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Abstract

The increasing complexity of drilling deeper and high-pressure high-temperature (HPHT) wells necessitates
improved drilling fluid properties to minimize costs and downtime. This research investigates the impact of
silica (SiO2) and titanium dioxide (TiO2) nanoparticles on the performance of water-based muds (WBMs) under
HPHT conditions. Various concentrations (0.1, 1.0, and 5.0 wt%) were tested to evaluate their effects on mud
density, rheological properties, filter cake thickness, and filtrate volume. The findings indicate that a 1.0 wt%
concentration of SiO, nanoparticles significantly enhances WBM performance, offering an economical and
effective solution for improving drilling fluid properties in HPHT environments.
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I Introduction

In the oil and gas industry, drilling fluids, commonly referred to as mud, play a crucial role in the
drilling process. These fluids are responsible for lubricating the drill bit, carrying cuttings to the surface, and
maintaining the stability of the wellbore. As exploration and production operations extend into deeper
reservoirs, the industry faces increasingly challenging High-Pressure High-Temperature (HPHT) conditions.
Under such conditions, conventional drilling fluids, particularly Water-Based Muds (WBMs), often encounter
performance issues such as thermal degradation, high fluid loss, and instability.

The incorporation of nanotechnology, specifically the use of nanoparticles, has emerged as a potential
solution to enhance the performance of WBMs in HPHT environments. Nanoparticles, due to their small size
and unique properties, have shown promise in improving the thermal stability, rheological behavior, and
filtration control of drilling fluids. This study aims to evaluate the effectiveness of SiO, and TiO, nanoparticles
in improving the properties of WBMs under HPHT conditions, thereby addressing the critical challenges faced
in modern drilling operations.The development of HPHT and ultra-deep wells requires drilling fluids with
enhanced properties to manage extreme conditions. Drilling fluids play a crucial role in cooling and lubricating
the drill bit, transporting cuttings, maintaining wellbore stability, and controlling formation pressures.
Traditional water-based muds (WBMs) often fail under HPHT conditions due to thermal degradation and poor
rheological stability, necessitating the use of oil-based muds (OBMs), which pose environmental and disposal
challenges. Nanoparticles have emerged as a promising solution to enhance the properties of WBMs, offering
improved thermal stability, filtration control, and rheological performance.

Drilling fluids have evolved significantly over the years, with various formulations being developed to
address specific challenges encountered in drilling operations. WBMs are preferred for their environmental
friendliness and cost-effectiveness compared to Oil-Based Muds (OBMs). However, WBMs are known to suffer
from limitations under HPHT conditions, such as poor thermal stability and high filtration rates.
Nanotechnology has been increasingly explored in recent years as a means to enhance the properties of drilling
fluids. Nanoparticles, due to their small size and high surface area, have the potential to improve the thermal and
rheological properties of WBMs, making them more suitable for HPHT applications.

Studies have shown that the addition of nanoparticles can reduce fluid loss, enhance the viscosity, and
improve the thermal stability of drilling fluids. This study builds upon previous research by focusing on the
specific effects of SiO, and TiO, nanoparticles in WBMs under HPHT conditions.Drilling fluids have evolved
significantly, with advancements aimed at addressing challenges in HPHT drilling. Traditional WBMs and
OBMs have their respective advantages and limitations, prompting the exploration of nanotechnology to
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improve drilling fluid performance. Nanoparticles, due to their small size and high surface area, can modify
fluid properties at low concentrations, enhancing stability, rheology, and filtration control.

Studies have demonstrated that nanoparticles like SiO, and TiO; can improve WBM properties by
forming thin, low-permeability filter cakes, reducing filtrate loss, and stabilizing rheological properties under
HPHT conditions. The effectiveness of nanoparticles depends on their concentration, size, and interaction with
other mud components.Several studies have highlighted the advantages of using nanoparticles in drilling fluids.
For instance, Amanullah et al. (2011) demonstrated that the inclusion of nanoparticles in WBMs improved
thermal stability and reduced fluid loss. Similarly, Contreras et al. (2014) showed that silica nanoparticles
effectively minimized filtration loss and enhanced the overall stability of the drilling fluid.

1. Materials and Methods

2.1 Materials
The study utilized SiO and TiO» nanoparticles, water, bentonite, and barite to formulate the WBMs. Equipment
included an OFITE model HPHT filter press, a Hamilton Beach mixer, a rotary viscometer, and a pH meter.

2.2 Methods

WBMs were prepared with varying concentrations of nanoparticles (0.1, 1.0, and 5.0 wt%). The prepared muds
were subjected to HPHT conditions to evaluate their density, rheological properties, filter cake thickness, and
filtrate volume. Figure 1 shows a workflow which serves a guide for conducting the experiment.

