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ABSTRACT 

In this work, a drilling fluid recipe has been developed by using nanoparticles, to increase the efficiency of drilling op- 
erations for maximum accessibility to new & matured oil reserves and suited to various drilling conditions. The solution 
to severe drilling problems like pipe sticking, lost circulation, formation damage, erosion of borehole, thermal instabil- 
ity of drilling fluids and insufficient gel properties of the drilling fluids, lies in controlling and optimizing the rheology 
of the drilling fluid. The inefficiency of the drilling fluid in performing certain functions is mainly due to a lack in a par- 
ticular rheological property. The performance of the clay composites water-based bentonite drilling mud in terms of its 
rheological behavior in drilling systems was investigated at various pressures and temperatures. It was found that tem- 
perature had a detrimental effect on the rheological properties. The behavior was investigated using synthesized nano 
bentonite water based drilling fluid. The fluid retained all the desired rheological properties at elevated temperatures 
and pressures, thus enhanced the possibility of its application in deep wells, where elevated temperatures and pressures 
were quite common. 
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1. Introduction 

Drilling deeper, longer and more challenging wells has 
been made possible by improvements in drilling tech- 
nologies, including more efficient and effective drilling 
fluids. Drilling fluids, also referred to as drilling mud, are 
added to the wellbore to facilitate the drilling process by 
suspending cuttings, controlling pressure, stabilizing ex- 
posed rock, providing buoyancy, and cooling and lubri- 
cating. 

As early as the third century BC, the Chinese were us- 
ing drilling fluids, in the form of water, to help permeate 
the ground when drilling for hydrocarbons. The term 
“mud” was coined when at Spindle top in the US. Drill- 
ers ran a herd of cattle through a watered-down field and 
used the resulting mud to lubricate the drill.  

While the technology and chemistry of drilling fluids 
have become much more complex, the concept has re- 
mained the same. Drilling fluids are essential to drilling 
success, both maximizing recovery and minimizing the 
amount of time it takes to achieve first oil. 

The cost of the fluid system often represents one of the 
single greatest capital outlays in drilling an oil well. To 
minimize the cost of fluids and to ensure an efficient 
drilling program, the fluid properties must be maintained 
continuously during the drilling operation. In addition, 
the high temperature & high pressure conditions faced in 
ultra-deep oil & gas drilling environments pose major 
challenges for the fluids used in drilling operations. The 
degradation of drilling fluids in these environments re- 
duces drilling efficiency by slowing the rates of penetra- 
tion & creates severe problems that leads to leaving be- 
hind most of the oil unrecovered. 

The rotational viscometer has been designed which 
permits the measurement of the rheological properties of 
drilling muds and other non-Newtonian fluids under 
conditions equivalent to those in a deep borehole (350˚F, 
10,000 psi). The important mechanical features of this 
instrument are described, and its design criteria are dis- 
cussed [1]. The flow equations for the novel configura- 
tion of the viscometer are derived and the calibration 
procedures are described. The date and their interpreta- 
tion, resulting from measurement of the flow properties  *Corresponding author. 
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and static gel strengths of homoionic montmorillonite 
suspensions at high temperatures and pressures, are pre- 
sented. Data are also presented for the flow behavior of 
typical drilling fluids at high temperatures and pressures. 
The pressure losses in the drill pipe and the annulus de- 
pend critically upon the flow parameters of the drilling 
fluid. Their work demonstrates the need to measure these 
parameters under bottom-hole conditions in order to ob- 
tain a reliable estimate of the pressure losses in the mud 
system. Nanoparticles, a unique subset of the broad field 
of nanotechnology, include any type of particle with at 
least one dimension of less than 500 nanometers [2]. 
Nanoparticles play an important role in a wide variety of 
fields including advanced materials, pharmaceuticals, 
and environmental detection and monitoring. 

