
IOP Conference Series: Earth and
Environmental Science

     

PAPER • OPEN ACCESS

Preface
To cite this article: 2024 IOP Conf. Ser.: Earth Environ. Sci. 1339 011001

 

View the article online for updates and enhancements.

You may also like
Didactic transposition from scholarly
knowledge of mathematics to school
mathematics on sets theory
J Jamilah, D Suryadi and N Priatna

-

Credit Lost: Two Decades of Software
Citation in Astronomy
Daina R. Bouquin, Daniel A. Chivvis,
Edwin Henneken et al.

-

Analysis of bioprinting strategies for skin
diseases and injuries through structural
and temporal dynamics: historical
perspectives, research hotspots, and
emerging trends
Fei Teng, Wei Wang, Zhi-Qiang Wang et
al.

-

This content was downloaded from IP address 180.252.112.58 on 17/05/2024 at 17:19

https://doi.org/10.1088/1755-1315/1339/1/011001
/article/10.1088/1742-6596/1521/3/032093
/article/10.1088/1742-6596/1521/3/032093
/article/10.1088/1742-6596/1521/3/032093
/article/10.3847/1538-4365/ab7be6
/article/10.3847/1538-4365/ab7be6
/article/10.1088/1758-5090/ad28f0
/article/10.1088/1758-5090/ad28f0
/article/10.1088/1758-5090/ad28f0
/article/10.1088/1758-5090/ad28f0
/article/10.1088/1758-5090/ad28f0
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstY1YjE61NfMHryITs1C-F4LjqBIQojL0HnjeJCkL7pTl8ADyyUsCajgOSj8urBtNg7hlIW7vDmj6ct2Mde876voemKnsVTXHuqJPnI2WqQFJ1_ZHugyE1eN62DLv5IlM6gWwj4DJRqdyc2ZfRuWNSITBQHF-MmBoBaxYg26ZdZ9utNSFWAs9wflFP8BB__MtPFJKgEYAnfOq9Ut-WgpTMA7ZMPJoHhcjWFaJsDIe_RTwNDgh32W2jMGbkSYV1fw5xHzv0d9lFEyTW-8GjbyQrSOk_T5xg7kLQS5NFC348G6WGg4G5bU0oLi8DD7w6sP3vs0yGD7pqfgcBXaFs1XZtrXV-IHKEG&sig=Cg0ArKJSzDhZ-XD9z9bL&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

The 6th International Conference on Earth Science, Mineral, and Energy
IOP Conf. Series: Earth and Environmental Science 1339 (2024) 011001

IOP Publishing
doi:10.1088/1755-1315/1339/1/011001

1

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 



The 6th International Conference on Earth Science, Mineral, and Energy
IOP Conf. Series: Earth and Environmental Science 1339 (2024) 011001

IOP Publishing
doi:10.1088/1755-1315/1339/1/011001

2

 
 

Preface 
 

Greetings and a warm welcome to the expansive compilation of research and scholarly 

contributions presented in the Proceedings of the ICEMINE 2023. In the spirit of intellectual 

exploration and collaboration, this voluminous collection encapsulates the diverse and 

profound discussions that unfolded during the conference. As we delve into the following 

pages, readers will encounter a comprehensive exploration of knowledge, innovation, and 

interdisciplinary collaboration within the overarching theme of ICEMINE 2023. 

 

ICEMINE 2023 is the 6th International Conference hosted by the Faculty of Mineral 

Technology, Universitas Pembangunan Nasional “Veteran” Yogyakarta, Indonesia. The 

conference was held at Grand Keisha Hotel, Yogyakarta, Indonesia, on the 9th of November 

2023. The theme of this year’s program is “Accelerating the advancements in lower carbon 

energy for a sustainable environment”. 

 

We extend our appreciation to our esteemed partner university, whose unwavering dedication 

and scholarly contributions have significantly enriched the contents of this conference 

proceedings. In collaboration with our partner universities, Trisakti University and PEM 

Akamigas, UPN Veteran Yogyakarta creates an academic platform that fosters diverse 

perspectives, innovative ideas, and interdisciplinary exchange. Their insightful research and 

collaborative spirit have undeniably elevated the quality of discourse within our academic 

community, fostering an environment conducive to intellectual growth and innovation.  

 

Furthermore, we would like to express our profound gratitude to our sponsors, whose generous 

support has been pivotal in bringing this event to success. Their unwavering commitment to 

advancing research and cultivating intellectual exchange underscores the importance of their 

role in shaping the trajectory of our academic disciplines. 

 

Reflecting on Sustainability in Indonesia 

 

In recent years, the imperative to decrease carbon emissions and shift towards energy sources 

with lower carbon footprints has become exceptionally crucial. Emphasizing the importance of 

transitioning to cleaner energy sources is paramount for preserving our environment and 

addressing climate change. The significance of advancing lower carbon energy technologies 

cannot be overstated, as they play a vital role in mitigating the adverse impacts of climate 

change and ensuring a sustainable environment for future generations. As scholars and 

researchers, we carry a distinct responsibility to accelerate the development of these 

technologies, driving innovation, encouraging critical thinking, and offering the expertise and 

solutions needed to forge a more sustainable future. 
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The chosen theme for ICEMINE 2023, Accelerating the advancements in lower carbon energy 

for a sustainable environment, resonates with the evolving landscape of academic inquiry and 

technological advancement. This theme has served as a catalyst for researchers to delve into 

various aspects, spanning the theoretical frameworks to practical applications. The rich tapestry 

of this proceedings volume mirrors the comprehensive exploration undertaken by the 

conference participants, representing a mosaic of perspectives that collectively contribute to the 

ongoing narrative of Sustainability. 

 

Within this volume lies a plethora of research, articles, case studies, and theoretical explorations 

carefully curated from the vast pool of submissions and presentations at the conference. These 

contributions, emanating from a global community of earth science scholars, reflect the breadth 

and depth of insights shared during ICEMINE 2023. The contributions cover a wide spectrum 

of earth sciences, which are: 

 

1. Geological Science and Engineering  

2. Geophysics, Geomatics and Geochemistry  

3. Earth Resources Project Evaluation and Valuation  

4. Petroleum and Geothermal Engineering  

5. Mining and Metallurgical Engineering  

6. Taxation and Policy  

7. Conservation, Geoheritage and Geopark 

8. Disaster Management  

9. Reclamation and Environmental Issues  

 

Navigating the future: a vision for what lies ahead 

 

As we engage with the contents of this proceedings volume, let us not only celebrate the 

documented achievements but also contemplate the trajectory of our respective fields. The ideas 

presented here have the potential to seed new research directions, innovative solutions, and 

transformative advancements. Readers are encouraged to interact critically with the content, 

fostering discussions and collaborations that transcend traditional academic silos. The 

interdisciplinary nature of the contributions invites us to explore the intersections of knowledge, 

where groundbreaking ideas often emerge from the convergence of diverse perspectives. May 

the knowledge shared within this volume inspire future generations, spark new avenues of 

inquiry, and contribute to the advancement of our collective understanding.  

 

 
Cordially yours, 

 

Dr. Widyawanto Prastistho 

 

Chairperson ICEMINE 2023 
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Optimizing the impact of rheological properties on bentonite 
pre-hydrated based drilling mud through the utilization of 
pre-hydration  

Mustamina Maulani1,*, David Michael1, Asri Nugrahanti1, Cahaya Rosyidan1, 
Lisa Samura1, Bayu Satiyawira1, Andry Prima1  
1Petroleum Engineering, FTKE, Universitas Trisakti  

*Corresponding author: mustamina@trisakti.ac.id   

Abstract. In offshore drilling activities, the employment of seawater mud is indispensable, and 
its adoption is steadily increasing. Traditionally, attapulgite has held a dominant position as the 
key element in seawater mud composition. However, a shift is underway towards substituting 
attapulgite with bentonite owing to the manifold advantages that the latter presents. Bentonite 
boasts favourable viscosity characteristics and efficient control over water loss, outperforming 
attapulgite particularly in terms of its capacity for clay absorption. Nevertheless, to harness its 
thickening capabilities for use with seawater, bentonite necessitates a preliminary hydration 
process. The pre-hydration procedure involves the amalgamation of seawater and bentonite at a 
low mixing speed for a duration of 10 minutes, succeeded by a resting interval spanning 16 
hours. The integration of this pre-hydrated bentonite system necessitated an extensive research 
undertaking, encompassing a comprehensive review of pertinent literature, the collection of 
seawater samples, laboratory experiments conducted at three distinct temperatures comparing 
both fresh water and seawater formulations, the incorporation of diverse additives to augment 
the assessment of the mud's physical attributes, meticulous measurement of the drilling mud's 
physical properties, implementing treatments to enhance measurement values under heightened 
temperatures, meticulous analysis of acquired data, and the comprehensive documentation of 
research findings in scholarly publications. The crux of this research endeavour lies in attaining 
the objective of incorporating pre-hydrated bentonite as a pivotal constituent within 
seawaterbased drilling mud. The realization of this goal hinges on the congruence of the 
measured physical properties of the drilling mud with predefined specifications. Through a 
rigorous exploration of these methodologies and a systematic approach to research, the study 
endeavours to foster advancements in seawater-based drilling mud formulations and their 
operational effectiveness within offshore drilling contexts.   

