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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 

ABSTRACT  

DEVELOPMENT OF GRAPHENE-ENHANCED                                      
ESTER-BASED DRILLING FLUID 

 

By 
 
 

SITI ZULAIKA BINTI RAZALI 
 
 

August 2019 
 
 

Chairperson: Professor Robiah binti Yunus, PhD 
Institute: Institute of Advanced Technology 
 
Synthetic base fluids have been introduced to substitute non-environmentally 
friendly diesel at strict discharged regulation area, particularly in sensitive marine 
zone. Issues such as high viscosity and pour point, poor thermal and hydrolytic 
stabilities limit the manipulation of ester for various drilling fluid’s density and oil-
water ratio (OWR) at high pressure-high temperature (HPHT) although it is 
superior in biodegradability, lubricity and zero aromatic content. In addition to 
that, nanomaterials have been proven in improving drilling fluid’s properties, 
especially in water based. Nevertheless, there is very limited knowledge of 
nanomaterial’s role in the improvement of ester-based drilling fluid (EBDF). 
 
 
The main objectives of this work are to evaluate the performance of EBDF from 
2-Ethylhexyl caprylate/caprate and to investigate the effects of carbon-based 
nanomaterials on EBDF for properties improvement. The ester was synthesized 
through a pulsed loop reactor and optimized by response surface methodology. 
The maximization of conversion (97.96%) and yield (89.43%) were achieved 
under optimum conditions of 78 C of reaction temperature, 10 mbar of vacuum 
pressure, 20 minutes of reaction time and 155 rpm of oscillation speed. Important 
properties of 2-Ethylhexyl caprylate/caprate such as viscosity (3.26 cSt), density 
(862 kgm-3), pour point (-69 C) and flash point (158 C) have been analyzed 
according to ASTM standard and met drilling fluid’s base oil requirements.  
 
 
Ester then has been formulated as drilling fluid at different OWR (70:30, 80:20, 
85:15) and drilling fluid density (9.5 ppg, 12.5 ppg, 16.5 ppg) to suit with a wide 
range temperature (275 F - 360 F). The optimized formulation for condition of 
70:30 OWR and 9.5 ppg (ester=180.30 lb/bbl; water=89.54 lb/bbl; calcium 
chloride=34.44 lb/bbl; primary emulsifier=8 lb/bbl; secondary emulsifier=6 lb/bbl; 
organophilic clay=3 lb/bbl; fluid loss control=8 lb/bbl; lime=2 lb/bbl and 
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barite=67.89 lb/bbl) remained stable after 16 hours of hot rolling at 275 F with 
satisfactory rheology (plastic viscosity = 22 cp and yield point =19 lb/100 ft2), 
electrical stability (601 V) and HPHT filtration properties (filtrate volume= 2.8 ml 
and cake thickness= 0.79 mm). The optimized formulation for HPHT conditions 
with  80:20 OWR and 12.5 ppg (ester= 177.16 - 182.72 lb/bbl; water= 51.32 - 
52.93 lb/bbl; calcium chloride= 19.74 - 20.36 lb/bbl; primary emulsifier= 10 - 12 
lb/bbl; secondary emulsifier= 2-6 lb/bbl, organophilic clay= 3 lb/bbl; fluid loss 
control=8 lb/bbl, lime 4=lb/bbl and barite=245.20 - 246.07 lb/bbl) remained stable 
after 16 hours of hot rolling at 300, 330 and 350 F with satisfactory plastic 
viscosity (32-38 cp), yield point (17-20 lb/100 ft2), electrical stability (820-910 V) 
and HPHT filtration properties (filtrate volume= 2.8 - 3.8 ml and cake thickness= 
0.79 - 1.59 mm). The ester also demonstrated the ability to tolerate high solid 
content with optimized formulation for 16.5 ppg (ester= 154.23 lb/bbl; water= 
31.54 lb/bbl; calcium chloride= 12.13 lb/bbl; primary emulsifier= 12 lb/bbl; 
secondary emulsifier= 8 lb/bbl; organophilic clay= 3 lb/bbl; fluid loss control= 6 
lb/bbl; lime= 2 lb/bbl and barite= 464.38 lb/bbl) which was also  remained stable 
after 16 hours of hot rolling at 360 F with satisfactory rheology (plastic viscosity= 
69 cP and yield point= 36 lb/100 ft2), electrical stability (1416 V) and HPHT 
filtration properties (filtrate volume= 4.0 ml and cake thickness= 1.59 mm).  
 
 
The 16.5 ppg of EBDFs demonstrated different properties in the presence of 
commercial graphene nanoplatelets (GNPs), in-house GNPs, graphene 
nanopowder, graphene oxide (GO) and carbon nanotube cotton (CNT cotton). 
Plastic viscosity increased to 10.14% (GO-EBDF), 4.35% (commercial GNPs-
EBDF) and 2.90% (in-house GNPs-EBDF) while decreased to by 5.80% 
(graphene nano-powder) and 2.90% (CNT cotton) relative to Control. The GO 
augmented EBDF’s gel strengths by 27.27% (10 sec) and 12.5% (10 min) while 
the others gave a slight reduction of gel-strengths. The emulsion stability of 
EBDF improved with graphene nanopowder (1480 V) while decreased with other 
materials. HPHT filtration properties of EBDF was improved with graphene 
nanopowder (20% and 24.53% reduction of filtrates amount and cake thickness 
respectively). In addition to that, 0.007wt% is the optimum concentration of 
graphene nanopowder in 16.5 ppg EBDF. The improvement of properties of 
EBDF by graphene nanopowder may due to the action of graphene nanopowder 
as an inhibitor for micelle formation, a co-secondary emulsifier, a bridging agent 
and increases oil-wettability of filter cake.  
 
 
As a conclusion, 2-EH caprylate/caprate has been successfully synthesized and 
optimized via a vacuum assisted-pulsed loop reactor. The performances of ester 
as green drilling fluid at HPHT conditions also has been demonstrated according 
to API 13B-2 standards. Graphene nanopowder enhanced the EBDF’s 
performance, particularly in the filtration properties. Finally, knowledge beyond 
the enhancement of EBDF through the addition of graphene nanopowder has 
been elucidated. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk Ijazah Doktor Falsafah 

ABSTRAK 

PEMBANGUNAN BENDALIR PENGGERUDIAN BERASASKAN ESTER 
YANG DITAMBAH BAIK DENGAN GRAFIN 

 

Oleh 
 
 

SITI ZULAIKA BINTI RAZALI 
 
 

Ogos 2019 
 
 

Pengerusi: Professor Robiah binti Yunus, PhD 
Institut: Institut Teknologi Maju 
 
Bendalir asas sintetik telah diperkenalkan untuk menggantikan diesel yang tidak 
mesra persekitaran di kawasan peraturan pelepasan ketat terutama di zon marin 
sensitif. Ester diketahui sebagai pilihan terbaik minyak asas dari segi pelinciran, 
biodegradasi, rendah toksik dan kandungan sifar aromatik untuk bendalir 
penggerudian. Isu-isu seperti kelikatan, titik tuang, ketidakstabilan haba dan 
hidrolitik menghadkan manupulasi ester untuk ketumpatan bendalir 
penggerudian dan nisbah minyak/air yang pelbagai pada tekanan tinggi-suhu 
tinggi (HPHT). Penambahan bahan nano telah dilaporkan dapat memperbaiki 
sifat-sifat bendalir penggerudian, terutamanya bendalir penggerudian 
berasaskan air. Walau bagaimanapun, terdapat pengetahuan yang terhad 
terhadap kelakuan bahan nano dalam penambahbaikan bendalir penggerudian. 
 
 
Objektif utama kerja ini adalah untuk menilai prestasi bendalir penggerudian 
berasaskan ester (EBDF) dari ester 2-etilheksil kaprilat/kaprat dan untuk 
mengkaji kesan-kesan bahan nano berasaskan karbon ke atas EBDF. Ester 
tersebut disintesis menggunakan rektor gelung denyut dan dioptimasi dengan 
kaedah permukaan gerak balas. Pemaksimuman penukaran (97.96%) dan hasil 
(89.43%) ester dicapai pada kondisi optimum iaitu suhu 78 °C, tekanan vakum 
10 mbar, masa tindakbalas 20 minit dan kelajuan ayunan 155 rpm. Sifat-sifat 
penting ester 2-etilheksil kaprilat/kaprat seperti kelikatan (3.26 cSt), ketumpatan 
(862 km-3), titik tuang dan titik kilat (158 °C) telah dianalisis mengikut piawaian 
ASTM and memenuhi keperluan bendalir penggerudian.  
 
 
Ester seterusnya diformulasi sebagai bendalir penggerudian pada nisbah 
minyak:air (70:30, 80:20, 85:15) dan ketumpatan bendalir penggerudian 
(9.5ppg, 12.5 ppg, 16.5ppg) yang berbeza untuk menyesuaikan dengan suhu 
yang pelbagai 275 F - 360 F. Formulasi optimum untuk keadaan 70:30 OWR 
dan 9.5 ppg (ester= 180.30 lb/bbl; air= 89.54 lb/bbl; kalsium klorida= 34.44 lb/bbl; 
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pengemulsi utama= 8 lb/bbl, pengemulsi kedua= 6 lb/bbl, tanah liat organofilik=3 
lb/bbl, pengawal kehilangan bendalir = 8 lb/bbl, kapur= 2 lb/bbl dan barit= 67.89 
lb/bbl) kekal stabil selepas 16 jam di dalam ketuhar pada suhu 275 F dengan 
reologi (kelikatan plastic= 22 cP dan titik hasil= 19 lb/100 ft2), kestabilan eletrik 
(601 V) dan sifat penurasan HPHT (isipadu turasan= 2.8 ml dan ketebalan kek= 
0.79mm) yang memuaskan. Formulasi optimum untuk keadaan HPHT dengan 
80:20 OWR and 12.5 ppg (ester= 177.16-182.72 lb/bbl; air= 51.32-52.93 lb/bbl; 
kalsium klorida= 19.74-20.36 lb/bbl; pengemulsi utama= 10-12 lb/bbl; 
pengemulsi kedua= 2-6 lb/bbl; tanah liat organofilik= 3 lb/bbl; pengawal 
kehilangan bendalir= 8 lb/bbl; kapur= 4 lb/bbl dan barit= 245.20-246.07 lb/bbl) 
kekal stabil selepas 16 jam di dalam ketuhar pada suhu 300 F, 330 F dan 350 
F dengan reologi (kelikatan plastic= 32-38 cP dan titik hasil= 17-20 lb/100 ft2), 
kestabilan eletrik (820-910 V) dan sifat penurasan HPHT (isipadu turasan= 2.8-
3.8 ml dan ketebalan kek= 0.79-1.59 mm) yang memuaskan. Ester tersebut turut 
menunjukkan kebolehan bertoleransi dengan kandungan pepejal yang tinggi 
dengan formulasi untuk 16.5 ppg (ester= 154.23 lb/bbl; air= 31.54 lb/bbl; kalsium 
klorida= 12.13 lb/bbl; pengemulsi utama= 12 lb/bbl; pengemulsi kedua= 8 lb/bbl, 
tanah liat organofilik=3 lb/bbl; pengawal kehilangan bendalir= 6 lb/bbl, kapur= 2 
lb/bbl dan barit=464.38 lb/bbl) di mana bendalir penggerudi kekal stabil selepas 
16 jam di dalam ketuhar pada suhu 360 F dengan reologi (kelikatan plastic= 69 
cP dan titik hasil=36 lb/100 ft2), kestabilan eletrik (1416 V) dan sifat penurasan 
HPHT (isipadu turasan =4.0 ml dan ketebalan kek= 1.59 mm) yang memuaskan. 
 