The atomic force microscope (AFM) is ideally suited 
for characterizing nanoparticles. It offers the capability 
of 3D visualization and both qualitative and quantitative 
information on many physical properties including size, 
morphology, surface texture and roughness. Statistical 
information, including size, surface area, and volume 
distributions, can be determined as well. A wide range of 
particle sizes can be characterized in the same scan, from 
1 nanometer to 8 micrometers. In addition, the AFM can 
characterize nanoparticles in multiple mediums including 
ambient air, controlled environments, and even liquid 
dispersions. 

Bentonite is employed by industry to perform a multi- 
tude of jobs [3]. Certain industrial applications become 
apparent from an understanding of the composition and 
structure of bentonite, and the properties they create. 
These properties are utilized chiefly when the material is 
suspended in a liquid, usually water; or as a dried powder 
or granule. Most industrial applications involve the 
swelling property of bentonite to form viscous water 
suspensions. Depending upon the relative proportions of 
clay and water, these mixtures are used as bonding, plas- 
ticizing, and suspending agents. Bentonites disperse into 
colloidal particles and, accordingly, provide large surface 
areas per unit weight of clay. This large surface area is a 
major reason why bentonite functions so well in stabiliz- 
ing emulsions, or as a medium to carry other chemicals. 
Bentonites react chemically with many organic materials 
to form compounds which are used chiefly as gelling 
agents in a variety of organic liquids. Bentonites are se- 
lected for each industrial need on the basis of type and 
quality. This selection is based principally on physical 
properties, and chemistry of the bentonite becomes in- 
volved only to the extent that it influences the physical 
properties. 

Drilling fluids are used in drilling operations to cool 
and lubricate the drill bit, remove rock debris and drill 
cuttings from the site and to counteract down hole for- 
mation pressures. Research is being conducted to de- 
velop nanoparticle-amended drilling fluids with en- 

hanced functionalities. Such enhancements include im-
proved rheological, thermal, mechanical, magnetic and 
optical profiles. These drilling fluids will have close to 
real time responsiveness (for example viscosity) to 
changing conditions down hole. Researchers at the Na- 
tional Energy Technology laboratory are designing an 
environmentally-friendly nanofluid for oil and gas ex- 
ploration and drilling that can withstand the high tem- 
peratures and pressures in deep and horizontal drilling 
operations. To tackle the challenge of controlling the 
rheological profile of drilling muds in situ in response to 
changing environmental conditions down hole, super 
paramagnetic iron oxide nanoparticles are being added to 
create drilling fluids with viscosities that can be rapidly 
altered in situ by applying a magnetic field. Similarly, the 
addition of carbon nanoparticles is effective at control- 
ling the viscosity of drilling muds. The addition of nano- 
particles to drilling muds can also be used to remove the 
highly toxic and corrosive Hydrogen sulphide gas that 
diffuses into drilling fluids during drilling operations. 

Researchers [4] have found that the addition of nano- 
scale Zinc oxide to drilling muds removes 100% of hy- 
drogen sulphide from water-based drilling muds within 
15 minutes, whereas bulk Zinc oxide removes only 2.5% 
after 90 minutes of treatment. 

Enhanced retention or solubilization of a contaminant 
may be helpful in a remediation setting. Nanomaterials 
may be useful in decreasing sequestration of hydrophobic 
contaminants, such as Polycyclic aromatic hydrocarbons 
(PAHs), bound to soils and sediments [4]. The release of 
these contaminants from sediments and soils could make 
them more accessible to in situ biodegradation. For ex- 
ample, nanomaterials made from Poly(ethylene) Glycol 
modified Urethane Acrylate have been used to enhance 
the bioavailability of Phenanthrene. 

Metal remediation has also been proposed, using zero- 
valent iron and other classes of nanomaterial. Nanoparti- 
cles such as polyamidoamine dendrimers can serve as 
chelating agents, and can be further enhanced for ul- 
trafiltration of a variety of metal ions (Cu(II), Ag(I), 
Fe(III), etc.) by attaching functional groups such as pri- 
mary Amines, carboxylates, and hydroxymates [5]. Other 
research indicates that arsenite and arsenate may be pre- 
cipitated in the subsurface using zero-valent iron, making 
arsenic less mobile [5]. Self-assembled monolayers on 
mesoporous supports (SAMMS) are nanoporous ceramic 
materials that have been developed to remove Mercury 
or radionuclides from wastewater [5]. 