  

1.  Introduction  
Water-based mud, accounting for approximately 98% of drilling mud usage, is commonly the most 
employed type in drilling operations. Drilling mud viscosity refers to the thickness or resistance to flow 
of the drilling fluid utilized during drilling processes. One approach to augmenting drilling mud viscosity 
involves incorporating bentonite, a clay variant frequently employed as a viscosifier in drilling fluids. 
The composition of the drilling mud necessitates the adaptation of various combinations and quantities 
of fresh or salt water, clay, and other chemicals to suit the conditions of the subsurface borehole.  
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Other freshwater is commonly used in water-based mud, particularly in onshore drilling, due to its 
convenient availability. On the other hand, the use of brine in water-based mud is more common in 
offshore drilling and less common in onshore drilling. When drilling encounters a hard layer with low 
absorption, a less dense drilling mud with a higher water content can be used. Conversely, in 
highpressure layers with higher absorption rates, dense drilling mud is employed to control layer 
pressures and mitigate the occurrence of kicks, which can pose challenges.  

In summary, water-based mud is the predominant type of drilling mud utilized, and its viscosity can 
be improved by adding bentonite. The precise composition of the drilling mud, including the types and 
quantities of water, clay, and additives, must be customized to suit the specific underground conditions. 
Fresh water is frequently utilized in onshore drilling, whereas brine is commonly employed in offshore 
drilling. The selection of drilling mud density depends on the characteristics of the geological layers 
encountered, with less dense mud utilized for hard layers and heavier mud employed in high-pressure 
formations to effectively control pressure differentials and reduce the occurrence of kicks.  

2.  Literature review  
If Water-based mud is a commonly utilized mud type due to its cost-effectiveness, user-friendliness, and 
ability to create a filtrate layer for borehole protection. However, water-based mud has drawbacks, such 
as the potential to contaminate formation layers, leading to suboptimal results in logging processes. 
Additionally, it is unsuitable for active formations that easily expand upon contact with water [1–4].  

The utilization of seawater mud has experienced an upsurge in recent times, thanks to the availability 
of organic polymers that enhance the formulation and treatment of the mud. Initially, seawater mud was 
prepared and treated with attapulgite and asbestos to enhance its structural strength for cutting and 
lifting, along with starch for fluid loss control. However, this mud exhibited low viscosity, making 
cutting and lifting challenging and resulting in a slow penetration rate [5].  

In contrast, modern seawater muds predominantly employ polymeric materials like xanthan gum, 
polyanionic cellulose, or pre-hydrated bentonite to increase viscosity and reduce fluid loss. Compared 
to the traditional attapulgite-asbestos-starch mud, this composition offers higher efficiency. The 
incorporation of polymers facilitates better formation stability through a polymer coating process. As a 
result, the mud's performance is significantly enhanced, enabling improved cutting, lifting, and 
penetration rates [6].  

In the past, prior to the advancement of drilling technology, water alone was utilized to lift drilling 
cuttings. However, as drilling technology progressed, the introduction of drilling mud became essential. 
Drilling mud plays a crucial role in ensuring the success of well drilling operations. Effective control 
over the composition and conditions of the drilling mud is a vital aspect of conducting well drilling 
operations. To simplify the understanding of this concept, drilling mud can be assessed based on four 
key physical properties: density, viscosity, gel strength, and water loss. Additionally, there are other 
notable characteristics of drilling mud, such as mud pH, sand content, and resistivity [7].  

Maintaining seawater-prehydrated bentonite mud is comparatively simple and yields a faster 
penetration rate compared to the attapulgite-starch pre-slurry system. The lower viscosity of the mud 
makes it easier to separate cuttings using solids separator equipment. However, the utilization of 
seawater mud with pre-hydrated bentonite necessitates extra tanks to accommodate the bentonite 
hydration process. This requirement can pose challenges at offshore drilling sites due to spatial 
limitations [7].  

Bentonite serves as a primary component in the composition of drilling mud. Essentially, bentonite 
is a type of clay consisting of Na-montmorillonite and Ca-montmorillonite. Na-montmorillonite is 
particularly advantageous as a base material for drilling mud due to its remarkable ability to expand 
(swell) up to eight times its original volume when immersed in water. This substantial expansion 
capacity results in a solution with a considerable viscosity, which plays a crucial role in effectively 
cleaning the bottom of the borehole. Moreover, it enables the formation of an elastic layer on the hole 
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wall known as "mud cake," providing protection against wall collapse. Bentonite is a composite material 
comprising a collection of minerals and colloidal substances, including illite, kaolinite, siderite, chloride, 
attapulgite, and predominantly montmorillonite (85%–90%)[8].  

It is well established that bentonite undergoes hydration to varying degrees when mixed with water. 
Hydrated bentonite forms layers of silica and alumina in different arrangements, creating distinct types 
of clay structures. These clay particles can consist of single layers or be stacked infinitely on top of each 
other, resembling a deck of cards bound together in a residual manner. When suspended in water, clay 
exhibits varying levels of swelling [9].  

The bentonite molecule comprises three layers: an alumina layer sandwiched between two silica 
layers. These bentonite plates carry a negative charge and are associated with cations of the opposite 
charge. If the associated cations are sodium (Na), the clay is referred to as sodium montmorillonite, 
whereas calcium (Ca) association gives rise to calcium montmorillonite. Remarkably, even a small 
quantity of 1% hydrated bentonite in fresh water can achieve a similar thickening effect as 19% barite. 
Consequently, bentonite can be dispersed and utilized in relatively small amounts while still exhibiting 
physical properties that enable fluids to suspend a significant portion of barite. Achieving optimal 
viscosity is a crucial aspect of the production of effective drilling mud. To enhance viscosity, the 
inclusion of bentonite in the mud is pursued due to its advantageous properties [10].  

Bentonite is a natural clay mineral composed mainly of montmorillonite (Medhi et al., 2020), which 
has unique properties that make it effective in enhancing drilling mud viscosity. When bentonite is added 
to the drilling fluid, it undergoes a process known as hydration, where it absorbs water and forms a 
gellike structure. This gel formation significantly increases the thickness and consistency of the drilling 
mud, leading to a higher viscosity [11].  

The mechanism behind bentonite's ability to increase viscosity lies in its plate-like structure and the 
ability of water molecules to interact with its surface. The charged surfaces of the bentonite particles 
attract water molecules, causing them to surround and interact with the clay particles. As more water is 
absorbed, the clay particles swell and interlock with each other, creating a three-dimensional network 
that impedes fluid flow and enhances viscosity [12].  

By increasing the viscosity of drilling mud, bentonite offers several advantages in drilling operations. 
Firstly, it helps to suspend and transport drill cuttings, ensuring efficient removal from the wellbore. 
This is crucial for maintaining wellbore stability and preventing blockages during drilling. Secondly, the 
increased viscosity of the drilling mud provides better hole cleaning and helps prevent fluid invasion 
into the formation being drilled. This can help to minimize formation damage and maintain well integrity 
[13].  

It is important to note that the amount of bentonite added to the drilling mud should be carefully 
controlled to achieve the desired viscosity [14]. Excessive bentonite addition can lead to excessively 
high viscosity, which may hinder drilling progress and increase pumping requirements. Therefore, the 
optimal concentration of bentonite should be determined based on factors such as the specific drilling 
conditions, desired mud properties, and the characteristics of the formation being drilled [15] and 
completion [16–18].  

Overall, the addition of bentonite to drilling mud effectively increases viscosity, allowing for 
improved suspension, transport of cuttings, and wellbore stability during drilling operations [19–21].  

3.  Methodology  
The research was carried out at the Drilling and Production Engineering Laboratory of Universitas 
Trisakti to assess the physical characteristics of drilling mud with a pre-hydrated bentonite system. The 
experimental procedure began with the preparation of two mud compositions: one with fresh water and 
the other with sea water, both at room temperature (80°F). In separate mixer cups, 340 ml of fresh water 
and 345 ml of sea water were combined with 15 grams of bentonite and mixed using a Hamilton mixer 
for 10 minutes. Subsequently, the resulting mud compositions were transferred into two different 
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beakers for prehydration over a period of 16 hours. The purpose of prehydration was to allow the 
bentonite to fully blend with the sea water, resulting in improved viscosity and controlled water loss.  