 
EBDF menunjukkan sifat berbeza dengan kehadiran platlet nano grafin 
komersial (GNPs), GNPs dalaman, serbuk nano grafin, grafin oksida dan kapas 
tiub nano karbon (CNT Cotton). Kelikatan plastik meningkat sehingga 10.14% % 
(GO-EBDF), 4.35% (komersial GNPs-EBDF) and 2.90% (dalaman GNPs-EBDF) 
manakala menurun kepada 5.80% (graphene nano-powder) and 2.90% (CNT 
cotton) masing-masing berbanding Kawalan. GO meningkatkan kekuatan gel 
EBDF sebanyak 27.27% (10 saat) dan 12.5% (10 min) manakala yang lain 
memberikan sedikit penurunan. Kestabilan emulsi EBDF bertambah dengan 
serbuk nano grafin (1480 V) manakala bahan lain mengalami penurunan. Sifat 
penurasan HPHT EBDF dipertingkatkan dengan serbuk nano grafin (20% and 
24.53% bagi isipadu turasan dan ketebalan kek). Sebagai tambahan, 0.007wt% 
adalah kepekatan optimum serbuk nano grafin bagi 16.5 ppg EBDF. 
Penambahbaikan sifat EBDF oleh serbuk nano grafin mungkin disebabkan 
tindakan serbuk nano grafin sebagai penghalang pembentukan misel, 
pengemulsi kedua bersama, ejen penyambung dan mempertingkatkan 
kelembapan kek turasan dengan minyak.    
 
 
Sebagai penutup, 2-EH kaprilat/kaprat berjaya disintesis dan dioptimisi 
menggunakan rektor gelung denyut. Prestasi ester sebagai bendalir 
penggerudian hijau di dalam keadaan HPHT juga telah dikaji berdasarkan 
piawaian API 13B-2. Serbuk nano grafin meningkatkan prestasi EBDF 
terutamanya sifat penurasan. Akhir sekali, pengetahuan disebalik 
penambahbaikan EBDF melalui serbuk nano grafin telah diperjelaskan. 
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CHAPTER 1 

 

INTRODUCTION 

 

This chapter covers the background of the drilling operation and general 
information about drilling fluids, problem statement, objectives, contribution, and 
scope of this research, as well as the overall organization of the thesis.  
 
 

 Background       
 
Drilling fluid is one of the important components in the drilling fluid system. It 
serves crucial functions in drilling system including the removal of cuttings; 
lubricating and cooling the drill bit; sealing permeable formations; suspending 
solids even after drilling (and consequently fluid flow) has halted; and controlling 
subsurface pressure to prevent formation damage (Fink, 2015; Lyons et al., 
2016). Drilling fluid will be pumped from the surface pits over the drill pipe and 
will exit at the end of the bit then flow up through the annular space in the 
wellbore while carrying all the cuttings resulted from the spinning of bit at the 
bottom hole. The fluid will be transferred back to the drilling fluid shaker for 
cuttings removal and drilling fluid treatments. During the process of carrying the 
cuttings to the surface, part of the solids in drilling fluid will be deposited onto the 
wellbore wall and form a layer called filter cake through a mechanism, namely 
filtration. The filter cake will act as a temporary support for the wellbore and 
reduce invasion of filtrates into formation therefore enhance the wellbore stability 
before casing and cementing installation (Salehi et al., 2015, 2014; Salehi and 
Kiran, 2016; Vasheghani Farahani et al., 2014; Zhong et al., 2019).  
 
 
The types of drilling fluids used in drilling operation depend on well types and 
formation (Rabia, 1985; Wu and Massoudi, 2016). In general, drilling fluids are 
classified based on the physical properties; oil-based drilling fluid (OBDF), water-
based fluid (WBDF) and pneumatic-based drilling fluid (PBDF). Synthetic based 
drilling fluid (SBDF), as well as ester-based drilling fluid (EBDF), fall under OBDF 
classification. OBDF is originally derived from petroleum diesel but has been 
discontinued due to negative impact on the environment. Alternatively, less toxic 
mineral oil and synthetic oils such as poly-alpha olefin (PAO), internal olefin (IO), 
linear alpha olefin (LAO), ester, ether and paraffin have been considered as base 
oils for drilling fluids. Although all SBDF derived from hydrocarbon derivatives 
are less toxic, they are only 15-60% biodegradable under anaerobic condition 
(IOGP, 2001). Synthetic base oils have been developed due to the stringent 
cuttings discharge requirements in the marine ecosystem whereby diesel fails to 
comply. Diesel has been strictly banned in the Gulf of Mexico, the North Sea and 
many other places in the world since 1984 due to its toxicology issue to marine 
life (Speight, 2015). WBDF although non-toxic, biodegradable and has lower 
cost of drilling fluid; it is unsuitable for drilling complicated wells, particularly in 
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the shale formation. Shale formation complicates drilling process.  It can be 
observed that SBDF may the only option available in shallow vertical onshore 
wells to deeper and deviated holes; higher temperature, higher pressure or 
deeper water (Fornasier et al., 2017; Sinha et al., 2017). About 75% of the 
footage drills worldwide contain shale formation and 90% of the wellbore stability 
problems originate from the shale since it contains a significant amount of clays 
such as smectite and montmorillonite (Chen et al., 2003; Claudio et al., 2005; 
Darley, 1969; Ewy and Cook, 1990; Helstrup et al., 2004; Oort, 2003). SBDF is 
preferred in shale formation drilling due to its ability to stabilize clay, high lubricity, 
less corrosion, fewer formation damage, minimal temperature effect and low-
cost factor (Lyons et al., 2016). 
 
 
SBDF is an invert emulsion drilling fluid which consists of three main phases 
(water-in-oil and solids) with several additives (emulsifier, alkali reserve, 
viscosifier, thinning agent, fluid loss control, and stabilizer) (Caenn et al., 2017). 
Invert emulsion system assists in optimizing the cost of drilling operation by 
reducing the amount of synthetic base oil without compromising the performance 
of an OBDF. In addition, small and well-dispersed water droplets help to increase 
fluid viscosity by acting as solids particles, thus reducing the amount of viscosifier 
in the system. Reduced viscosifier helps in cold temperature drilling operation by 
allowing rheological and fluid loss properties to be controlled through the fluid-
emulsion characteristics (Said and El-Sayed, 2018). 
 
 

 Problem Statements 
 
Oil retained on the cuttings has been a major issue in the increasingly stringent 
limitations for cuttings discharge offshore. The cuttings disposal policy is different 
from one country to another. Currently, various technologies have been 
developed as alternatives to sea bed disposal that includes solids control, 
thermal desorption, solvent extraction, incineration, solidification/ stabilization, 
bioremediation and cuttings dryer (Ball et al., 2012; Huang et al., 2018). Those 
technologies are effective in removing the retained oil; however, they are not 
exactly flexible, costly, requires high temperature and high pressure, limited 
feasibility, and safety hazards.  
 
 
It has been reported that SBDF is less toxic. SBDF degrades faster than diesel 
and mineral oils, without compromising the performance of OBDF (Friedheim, 
1997; Neff et al., 2000).  SBDF is also designed to fulfil specific requirements 
guided by International Petroleum Industry Environmental Conservation 
Association (2009) such as it should be less volatile than conventional OBDF 
(higher flash point) and its vapors must be free of aromatic compound. Such 
base oil properties are very important for health and safety aspects. However, 
SBDFs derived from hydrocarbon-based show issues on biodegradability which 
raise environmental concerns (Munro et al., 1998; Steber et al., 1995). The 
degradation of hydrocarbon derived SBDF much faster in aerobic condition 
(Candler et al., 1999; Neff et al., 2000) than in anaerobic (Candler et al., 1999; 
Herman and Roberts, 2005; Van Slyke and Miller, 2016).  
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On the other hand, EBDF derived from plant oils have been recognized in 
providing the best environmental performance of any SBDF (Peresich et al., 
1991). Apart from that, it is also fully biodegradable; aerobically and 
anaerobically  (Blanchet et al., 1998; Imevbore et al., 2000; Lake et al., 2007; 
Neff et al., 2000; Steber et al., 1995). Ester emits the lowest organic vapor 
compared to LAO and IO  (Candler et al., 1996; Neff et al., 2000). EBDF has 
also been proven as superior in the aspects of biodegradation, no 
bioaccumulation, very low eco-toxicity, high lubricity and zero aromatic content, 
in comparison to other synthetic base fluids. However, it possesses a high 
kinematic viscosity, has poor thermal stability, high pour point, and prone to 
hydrolysis either in acidic or base condition (Caenn and Chillingar, 1996).  
Enhancement of the EBDF performance in order to fulfil the requirements of 
complex holes and deepwater operations are crucial especially in sensitive 
marine areas  (Cordes et al., 2016; Tornero and Hanke, 2016). In spite of the 
rules that limit the discharge of SBDFs into the sea, EBDF remains as the best 
option, when environmental aspects are concerned. 
 
 
In general, ester-based systems exhibit high kinematic viscosity, a condition that 
is magnified in the cold temperatures encountered in deep-water risers. Issues 
such as viscosity, pour point, thermal and hydrolytic stabilities limit the 
manipulation of ester for different drilling fluid’s density and oil-water ratio (OWR) 
at high operating temperature. Various types of esters derived from vegetable 
oils and fatty acids have been explored as invert emulsion drilling fluid including 
peanut oil, soybean oil, methyl ester, ethyl ester and others  (Dosunmu and 
Joshua, 2010; Habib et al., 2014; Jassim et al., 2016; Mueller et al., 1993c; 
Peresich et al., 1991). Most of the published works related to EBDF reported 
poor rheological and fluid loss properties after aging for 16 hours at 300 °F (149 
C) or above. Burrows et al. (2001, 2004) developed a low-viscosity ester for 
drilling fluid which was synthesized from a short-chain length (C8) fatty acid. 
However, the operating temperature was also limited to 300 °F. In other words, 
in any drilling operation that involves temperature higher than 300 F only 
hydrocarbon derived base oil such as internal olefin can be used.  
 
 
At present, basic formulation of a drilling fluid (base oil, brine, emulsifier, lime, 
viscosifier, fluid loss control and weighing agent)  is unable to produce fluid that 
will perform satisfactorily in complicated drilling operations especially related to 
high pressure high temperature (HPHT) well, shale formation in deepwater well, 
narrow window of equivalent circulating density (ECD) and etc. (Burrows et al., 
2001; Growcock et al., 2011; Lyons et al., 2016; Sinha et al., 2017; Zhao et al., 
2017). Additives such as thinning agent, bridging agent, rheology modifier, anti-
hydrolysis, antioxidant and etc. have been utilized to enhance the properties of 
drilling fluids  such as in rheology, fluid loss reduction, filter cake formation, 
thermal stability and salty resistance in the harsh applications  (Bastidas et al., 
2017; Cadix et al., 2015; Deville, 2010; Goncalves et al., 2007; Mueller et al., 
1993a; Pereira et al., 2017; Song and Yang, 2016). Most of the additives are 
produced from polymers. Adding nanomaterials to the formulation has been 
reported to improve properties of drilling fluid, especially for WBDF. Among the 
reported carbon-based nanomaterials, graphene oxide (GO) demonstrated as 
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an excellent fluid loss control in WBDF (Kosynkin et al., 2012). Other carbon-
based nanomaterials such as CNT and graphene nanoplatelets also 
demonstrated the improvement of fluid loss of WBDF although they are not as 
good as GO (A. Aftab et al., 2017; Fazelabdolabadi et al., 2015). Unfortunately, 
there is very limited knowledge of carbon-based nanomaterials in the 
improvement of drilling fluid, particularly EBDF.  
 
  

 Contribution of Research  
 
The main purposes of this project are to evaluate the performance of ester-based 
drilling fluid (EBDF) from 2-Ethylhexyl caprylate/caprate (2-EH 
caprylate/caprate) and to investigate the effects of carbon-based nanomaterials 
in enhancing the performance of EBDF. To achieve this, ester with low kinematic 
viscosity, low pour point and high flash point has been synthesized using a 
vacuum-assisted pulsed loop reactor. The three mentioned properties are the 
main criteria for a good base oil for drilling fluid. The new EBDFs have been 
formulated at different aging temperature and drilling fluid’s density. The 
rheological and fluid loss properties of newly formulated EBDF have proven the 
positive attributes of the ester base oil. Carbon-based nanomaterials such as 
graphene nanoplatelets (GNPs), graphene nanopowder, graphene oxide (GO) 
and carbon nanotube cotton (CNT cotton) affect the properties of EBDF 
differently at similar concentration. Graphene nanopowder is a promising 
additive in enhancing the rheological and fluid loss properties of newly 
formulated EBDF. Several tests such as rheology, electrical stability and HPHT 
filtration test have elucidated the roles of graphene nanopowder in EBDF.  
 
