applicability that can be developed in addition to the research already done to 

enhance the functionality of this NP-WBM. The techniques and ideas listed below can be used to enhance this paper. 

 HPHT conditions can be used to assess the effects of water-based drilling fluid nanoparticles. 

 The Nanoparticles can be used to formulate nanocomposites by using a surfactant. A nanocomposite drilling fluid can then 

be prepared and tested for its effect on filtration and rheological properties as well as on shale swelling and spalling. 

 
6. CONCLUSION: 

 

Depending on the parameters of the excellent bore, drilling fluid has a variety of different qualities. In this study, nanoparticles are 

created using an affordable. Utilizing UV-vis spectroscopy, the nanoparticles were evaluated. Copper and magnesium were created 

as two different types of nanoparticles. The effects of the produced nanoparticles on the rheological and filtration characteristics of 

drilling fluids were then studied. The following conclusions can be drawn from this paper: 

 

 Cu and Mg nanoparticles were used for enhancing the mud properties. 

 A preliminary indication that nanoparticles were successfully produced came from UV-vis spectroscopy. The wavelength 

of the absorbance peak was between 300 and 435 nm. 

 For Cu nanoparticles demonstrated improved rheological and filtration properties, whereas Mg showed fewer properties. 

 A thin layer of dense mud cake was able to be created by all of the nanoparticles. The drilling fluid's filtrate loss was 

decreased as a result of the creation of a thick mud cake 

 The rheological and filtration qualities of the Cu nanoparticle drilling fluid were evaluated. After comparing, it was 

discovered that 4% Cu had the highest yield point, apparent viscosity, and least amount of filtration loss. It is clear that Cu 

NPs significantly enhance the rheological and filtration capabilities. 

 The rheological and filtration qualities of the Mg nanoparticle drilling fluid were examined. After comparing nanoparticles, 

it was discovered that Mg NPs are good at controlling filtration characteristics. 

 Overall, adding nanoparticles to drilling fluids improved their rheological and filtration qualities. When drilling shale 

formations, a dense and compact mud cake is produced because of the nanoparticles' small size, which limits filtrate loss. 

By employing the NP in lower concentrations, it was successfully employed to lower filtrate loss, thereby lowering the 

cost of drilling.  
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