Following the 16-hour prehydration period, the pre-hydrated mud samples were first mixed at a low 
speed for 1 minute to ensure uniform blending. Then, various additives were introduced and mixed at 
different speeds. The duration and speed of the mixing process were significant factors affecting the 
mixing rate, which in turn influenced the measurement of the drilling mud's physical properties.  

The initial additive introduced was soda ash, which served as a pH controller. A quantity of 1.2 grams 
was added to fresh water, while 2.2 grams were added to sea water. The mixture was stirred for 1 minute 
at a low speed. The second additive, XCD, acted as a biopolymer to regulate the rheology of the mud, 
focusing on plastic viscosity and yield point. For fresh water, 0.5 gram of XCD was added, and for sea 
water, 1 gram was added. The mixture was stirred for 4 minutes at a low speed.   

Next, the third additive, pac-R (also known as Drispac Regular), was included to enhance 
viscosification and reduce filtration loss. For fresh water, 1 gram of Pac-R was added and mixed for 4 
minutes at a low speed. For sea water, 2 grams of Pac-R were added and mixed for 4 minutes at a high 
speed. The high-speed mixing in sea water was necessary as pac-R proved more challenging to blend in 
sea water compared to fresh water, leading to an increased presence of pac-R residue when mixed at low 
speed.  

The fourth additive, PHPA, functioned as a biopolymer to regulate mud rheology, particularly gel 
strength. A quantity of 0.5 gram of PHPA was added to fresh water, while 1 gram was added to sea 
water. The mixture was stirred for 4 minutes at high speed. The fifth additive, pac-LV, served as both a 
filtration loss reducer and a viscosifier. For fresh water, 0.5 gram was added, and for sea water, 1 gram 
was added. The stirring speed was set to low for fresh water and high for sea water.  

The sixth additive, lignite, acted as a thinner and was added in a quantity of 1 gram to fresh water. 
The mixture was stirred for 5 minutes at high speed. Lignite was not added to seawater due to its inability 
to dissolve effectively in highly concentrated salt solutions. Sea water typically contains a salt 
concentration of 30,000–35,000 ppm. The mixture was then further stirred for 5 minutes at a high speed 
to ensure thorough blending of the ingredients. Finally, 2 ml of defoamer was added and stirred for 2 
minutes at a low speed to eliminate foaming. Foaming occurred in both compositions as a result of 
prolonged high-speed mixing.  

Once the two mud compositions of the pre-hydrated bentonite system at room temperature have been 
prepared, the physical properties of the mud will be measured. These properties include mud weight 
(ppg), funnel viscosity (sec/qt), plastic viscosity (cp), yield point (lbs/100 ft2), 10-second gel strength 
(lbs/100 ft2), 10-minute gel strength (lbs/100 ft2), water loss (cc), mud cake (mm), and pH. Various 
tools will be used for these measurements, such as a mud balance for mud weight, a marsh funnel for 
funnel viscosity, a fann VG meter for mud rheology (PV, YP, and gel strength), an API filter press for 
water loss and mud cake measurements, and pH stripes with the assistance of an API filter press for pH 
determination.  

The third and fourth compositions of the pre-hydrated bentonite system drilling mud in fresh water 
and sea water will undergo a temperature increase to 250°F. The pre-hydration solution will be allowed 
to stand for the usual 16 hours, followed by an additional 1-minute mixing at low speed. The additives 
added will be the same as the sludge composition at 80°F, with the inclusion of barite as a weighting 
agent, which will be mixed for 5 minutes at high speed. The mixture will then be placed in a roller tube 
and baked for 1 hour at a temperature of 250°F. After 1 hour, the two sludge compositions will be placed 
back in the mixer cup and mixed for 1 minute at low speed. The purpose of this remixing is to prevent 
material sagging.  

Due to the temperature increase, the physical properties of the drilling mud will change, deviating 
from the mud specifications. Therefore, treatment is necessary. The composition of the freshwater mud 
will be treated by adding several additives, including 40 grams of barite, 1 gram of lignite, 0.5 gram of 
pac-LV, 1 gram of pac-R, 0.5 gram of PHPA, and 0.5 gram of XCD. Similarly, the seawater mud 
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composition will be treated with additional additives, including 30 grams of barite, 1 gram of pac-LV, 
1.5 grams of pac-R, 1 gram of PHPA, and 1 gram of XCD.  

The fifth and sixth compositions of the pre-hydrated bentonite system drilling mud in fresh water and 
sea water will experience a temperature increase to 300°F. The prehydration solution will undergo the 
usual 16-hour resting period, followed by an additional 1-minute mixing at low speed. The additives 
added will be the same as the sludge composition at 250°F, but the volume of water added will change 
to 330 ml for fresh water and 335 ml for sea water. The mixture will then be placed in a roller tube and 
baked for 1 hour at a temperature of 300°F. After 1 hour, the two sludge compositions will be placed 
back in the mixer cup and mixed for 1 minute at low speed.  

Again, due to the temperature increase, the physical properties of the drilling mud will change, 
deviating from the mud specifications. Therefore, treatment is necessary. The composition of the 
freshwater mud will be treated by adding several additives, including 20 grams of barite, 0.5 grams of 
lignite, 0.2 grams of pac-LV, 0.5 grams of pac-R, 0.2 grams of PHPA, and 0.2 grams of XCD. Similarly, 
the seawater mud composition will be treated with additional additives, including 15 grams of barite, 
0.3 grams of pac-LV, 0.5 grams of pac-R, 0.3 grams of PHPA, and 0.3 grams of XCD.  

After the two sludge compositions have been transferred back into the mixer cup, they will undergo 
mixing for a duration of 1 minute at a low-speed setting. During this process, the components of the 
sludge will be thoroughly combined and blended altogether.  

The two prepared sludge compositions will be returned to the mixer cup, where they will undergo an 
additional mixing process for a duration of 1 minute at a low-speed setting. During this mixing step, the 
components of the sludge will be thoroughly blended altogether to ensure homogeneity and uniformity 
in the final mixture.  

4.  Result and discussion  
Figure 1 indicates that the rheological properties of the system improved with successive addition of 
bentonite. This means that the mud weight increased as the temperature increased, making it suitable for 
drilling in deeper formations. Figure 2 shows that funnel viscosity increases even at higher temperatures. 
The standard Marsh funnel viscosity of water is approximately 26 seconds, whereas our measurement 
even reached over 30 seconds at higher temperatures. This makes it ideal for hightemperature targeted 
drilling formations. Figure 3 shows that plastic can perform in higher temperatures, implying that it 
could be used not only in shallow formations. Thus, Figure 4 shows that pre-hydrated bentonite could 
still maintain the rheological property of drilling fluids that represents the level of electro-chemical 
forces in the fluid or known as the yield point in the higher range of temperature. Figure 5 signifies that 
bentonite returned desired results in the higher temperature range, indicating that it could be used to 
avoid problems associated with accumulated drilled cuttings and as the main cause of the sticking of the 
drill string. Figure 6 shows that when measured in the longer time (10 minutes) of gel strength, the water 
loss was minimized. Figure 7 shows that the water loss was minimized as it reached the higher 
temperature, making it suitable for deeper drilling formations. As the temperature reached higher, the 
mud cake (Figure 8) still performed to filter the deposition of solid particles from the drilling fluid onto 
the wellbore wall, which helped to prevent the loss of drilling fluid into the formation. Finally, Figure 9 
showed that the stability of the pre-hydrated bentonite was still maintained within the range of 
temperature. This condition is in conformity with other studies that recommend keeping the pH of 
waterbased drilling fluid based on bentonite in the range of 9 to 10 as it provides the optimum mud 
rheological and filtration properties. Figure 1 to Figure 9 show the results of laboratory measurement 
for each property.  
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Figure 1. Mud weight measurement Results 

 

Figure 2. Funnel viscosity measurement results 

 

 

Figure 3. Plastic viscosity measurement results 

 

 

 

Figure 4. Yield point measurement results 
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Figure 7. Water loss measurement results 

 

 

Figure 8.  Mud cake measurement results 

 

 