 

 Research Objectives 
 
The followings are the research objectives of the study.  
1. To evaluate the optimum operating conditions of the vacuum-assisted 
pulsed loop reactor on the conversion and yield of 2-EH caprylate/caprate ester. 
2. To investigate the effects of additives on the rheology and thermal 
stability of 2-EH Caprylate/caprate EBDF. 
3. To examine the effects of adding carbon-based nanomaterials on the 
rheological performance of 2-EH caprylate/caprate EBDF. 
4. To elucidate the roles of graphene nanopowder in improving the 
rheology and filtrates losses of 2-EH caprylate/caprate EBDF. 
 
 

 Scope of Research 
 
Methyl caprylate/caprate and 2-Ethylhexanol are selected as raw materials to 
produce a new base oil for drilling fluid.  The reactions were conducted in the 
presence of sodium methoxide as a catalyst to accelerate the transesterification 
process. The reactions took place in a vacuum-assisted pulsed loop reactor. The 
ratio of the reactants and catalyst concentration were fixed at 1:1.5 (methyl 
caprylate/caprate: 2-Ethylhexanol) and 0.4% respectively. Four factors have 
been considered in the optimization study, which are temperature (70-90 °C), 
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time (20-60 minutes), vacuum pressure (10-30 mbar) and oscillatory speed (120-
240 rpm).  
 
 
The performance of 2-EH caprylate/caprate ester as base oil was evaluated at 
temperatures starting from 275 °F to 360 °F. The performance of 2-EH 
caprylate/caprate EBDF was also assessed based on its rheological and fluid 
loss properties. The drilling fluids were tested according to American Petroleum 
Institute (API) procedures; Practice 13B-2 (2014).  

 
 

Commercial GNPs, in-house GNPs, graphene nanopowder, GO and CNT cotton 
were used to examine the effects of carbon-based nanomaterials on 2-EH 
caprylate/caprate EBDF. The governance of carbon-based nanomaterial on 
EBDF has been investigated based on the emulsion stability, rheology and 
HPHT filtration properties. 
 

 
 Organization of Thesis 

 
The thesis consists of five chapters. Chapter One is an introduction to the 
background and significance of the study and comprises the objectives and 
scope of the research. Chapter Two provides an extensive review and analysis 
of previous research relevant to the present study including i) transesterification, 
synthesis 2-Ethylhexyl esters and factors that are affecting the yield of ester in 
an oscillatory flow reactor, ii) various aspects of EBDFs, and iii) addition of 
nanomaterials in drilling fluids. Chapter Three presents the general materials, 
methods and testing used in the study, including synthesis and optimization of 
transesterification reaction via vacuum-assisted pulsed loop reactor, testing and 
analysis of synthesized base oil, development and testing of 2-EH 
caprylate/caprate EBDFs (various temperatures, different density and OWR) and 
development and testing of nano-2-EH caprylate/caprate EBDFs. Chapter Four 
covers the discussion of each findings in relation to the research objectives, 
which include of 2-EH caprylate/caprate ester synthesis and optimization by 
using pulsed loop reactor, effects of basic additives on 2-EH caprylate/caprate 
EBDF, performance of 2-EH caprylate/caprate EBDF at various temperatures, 
performance of 2-EH caprylate/caprate EBDF after adding carbon-based 
nanomaterials and mechanism of nanomaterials in enhancing the performance 
of 2-EH caprylate/caprate EBDF. Finally, the conclusions of this research and 
recommendations for future works are presented in Chapter Five. 
 



© C
OPYRIG

HT U
PM

129 
 

REFERENCES  

 

Abbott, M.S.R., Brain, C.M., Harvey, A.P., Morrison, M.I., Valente Perez, G., 
2015. Liquid culture of microalgae in a photobioreactor (PBR) based on 
oscillatory baffled reactor (OBR) technology – A feasibility study. Chem. 
Eng. Sci. 138, 315–323. https://doi.org/10.1016/J.CES.2015.07.045 

Abbott, M.S.R., Valente Perez, G., Harvey, A.P., Theodorou, M.K., 2014. 
Reduced power consumption compared to a traditional stirred tank reactor 
(STR) for enzymatic saccharification of alpha-cellulose using oscillatory 
baffled reactor (OBR) technology. Chem. Eng. Res. Des. 92, 1969–1975. 
https://doi.org/10.1016/J.CHERD.2014.01.020 

Abdo, J., 2016. Clay nanoparticles modified drilling fluids for drilling of deep 
hydrocarbon wells. https://doi.org/10.1016/j.clay.2013.10.017 

Abdou, M.I., Al-Sabagh, A.M., Ahmed, H.E.-S., Fadl, A.M., 2018. Impact of barite 
and ilmenite mixture on enhancing the drilling mud weight. Egypt. J. Pet. 
27, 955–967. https://doi.org/10.1016/J.EJPE.2018.02.004 

Adari, R.B., Miska, S., Kuru, E., Bern, P., Saasen, A., 2000. Selecting Drilling 
Fluid Properties and Flow Rates For Effective Hole Cleaning in High-Angle 
and Horizontal Wells, in: SPE Annual Technical Conference and Exhibition. 
Society of Petroleum Engineers. https://doi.org/10.2118/63050-MS 

Adeboye, Y., Oyekunle, L., 2016. Experimental study of hole cleaning 
performance of underbalanced drilling at downhole conditions. Niger. J. 
Technol. 35, 375. https://doi.org/10.4314/njt.v35i2.19 

Adhvaryu, A., Erhan, S.., 2002. Epoxidized soybean oil as a potential source of 
high-temperature lubricants. Ind. Crops Prod. 15, 247–254. 
https://doi.org/10.1016/S0926-6690(01)00120-0 

Aftab, A., Ismail, A.R., Ibupoto, Z.H., 2017. Enhancing the rheological properties 
and shale inhibition behavior of water-based mud using nanosilica, multi-
walled carbon nanotube, and graphene nanoplatelet. Egypt. J. Pet. 26, 
291–299. https://doi.org/10.1016/J.EJPE.2016.05.004 

Aftab, A, Ismail, A.R., Ibupoto, Z.H., Akeiber, H., Malghani, M.G.K., 2017. 
Nanoparticles based drilling muds a solution to drill elevated temperature 
wells: A review. Renew. Sustain. Energy Rev. 76, 1301–1313. 
https://doi.org/10.1016/j.rser.2017.03.050 

Agarwal, S., Phuoc, T.X., Soong, Y., Martello, D., Gupta, R.K., 2013. 
Nanoparticle-stabilised invert emulsion drilling fluids for deep-hole drilling 
of oil and gas. Can. J. Chem. Eng. 91, 1641–1649. 
https://doi.org/10.1002/cjce.21768 

Agwu, O.E., Okon, A.N., Udoh, F.D., 2015. A Comparative Study of Diesel Oil 
and Soybean Oil as Oil-Based Drilling Mud. J. Pet. Eng. 2015, 1–10. 
https://doi.org/10.1155/2015/828451 

Ahmad, H.M., Kamal, M.S., Al-Harthi, M.A., 2018. High molecular weight 
copolymers as rheology modifier and fluid loss additive for water-based 
drilling fluids. J. Mol. Liq. 252, 133–143. 
https://doi.org/10.1016/J.MOLLIQ.2017.12.135 

Ahmadi, M.A., Shadizadeh, S.R., Shah, K., Bahadori, A., 2018. An accurate 
model to predict drilling fluid density at wellbore conditions. Egypt. J. Pet. 
27, 1–10. https://doi.org/10.1016/J.EJPE.2016.12.002 

Ahmed, S.M.R., Phan, A.N., Harvey, A.P., 2018. Mass transfer enhancement as 



© C
OPYRIG

HT U
PM

130 
 

a function of oscillatory baffled reactor design. Chem. Eng. Process. - 
Process Intensif. 130, 229–239. 
https://doi.org/10.1016/J.CEP.2018.06.016 

Ajithkumar, G., Jayadas, N.H., Bhasi, M., 2009. Analysis of the pour point of 
coconut oil as a lubricant base stock using differential scanning calorimetry. 
Lubr. Sci. 21, 13–26. https://doi.org/10.1002/ls.69 

Al-Abduly, A., Christensen, P., Harvey, A., Zahng, K., 2014. Characterization 
and optimization of an oscillatory baffled reactor (OBR) for ozone-water 
mass transfer. Chem. Eng. Process. Process Intensif. 84, 82–89. 
https://doi.org/10.1016/j.cep.2014.03.015 

Al-Riyamy, K., Sharma, M.M., 2002. Filtration Properties of Oil-in-Water 
Emulsions containing Solids, in: International Symposium and Exhibition 
on Formation Damage Control. Society of Petroleum Engineers. 
https://doi.org/10.2118/73769-MS 

Al Basir, F., Roy, P.K., 2015. Effects of Temperature and Stirring on Mass 
Transfer to Maximize Biodiesel Production from Jatropha curcas Oil: A 
Mathematical Study. Int. J. Eng. Math. 2015, 1–9. 
https://doi.org/10.1155/2015/278275 

Ali, Y., Hanna, M.A., Cuppett, S.L., 1995. Fuel properties of tallow and soybean 
oil esters. J. Am. Oil Chem. Soc. 72, 1557–1564. 
https://doi.org/10.1007/BF02577854 

Alper Aydın, A., 2013. High-chain fatty acid esters of 1-octadecanol as novel 
organic phase change materials and mathematical correlations for 
estimating the thermal properties of higher fatty acid esters’ homologous 
series. Sol. Energy Mater. Sol. Cells 113, 44–51. 
https://doi.org/10.1016/j.solmat.2013.01.024 

Amani, M., Amani, M., Al-Jubouri, M., Shadravan, A., 2012. Comparative Study 
of Using Oil-Based Mud Versus Water-Based Mud in HPHT Fields. Adv. 
Pet. Explor. Dev. 4, 18–27. 
https://doi.org/10.3968/j.aped.1925543820120402.987 

Amanullah, M., Tan, C.P., 2001. Embedment Modulus of Mudcakes - Its Drilling 
Engineering Significance, in: AADE 2001 National Drilling Conference, 
“Drilling Technology- The Next 100 Years.” American Association of Drilling 
Engineers, Texas, United States. 

Amanullah, M., Tan, C.P., 2000. A Non-Destructive Method of Cake Thickness 
Measurement, in: SPE Asia Pacific Oil and Gas Conference and Exhibition. 
Society of Petroleum Engineers. https://doi.org/10.2118/64517-MS 

American Petroleum Institute, 2017. API RP 13D: Rheology and Hydraulics of 
Oil-well Drilling Fluids, 7th ed. 

American Petroleum Institute, 2014. API RP 13B-2 Recommended Practice for 
Field Testing Oil-based Drilling Fluids, 5th ed. American Petroleum 
Institute. 

Amin, R.A.M.., Clapper, D.K.., Norfleet, J.E.., Otto, M.J.., Xiang, T.., Hood, C.A.., 
Goodson, J.E.., Gerrard, D.P., 2010. Joint development of an 
environmentally acceptable ester-based drilling fluid, in: Trinidad and 
Tobago Energy Resources Conference. Society of Petroleum Engineers, 
Port of Spain, Trinidad. https://doi.org/https://doi.org/10.2118/132693-MS 

Anastopoulos, G., Lois, E., Karonis D, Zanikos, F., Kalligeros, S., 2001. A 
Preliminary Evaluation of Esters of Monocarboxylic Fatty Acid on the 
Lubrication Properties of Diesel Fuel. Ind. Eng. Chem. Res. 40, 452–456. 
https://doi.org/10.1021/ie000488c 



© C
OPYRIG

HT U
PM

131 
 

Anyanwu, C., Mustapha Unubi, M., 2016. Experimental Evaluation of Particle 
Sizing in Drilling Fluid to Minimize Filtrate Losses and Formation Damage, 
in: SPE Nigeria Annual International Conference and Exhibition. Society of 
Petroleum Engineers. https://doi.org/10.2118/184303-MS 

Apaleke, A.S., Al-majed, A., Hossain, M.E., Fahd, K., 2012. State Of The Art And 
Future Trend of Drilling Fluid: An Experimental Study. SPE -153676, Lat. 
Am. Caribb. Pet. Eng. Conf. 0096638602, 20–22. 