Nanomaterials have also been studied [8,9] for their 
ability to remove metal contaminants from air. Silica- 
titania nanocomposites can be used for elemental mer- 
cury removal from vapors such as those coming from 
combustion sources, with silica serving to enhance ad- 
sorption and Titania to photocatalytically oxidize ele- 
mental mercury to the less volatile mercuric oxide [7]. 
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Other authors have demonstrated nanostructured silica 
can adsorb other metals generated in combustion envi- 
ronments, such as lead and cadmium [8,9]. Certain nano- 
structured sorbent processes can be used to prevent emis- 
sion of nanoparticles and create byproducts that are use- 
ful nanomaterials. 

There are additional emerging innovative approaches 
[6] to energy management that could potentially reduce 
energy consumption. For example, nanomaterials ar- 
ranged in superlattices could allow the generation of 
electricity from waste heat in consumer appliances, auto- 
mobiles, and industrial processes. These thermoelectric 
materials could, for example, further extend the efficien- 
cies of hybrid cars and power generation technologies. 

2. Experimental 

2.1. Synthesis of Nanoparticles and Normal 
Drilling Mud 

There are several methods for creating nanoparticles, 
including both attrition and pyrolysis. The synthesis and 
application of nanoparticles is one of the most interesting 
filed of research from basic and applied point of views. 
The use of water-in-oil micro emulsions for the synthesis 
of nanoparticles is one of the most promising methods. 
For this work, nanoparticles for use as nanomud was 
prepared by mixing Nanographite and Nanosilicon wires. 
The composition of the nanomud was Bentonite (69%), 
Barite(19%), Starch (9%) and nano (3%).The normal 
mud was prepared by mixing Bentonite, Barite and starch 
in the proportions 70%, 20% and 10% by weight. 

2.2. Characterisation of the Nanoparticles 

The specification of the Nanographite used is given be- 
low: 
 Graphite (synthetic) powder 
 Purity: 99.9% 
 APS (Particle size): 40 nm 
 SSA( surface area/mass): > 60 m2/g 
 Morphology: spherical 
 Bulk density: ~0.26 g/cm3 
 True density: 2.26 g/cm3 

Figures 1 and 2 show transmission electron micros- 
copy imaging (Hitachi) and the x ray diffraction pattern 
of the nanographite. 

Figure 3 shows the surface morphology of the Silicon 
nanowires used. The morphology showed long solid wires 
with a high surface area to volume ratio. 

2.3. Determination of Mud Density 

The Baroid Mud Balance as shown below in (Figure 4) 
is used to determine density of the drilling fluid. The 
instrument consists of a constant volume cup with a lever 

arm and rider calibrated to read directly the density of the 
fluid.  

 

 

Figure 1. TEM imaging of nanographite. 
 

 

Figure 2. X ray diffraction pattern of the nanographite. 
 

 

Figure 3. Scanning electron microscope (SEM) images of 
Silicon nanowires under 1200˚C. 
 

 

Figure 4. Mud balance. 
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Before testing d samples, mud 
ba

2.4. Determination of Viscosity 

eology refers to the 

2.5. Measurement of Mud Filtrate Loss 

g from the 

e may stick to the wall of the hole due to 
th

ich is the compacted solid or semi- 
so

2.6. Friction Measurement 

ion between layers within 

densities of drilling flui
lance must first be calibrated by using water as the 

sample. The density of water is 1 gm/cc. After measure- 
ing density of mud sample and mud synthesized from 
nanoparticles, the true density is calculated. 