Figure 9. pH measurement results 
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5.  Conclusions  
Based on the results of this study, it can be concluded that drilling mud with pre-hydrated bentonite 
system for sea water is a viable option for optimization in offshore fields. The drilling mud remains in 
accordance with the specifications that have been given, which is a crucial factor in ensuring that the 
drilling process is successful. However, to achieve even better results, it is suggested that additives be 
added to the sea water mud composition. These additives can help to improve the performance of the 
drilling mud and ensure that it meets the specific requirements of the offshore field. The use of additives 
in the sea water mud composition can help to enhance the lubricity of the drilling mud, which can reduce 
the friction between the drill string and the wellbore. This can help to prevent the drill string from getting 
stuck and improve the overall drilling efficiency. In addition, the use of additives can also help to reduce 
the amount of fluid loss during drilling, which can minimize the risk of formation damage and improve 
wellbore stability. By optimizing the composition of the sea water mud, it will be possible to achieve 
better results in terms of efficiency and effectiveness, which is crucial for successful offshore drilling 
operations. Therefore, it will be feasible to optimize the drilling process and achieve better results in 
terms of efficiency and effectiveness.  
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Abstract. In offshore drilling activities, the employment of seawater mud is indispensable, and 
its adoption is steadily increasing. Traditionally, attapulgite has held a dominant position as the 
key element in seawater mud composition. However, a shift is underway towards substituting 
attapulgite with bentonite owing to the manifold advantages that the latter presents. Bentonite 
boasts favourable viscosity characteristics and efficient control over water loss, outperforming 
attapulgite particularly in terms of its capacity for clay absorption. Nevertheless, to harness its 
thickening capabilities for use with seawater, bentonite necessitates a preliminary hydration 
process. The pre-hydration procedure involves the amalgamation of seawater and bentonite at a 
low mixing speed for a duration of 10 minutes, succeeded by a resting interval spanning 16 
hours. The integration of this pre-hydrated bentonite system necessitated an extensive research 
undertaking, encompassing a comprehensive review of pertinent literature, the collection of 
seawater samples, laboratory experiments conducted at three distinct temperatures comparing 
both fresh water and seawater formulations, the incorporation of diverse additives to augment 
the assessment of the mud's physical attributes, meticulous measurement of the drilling mud's 
physical properties, implementing treatments to enhance measurement values under heightened 
temperatures, meticulous analysis of acquired data, and the comprehensive documentation of 
research findings in scholarly publications. The crux of this research endeavour lies in attaining 
the objective of incorporating pre-hydrated bentonite as a pivotal constituent within 
seawaterbased drilling mud. The realization of this goal hinges on the congruence of the 
measured physical properties of the drilling mud with predefined specifications. Through a 
rigorous exploration of these methodologies and a systematic approach to research, the study 
endeavours to foster advancements in seawater-based drilling mud formulations and their 
operational effectiveness within offshore drilling contexts.   

  

1.  Introduction  
Water-based mud, accounting for approximately 98% of drilling mud usage, is commonly the most 
employed type in drilling operations. Drilling mud viscosity refers to the thickness or resistance to flow 
of the drilling fluid utilized during drilling processes. One approach to augmenting drilling mud viscosity 
involves incorporating bentonite, a clay variant frequently employed as a viscosifier in drilling fluids. 
The composition of the drilling mud necessitates the adaptation of various combinations and quantities 
of fresh or salt water, clay, and other chemicals to suit the conditions of the subsurface borehole.  

1

23

28

30

56



The 6th International Conference on Earth Science, Mineral, and Energy
IOP Conf. Series: Earth and Environmental Science 1339 (2024) 012018

IOP Publishing
doi:10.1088/1755-1315/1339/1/012018

2

Other freshwater is commonly used in water-based mud, particularly in onshore drilling, due to its 
convenient availability. On the other hand, the use of brine in water-based mud is more common in 
offshore drilling and less common in onshore drilling. When drilling encounters a hard layer with low 
absorption, a less dense drilling mud with a higher water content can be used. Conversely, in 
highpressure layers with higher absorption rates, dense drilling mud is employed to control layer 
pressures and mitigate the occurrence of kicks, which can pose challenges.  

In summary, water-based mud is the predominant type of drilling mud utilized, and its viscosity can 
be improved by adding bentonite. The precise composition of the drilling mud, including the types and 
quantities of water, clay, and additives, must be customized to suit the specific underground conditions. 
Fresh water is frequently utilized in onshore drilling, whereas brine is commonly employed in offshore 
drilling. The selection of drilling mud density depends on the characteristics of the geological layers 
encountered, with less dense mud utilized for hard layers and heavier mud employed in high-pressure 
formations to effectively control pressure differentials and reduce the occurrence of kicks.  

2.  Literature review  
If Water-based mud is a commonly utilized mud type due to its cost-effectiveness, user-friendliness, and 
ability to create a filtrate layer for borehole protection. However, water-based mud has drawbacks, such 
as the potential to contaminate formation layers, leading to suboptimal results in logging processes. 
Additionally, it is unsuitable for active formations that easily expand upon contact with water [1–4].  

The utilization of seawater mud has experienced an upsurge in recent times, thanks to the availability 
of organic polymers that enhance the formulation and treatment of the mud. Initially, seawater mud was 
prepared and treated with attapulgite and asbestos to enhance its structural strength for cutting and 
lifting, along with starch for fluid loss control. However, this mud exhibited low viscosity, making 
cutting and lifting challenging and resulting in a slow penetration rate [5].  

In contrast, modern seawater muds predominantly employ polymeric materials like xanthan gum, 
polyanionic cellulose, or pre-hydrated bentonite to increase viscosity and reduce fluid loss. Compared 
to the traditional attapulgite-asbestos-starch mud, this composition offers higher efficiency. The 
incorporation of polymers facilitates better formation stability through a polymer coating process. As a 
result, the mud's performance is significantly enhanced, enabling improved cutting, lifting, and 
penetration rates [6].  

In the past, prior to the advancement of drilling technology, water alone was utilized to lift drilling 
cuttings. However, as drilling technology progressed, the introduction of drilling mud became essential. 
Drilling mud plays a crucial role in ensuring the success of well drilling operations. Effective control 
over the composition and conditions of the drilling mud is a vital aspect of conducting well drilling 
operations. To simplify the understanding of this concept, drilling mud can be assessed based on four 
key physical properties: density, viscosity, gel strength, and water loss. Additionally, there are other 
notable characteristics of drilling mud, such as mud pH, sand content, and resistivity [7].  

Maintaining seawater-prehydrated bentonite mud is comparatively simple and yields a faster 
penetration rate compared to the attapulgite-starch pre-slurry system. The lower viscosity of the mud 
makes it easier to separate cuttings using solids separator equipment. However, the utilization of 
seawater mud with pre-hydrated bentonite necessitates extra tanks to accommodate the bentonite 
hydration process. This requirement can pose challenges at offshore drilling sites due to spatial 
limitations [7].  

Bentonite serves as a primary component in the composition of drilling mud. Essentially, bentonite 
is a type of clay consisting of Na-montmorillonite and Ca-montmorillonite. Na-montmorillonite is 
particularly advantageous as a base material for drilling mud due to its remarkable ability to expand 
(swell) up to eight times its original volume when immersed in water. This substantial expansion 
capacity results in a solution with a considerable viscosity, which plays a crucial role in effectively 
cleaning the bottom of the borehole. Moreover, it enables the formation of an elastic layer on the hole 
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wall known as "mud cake," providing protection against wall collapse. Bentonite is a composite material 
comprising a collection of minerals and colloidal substances, including illite, kaolinite, siderite, chloride, 
attapulgite, and predominantly montmorillonite (85%–90%)[8].  

It is well established that bentonite undergoes hydration to varying degrees when mixed with water. 
Hydrated bentonite forms layers of silica and alumina in different arrangements, creating distinct types 
of clay structures. These clay particles can consist of single layers or be stacked infinitely on top of each 
other, resembling a deck of cards bound together in a residual manner. When suspended in water, clay 
exhibits varying levels of swelling [9].  

The bentonite molecule comprises three layers: an alumina layer sandwiched between two silica 
layers. These bentonite plates carry a negative charge and are associated with cations of the opposite 
charge. If the associated cations are sodium (Na), the clay is referred to as sodium montmorillonite, 
whereas calcium (Ca) association gives rise to calcium montmorillonite. Remarkably, even a small 
quantity of 1% hydrated bentonite in fresh water can achieve a similar thickening effect as 19% barite. 
Consequently, bentonite can be dispersed and utilized in relatively small amounts while still exhibiting 
physical properties that enable fluids to suspend a significant portion of barite. Achieving optimal 
viscosity is a crucial aspect of the production of effective drilling mud. To enhance viscosity, the 
inclusion of bentonite in the mud is pursued due to its advantageous properties [10].  

Bentonite is a natural clay mineral composed mainly of montmorillonite (Medhi et al., 2020), which 
has unique properties that make it effective in enhancing drilling mud viscosity. When bentonite is added 
to the drilling fluid, it undergoes a process known as hydration, where it absorbs water and forms a 
gellike structure. This gel formation significantly increases the thickness and consistency of the drilling 
mud, leading to a higher viscosity [11].  