Arlanoglu, C., Feng, Y., Podnos, E., Becker, E., Gray, K.E., 2014. Finite Element 
Studies of Wellbore Strengthening, in: IADC/SPE Drilling Conference and 
Exhibition. Society of Petroleum Engineers. 
https://doi.org/10.2118/168001-MS 

Arthur, K.G., Peden, J.M., Heriot-Watt, U., 1988. The Evaluation of Drilling Fluid 
Filter Cake Properties and Their Influence on Fluid Loss. 
theSPEInternational Maetkrg Pet. Englrrearing, heldin 
Tianjin,China,Novembar 1-4 SPE 17617. https://doi.org/10.2523/17617-
MS 

Asadauskas, S., Erhan, S.Z., 1999. Depression of pour points of vegetable oils 
by blending with diluents used for biodegradable lubricants. J. Am. Oil 
Chem. Soc. 76, 313–316. https://doi.org/10.1007/s11746-999-0237-6 

Ashjian, H., Peel, L.C., Sheerin, T.J., Williamson, R.S., 1994. Non toxic, 
biodegradable well fluids. WO1995009215A1. 

ASTM International, 2014. Standard Test Method for Elastomer Compatibility of 
Lubricating Greases and Fluids ASTM D4289 - 13(2014)e1. ASTM 
International. 

Atabani, A.E., Mahlia, T.M.I., Masjuki, H.H., Badruddin, I.A., Yussof, H.W., 
Chong, W.T., Lee, K.T., 2013. A comparative evaluation of physical and 
chemical properties of biodiesel synthesized from edible and non-edible 
oils and study on the effect of biodiesel blending. Energy 58, 296–304. 
https://doi.org/10.1016/j.energy.2013.05.040 

Atif, R., Inam, F., 2016. Reasons and remedies for the agglomeration of 
multilayered graphene and carbon nanotubes in polymers. Beilstein J. 
Nanotechnol. 7, 1174–1196. https://doi.org/10.3762/bjnano.7.109 

Avramescu, M.-L., Rasmussen, P.E., Chénier, M., 2016. Determination of Metal 
Impurities in Carbon Nanotubes Sampled Using Surface Wipes. J. Anal. 
Methods Chem. 2016, 1–10. https://doi.org/10.1155/2016/3834292 

Aziz, N.A.M., Yunus, R., Rashid, U., Syam, A.M., 2014. Application of response 
surface methodology (RSM) for optimizing the palm-based pentaerythritol 
ester synthesis. Ind. Crops Prod. 62, 305–312. 
https://doi.org/10.1016/J.INDCROP.2014.08.040 

Azizi, T., Chen, H., Rahman, S.S., 1998. Management of Wellbore Instability 
&amp; Formation Damage by Improved Drilling Mud Design, in: IADC/SPE 
Asia Pacific Drilling Technology. Society of Petroleum Engineers. 
https://doi.org/10.2118/47786-MS 

Ball, A.S., Stewart, R.J., Schliephake, K., 2012. A review of the current options 
for the treatment and safe disposal of drill cuttings. Waste Manag. Res. 30, 
457–473. https://doi.org/10.1177/0734242X11419892 

Barry, M.M., Jung, Y., Lee, J.K., Phuoc, T.X., Chyu, M.K., 2015. Fluid filtration 
and rheological properties of nanoparticle additive and intercalated clay 
hybrid bentonite drilling fluids. J. Pet. Sci. Eng. 127, 338–346. 
https://doi.org/10.1016/j.petrol.2015.01.012 

Bastidas, H.A.N., Perez, J.S.C., Castellanos, C.V., 2017. Development of an 



© C
OPYRIG

HT U
PM

132 
 

Environmentally Friendly Oil Based Drilling Fluid Using Castor Oil with 
Polar Activator and In Presence of Strong Bases Lime, in: SPE Latin 
America and Caribbean Petroleum Engineering Conference. Society of 
Petroleum Engineers. https://doi.org/10.2118/185451-MS 

Bender, M.L., 1960. Mechanisms of Catalysis of Nucleophilic Reactions of 
Carboxylic Acid Derivatives. Chem. Rev. 60, 53–113. 
https://doi.org/10.1021/cr60203a005 

Bergaya, F., Lagaly, G., 2006. General Introduction: Clays, Clay Minerals, and 
Clay Science, in: Developments in Clay Science. Elsevier, pp. 1–18. 
https://doi.org/10.1016/S1572-4352(05)01001-9 

Bezerra, M.A., Santelli, R.E., Oliveira, E.P., Silveira Villar, L., Elia Escaleira, L.A., 
Villar, L.S., Escaleira, L.A., 2008. Response surface methodology (RSM) 
as a tool for optimization in analytical chemistry. Talanta 76, 965–977. 
https://doi.org/10.1016/J.TALANTA.2008.05.019 

Bikerman, J.J., 2013. Surface Chemistry : Theory and Applications. Elsevier 
Science. 

Bill Rehm, Arash Haghshenas, 2012. Flow Drilling: Underbalance Drilling with 
Liquid Single-Phase Systems, in: Rehm, B., Arash Haghshenas, Paknejad, 
AmirAl-Yami, AbdullahHughes, J.S. (Eds.), Underbalanced Drilling: Limits 
and Extremes. Gulf Publishing Company, pp. 39–108. 
https://doi.org/10.1016/B978-1-933762-05-0.50009-7 

Blanchet, D., Audibert, A., Argillier, J.-F., 1998. Anaerobic Biodegradability of 
Oil-Based Fluid for Invert-Emulsion Drilling Fluids. J. Pet. Technol. 50, 56–
57. https://doi.org/10.2118/1198-0056-JPT 

Boyde, S., 2000. Hydrolytic stability of synthetic ester lubricants. J. Synth. Lubr. 
16, 297–312. https://doi.org/10.1002/jsl.3000160403 

Briant, J., Denis, J., Parc, G., 1989. Rheological properties of lubricants. Éditions 
Technip. 

Brownson, D.A.C., Varey, S.A., Hussain, F., Haigh, S.J., Banks, C.E., 2014. 
Electrochemical properties of CVD grown pristine graphene: monolayer- 
vs. quasi-graphene. Nanoscale 6, 1607–1621. 
https://doi.org/10.1039/C3NR05643K 

Burrows, K., Carbajal, D., Kirsner, J., Owen, B., 2004. Benchmark Performance: 
Zero Barite Sag and Significantly Reduced Downhole Losses with the 
Industry&amp;apos;s First Clay-Free Synthetic-Based Fluid, in: IADC/SPE 
Drilling Conference. Society of Petroleum Engineers. 
https://doi.org/10.2118/87138-MS 

Burrows, K., Evans, J., Hall, J., Kirsner, J., 2001. New Low Viscosity Ester Is 
Suitable for Drilling Fluids in Deepwater Applications, in: SPE/EPA/DOE 
Exploration and Production Environmental Conference. Society of 
Petroleum Engineers. https://doi.org/10.2118/66553-MS 

Cadix, A., Wilson, J., Barthet, C., Phan, C., Poix, C., Dupuis, P., Harrisson, S., 
2015. Diblock Copolymers: A New Class of Fluid Loss Control Additive for 
Oilfield Cementing, in: SPE International Symposium on Oilfield Chemistry. 
Society of Petroleum Engineers. https://doi.org/10.2118/173758-MS 

Caenn, R., Chillingar, G. V, 1996. Drilling fluids: State of the art. J. Pet. Sci. Eng. 
14, 221–230. https://doi.org/10.1016/0920-4105(95)00051-8 

Caenn, R., Darley, H.C.H., Gray, G.R., 2017. Composition and properties of 
drilling and completion fluids. Gulf Professional Publishing. 

Caenn, R., Darley, H.C.H., Gray, G.R., 2011. Composition and Properties of 
Drilling and Completion Fluids, Composition and Properties of Drilling and 



© C
OPYRIG

HT U
PM

133 
 

Completion Fluids. https://doi.org/10.1016/B978-0-12-383858-2.00001-9 
Camuffo, D., 2014. Consequences of the Maxwell–Boltzmann Distribution. 

Microclim. Cult. Herit. 347–366. https://doi.org/10.1016/B978-0-444-
63296-8.00010-X 

Cançado, G., 2013. Raman characterization of graphene-based materials. 
Candler, J., Churan, M., Conn, L., 1996. Laboratory and Field Measurements of 

Vapors Generated by Organic Materials in Drilling Fluids, in: SPE Health, 
Safety and Environment in Oil and Gas Exploration and Production 
Conference. Society of Petroleum Engineers. 
https://doi.org/10.2118/35866-MS 

Candler, J.E., Hoskin, S., Churan, M., Lai, C.W., Freeman, M., 1995. Seafloor 
Monitoring for Synthetic-Based Mud Discharged in the Western Gulf of 
Mexico, in: SPE/EPA Exploration and Production Environmental 
Conference. Society of Petroleum Engineers. 
https://doi.org/10.2118/29694-MS 

Candler, J.E., Stephen, P.R., Leuterman, A.J.J., 1999. Predicting the Potential 
Impact of Synthetic-Based Muds with the Use of Biodegradation Studies, 
in: SPE/EPA Exploration and Production Environmental Conference. 
Society of Petroleum Engineers. https://doi.org/10.2118/52742-MS 

Carlson, T., Hemphill, T., 1994. Meeting the Challenges of Deepwater Gulf of 
Mexico Drilling With Non-Petroleum Ester-Based Drilling Fluids, in: 
International Petroleum Conference and Exhibition of Mexico. Society of 
Petroleum Engineers. https://doi.org/10.2118/28739-MS 

Carpenter, J.F., Toye, J., 2001. Base oil for well fluids having low pour point 
temperature. US6323157. 

Charles Svoboda, Raymond Ravitz, Mark Luyster, 2006. Invert emulsion based 
completion and displacement fluid and method of use. US20060223714A1. 

Cheatham, C.A., Nahm, J.J., 1985. Effects of Selected Mud Properties on Rate 
of Penetration in Full-Scale Shale Drilling Simulations, in: SPE/IADC 
Drilling Conference. Society of Petroleum Engineers. 
https://doi.org/10.2118/13465-MS 

Chen, G., Chenevert, M.E., Sharma, M.M., Yu, M., 2003. A study of wellbore 
stability in shales including poroelastic, chemical, and thermal effects. J. 
Pet. Sci. Eng. 38, 167–176. https://doi.org/10.1016/S0920-4105(03)00030-
5 

Cheraghian, G., 2017. Short Communication Application of Nano-Particles of 
Clay to Improve Drilling Fluid, Int. J. Nanosci. Nanotechnol. 

Chiam, S.L., Lim, H.N., Hafiz, S.M., Pandikumar, A., Huang, N.M., 2018. 
Electrochemical Performance of Supercapacitor with Stacked Copper Foils 
Coated with Graphene Nanoplatelets. Sci. Rep. 8, 3093. 
https://doi.org/10.1038/s41598-018-21572-x 

Claudio, A., Francisco, N., Ebecken, F., Drummond, L., Landau, L., Coelho, L.C., 
Soares, A.C., Ebecken, N.F.F., Alves, J.L.D., Landau, L., 2005. The impact 
of constitutive modeling of porous rocks on 2-D wellbore stability analysis. 
J. Pet. Sci. Eng. 46, 81–100. https://doi.org/10.1016/j.petrol.2004.08.004 

Cleaves, H.J., 2011. Steric Effect, in: Encyclopedia of Astrobiology. Springer 
Berlin Heidelberg, Berlin, Heidelberg, pp. 1598–1598. 
https://doi.org/10.1007/978-3-642-11274-4_1517 

Connell, D.L., Gradwell, A.J., 1987. Fluid loss control additives for oil-based well-
working fluids. US4671883. 