Preparation of Drilling Fluids

| ! }

Mud 1 Mud 2 Mud 3
Water Based Mud without Si0, enriched Water Based Ti0, enriched Water Based
N|P Mud Mlud
Characterization.of Nano * FTIR AnalySIS
particle enriched WBM
» XRD Analysis
— —
v " A
pH Test Density Test Rheology Filtration

Figure 1: Flow Diagram of Experimental Procedures

2.2.1  Characterization Techniques

Fourier Transform Infrared (FTIR) spectroscopy and X-Ray Diffraction (XRD) were used to characterize the
nanoparticles enriched water based mud and aimed at analyzing their impact on WBM properties.

2.2.2  Rheological Measurements

Rheological properties such as plastic viscosity, yield point, and gel strength were measured using a rotational
viscometer. These properties are critical for maintaining effective drilling fluid circulation and cuttings
transport.

2.2.3  Filtration Tests

The OFITE model HPHT filter press was used to determine the filtration properties of the WBMs. Filtrate
volume and filter cake thickness were measured to evaluate the efficiency of the mud in preventing fluid loss
and forming a low-permeability cake.

2.2.4  Density and pH Measurements

Density and pH were measured to ensure the formulated muds met the required specifications for HPHT
drilling. The density was measured using a mud balance, while pH was measured with a pH meter.
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1. Results and Discussion.

3.1 Results
3.2 XRD Analysis Results

Figures 2a and 2b and 3a and 3b shows XRD analysis for Si0, and TiO, respectively
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Figure 2: XRD Results for SiO, Enriched WBM
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Phase Data View
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Figure 3:XRD Results for TiO, Enriched WBM

3.21 FTIR Analysis
FTIR analysis of nanoparticle-enriched water-based mud results are shown in Figures 4 and 5 for SiO, and TiO-

nanoparticles respectively.
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Figure I11: Spectrum FTIR of SiO, Enriched WBM
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Figure 5: Spectrum FTIR of TiO; Enriched WBM

3.2.2  Rheological Properties Results
Tables 1 and 2 shows viscometer readings and gel strength at 10 sec and 10 minutes and are illustrated in
Figures 7 and 8 respectively.
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Table 1: The readings of RPM settings for mud samples

RPM VISCOMETER READINGS, o (cP)
Basic Mud SiO, Concentrations (Wt%6) TiO,Concentrations (Wt%b)
0.1 1.0 5.0 0.1 1.0 5.0
600 75 12.0 145 14.0 6.5 145 6.5
300 55 10.0 13.0 125 45 9.0 3.0
200 5.0 9.0 125 12.0 35 8.5 25
100 4.0 8.5 12.0 105 3.0 6.5 15
60 35 7.0 9.0 10.0 25 6.5 1.0
30 3.0 6.0 8.0 7.0 2.0 5.5 1.0
6 3.0 4.0 8.0 6.5 2.0 2.0 0.5
Viscometer Reading of SiO, WBM
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Figure 6: Viscometer Reading of SiO, WBM at different concentrations
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Figure 7:Viscometer Reading of TiO, WBM at different concentrations
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Table 2: The 10-second and 10-minute gel strength of mud samples

Time GEL STRENGTH (Ib/100ft?)
Basic Mud SiO, Concentrations (Wt%6) TiO, Concentrations (Wt%)
0.1 1.0 5.0 0.1 1.0 5.0
10 seconds 3.0 2.0 6.0 55 15 4 75
10 minutes 2.0 5.0 8.0 7.5 15 6.5 8.0
Gel-Strength @ 10 sec Gel-Strength @ 10 min
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Figure 8: Gel Strengths of NPWBM at different concentration

3.2.3  Filtration Test Results
Table 3 shows filtration test results for all the mud types considered in this study. The filtration test results are
also illustrated in Figures 9 and 10 for filtration loss after 30 minutes and filter cake size respectively.

Table 3: Filtrate Volume and Filtrate Size for NPWBM

Basic Mud SiO, Concentrations (Wt%) TiO, Concentrations (Wt%o)
0.1 1.0 5.0 0.1 1.0 5.0
Filtrate Volume | 20 125 10.5 9.0 13.0 11.0 8.5
(ml)
Filter Cake Size | 2.5 2.0 18 15 2.1 1.9 1.6
(mm)
14 125
12 10.5 11
9
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Figure 9: Filtration loss after 30 minutes

388




Formulation of Water-Based Mud using Nanoparticles under HPHT Conditions and selection ..