The mechanism behind bentonite's ability to increase viscosity lies in its plate-like structure and the 
ability of water molecules to interact with its surface. The charged surfaces of the bentonite particles 
attract water molecules, causing them to surround and interact with the clay particles. As more water is 
absorbed, the clay particles swell and interlock with each other, creating a three-dimensional network 
that impedes fluid flow and enhances viscosity [12].  

By increasing the viscosity of drilling mud, bentonite offers several advantages in drilling operations. 
Firstly, it helps to suspend and transport drill cuttings, ensuring efficient removal from the wellbore. 
This is crucial for maintaining wellbore stability and preventing blockages during drilling. Secondly, the 
increased viscosity of the drilling mud provides better hole cleaning and helps prevent fluid invasion 
into the formation being drilled. This can help to minimize formation damage and maintain well integrity 
[13].  

It is important to note that the amount of bentonite added to the drilling mud should be carefully 
controlled to achieve the desired viscosity [14]. Excessive bentonite addition can lead to excessively 
high viscosity, which may hinder drilling progress and increase pumping requirements. Therefore, the 
optimal concentration of bentonite should be determined based on factors such as the specific drilling 
conditions, desired mud properties, and the characteristics of the formation being drilled [15] and 
completion [16–18].  

Overall, the addition of bentonite to drilling mud effectively increases viscosity, allowing for 
improved suspension, transport of cuttings, and wellbore stability during drilling operations [19–21].  

3.  Methodology  
The research was carried out at the Drilling and Production Engineering Laboratory of Universitas 
Trisakti to assess the physical characteristics of drilling mud with a pre-hydrated bentonite system. The 
experimental procedure began with the preparation of two mud compositions: one with fresh water and 
the other with sea water, both at room temperature (80°F). In separate mixer cups, 340 ml of fresh water 
and 345 ml of sea water were combined with 15 grams of bentonite and mixed using a Hamilton mixer 
for 10 minutes. Subsequently, the resulting mud compositions were transferred into two different 
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beakers for prehydration over a period of 16 hours. The purpose of prehydration was to allow the 
bentonite to fully blend with the sea water, resulting in improved viscosity and controlled water loss.  

Following the 16-hour prehydration period, the pre-hydrated mud samples were first mixed at a low 
speed for 1 minute to ensure uniform blending. Then, various additives were introduced and mixed at 
different speeds. The duration and speed of the mixing process were significant factors affecting the 
mixing rate, which in turn influenced the measurement of the drilling mud's physical properties.  

The initial additive introduced was soda ash, which served as a pH controller. A quantity of 1.2 grams 
was added to fresh water, while 2.2 grams were added to sea water. The mixture was stirred for 1 minute 
at a low speed. The second additive, XCD, acted as a biopolymer to regulate the rheology of the mud, 
focusing on plastic viscosity and yield point. For fresh water, 0.5 gram of XCD was added, and for sea 
water, 1 gram was added. The mixture was stirred for 4 minutes at a low speed.   

Next, the third additive, pac-R (also known as Drispac Regular), was included to enhance 
viscosification and reduce filtration loss. For fresh water, 1 gram of Pac-R was added and mixed for 4 
minutes at a low speed. For sea water, 2 grams of Pac-R were added and mixed for 4 minutes at a high 
speed. The high-speed mixing in sea water was necessary as pac-R proved more challenging to blend in 
sea water compared to fresh water, leading to an increased presence of pac-R residue when mixed at low 
speed.  

The fourth additive, PHPA, functioned as a biopolymer to regulate mud rheology, particularly gel 
strength. A quantity of 0.5 gram of PHPA was added to fresh water, while 1 gram was added to sea 
water. The mixture was stirred for 4 minutes at high speed. The fifth additive, pac-LV, served as both a 
filtration loss reducer and a viscosifier. For fresh water, 0.5 gram was added, and for sea water, 1 gram 
was added. The stirring speed was set to low for fresh water and high for sea water.  

The sixth additive, lignite, acted as a thinner and was added in a quantity of 1 gram to fresh water. 
The mixture was stirred for 5 minutes at high speed. Lignite was not added to seawater due to its inability 
to dissolve effectively in highly concentrated salt solutions. Sea water typically contains a salt 
concentration of 30,000–35,000 ppm. The mixture was then further stirred for 5 minutes at a high speed 
to ensure thorough blending of the ingredients. Finally, 2 ml of defoamer was added and stirred for 2 
minutes at a low speed to eliminate foaming. Foaming occurred in both compositions as a result of 
prolonged high-speed mixing.  

Once the two mud compositions of the pre-hydrated bentonite system at room temperature have been 
prepared, the physical properties of the mud will be measured. These properties include mud weight 
(ppg), funnel viscosity (sec/qt), plastic viscosity (cp), yield point (lbs/100 ft2), 10-second gel strength 
(lbs/100 ft2), 10-minute gel strength (lbs/100 ft2), water loss (cc), mud cake (mm), and pH. Various 
tools will be used for these measurements, such as a mud balance for mud weight, a marsh funnel for 
funnel viscosity, a fann VG meter for mud rheology (PV, YP, and gel strength), an API filter press for 
water loss and mud cake measurements, and pH stripes with the assistance of an API filter press for pH 
determination.  

The third and fourth compositions of the pre-hydrated bentonite system drilling mud in fresh water 
and sea water will undergo a temperature increase to 250°F. The pre-hydration solution will be allowed 
to stand for the usual 16 hours, followed by an additional 1-minute mixing at low speed. The additives 
added will be the same as the sludge composition at 80°F, with the inclusion of barite as a weighting 
agent, which will be mixed for 5 minutes at high speed. The mixture will then be placed in a roller tube 
and baked for 1 hour at a temperature of 250°F. After 1 hour, the two sludge compositions will be placed 
back in the mixer cup and mixed for 1 minute at low speed. The purpose of this remixing is to prevent 
material sagging.  

Due to the temperature increase, the physical properties of the drilling mud will change, deviating 
from the mud specifications. Therefore, treatment is necessary. The composition of the freshwater mud 
will be treated by adding several additives, including 40 grams of barite, 1 gram of lignite, 0.5 gram of 
pac-LV, 1 gram of pac-R, 0.5 gram of PHPA, and 0.5 gram of XCD. Similarly, the seawater mud 
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composition will be treated with additional additives, including 30 grams of barite, 1 gram of pac-LV, 
1.5 grams of pac-R, 1 gram of PHPA, and 1 gram of XCD.  

The fifth and sixth compositions of the pre-hydrated bentonite system drilling mud in fresh water and 
sea water will experience a temperature increase to 300°F. The prehydration solution will undergo the 
usual 16-hour resting period, followed by an additional 1-minute mixing at low speed. The additives 
added will be the same as the sludge composition at 250°F, but the volume of water added will change 
to 330 ml for fresh water and 335 ml for sea water. The mixture will then be placed in a roller tube and 
baked for 1 hour at a temperature of 300°F. After 1 hour, the two sludge compositions will be placed 
back in the mixer cup and mixed for 1 minute at low speed.  

Again, due to the temperature increase, the physical properties of the drilling mud will change, 
deviating from the mud specifications. Therefore, treatment is necessary. The composition of the 
freshwater mud will be treated by adding several additives, including 20 grams of barite, 0.5 grams of 
lignite, 0.2 grams of pac-LV, 0.5 grams of pac-R, 0.2 grams of PHPA, and 0.2 grams of XCD. Similarly, 
the seawater mud composition will be treated with additional additives, including 15 grams of barite, 
0.3 grams of pac-LV, 0.5 grams of pac-R, 0.3 grams of PHPA, and 0.3 grams of XCD.  

After the two sludge compositions have been transferred back into the mixer cup, they will undergo 
mixing for a duration of 1 minute at a low-speed setting. During this process, the components of the 
sludge will be thoroughly combined and blended altogether.  

The two prepared sludge compositions will be returned to the mixer cup, where they will undergo an 
additional mixing process for a duration of 1 minute at a low-speed setting. During this mixing step, the 
components of the sludge will be thoroughly blended altogether to ensure homogeneity and uniformity 
in the final mixture.  