Connors, K.A. (Kenneth A., 1990. Chemical kinetics : the study of reaction rates 



© C
OPYRIG

HT U
PM

134 
 

in solution. VCH. 
Cordes, E.E., Jones, D.O.B., Schlacher, T.A., Amon, D.J., Bernardino, A.F., 

Brooke, S., Carney, R., DeLeo, D.M., Dunlop, K.M., Escobar-Briones, E.G., 
Gates, A.R., Génio, L., Gobin, J., Henry, L.-A., Herrera, S., Hoyt, S., Joye, 
M., Kark, S., Mestre, N.C., Metaxas, A., Pfeifer, S., Sink, K., Sweetman, 
A.K., Witte, U., 2016. Environmental Impacts of the Deep-Water Oil and 
Gas Industry: A Review to Guide Management Strategies. Front. Environ. 
Sci. 4, 58. https://doi.org/10.3389/fenvs.2016.00058 

Costarrosa, L., Leiva-Candia, D., Cubero-Atienza, A., Ruiz, J., Dorado, M., 2018. 
Optimization of the Transesterification of Waste Cooking Oil with Mg-Al 
Hydrotalcite Using Response Surface Methodology. Energies 11, 302. 
https://doi.org/10.3390/en11020302 

Daan, R., Booij, K., Mulder, M., Van Weerlee, E.M., Aan, R.O.D., Ooij, 
K.E.E.S.B., Ulder, M.A.M., Valine, E.M., 1996. Environmental effects of a 
discharge of drill cuttings contaminated with ester-based drilling muds in 
the north sea. Environ. Toxicol. Chem. 15, 1709–1722. 
https://doi.org/10.1002/etc.5620151009 

Dardir, M.M., Ibrahime, S., Soliman, M., Desouky, S.D., Hafiz,  a. a., 2014. 
Preparation and evaluation of some esteramides as synthetic based drilling 
fluids. Egypt. J. Pet. 23, 35–43. https://doi.org/10.1016/j.ejpe.2014.02.006 

Darley, H.C.H., 1969. A Laboratory Investigation of Borehole Stability. J. Pet. 
Technol. 21, 883–892. https://doi.org/10.2118/2400-PA 

Davoodi, S., Ramazani S.A., A., Jamshidi, S., Fellah Jahromi, A., 2018. A novel 
field applicable mud formula with enhanced fluid loss properties in High 
Pressure-High Temperature well condition containing pistachio shell 
powder. J. Pet. Sci. Eng. 162, 378–385. 
https://doi.org/10.1016/J.PETROL.2017.12.059 

Dawson, R.B., Carpenter, J.F., 1995. Invert drilling fluid. 
Dejtaradon, P., Hamidi, H., Chuks, M.H., Wilkinson, D., Rafati, R., 2019. Impact 

of ZnO and CuO nanoparticles on the rheological and filtration properties 
of water-based drilling fluid. Colloids Surfaces A Physicochem. Eng. Asp. 
570, 354–367. https://doi.org/10.1016/J.COLSURFA.2019.03.050 

Deville, J.P., 2013. Oil based drilling fluids with enhanced stability at high 
temperatures. US8586507. 

Deville, J.P., 2010. Inhibition of Hydrolytic Degradation in Ester-Based Invert 
Emulsion Drilling Fluids, in: 2010 AADE Fluids Conference and Exhibition. 

Dias, F.T.G., Souza, R.R., Lucas, E.F., 2015. Influence of modified starches 
composition on their performance as fluid loss additives in invert-emulsion 
drilling fluids. Fuel 140, 711–716. 
https://doi.org/10.1016/j.fuel.2014.09.074 

Dosunmu, A., Joshua, O., 2010. Development of Environmentally Friendly Oil 
Based Mud using Palm- Oil and Groundnut-Oil. Soc. Pet. Eng. SPE 
140720. https://doi.org/10.2118/140720-MS 

Dresselhaus, M.S., Jorio, A., Souza Filho, A.G., Saito, R., 2010. Defect 
characterization in graphene and carbon nanotubes using Raman 
spectroscopy. Philos. Trans. A. Math. Phys. Eng. Sci. 368, 5355–77. 
https://doi.org/10.1098/rsta.2010.0213 

Eckhout, D., Dolan, S., Gogan, R., Ledgister, H., Mowat, C., Tipton, P., Ewen, 
B., Dye, W., 2000. Development Process and Field Applications of a New 
Ester-based Mud System for ERD Wells on Australia’s Northwest Shelf, in: 
IADC/SPE Asia Pacific Drilling Technology. Society of Petroleum 



© C
OPYRIG

HT U
PM

135 
 

Engineers. https://doi.org/10.2118/62791-MS 
Eghbal, M.D., Behzad, S., 2017. Hydrophobic silica nanoparticle-stabilized invert 

emulsion as drilling fluid for deep drilling. Pet. Sci. 14, 105–115. 
https://doi.org/10.1007/s12182-016-0135-0 

Elkatatny, S., 2019. Mitigation of barite sagging during the drilling of high-
pressure high-temperature wells using an invert emulsion drilling fluid. 
Powder Technol. https://doi.org/10.1016/J.POWTEC.2019.04.037 

Ellice, M., Helmy, S., Shumate, T.G., 1996. Base oil for well-bore fluids. 
WO1996022342. 

Elochukwu, H., Gholami, R., Sham Dol, S., 2017. An approach to improve the 
cuttings carrying capacity of nanosilica based muds. J. Pet. Sci. Eng. 152, 
309–316. https://doi.org/10.1016/J.PETROL.2017.03.008 

Erhan, S.Z., Asadauskas, S., 2000. Lubricant basestocks from vegetable oils. 
Ind. Crops Prod. 11, 277–282. https://doi.org/10.1016/S0926-
6690(99)00061-8 

Esfahani, M.R., Languri, E.M., Nunna, M.R., 2016. Effect of particle size and 
viscosity on thermal conductivity enhancement of graphene oxide 
nanofluid. Int. Commun. Heat Mass Transf. 76, 308–315. 
https://doi.org/10.1016/J.ICHEATMASSTRANSFER.2016.06.006 

Ewy, R.T., Cook, N.G.W., 1990. Deformation and fracture around cylindrical 
openings in rock—I. Observations and analysis of deformations. Int. J. 
Rock Mech. Min. Sci. Geomech. Abstr. 27, 387–407. 
https://doi.org/10.1016/0148-9062(90)92713-O 

Eze, V.C., Fisher, J.C., Phan, A.N., Harvey, A.P., 2017. Intensification of 
carboxylic acid esterification using a solid catalyst in a mesoscale 
oscillatory baffled reactor platform. Chem. Eng. J. 322, 205–214. 
https://doi.org/10.1016/J.CEJ.2017.04.038 

Fadairo, A., Falode, O., Ako, C., Adeyemi, A., Ameloko, A., 2012. Novel 
Formulation of Environmentally Friendly Oil Based Drilling Mud. New 
Technol. Oil Gas Ind. 49–79. https://doi.org/10.5772/51236 

Fadairo, A., Orodu, D., Falode, O., 2013. Investigating the Carrying Capacity and 
the Effect of Drilling Cutting on Rheological Properties of Jatropha Oil 
Based Mud. SPE Niger. Annu. Int. Conf. Exhib. 1–8. 
https://doi.org/10.2118/167551-MS 

Fadairo, A.S., Adekomaya,  olufemi, Falode, O.A., 2009. Effect of Drilling 
Cuttings Transport on Pressure Drop in a Flowing Well, in: Middle East 
Drilling Technology Conference & Exhibition. Society of Petroleum 
Engineers. https://doi.org/10.2118/125707-MS 

Falana, O.M., Antonio, S., Gilmer, A.T., Marshall, E., 2009. Secondary 
emulsifiers for inverted emulsion fluids and methods for making and using 
same. US7915203B2. 

Farfan-Cabrera, L.I., Gallardo-Hernández, E.A., Pérez-González, J., 2017. 
Compatibility study of common sealing elastomers with a biolubricant 
(Jatropha oil). Tribol. Int. 116, 1–8. 
https://doi.org/10.1016/j.triboint.2017.06.039 

Fazelabdolabadi, B., Khodadadi, A.A., Sedaghatzadeh, M., 2015. Thermal and 
rheological properties improvement of drilling fluids using functionalized 
carbon nanotubes. Appl. Nanosci. 5, 651–659. 
https://doi.org/10.1007/s13204-014-0359-5 

Fei, X., Xia, L., Chen, M., Wei, W., Luo, J., Liu, X., 2016. Preparation and 
Application of Water-in-Oil Emulsions Stabilized by Modified Graphene 



© C
OPYRIG

HT U
PM

136 
 

Oxide. Mater. (Basel, Switzerland) 9. https://doi.org/10.3390/ma9090731 
Feng, Y., Arlanoglu, C., Podnos, E., Becker, E., Gray, K.E., 2015. Finite-Element 

Studies of Hoop-Stress Enhancement for Wellbore Strengthening. SPE 
Drill. Complet. 30, 38–51. https://doi.org/10.2118/168001-PA 

Fereydouni, M., Sabbaghi, S., Saboori, R., Zeinali, S., 2012. Effect of Polyanionic 
Cellulose Polymer Nanoparticles on Rheological Properties of Drilling Mud. 
Int. J. Nanosci. Nanotechnol. 8, 171–174. 

Filonenko, G., 2015. On the catalytic hydrogenation of CO2 and carboxylic acid 
esters. 

Fink, J., 2015. Petroleum engineer’s guide to oil field chemicals and fluids. Gulf 
Professional Publishing. 

Fornasier, F.C., Campo, M., Djuric, A., Obando, D.M., 2017. Designing 
Environmentally Conforming Drilling Fluids: Challenges and 
Considerations in Latin America, in: SPE Latin America and Caribbean 
Petroleum Engineering Conference. Society of Petroleum Engineers. 
https://doi.org/10.2118/185492-MS 

Freedman, B., Pryde, E.H., Mounts, T.L., Regional, N., 1984. Variables Affecting 
the Yields of Fatty Esters from Transesterified Vegetable Oils. J. Am. Oil 
Chem. Soc. 61, 1638–1643. https://doi.org/10.1007/BF02541649 

Fregolente, P.B.L., Wolf Maciel, W.M., Oliveira, L.S., Fregolente, P.B.L., Wolf 
Maciel, W.M., Oliveira, L.S., 2015. Removal of water content from biodiesel 
and diesel fuel using hydrogel adsorbents. Brazilian J. Chem. Eng. 32, 
895–901. https://doi.org/10.1590/0104-6632.20150324s20140142 

Frelichowska, J., Bolzinger, M.-A., Chevalier, Y., 2010. Effects of solid particle 
content on properties of o/w Pickering emulsions. J. Colloid Interface Sci. 
351, 348–356. https://doi.org/10.1016/J.JCIS.2010.08.019 

Friedheim, J.E., 1997. Second-Generation Synthetic Drilling Fluids. J. Pet. 
Technol. 49, 724–728. https://doi.org/10.2118/38251-JPT 

Friedheim, J.E., Conn, H.L., 1996. Second Generation Synthetic Fluids in the 
North Sea : Are They Better ? Soc. Pet. Eng. IADC/SPE 3, 215–228. 

Friedheim, J.E., Pantermuehl, A.M., Co, M.D.F., 1993. Superior Performance 
With Minimal Environmental Impact : A Novel Nonaqueous Drilling Fluid. 