The viscosity of a fluid is defined Rh
deformation and flow behavior of all forms of matter. 
Certain rheologic measurements made on fluids, such as 
viscosity, gel strength, etc. help determine how this fluid 
will flow under a variety of different conditions. This 
information is important in the design of circulating sys- 
tems required to accomplish certain desired objectives in 
drilling operations as its resistance to flow. The desired 
viscosity for a particular drilling operation is influenced 
by several factors, including mud density, hole size, 
pumping rate, drilling rate, pressure system and require- 
ments, and hold problems. The indicated viscosity as 
obtained by instrument (Figure 5) is valid only for that 
rate of shear and will differ to some degree when meas- 
ured at a different rate of shear. 

Fluid loss is the measurement of filtrate passin
drilling fluid into a porous permeable formation. Low 
fluid loss is a characteristic of good drilling fluids and 
the key to borehole integrity. The goal of a good drilling 
fluid is to create a thin filter cake on the sides of the 
borehole. This prevents the excessive loss of fluids into 
the formation. 

The drill pip
e formation of filter cake or a layer of wet mud solids 

on the wall of the hole in the formation. The filtrate loss 
at different pressures is measured using the instrument 
shown in Figure 6. 

The mud cake wh
lid material remaining on a filter after pressure filtra- 

tion of mud with standard filter press is shown in Figure 
7. 

Fluid friction describes the frict
 

 

Figure 5. Viscosity measuring instrument. 

a viscou r. 
er, 

th

e density of the nano 
m

s fluid that are moving relative to each othe
When surfaces in contact move relative to each oth
e friction between the two surfaces converts kinetic 

energy into heat. This property can have dramatic con- 
sequences, as illustrated by the use of friction created by 
rubbing pieces of wood together to start a fire. Kinetic 
energy is converted to heat whenever motion with fric- 
tion occurs, for example when a viscous fluid is stirred. 
Another important consequence of many types of friction 
can be wear, which may lead to performance degradation 
and/or damage to components. The instrument for meas- 
uring the friction of the nanomud is shown in Figure 8. 
The friction is measured in terms of the inclination angle 
that is related to the roughness. 

3. Results and Discussion 

3.1. Density Measurement 

Using water as the reference, th
ud was found to be 2.2 g/cm3, while that of the normal 

fluid mud was found to be 1.4 g/cm3. 
 

 

Figure 6. Measurement of mud fluid loss. 
 

 

Figure 7. Mud cake. 
 

 

Figure 8. Measurement of viscosity. 
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3.2. Mud 

ure 9) shows the effect of tem- 
 the viscosity. The viscosity of the 

n the mud measured in terms 
own in Figure 10. It can be 

Friction 

of mud cake roughness be- 
mud constituted of nano particles. 

Viscosity increase because of the increase in pressure with time 
will lead to m re fluid loss and thus increase rough ess. 

By co g between the normal mud and the nano 

 
of

 that drilling mud 
 nanoparticles has better maintenance 
operties at higher pressure and tem- 

[1] K. H. Hiller, “Rheological Measurements on Clay Sus- 
pensions and  Temperatures and 
Pressures,” Pe l. 15, No. 7, 1963, 

  

erals, 1963.  

ntal Science & Technology, Vol. 39, 

o
mparin

n
The graph below (Fig
perature and speed on

mud, the normal mud has more roughness than the other 
mud because, the nano mud is less effected by increase

nanomud is higher than the normal drilling mud at a par- 
ticular temperature. As the temperature and speed in- 
creases, the viscosity of the muds decreases. 

3.3. Mud Filtrate Loss 

 pressure in terms of fluid loss. 

4. Conclusion 

From this work, it can be inferredThe effect of the pressure o
of the fluid loss has been sh modified by adding

of the rheological prinferred that the normal drilling mud will loose its fluid- 
ity with increase in pressure. This loss is less for the 
nanomud. 

3.4. Mud 

perature. This experimental work shows that nano tech- 
nology can be used for enhancing the properties of drill- 
ing fluids. Future work can be done in the area of meas- 
urement of more properties to make a better comparative 
study. The cost feasibility can also be worked out as syn- 
thesizing nanoparticles which are quite costly. 
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