4.  Result and discussion  
Figure 1 indicates that the rheological properties of the system improved with successive addition of 
bentonite. This means that the mud weight increased as the temperature increased, making it suitable for 
drilling in deeper formations. Figure 2 shows that funnel viscosity increases even at higher temperatures. 
The standard Marsh funnel viscosity of water is approximately 26 seconds, whereas our measurement 
even reached over 30 seconds at higher temperatures. This makes it ideal for hightemperature targeted 
drilling formations. Figure 3 shows that plastic can perform in higher temperatures, implying that it 
could be used not only in shallow formations. Thus, Figure 4 shows that pre-hydrated bentonite could 
still maintain the rheological property of drilling fluids that represents the level of electro-chemical 
forces in the fluid or known as the yield point in the higher range of temperature. Figure 5 signifies that 
bentonite returned desired results in the higher temperature range, indicating that it could be used to 
avoid problems associated with accumulated drilled cuttings and as the main cause of the sticking of the 
drill string. Figure 6 shows that when measured in the longer time (10 minutes) of gel strength, the water 
loss was minimized. Figure 7 shows that the water loss was minimized as it reached the higher 
temperature, making it suitable for deeper drilling formations. As the temperature reached higher, the 
mud cake (Figure 8) still performed to filter the deposition of solid particles from the drilling fluid onto 
the wellbore wall, which helped to prevent the loss of drilling fluid into the formation. Finally, Figure 9 
showed that the stability of the pre-hydrated bentonite was still maintained within the range of 
temperature. This condition is in conformity with other studies that recommend keeping the pH of 
waterbased drilling fluid based on bentonite in the range of 9 to 10 as it provides the optimum mud 
rheological and filtration properties. Figure 1 to Figure 9 show the results of laboratory measurement 
for each property.  
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Figure 1. Mud weight measurement Results 

 

Figure 2. Funnel viscosity measurement results 

 

 

Figure 3. Plastic viscosity measurement results 

 

 

 

Figure 4. Yield point measurement results 

 

Figure 5. 10 Second gel strength measurement 

results 

 

 

Figure 6. 10 Minute gel strength measurement 

results 
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Figure 7. Water loss measurement results 

 

 

Figure 8.  Mud cake measurement results 

 

 

Figure 9. pH measurement results 

 

 
Table 1. Drilling mud specifications 

Properties 
Specifications 

80°F 250°F 300°F 

Mud Weight, ppg 8.5 – 9.0 9.0– 9.5 9.5–10.0 

Funnel Viscosity, sec/qt 40 – 70 40 – 70 40 – 70 

Plastic Viscosity, cp 9.0 – 12.0 12.0 – 16.0 16.0 – 20.0 

Yield Point, lbs/100 ft² 9.0 – 15.0 15.0 – 21.0 21.0 – 25.0 

10 Second Gel Strength, lbs/100 ft² 2.0 – 5.0 5.0 – 8.0 8.0 – 11.0 

10 Minute Gel Strength, lbs/100 ft² 9.0 – 13.0 13.0 – 17.0 17.0 – 21.0 

Water Loss, cc ≤10.0 ≤10.0 ≤10.0 

Mud Cake, mm ≤1.0 ≤1.0 ≤1.0 

pH 9.5 – 11.5 9.5 – 11.5 9.5 – 11.5 
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5.  Conclusions  
Based on the results of this study, it can be concluded that drilling mud with pre-hydrated bentonite 
system for sea water is a viable option for optimization in offshore fields. The drilling mud remains in 
accordance with the specifications that have been given, which is a crucial factor in ensuring that the 
drilling process is successful. However, to achieve even better results, it is suggested that additives be 
added to the sea water mud composition. These additives can help to improve the performance of the 
drilling mud and ensure that it meets the specific requirements of the offshore field. The use of additives 
in the sea water mud composition can help to enhance the lubricity of the drilling mud, which can reduce 
the friction between the drill string and the wellbore. This can help to prevent the drill string from getting 
stuck and improve the overall drilling efficiency. In addition, the use of additives can also help to reduce 
the amount of fluid loss during drilling, which can minimize the risk of formation damage and improve 
wellbore stability. By optimizing the composition of the sea water mud, it will be possible to achieve 
better results in terms of efficiency and effectiveness, which is crucial for successful offshore drilling 
operations. Therefore, it will be feasible to optimize the drilling process and achieve better results in 
terms of efficiency and effectiveness.  

6.  References  
[1] Maulani M 2020 The effect of thixotropic additive on the properties of the g class cement. J. 

Earth Energy Sci. Eng. Technol. 3 doi:10.25105/jeeset.v3i2.7613  
[2] Pramadika H et al 2021 Demulsification optimization process on separation of water with heavy 

oil. AIP Conf. Proc. 2363 doi:10.1063/5.0061527/962739  
[3] Satiyawira B et al 2020 Laboratory study of the effect of various temperatures on the physical 

properties of low solid mud systems with addition of biopolymer and bentonite-extender AIP 

Conf. Proc. 2020 2245 (Yogyakarta : Indonesia)  
[4] Abraham A F et al 2016 Squeeze cementing operation to control water production on well okta36 

of field okta, east java Proc. Semin. Nas. Cendekiawan (Jakarta : Indonesia)  
[5] Lauma A C et al 2017 Analisis desain squeeze cementing pada sumur apr-04. J. Penelit. Dan 

Karya Ilm. Lemb. Penelit. Univ. Trisakti  8 p 215–220  doi:10.25105/pdk.v8i2.15083  
[6] Samura L et al 2017,  Pengujian compressive strength dan thickening time pada semen pemboran 

kelas g dengan penambahan additif retader PetroJurnal Ilm. Tek. Perminyakan  6 p 49 –53 doi: 
10.25105/petro.v6i2.3103  

[7] Hamid A 2018 Penggunaan fibroseal dan caco3 untuk mengatasi masalah lost circulation pada 
sistem lumpur kcl polymer PetroJurnal Ilm. Tek. Perminyakan  2 p 43 –46  

[8] Akinyemi O P et al 2023 Variation of temperatures with rheological properties of water based 
drilling fluid containing rice husk and other additives Int. J. Eng. Manag. Res. 13 p 95–111, 
doi:10.31033/ijemr.13.1.13  

[9] Gowida A et al 2020 Newly developed correlations to predict the fluid using neural networks 
Sensors  20  p 1–18 doi:10.3390/s20102787  

[10] Azinta C O et al 2021 Analysis of effects of foreign clay and local clay additives on viscosity of 
water based drilling mud J. Eng. Res. Reports 21 p 60–67 doi:10.9734/jerr/2021/v21i417459  

[11] Medhi S et al  2020 An investigation on the effects of silica and copper oxide nanoparticles on 
rheological and fluid loss property of drilling fluids J. Pet. Explor. Prod. Technol. 10 p 91– 101 
doi:10.1007/s13202-019-0721-y  

[12] Novrianti et al 2018 Performance analysis of local pekanbaru bentonite for reactive. J. Earth 

Energy Eng. 6 p 23–32  
[13] Wijayanti P et al 2021 Determination of suitable kcl polymer mud properties for pok field J. Earth 

Energy Sci. Eng. Technol. 4  doi:10.25105/jeeset.v4i1.9078  

7

7

9

12

14

14

16

16

19

24

27

28

31

34

36

45

50

51



The 6th International Conference on Earth Science, Mineral, and Energy
IOP Conf. Series: Earth and Environmental Science 1339 (2024) 012018

IOP Publishing
doi:10.1088/1755-1315/1339/1/012018

9

[14] Gamal H et al 2019 Effect of ph on rheological and filtration properties of water-based drilling 
fluid based on bentonite Sustain. 11 p 1–13 doi:10.3390/su11236714  

[15] Ouaer H and Gareche M 2019 Hydroxyethyl cellulose as a rheology modifier for water-based 
drilling fluids formulated with algerian bentonite J. Brazilian Soc. Mech. Sci. Eng. 41 
doi:10.1007/s40430-019-1627-9  

[16] Anawe P and Folayan A  2018 Advances in Drilling Fluids Rheology (Mauritius: LAP Lamber 
Academic Publishing) p 24–28  

[17] Kuma M 2020 The effect of salts and haematite on carboxymethyl cellulose–bentonite and 
partially hydrolyzed polyacrylamide–bentonite muds for an effective drilling in shale formations 
J. Pet. Explor. Prod. Technol. 10 p 395–405, doi:10.1007/s13202-019-0722-x.  

[18] Anthony A A 2020 et al  Assessment of clay materials for suitability in drilling mud formulation 
from part of ondo state, south-west nigeria  J. Pet. Explor. Prod. Technol. 10 p 2815–2828, 
doi:10.1007/s13202-020-00947-9  

[19] Abu-Jdayil B et al 2021 The Effect of Biopolymer Chitosan on the Rheology and Stability of 
NaBentonite Drilling Mud Polymers 13 p 1–16 doi:10.3390/polym13193361  

[20] Kumar S et al 2020 A novel oil-in-water drilling mud formulated with extracts from Indian mango 
seed oil Oil. Pet. Sci. 17 p 196–210  doi:10.1007/s12182-019-00371-7.  