Ganguly, S., Dana, K., Mukhopadhyay, T.K., Parya, T.K., Ghatak, S., 2011. 
Organophilic Nano Clay: A Comprehensive Review. Trans. Indian Ceram. 
Soc. 70, 189–206. https://doi.org/10.1080/0371750X.2011.10600169 

Gao, E., Estensen, O., MacDonald, C., Castle, S., 1998. Critical Requirements 
for Successful Fluid Engineering in HPHT Wells: Modeling Tools, Design 
Procedures &amp; Bottom Hole Pressure Management in the Field, in: 
European Petroleum Conference. Society of Petroleum Engineers. 
https://doi.org/10.2118/50581-MS 

Gavrielatos, I., Dabirian, R., Mohan, R., Shoham, O., 2018. Nanoparticle and 
Surfactant Oil/Water Emulsions - Is Different Treatment Required?, in: SPE 
Western Regional Meeting. Society of Petroleum Engineers. 
https://doi.org/10.2118/190114-MS 

Gebremariam, S.N., Marchetti, J.M., 2018. Biodiesel production through sulfuric 
acid catalyzed transesterification of acidic oil: Techno economic feasibility 
of different process alternatives. Energy Convers. Manag. 174, 639–648. 
https://doi.org/10.1016/J.ENCONMAN.2018.08.078 

Gee, J.C., Lawrie, C.J., Williamson, R.C., 1996. Drilling fluids comprising 
monstly linear olefins. US 5589442. 

Ghattas, A.-K., Fischer, F., Wick, A., Ternes, T.A., 2017. Anaerobic 



© C
OPYRIG

HT U
PM

137 
 

biodegradation of (emerging) organic contaminants in the aquatic 
environment. Water Res. 116, 268–295. 
https://doi.org/10.1016/j.watres.2017.02.001 

Gholami, R., Elochukwu, H., Fakhari, N., Sarmadivaleh, M., 2018. A review on 
borehole instability in active shale formations: Interactions, mechanisms 
and inhibitors. Earth-Science Rev. 177, 2–13. 
https://doi.org/10.1016/J.EARSCIREV.2017.11.002 

Goncalves, J.T., De Oliveira, M.F., Aragao, A.F.L., 2007. Compositions of oil-
based biodegradable drilling fluids and process for drilling oil and gas wells. 
US7285515. 

González-Juárez, D., Herrero-Martín, R., Solano, J.P., 2018. Enhanced heat 
transfer and power dissipation in oscillatory-flow tubes with circular-orifice 
baffles: a numerical study. Appl. Therm. Eng. 141, 494–502. 
https://doi.org/10.1016/J.APPLTHERMALENG.2018.05.115 

Grant, L.M., Ederth, T., Tiberg, F., 2000. Influence of Surface Hydrophobicity on 
the Layer Properties of Adsorbed Nonionic Surfactants. 
https://doi.org/10.1021/LA990700L 

Growcock, F.B., Ellis, C.F., Schmidt, D.D., Azar, J.J., 1994. Electrical Stability, 
Emulsion Stability, and Wettability of Invert Oil-Based Muds. SPE Drill. 
Complet. 9, 39–46. https://doi.org/10.2118/20435-PA 

Growcock, F.B., Frederick, T.P., 1996. Operational Limits of Synthetic Drilling 
Fluids. SPE Drill. Complet. 11, 132–136. https://doi.org/10.2118/29071-PA 

Growcock, F.B., Patel, A.D., Swaco, M., 2011. The Revolution in Non-Aqueous 
Drilling Fluids, in: 2011 AADE National Technical Conference and 
Exhibition. American Association of Drilling Engineers. 

Gryglewicz, S., Piechocki, W., Gryglewicz, G., 2003. Preparation of polyol esters 
based on vegetable and animal fats. Bioresour. Technol. 87, 35–9. 

Guan, O.S., Gholami, R., Raza, A., Rabiei, M., Fakhari, N., Rasouli, V., 
Nabinezhad, O., 2018. A nano-particle based approach to improve filtration 
control of water based muds under high pressure high temperature 
conditions. Petroleum. https://doi.org/10.1016/J.PETLM.2018.10.006 

Guégan, R., 2019. Organoclay applications and limits in the environment. 
Comptes Rendus Chim. 22, 132–141. 
https://doi.org/10.1016/J.CRCI.2018.09.004 

Guo, B., Liu, G., 2011. Applied drilling circulation systems : hydraulics, 
calculations, and models. Gulf Professional Publishing. 

Guo, H., Voncken, J., Opstal, T., Dams, R., Zitha, P.L.J., 2014. Investigation of 
the Mitigation of Lost Circulation in Oil-Based Drilling Fluids by Use of 
Gilsonite. SPE J. 19, 1184–1191. https://doi.org/10.2118/157751-PA 

Habib, N.S.H.A., Yunus, R., Rashid, U., Taufiq-Yap, Y.H., Abidin, Z.Z., Syam, 
A.M., Irawan, S., 2014. Transesterification Reaction for Synthesis of Palm-
based Ethylhexyl Ester and Formulation as Base Oil for Synthetic Drilling 
Fluid. J. Oleo Sci. 63, 497–506. https://doi.org/10.5650/jos.ess13220 

Hameedi, A., Alkinani, H., Norman, S., Flori, R., 2018. Insights into mud losses 
mitigation in the Rumaila Field, Iraq. J. Pet. Environ. Biotechnol. 09, 1–10. 
https://doi.org/10.4172/2157-7463.1000356 

Hameedi, A.T.T., Alkinani, H.H., Norman, S.D., Flori, R.E., Hilgedick, S.A., Amer, 
A.S., 2017. Limiting Key Drilling Parameters to Avoid or Mitigate Mud 
Losses in the Hartha Formation, Rumaila Field, Iraq. J. Pet. Environ. 
Biotechnol. 08, 1–7. https://doi.org/10.4172/2157-7463.1000345 

Hamid, H.A., Yunus, R., Rashid, U., Choong, T.S.Y., Ali, S., Muhammad, A., 



© C
OPYRIG

HT U
PM

138 
 

2016. Synthesis of high oleic palm oil-based trimethylolpropane esters in a 
vacuum operated pulsed loop reactor. Fuel 166, 560–566. 
https://doi.org/10.1016/j.fuel.2015.11.022 

Hamid, H.A., Yunus, R., Rashid, U., Choong, T.S.Y., Ali, S., Syam, A.M., 2018. 
Synthesis Study of High Oleic Palm Oil-based Trimethylolpropane 
Triesters: Response Surface Methodology Based Optimization. Chiang 
Mai J. Sci. 45, 984–996. 

Hao, Y., Wang, Y., Wang, L., Ni, Z., Wang, Z., Wang, R., Koo, C.K., Shen, Z., 
Thong, J.T.L., 2010. Probing Layer Number and Stacking Order of Few-
Layer Graphene by Raman Spectroscopy. Small 6, 195–200. 
https://doi.org/10.1002/smll.200901173 

Harvey, A.P., Mackley, M.R., Seliger, T., 2003. Process intensification of 
biodiesel production using a continuous oscillatory flow reactor. J. Chem. 
Technol. Biotechnol. 78, 338–341. https://doi.org/10.1002/jctb.782 

He, X., Chen, B., Tan, T., 2002. Enzymatic synthesis of 2-ethylhexyl esters of 
fatty acids by immobilized lipase from Candida sp. 99–125. J. Mol. Catal. 
B Enzym. 18, 333–339. https://doi.org/10.1016/S1381-1177(02)00114-5 

Helstrup, O.A., Chen, Z., Rahman, S.S., 2004. Time-dependent wellbore 
instability and ballooning in naturally fractured formations. J. Pet. Sci. Eng. 
43, 113–128. https://doi.org/10.1016/j.petrol.2004.01.001 

Herman, D., Roberts, D.J., 2005. A Marine Anaerobic Biodegradation Test 
Applied to the Biodegradation of Synthetic Drilling Mud Base Fluids. Soil 
Sediment Contam. 14, 433–447. 
https://doi.org/10.1080/15320380500180499 

Hilten, R., Weber, J., Kastner, J.R., 2016. Continuous Catalytic Esterification and 
Hydrogenation of a Levoglucosan/Acetic Acid Mixture for Production of 
Ethyl Levulinate/Acetate and Valeric Biofuels. Energy & Fuels 30, 9480–
9489. https://doi.org/10.1021/acs.energyfuels.6b01896 

Hirata, M.H., Pereira, L.A.A., Recicar, J.N., Moura, W.H. de, 2008. High 
Reynolds number oscillations of a circular cylinder. J. Brazilian Soc. Mech. 
Sci. Eng. 30, 304–312. https://doi.org/10.1590/S1678-
58782008000400006 

Holmes-Farley, S.R., Reamey, R.H., McCarthy, T.J., Deutch, J., Whitesides, 
G.M., 1985. Acid-base behavior of carboxylic acid groups covalently 
attached at the surface of polyethylene: The usefulness of contact angle in 
following the ionization of surface functionality. Langmuir 1, 725–740. 
https://doi.org/10.1021/la00066a016 

Honary, L.A.T., 1996. An investigation of the use of soybean oil in hydraulic 
systems. Bioresour. Technol. 56, 41–47. https://doi.org/10.1016/0960-
8524(95)00184-0 

Hossain, M.E., Islam, R., 2018. Drilling engineering problems and solutions : a 
field guide for engineers and students, 1st ed. John Wiley & Sons, Inc. 
https://doi.org/10.1002/9781118998632 

House, R.F., 1984. Organophilic clay suspending agents. US4464274. 
Htwe, Y.Z.N., Chow, W.S., Suda, Y., Thant, A.A., Mariatti, M., 2019. Effect of 

electrolytes and sonication times on the formation of graphene using an 
electrochemical exfoliation process. Appl. Surf. Sci. 469, 951–961. 
https://doi.org/10.1016/J.APSUSC.2018.11.029 

Huang, Z., Xu, Z., Quan, Y., Jia, H., Li, J., Li, Q., Chen, Z., Pu, K., 2018. A review 
of treatment methods for oil-based drill cuttings, in: IOP Conf. Ser.: Earth 
Environ. Sci. IOP Publishing, p. 22074. https://doi.org/10.1088/1755-



© C
OPYRIG

HT U
PM

139 
 

1315/170/2/022074 
Hussain, Z., Kumar, R., 2018. Esterification of free fatty acids in karanja oil using 

novel corncob derived solid acid catalyst. Mater. Today Proc. 5, 18045–
18051. https://doi.org/10.1016/J.MATPR.2018.06.138 

IHS Markit, n.d. Fluoroelastomers - Chemical Economics Handbook (CEH) 
[WWW Document]. URL https://www.ihs.com/products/fluoroelastomers-
chemical-economics-handbook.html (accessed 7.5.17). 

Ilgen, O., 2011. Dolomite as a heterogeneous catalyst for transesterification of 
canola oil. Fuel Process. Technol. 92, 452–455. 
https://doi.org/10.1016/J.FUPROC.2010.10.009 

Imevbore, V.O., Nwankwo, J.N., Ifeadi, C.N., Ladan, M.D., 2000. Laboratory 
Assessment of Biodegradation of Non Soluble Drilling Mud Base Fluids 
Under Nigerian Environmental Conditions, in: SPE International 
Conference on Health, Safety and Environment in Oil and Gas Exploration 
and Production. Society of Petroleum Engineers. 
https://doi.org/10.2118/61043-MS 

Inglis, T.A., 1987. Directional drilling, 1st Editio. ed. Springer Netherlands. 
https://doi.org/10.1007/978-94-017-1270-5 

Ingold, C.K., 1930. CXXIX.—The mechanism of, and constitutional factors 
controlling, the hydrolysis of carboxylic esters. Part I. The constitutional 
significance of hydrolytic stability maxima. J. Chem. Soc. 0, 1032–1039. 
https://doi.org/10.1039/JR9300001032 

International Petroleum Industry Environmental Conservation Association, 2009. 
Drilling fluids and health risk management. 

IOGP, 2001. Inputs to the North Sea from the offshore oil &amp; gas industry 
1989 to 1998 – IOGP bookstore. 