2.5 2.1
2 1.9
2 1.8 :
15 1.6

__ 15
£
£ 1
o
‘» 0.5
(]
X<
S O
g SiO, TiO,
i Nano Particle Type

HO0.1wt% m1.0wt®% m5.0wt%

Figure 10: Filter Cake size at varying nanoparticle concentration

3.2.4  Density and pH test
Figures 11 and 12 shows pH and Density test results for all muds used in this study respectively.
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Figure 11: pH testat varying nanoparticle concentration
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Figure 12: Density Test at varying nanoparticle concentration
3.3 Discussion of Results

X-ray diffraction (XRD) was used to analyze the crystalline structure and phase composition of
nanoparticle enriched water-based mud (WBM). The nanoparticles used in this study are SiO; and TiO,. XRD
helps identify crystalline phases, measure crystallite size, and detect any structural changes due to interactions
with the mud. The technique also assesses the dispersion and distribution of nanoparticles within the mud,
offering insights into their stability and effectiveness in enhancing drilling fluid performance. XRD helps
identify the specific types of crystalline phases present and their relative proportions. It can also be used to
measure the crystallite size and detect any changes in the crystal structure due to interactions with the WBM.
Nanoparticle addition influenced the plastic viscosity, yield point, and gel strength of WBMs. SiO,
nanoparticles at 1.0 wt% provided optimal rheological stability, maintaining desired properties under HPHT
conditions. TiO, nanoparticles also improved rheological properties, but the effects were less pronounced
compared to SiO,.Nanoparticle-enhanced WBMs outperformed the base mud, particularly in terms of thermal
stability and filtration efficiency. Increasing nanoparticle concentration generally improved WBM properties as
nanoparticle concentration increases from 0.1 wt % at which improvements were minimal to 1.0 wt%, in which
significant enhancements in rheology and filtration control were observed. However, beyond a concentration of
1.0 wt% to 5.0 wt%, the benefits plateaued, and no further substantial improvements were noted. This suggests
an optimal concentration of around 1.0 wt% for both SiO and TiO». The optimal concentration of 1.0 wt% SiO;
provided the best balance between performance and cost-effectiveness. TiO, nanoparticles also improved WBM
performance but to a lesser extent than SiO,.Filtrate volume and filter cake thickness were significantly reduced
with the addition of nanoparticles. SiO; at 1.0 wt% showed the best performance, forming thin, impermeable
filter cakes, thus enhancing filtration control. TiO, nanoparticles also contributed to reduced filtrate volume and
thinner cakes but were less effective than SiO; at the same concentration.The inclusion of nanoparticles slightly
affected the density and pH of the WBMs. Both SiO; and TiO; at 1.0 wt% maintained the density within the
desired range for HPHT drilling. The pH values remained stable, indicating that nanoparticles did not adversely
affect the chemical stability of the mud. SiO, nanoparticles consistently outperformed TiO, nanoparticles in
enhancing WBM properties. SiO, provided better rheological stability, lower filtrate loss, and thinner filter
cakes compared to TiO,. This may be attributed to the higher surface area and better dispersion characteristics of
SiO; nanoparticles.

IV.  Conclusion

The following conclusions were arrived at based on the results and inferences observed in this study

a. This study confirms that the incorporation of SiO, and TiO, nanoparticles into WBMs significantly
enhances the performance of WBMs under HPHT conditions. The incorporation of nanoparticles, particularly
SiO, at 1.0 wt%, significantly enhances the performance of WBMs under HPHT conditions.

b. The optimal concentration of nanoparticles was found to be 1wt%, which provided the best balance
between improved rheological properties, thermal stability, reduced fluid loss, and thinner filter cakes, making
nanoparticle-enhanced WBMs a viable alternative to traditional drilling fluids. These findings have important
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implications for the oil and gas industry, particularly in the context of drilling in deep, high-temperature
reservoirs.

c. The use of nanoparticle-enhanced WBMs offers a promising solution to the challenges posed by HPHT
environments. Future research should explore the long-term stability of these formulations and their
performance in field applications. Furthermore, the environmental impact of nanoparticle use in drilling fluids
should be carefully considered, with a focus on developing environmentally friendly nanoparticles that do not
compromise performance. This study contributes to the growing body of knowledge on nanotechnology
applications in the oil and gas industry, providing a foundation for future innovations in drilling fluid design.

d. Future research should focus on long-term field trials and the environmental impact of nanoparticle use
in drilling operations. Additionally, exploring other types of nanoparticles and their synergistic effects could
provide further insights into optimizing drilling fluid formulations for extreme conditions.
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