[21] Da Silva I A, De Sousa  F K A,  Menezes R R, Ferreira H S, De  G, Ferreira H C 2018 Influência 
dos cátions lítio (li+), sódio (na+) e potássio (k+) na reologia de bentonitas brasileiras para uso 
em fluidos de perfuração base aquosa Cerâmica 64 p 109–119 
doi:10.1590/036669132018643692267  

  

4

6

8

11

17

18

21

22

38



oid:3618:59472101Similarity Report ID: 

18% Overall Similarity
Top sources found in the following databases:

12% Internet database 13% Publications database

Crossref database Crossref Posted Content database

13% Submitted Works database

TOP SOURCES
The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

1
businessdocbox.com <1%
Internet

2
mdpi.com <1%
Internet

3
digital.library.unt.edu <1%
Internet

4
A.L.V. Carmo, R.S. Angélica, S.P.A. Paz. "Ageing characteristics relate... <1%
Crossref

5
Hani H Negm, Rehab M El-Sharkawy, Eslam Abdeltwab, Massaud Most... <1%
Crossref

6
link.springer.com <1%
Internet

7
ijemr.vandanapublications.com <1%
Internet

8
Jingyi Zhu, Shiyi Xie, Zhaozhong Yang, Xiaogang Li, Jessie Chen, Xin Z... <1%
Crossref

Sources overview

http://businessdocbox.com/Biotech_and_Biomedical/71728218-Application-of-sequence-control-injection-in-modified-design-of-car-front-bumper.html
https://www.mdpi.com/2071-1050/11/23/6714
https://digital.library.unt.edu/ark:/67531/metadc892490/
https://doi.org/10.1016/j.heliyon.2021.e06192
https://doi.org/10.1088/1402-4896/ad3b48
https://link.springer.com/article/10.1007/s13202-020-00947-9?code=7c26f1b4-54c7-4936-bf6e-9e335cafcb3b&error=cookies_not_supported
https://ijemr.vandanapublications.com/index.php/ijemr/citationstylelanguage/get/acs-nano?publicationId=1111&submissionId=1111
https://doi.org/10.1016/j.jngse.2021.104253


oid:3618:59472101Similarity Report ID: 

9
mechanismsrobotics.asmedigitalcollection.asme.org <1%
Internet

10
Adamson University on 2023-12-11 <1%
Submitted works

11
Tawfik A. Saleh, Azeem Rana. "Surface-modified biopolymer as an envi... <1%
Crossref

12
Xiaoliang Huang, Wende Yan, Yingzhong Yuan, Jiqiang Li, Xiaoxue Li. "... <1%
Crossref

13
Widya Yanti, Bayu Satiyawira, Liani Anisara, Puri Wijayanti, Pauhesti Pa... <1%
Crossref

14
journaljerr.com <1%
Internet

15
scielo.br <1%
Internet

16
trijurnal.trisakti.ac.id <1%
Internet

17
Curtin University of Technology on 2020-11-27 <1%
Submitted works

18
Shaine Mohammadali Lalji, Syed Imran Ali, Javed Haneef, Rija Quraishi... <1%
Crossref

19
Zhihua Wang, Xiangdong Qi, Yongtao Zhuang, Qun Wang, Xitong Sun. "... <1%
Crossref

20
D M Nguyen, A C Grillet, T. Goldin, T M Hanh Diep, M Woloszyn. "Bamb... <1%
Crossref

Sources overview

https://mechanismsrobotics.asmedigitalcollection.asme.org/energyresources/article/144/9/093003/1131367/Low-Equivalent-Circulating-Density-Organoclay-Free
https://doi.org/10.1016/j.molliq.2021.117275
https://doi.org/10.1063/1.5029755
https://doi.org/10.1051/e3sconf/202450003024
https://journaljerr.com/index.php/JERR/article/view/17459
https://www.scielo.br/j/rmat/a/Pqm3N8NLskS3bMCk3hWGvWr/
https://trijurnal.trisakti.ac.id/index.php/jeeset/article/view/9760
https://doi.org/10.1007/s11696-022-02154-8
https://doi.org/10.5004/dwt.2023.29221
https://doi.org/10.1088/1755-1315/143/1/012012


oid:3618:59472101Similarity Report ID: 

21
Jun Yang, Guan-Cheng Jiang, Jing-Tian Yi, Yin-Bo He, Li-Li Yang, Tei-F... <1%
Crossref

22
Universiti Teknologi Malaysia on 2023-07-22 <1%
Submitted works

23
Eric Broni-Bediako, Richard Amorin. "Experimental study on the effects... <1%
Crossref

24
Universitas Islam Riau on 2023-06-21 <1%
Submitted works

25
Colorado School of Mines on 2021-10-21 <1%
Submitted works

26
Federal University of Technology on 2021-02-24 <1%
Submitted works

27
neliti.com <1%
Internet

28
Universiti Teknologi Malaysia on 2023-07-21 <1%
Submitted works

29
Universiti Teknologi Petronas on 2017-11-20 <1%
Submitted works

30
Federal University of Technology on 2021-07-14 <1%
Submitted works

31
Jin Kwei Koh, Chin Wei Lai, Mohd Rafie Johan, Sin Seng Gan, Wei Wei ... <1%
Crossref

32
Universiti Teknologi MARA on 2013-01-11 <1%
Submitted works

Sources overview

https://doi.org/10.1016/j.petsci.2024.04.012
https://doi.org/10.26804/ager.2019.03.09
https://www.neliti.com/id/journals/petro?per_page=100
https://doi.org/10.1007/978-981-99-5567-1_20


oid:3618:59472101Similarity Report ID: 

33
N. Kaiga, T. Seki, K. Iyasu. "Ozone Treatment in Cooling Water Systems... <1%
Crossref

34
Chaoyang University of Technology on 2021-08-09 <1%
Submitted works

35
Emad A. Al-Khdheeawi, Doaa Saleh Mahdi. "Apparent Viscosity Predict... <1%
Crossref

36
Universitas Islam Riau on 2023-09-13 <1%
Submitted works

37
pertambangan.fst.uinjkt.ac.id <1%
Internet

38
reffit.tech <1%
Internet

39
Curtin University of Technology on 2017-11-10 <1%
Submitted works

40
Higher Education Commission Pakistan on 2019-07-15 <1%
Submitted works

41
Jianping Shang, Tao Li, Xiaoping Qin, Bin Zhao, Xuefei Li. " Preparation... <1%
Crossref

42
P Pauhesti, A Hamid, C A Anggoro. "Laboratory study on the addition o... <1%
Crossref

43
Universiti Teknologi Malaysia on 2023-03-19 <1%
Submitted works

44
iopscience.iop.org <1%
Internet

Sources overview

https://doi.org/10.1080/01919518908552445
https://doi.org/10.3390/en12163067
http://pertambangan.fst.uinjkt.ac.id/2/mfhandler.php?field=fotofoto&file=GCGE-2017.pdf&key1=660&pageType=list&table=Perpus+Prodi
https://reffit.tech/index.php/res-eff/article/download/262/234/
https://doi.org/10.1088/1742-6596/2152/1/012006
https://doi.org/10.1088/1742-6596/1402/5/055103
https://iopscience.iop.org/article/10.1088/1755-1315/1328/1/012005


oid:3618:59472101Similarity Report ID: 

45
worldwidescience.org <1%
Internet

46
"Drilling and Well Completions", Elsevier BV, 2016 <1%
Crossref

47
Adamson University on 2021-05-19 <1%
Submitted works

48
Asia Pacific University College of Technology and Innovation (UCTI) on... <1%
Submitted works

49
Gederts Ievinsh, Silvija Ieviņa, Una Andersone-Ozola, Ineta Samsone. "... <1%
Crossref

50
Hauwa A. Rasheed, Adekunle Adeleke, Petrus Nzerem, Olusegun Ajayi,... <1%
Crossref

51
Himanshu Kesarwani, Amit Saxena, Shivanjali Sharma. "Novel Jatroph... <1%
Crossref

52
Hui Mao, Yan Yang, Hao Zhang, Jie Zheng, Ying Zhong. "Conceptual de... <1%
Crossref

53
Mei-Chun Li, Qinglin Wu, Kunlin Song, Alfred D. French, Changtong Mei,...<1%
Crossref

54
Tripuraneni, Gopi Chand. "Performance Analysis of Enhanced Activate... <1%
Publication

55
Universiti Teknologi MARA on 2015-12-18 <1%
Submitted works

56
ui.adsabs.harvard.edu <1%
Internet

Sources overview

https://worldwidescience.org/topicpages/b/base+na+geoquimica.html
https://doi.org/10.1016/B978-0-12-383846-9.00004-7
https://doi.org/10.1016/j.flora.2020.151748
https://doi.org/10.1007/s10570-023-05504-1
https://doi.org/10.1080/15567036.2020.1827095
https://doi.org/10.1016/j.petrol.2019.106884
https://doi.org/10.1021/acssuschemeng.7b04156
http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A10268960&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://ui.adsabs.harvard.edu/abs/2020AIPC.2245g0032S/abstract


oid:3618:59472101Similarity Report ID: 