Ismail, A.R., Kamis, A., Foo, K.S., 2001. Performance of the Mineral Blended 
Ester Oil-Based Drilling Fluid Systems. Can. Int. Pet. Conf. 1–4. 
https://doi.org/10.2118/2001-044 

Ismail, A.R., Rashid, N.M., Jaafar, M.Z., Sulaiman, W.R.W., Buang, N.A., 2014. 
Effect of Nanomaterial on the Rheology of Drilling Fluids. J. Appl. Sci. 14, 
1192–1197. https://doi.org/10.3923/jas.2014.1192.1197 

Jassim, L., Yunus, R., Rashid, U., Rashid, S.A., Salleh, M.A., Irawan, S., 
Ghaemi, F., 2016. Synthesis and optimization of 2-ethylhexyl ester as base 
oil for drilling fluid formulation. Chem. Eng. Commun. 203, 463–470. 
https://doi.org/10.1080/00986445.2015.1023300 

Jazie, A.A., Pramanik, H., Sinha, A.S.K., 2013. Transesterification of peanut and 
rapeseed oils using waste of animal bone as cost effective catalyst. Mater. 
Renew. Sustain. Energy 2, 11. https://doi.org/10.1007/s40243-013-0011-4 

Jha, P.K., Mahto, V., Saxena, V.K., 2014. Emulison based drilling fluids: An 
overview. Int. J. ChemTech Res. 6, 2306–2315. 

Jian, H., Ni, X., 2005. A Numerical Study on the Scale-Up Behaviour in 
Oscillatory Baffled Columns. Chem. Eng. Res. Des. 83, 1163–1170. 
https://doi.org/10.1205/CHERD.03312 

Jie Xiao, Hisham Nasr-El-Din, Mahmoud El-Halwagi, Schubert Jerome, 2013. 
EXPERIMENTAL STUDIES OF ILMENITE AS A WEIGHTING MATERIAL 
IN OIL-BASED DRILLING FLUIDS FOR HPHT OPERATIONS. 

Jones, T.R., 1983. The properties and uses of clays which swell in organic 
solvents. Clay Miner. 18, 399–410. 
https://doi.org/10.1180/claymin.1983.018.4.05 

Jookjantra, K., Wongwuttanasatian, T., 2017. Optimisation of biodiesel 



© C
OPYRIG

HT U
PM

140 
 

production from refined palm oil with heterogeneous CaO catalyst using 
pulse ultrasonic waves under a vacuum condition. Energy Convers. 
Manag. 154, 1–10. https://doi.org/10.1016/j.enconman.2017.10.050 

Kamis, A., Ismail, A.R., Ismail, I., Khor, S.F., 2000. Ester-based drilling fluids 
toward improved filtration properties performance, in:  2nd International 
Conference on Advances in Strategic Technologies. Faculty of 
Engineering, UKM. 

Kang, Y., She, J., Zhang, H., You, L., Song, M., 2016. Strengthening shale 
wellbore with silica nanoparticles drilling fluid. Petroleum 2, 189–195. 
https://doi.org/10.1016/J.PETLM.2016.03.005 

Kania, D., Yunus, R., Omar, R., Abdul, S., Mohamad, B., 2015. Journal of 
Petroleum Science and Engineering A review of biolubricants in drilling fl 
uids : Recent research , performance , and applications. J. Pet. Sci. Eng. 
135, 177–184. https://doi.org/10.1016/j.petrol.2015.09.021 

Karen, J., William, M., Ponmani, S., Samuel, R., Nagarajan, R., Sangwai, J.S., 
2014. Effect of CuO and ZnO nano fl uids in xanthan gum on thermal , 
electrical and high pressure rheology of water-based drilling fl uids. J. Pet. 
Sci. Eng. 117, 15–27. https://doi.org/10.1016/j.petrol.2014.03.005 

Kemnitz, C.R., Mackey, J.L., Loewen, M.J., Hargrove, J.L., Lewis, J.L., Hawkins, 
W.E., Nielsen, A.F., 2010. Origin of Stability in Branched Alkanes. Chem. - 
A Eur. J. 16, 6942–6949. https://doi.org/10.1002/chem.200902550 

Kenny, P., 1996. Hole-Cleaning Capabilities of an Ester-Based Drilling Fluid 
System. SPE Drill. Complet. 11, 3–10. https://doi.org/10.2118/28308-PA 

Khalil, M., Jan, B.M., Tong, C.W., Berawi, M.A., 2017. Advanced nanomaterials 
in oil and gas industry: Design, application and challenges. Appl. Energy 
191, 287–310. https://doi.org/10.1016/J.APENERGY.2017.01.074 

Khalil, M., Mohamed Jan, B., 2012. Herschel-Bulkley rheological parameters of 
a novel environmentally friendly lightweight biopolymer drilling fluid from 
xanthan gum and starch. J. Appl. Polym. Sci. 124, 595–606. 
https://doi.org/10.1002/app.35004 

Kirsner, J., Pober, K., Pike, R., 2004. Blends of esters with isomerized olefins 
and other hydrocarbons as base oils for invert emulsion oil muds. US 
20040152603. 

Knothe, G., 2016. Biodiesel and its properties, in: Industrial Oil Crops. 
https://doi.org/10.1016/B978-1-893997-98-1.00002-6 

Knothe, G., 2005. Dependence of biodiesel fuel properties on the structure of 
fatty acid alkyl esters. Fuel Process. Technol. 86, 1059–1070. 
https://doi.org/10.1016/j.fuproc.2004.11.002 

Knothe, G., Steidley, K.R., 2007. Kinematic viscosity of biodiesel components 
(fatty acid alkyl esters) and related compounds at low temperatures. Fuel 
86, 2560–2567. 

Knothe, G., Steidley, K.R., 2005. Kinematic viscosity of biodiesel fuel 
components and related compounds . Influence of compound structure and 
comparison to petrodiesel fuel components 84, 1059–1065. 
https://doi.org/10.1016/j.fuel.2005.01.016 

Kosynkin, D. V, Ceriotti, G., Wilson, K.C., Lomeda, J.R., Scorsone, J.T., Patel, 
A.D., Friedheim, J.E., Tour, J.M., 2012. Graphene Oxide as a High-
Performance Fluid-Loss-Control Additive in Water-Based Drilling Fluids 2–
7. 

Kuo, W.-S., Tai, N.-H., Chang, T.-W., 2013. Deformation and fracture in 
graphene nanosheets. Compos. Part A Appl. Sci. Manuf. 51, 56–61. 



© C
OPYRIG

HT U
PM

141 
 

https://doi.org/10.1016/j.compositesa.2013.03.020 
Labeckas, G., Slavinskas, S., 2006. The effect of rapeseed oil methyl ester on 

direct injection Diesel engine performance and exhaust emissions. Energy 
Convers. Manag. 47, 1954–1967. 
https://doi.org/10.1016/j.enconman.2005.09.003 

Lake, L.W., Mitchell, R.F., Society of Petroleum Engineers (U.S.), 2007. 
Petroleum engineering handbook Volume II, Drilling engineering. Society 
of Petroleum Engineers. 

Lamsa, M., Huhtala, A., Linko, Y.-Y., Linko, P., 1994. 2-Ethyl-1-hexanol fatty acid 
esters from rapeseed oil by transesterification. Biotechnol. Tech. 8, 451–
456. https://doi.org/10.1007/BF00154320 

Lavrov, A., 2016. Lost Circulation:Mechanisms and Solutions, 1st ed, Elsevier. 
Gulf Professional Publishing. https://doi.org/10.1016/B978-0-12-803916-
8.00004-2 

Law, R., Ahmed, S.M.R., Tang, N., Phan, A.N., Harvey, A.P., 2018. Development 
of a more robust correlation for predicting heat transfer performance in 
oscillatory baffled reactors. Chem. Eng. Process. - Process Intensif. 125, 
133–138. https://doi.org/10.1016/J.CEP.2018.01.016 

Lescure, J., Teng, J., Degouy, D., Espagne, B.J.-L., 2013. Development and 
Field trial of a Non-Aqueous-Based Mud Lubricant, in: SPE Offshore 
Europe Oil and Gas Conference and Exhibition. Society of Petroleum 
Engineers. https://doi.org/10.2118/166545-MS 

Leung, D.Y.C., Guo, Y., 2006. Transesterification of neat and used frying oil: 
Optimization for biodiesel production. Fuel Process. Technol. 87, 883–890. 
https://doi.org/10.1016/j.fuproc.2006.06.003 

Leung, D.Y.C., Wu, X., Leung, M.K.H., 2010. A review on biodiesel production 
using catalyzed transesterification. Appl. Energy 87, 1083–1095. 
https://doi.org/10.1016/J.APENERGY.2009.10.006 

Li, M.-C., Wu, Q., Song, K., Qing, Y., Wu, Y., 2015. Cellulose Nanoparticles as 
Modifiers for Rheology and Fluid Loss in Bentonite Water-based Fluids. 
ACS Appl. Mater. Interfaces 7, 5006–5016. 
https://doi.org/10.1021/acsami.5b00498 

Li, W., Zhao, X., Ji, Y., Peng, H., Chen, B., 2016a. Investigation of Biodiesel-
Based Drilling Fluid , Part 2 : Formulation Design , Rheological Study , and 
Laboratory Evaluation 1–15. 

Li, W., Zhao, X., Ji, Y., Peng, H., Chen, B., Liu, L., Han, X., 2016b. Investigation 
of biodiesel-based drilling fluid, Part 1: Biodiesel evaluation, invert-
emulsion properties, and development of a novel emulsifier package. SPE 
J. 21, 1755–1766. https://doi.org/10.2118/180918-PA 

Li, W., Zhao, X., Ji, Y., Peng, H., Li, Y., Liu, L., Han, X., 2016c. An investigation 
on environmentally friendly biodiesel-based invert emulsion drilling fluid. J. 
Pet. Explor. Prod. Technol. 6, 505–517. https://doi.org/10.1007/s13202-
015-0205-7 

Lin, K., 1996. Synthetic paraffinic hydrocarbon drilling fluid. US Pat. 5,569,642. 
US5569642 A. 

Linko, Y.-Y., Lämsä, M., Huhtala, A., Linko, P., 1994. Lipase-catalyzed 
transesterification of rapeseed oil and 2-ethyl-1-hexanol. J. Am. Oil Chem. 
Soc. 71, 1411–1414. https://doi.org/10.1007/BF02541364 

Liu, D., Yan, Y., Bai, G., Yuan, Y., Zhu, T., Zhang, F., Shao, M., Tian, X., 2018. 
Mechanisms for stabilizing and supporting shale fractures with 
nanoparticles in Pickering emulsion. J. Pet. Sci. Eng. 164, 103–109. 



© C
OPYRIG

HT U
PM

142 
 

https://doi.org/10.1016/J.PETROL.2018.01.048 
Liu, M., Huang, Y., Liu, Qianhe, Hu, X., Liu, Qing, Chen, H., Dong, Y., Zhao, Y., 

Niu, S., 2019. Ferric oxide as a support of carbide slag for effective 
transesterification of triglycerides in soybean oil. Energy Convers. Manag. 
198, 111785. https://doi.org/10.1016/J.ENCONMAN.2019.111785 

Liu, Y., Ma, T., Chen, P., Yang, C., 2018. Method and apparatus for monitoring 
of downhole dynamic drag and torque of drill-string in horizontal wells. J. 
Pet. Sci. Eng. 164, 320–332. 
https://doi.org/10.1016/J.PETROL.2018.01.077 

Lommerse, J.P.M., Price, S.L., Taylor, R., 1997. Hydrogen bonding of carbonyl, 
ether, and ester oxygen atoms with alkanol hydroxyl groups. J. Comput. 
Chem. 18, 757–774. https://doi.org/10.1002/(SICI)1096-
987X(19970430)18:6<757::AID-JCC3>3.0.CO;2-R 

Lyons, W.C., Pilsga, G.J., Lorenz, M.D., 2016. Standard handbook of petroleum 
and natural gas engineering. Gulf Professional Publishing. 

Machado, J.C.V., Aragao, A.F.L., 1990. Gel Strength as Related to Carrying 
Capacity of Drilling Fluids, in: SPE Latin America Petroleum Engineering 
Conference. Society of Petroleum Engineers. 
https://doi.org/10.2118/21106-MS 

Mackley, M.R., Ni, X., 1993. Experimental fluid dispersion measurements in 
periodic baffled tube arrays. Chem. Eng. Sci. 48, 3293–3305. 
https://doi.org/10.1016/0009-2509(93)80213-A 

Mackley, M.R., Ni, X., 1991. Mixing and dispersion in a baffled tube for steady 
laminar and pulsatile flow. Chem. Eng. Sci. 46, 3139–3151. 
https://doi.org/10.1016/0009-2509(91)85017-R 

Magathevan, T., Nur ’aini, S., Yusuf, R., Nik, R., Kamil, M., 2014. Performance 
Comparison and Optimization of Palm Fatty Acid Distillate (PFAD) 
Biodiesel Based Drilling Fluid. Aust. J. Basic Appl. Sci. Aust. J. Basic Appl. 
Sci 8, 56–62. 