57
Jun Wang, Xianhui Cao, Junjun Chen, Jincheng Zou, Weike Liu, Rong H... <1%
Crossref

58
M. Mohammadi, H. Mahani. "Insights into the Pore-Scale Mechanisms ... <1%
Crossref

59
University of Queensland on 2016-03-23 <1%
Submitted works

Sources overview

https://doi.org/10.1088/1742-6596/2760/1/012066
https://doi.org/10.1021/acs.energyfuels.0c00605


oid:3618:59472101Similarity Report ID: 

Excluded from Similarity Report

Manually excluded sources Manually excluded text blocks

EXCLUDED SOURCES

Mustamina Maulani, David Michael, Asri Nugrahanti, Cahaya Rosyidan, Lisa S...
Crossref

91%

researchgate.net
Internet

9%

Lisa Samura, Cahaya Rosyidan, Mustamina Maulani, Suryo Prakoso et al. "Phy...
Crossref

6%

"Preface", IOP Conference Series: Earth and Environmental Science, 2024
Crossref

6%

R Yulianti, P N Hartami, R Aryanto, M K Herdyanti,  Suliestyah, D L Pattiruhu. "...
Crossref

6%

P Pauhesti, L Satiawati, G Yasmaniar, A K Saputra, A Kalasnikova. "Laboratory...
Crossref

6%

Abi Setyananda, Pantjanita Novi Hartami, Yuga Maulana, Edy Jamal Tuheteru,...
Crossref

6%

E Muryani,  Sajidan, M S Budiastuti,  Pranoto. "The capacity of Plectranthus sp...
Crossref

6%

P P Utama, D R Yoni, D Amalia, I D Ulhaq, M S F Arya. "Geothermal potential ar...
Crossref

6%

Nurkhamim, I R Wardani, D P W Adjie, J Purwanta,  Inmarlinianto. "Utilization o...
Crossref

6%

Excluded from Similarity Report

https://doi.org/10.1088/1755-1315/1339/1/012018
https://www.researchgate.net/publication/341217157_The_effect_of_sucrose_and_citric_acid_concentration_of_Candi_banana_peels_jam_on_physico-chemical_and_sensory_characteristics
https://doi.org/10.1088/1755-1315/1339/1/012020
https://doi.org/10.1088/1755-1315/1339/1/011001
https://doi.org/10.1088/1755-1315/1339/1/012028
https://doi.org/10.1088/1755-1315/1339/1/012026
https://doi.org/10.1088/1755-1315/1339/1/012029
https://doi.org/10.1088/1755-1315/1339/1/012038
https://doi.org/10.1088/1755-1315/1339/1/012004
https://doi.org/10.1088/1755-1315/1339/1/012003


oid:3618:59472101Similarity Report ID: 

M G Rachman, O Kurniawan, A Nugraha. "Formulating flood mitigation throug...
Crossref

6%

D F Yudiantoro,  Afrilita, S Pambudi, A Subandrio et al. "Geotourism of Telomo...
Crossref

6%

Widyawanto Prastistho, Ika Wahyuning Widiarti. "The effect of calcination on ...
Crossref

6%

Abdulrasool Thamer Abdulrasool, Laith Sh. Rasheed, Laith Mohammed Ridha ...
Crossref

5%

repository.effatuniversity.edu.sa
Internet

5%

umpir.ump.edu.my
Internet

4%

oa.las.ac.cn
Internet

4%

South Dakota Board of Regents on 2017-10-27
Submitted works

4%

Puspitasari, A M Kiloes, Y Saleh, N Q Hayati,  Nurmalinda, D Sugandi, D K S Sw...
Crossref

4%

CSU, San Jose State University on 2017-09-27
Submitted works

4%

CSU, San Jose State University on 2017-09-27
Submitted works

4%

repository.unja.ac.id
Internet

4%

Excluded from Similarity Report

https://doi.org/10.1088/1755-1315/1339/1/012010
https://doi.org/10.1088/1755-1315/1339/1/012032
https://doi.org/10.1088/1755-1315/1339/1/012039
https://doi.org/10.1088/1755-1315/961/1/012042
https://repository.effatuniversity.edu.sa/bitstream/handle/20.500.14131/206/Asfour_2022_IOP_Conf._Ser.%20_Earth_Environ._Sci._1008_012004.pdf?isAllowed=y&sequence=1
http://umpir.ump.edu.my/id/eprint/38247/1/1a.%20Comparative%20Assessment%20on%20Climate%20Prediction%20from%20CMIP5%20and%20CMIP6%20Models%20Over%20Hulu%20Terengganu.pdf
http://oa.las.ac.cn/oainone/service/workdown/RO202001150011088CD
https://doi.org/10.1088/1755-1315/1338/1/012073
https://repository.unja.ac.id/49225/2/BUKTI%20Seminar%20Internasional%20Banjarmasin%202020.pdf


oid:3618:59472101Similarity Report ID: 

myscholar.umk.edu.my
Internet

4%

repository.unida.ac.id
Internet

4%

eprints.unram.ac.id
Internet

4%

repository.uhamka.ac.id
Internet

4%

karyailmiah.trisakti.ac.id
Internet

4%

ouci.dntb.gov.ua
Internet

4%

moam.info
Internet

3%

Bayu Satiyawira, Andry Prima, Onnie Ridaliani, Abdul Hamid, Ratnayu Sitares...
Crossref

3%

pubs.aip.org
Internet

2%

De La Salle Santiago Zobel School on 2021-07-30
Submitted works

2%

repository.lppm.unila.ac.id
Internet

2%

ifory.id
Internet

2%

Excluded from Similarity Report

http://myscholar.umk.edu.my/bitstream/123456789/1740/1/Fatty%20acid%20profile%20of%20meat%20goats%20fed%20pre-treated%20oil%20palm%20frond.pdf
http://repository.unida.ac.id/3288/15/The%20colour%20preference%20of%20scalloped%20spiny%20lobster%2C.pdf
http://eprints.unram.ac.id/35159/1/Wettability%20and%20Treatability%20of%20Sengon%20%28Paraserianthes%20falcataria%20%28L.%29%20IC%20Nielsen%29%20wood%20from%20NTB.pdf
http://repository.uhamka.ac.id/623/1/Proceeding%20Bromelin%20Januari%202019.pdf
http://www.karyailmiah.trisakti.ac.id/uploads/kilmiah/dosen/cover-artikel-turnitin_ok.pdf
https://ouci.dntb.gov.ua/works/7AEPpDw7/
https://moam.info/physiological-responses-of-3-kinds-of-road-trees-to-_5b74daba097c478f398b46e3.html
https://doi.org/10.1063/5.0012112
https://pubs.aip.org/aip/acp/issue/2245/1
http://repository.lppm.unila.ac.id/49670/1/UNDANGAN-SERTIFIKAT%2C%20Thinned%20Coal%20Distribution%20%282019%29.pdf
https://ifory.id/abstract/gamcL439YGFA


oid:3618:59472101Similarity Report ID: 

California State University, Fresno on 2024-05-13
Submitted works

2%

Havidh Pramadika, Apriandi Rizkina Rangga Wastu, Bayu Satiyawira, Cahaya ...
Crossref

2%

Phoenicia University on 2022-12-02
Submitted works

2%

m.moam.info
Internet

2%

e-journal.trisakti.ac.id
Internet

1%

EXCLUDED TEXT BLOCKS

The 6th International Conference on Earth Science, Mineral, and EnergyIOP Conf. S...
Widyawanto Prastistho, Ika Wahyuning Widiarti. "The effect of calcination on natural calcareous bentonite f...

Jianping Shang, Tao Li, Xiaoping Qin et al.- Novel preparation of attapulgite-reduced
Hani H Negm, Rehab M El-Sharkawy, Eslam Abdeltwab, Massaud Mostafa, Mohamed E Mahmoud, Atef El-T...

Excluded from Similarity Report

https://doi.org/10.1063/5.0061527
https://m.moam.info/utilization-of-waste-of-chicken-feathers-and-waste-of-_5b82119e097c4767218b463c.html
https://e-journal.trisakti.ac.id/index.php/petro/article/view/16729

	_2024_IOP_Conf._Ser.__Earth_Environ._Sci._1339_011001
	_2024_IOP_Conf._Ser.__Earth_Environ._Sci._1339_011002
	Maulani_2024_IOP_Conf._Ser.__Earth_Environ._Sci._1339_012018
	Maulani_2024_IOP_Conf._Ser.__Earth_Environ._Sci._1339_012018.pdf