Mainye, W., Teutsch, M.B., 2015. Synergistic organophilic clay mixture as an 
additive to oil-based drilling fluids. US 2016/0186034 A1. 

Maker, D., Muller, H., 2008. Oligoglycerol fatty acid ester lubricant additives for 
drilling fluids. 

Maleki, H., Kazemeini, M., 2017. Transesterification of canola oil over Li/Ca-La 
mixed oxide catalyst: Kinetics and calcination temperature investigations. 
J. Fuel Chem. Technol. 45, 442–448. https://doi.org/10.1016/S1872-
5813(17)30025-7 

Marbun, B.T.H., Aristya, R., Corina, A.., Hutapea, P.., 2013. Innovation of 
Purified Glycerol Palm Oil in Drilling Fluid System. Am. J. Oil Chem. 
Technol. 1, 2326–6589. 

Marchal, R., Penet, S., Solano-Serena, F., Vandecasteele, J.P., 2003. Gasoline 
and Diesel Oil Biodegradation. Oil Gas Sci. Technol. 58, 441–448. 
https://doi.org/10.2516/ogst:2003027 

Meher, L.C., Vidya Sagar, D., Naik, S.N., 2006. Technical aspects of biodiesel 
production by transesterification - A review. Renew. Sustain. Energy Rev. 
10, 248–268. https://doi.org/10.1016/j.rser.2004.09.002 

Mehrali, Mohammad, Sadeghinezhad, E., Latibari, S.T., Kazi, S.N., Mehrali, 
Mehdi, Zubir, M.N.B.M., Metselaar, H.S.C., 2014. Investigation of thermal 
conductivity and rheological properties of nanofluids containing graphene 
nanoplatelets. Nanoscale Res. Lett. 9, 15. https://doi.org/10.1186/1556-
276X-9-15 



© C
OPYRIG

HT U
PM

143 
 

Mohamed, A.I.A., Hussein, I.A., Sultan, A.S., Al-Muntasheri, G.A., 2018. Use of 
organoclay as a stabilizer for water-in-oil emulsions under high-
temperature high-salinity conditions. J. Pet. Sci. Eng. 160, 302–312. 
https://doi.org/10.1016/J.PETROL.2017.10.077 

Montes, D., Sotomayor, G., Pascarella, N., 2018. Evaluation of Uintaite and 
Asphaltic Additives in Synthetic Base Fluids, in: Offshore Technology 
Conference Asia. Offshore Technology Conference. 
https://doi.org/10.4043/28588-MS 

Mueller, H., Herold, C.-P., Tapavicza, S. Von, 1993a. Oleophilic basic amine 
compounds as an additive for invert drilling muds. US5254531. 

Mueller, H., Herold, C.-P., von Tapavicza, S., 1992a. Monocarboxylic Acid 
Methyl Esters in Invert Drilling Muds. US5106516. 

Mueller, H., Herold, C., Tapavicza, S. Von, Grimes, D.J., Braun, J.-M., Smith, 
S.P.T., 1992b. Drilling fluids and muds containing selected ester oils. 
US5252554 A. 

Mueller, H., Herold, C., Tapavicza, S. Von, Nuess, M., Burbach, F., 1994. Use 
of selected ester oils of low carboxylic acids in drilling fluids. US5318954 
A. 

Mueller, H., Herold, C., Tapavicza, S. von, Nuess, M., Zoellner, W., Burbach, F., 
1993b. Esters of carboxylic acids of medium chain-length as a component 
of the oil phase in invert drilling muds. US5403822 A. 

Mueller, H., Herold, C., von Tapavicza, S., Douglas J, G., 1993c. Use of selected 
ester oils in drilling fluids and muds. US 5232910A. 

Mundle, S.O.C., Lacrampe-Couloume, G., Lollar, B.S., Kluger, R., 2010. 
Hydrolytic Decarboxylation of Carboxylic Acids and the Formation of 
Protonated Carbonic Acid. J. Am. Chem. Soc. 132, 2430–2436. 
https://doi.org/10.1021/ja910608m 

Munoz, T., Eoff, L., 2006. Treatment fluids and methods of forming degradable 
filter cakes and their use in subterranean formations. US20070078064. 

Munro, P.D., Croce, B., Moffat, C.F., Brown, N.A., McIntosh, A.D., Hird, S.J., 
Stagg, R.M., 1998. Solid-phase test for comparison of degradation rates of 
synthetic mud base fluids used in the off-shore drilling industry. Environ. 
Toxicol. Chem. 17, 1951–1959. https://doi.org/10.1897/1551-
5028(1998)017<1951:SPTFCO>2.3.CO;2 

Munz, M., Giusca, C.E., Myers-Ward, R.L., Gaskill, D.K., Kazakova, O., 2015. 
Thickness-Dependent Hydrophobicity of Epitaxial Graphene. ACS Nano 9, 
8401–8411. https://doi.org/10.1021/acsnano.5b03220 

Murphy, C.M., Zisman, W.A., 1950. Structural Guides for Synthetic Lubricant 
Development. Ind. Eng. Chem. 42, 2415–2420. 
https://doi.org/10.1021/ie50492a016 

Nara, B.C.S., Flávia, M.F., André, L.M., João, J.R.D., Fábio,  de O.A., 2019. 
Stability of oil well olefin drilling fluids: solid–liquid sedimentation and 
rheological characterization. Part. Sci. Technol. 1–7. 
https://doi.org/10.1080/02726351.2018.1529007 

Nasiri, M., Ashrafizadeh, S.N., Ghalambor, A., 2009. Synthesis of a Novel Ester-
Based Drilling Fluid Applicable to High Temperature Conditions. J. Energy 
Resour. Technol. 131, 013103. https://doi.org/10.1115/1.3066367 

Nathanson, G.M., Davidovits, P., And, D.R.W., Kolb, C.E., 1996. Dynamics and 
Kinetics at the Gas−Liquid Interface. J. Phys. Chem. 100, 13007–13020. 
https://doi.org/10.1021/JP953548E 

Neff, J.M., Mckelvie, S., Ayers Jr, R.C., 2000. Environmental impacts of synthetic 



© C
OPYRIG

HT U
PM

144 
 

based drilling fluids. Report prepared for MMS by Robert Ayers & 
Associates, Inc. 

Nizamani, A.A., Ismail, A.R., Junin, R., Dayo, A.Q., Tunio, A.H., Ibupoto, Z.H., 
Muhammad Sidek, M.A., 2017. Synthesis of Titania-Bentonite 
Nanocomposite and its Applications in Water-Based Drilling Fluids. Chem. 
Eng. Trans. 56, 949–954. https://doi.org/10.3303/CET1756159 

Ofei, T.N., Ntow, T., 2016. Effect of Yield Power Law Fluid Rheological 
Properties on Cuttings Transport in Eccentric Horizontal Narrow Annulus. 
J. Fluids 2016, 1–10. https://doi.org/10.1155/2016/4931426 

Okon, A.N., Agwu, O.E., Udoh, F.D., 2015. Evaluation of the Cuttings Carrying 
Capacity of a Formulated Synthetic-Based Drilling Mud, in: SPE Nigeria 
Annual International Conference and Exhibition. Society of Petroleum 
Engineers. https://doi.org/10.2118/178263-MS 

Oort, E. Van, 2003. On the physical and chemical stability of shales 38, 213–
235. https://doi.org/10.1016/S0920-4105(03)00034-2 

Patel, A.D., 1999a. Negative Alkalinity Invert Emulsion Drilling Fluid Extends the 
Utility of Ester-Based Fluids. SPE 56968, Offshore Eur. Conf. 

Patel, A.D., 1999b. Invert emulsion fluids suitable for drilling. US5905061. 
Patel, A.D., Friedheim, J., 2003. Invert emulsion drilling fluids and muds having 

negative alkalinity and elastomer compatibility. US 6589917 B2. 
Patel, A.D., McGlothlin, R.E., Bleier, R.D., Brinkley, H.N., 1993. Oil based 

synthetic hydrocarbon drilling fluid. US 5189012. 
Patil, A.D., Baral, S.S., Dhanke, P.B., Madankar, C.S., Patil, U.S., Kore, V.S., 

2018. Parametric studies of methyl esters synthesis from Thumba seed oil 
using heterogeneous catalyst under conventional stirring and ultrasonic 
cavitation. Mater. Sci. Energy Technol. 1, 106–116. 
https://doi.org/10.1016/J.MSET.2018.06.004 

Pei, S., Wei, Q., Huang, K., Cheng, H.-M., Ren, W., 2018. Green synthesis of 
graphene oxide by seconds timescale water electrolytic oxidation. Nat. 
Commun. 9, 145. https://doi.org/10.1038/s41467-017-02479-z 

Peigney, A., Laurent, C., Flahaut, E., Bacsa, R.R., Rousset, A., 2001. Specific 
surface area of carbon nanotubes and bundles of carbon nanotubes. 
Carbon N. Y. 39, 507–514. https://doi.org/10.1016/S0008-6223(00)00155-
X 

Peiter, A.S., Lins, P.V.S., Meili, L., Soletti, J.I., Carvalho, S.H.V., Pimentel, 
W.R.O., Meneghetti, S.M.P., 2018. Stirring and Mixing in Ethylic Biodiesel 
Production. J. King Saud Univ. - Sci. 
https://doi.org/10.1016/J.JKSUS.2018.01.010 

Peng, B., Tang, J., Luo, J., Wang, P., Ding, B., Tam, K.C., 2017. Applications of 
nanotechnology in oil and gas industry: Progress and perspective. Can. J. 
Chem. Eng. 96, 91–100. https://doi.org/10.1002/cjce.23042 

Pereira, R., Cardozo, J., Bogaerts, M., McNulty, J., Lehr, J., Santos, L., 2017. 
Use of Surfactant in Cement Slurry to Mitigate Incompatibility with 
Synthetic-Based Drilling Fluids, in: Offshore Technology Conference. 
Offshore Technology Conference. https://doi.org/10.4043/27902-MS 

Peresich, R.L., Burrell, B.R., Prentice, G.M., 1991. Development and Field Trial 
of a Biodegradable Invert Emulsion Fluid 333–340. 

Perween, S., Thakur, N.K., Beg, M., Sharma, S., Ranjan, A., 2019. Enhancing 
the properties of water based drilling fluid using bismuth ferrite 
nanoparticles. Colloids Surfaces A Physicochem. Eng. Asp. 561, 165–177. 
https://doi.org/10.1016/J.COLSURFA.2018.10.060 



© C
OPYRIG

HT U
PM

145 
 

Petchsoongsakul, N., Ngaosuwan, K., Kiatkittipong, W., Aiouache, F., 
Assabumrungrat, S., 2017. Process design of biodiesel production: 
Hybridization of ester-and transesterification in a single reactive distillation. 
Energy Convers. Manag. 153, 493–503. 
https://doi.org/10.1016/J.ENCONMAN.2017.10.013 

Photaworn, S., Tongurai, C., Kungsanunt, S., 2017. Process development of 
two-step esterification plus catalyst solution recycling on waste vegetable 
oil possessing high free fatty acid. Chem. Eng. Process. Process Intensif. 
118, 1–8. https://doi.org/10.1016/j.cep.2017.04.013 

Pickering, S.U., 1907. Emulsion:Pickering. J. Chem. Soc., Trans. 91, 2001–
2021. https://doi.org/10.1039/CT9079102001 

Piroozian, A., Ismail, I., Yaacob, Z., Babakhani, P., Ismail, A.S.I., 2012. Impact 
of drilling fluid viscosity, velocity and hole inclination on cuttings transport 
in horizontal and highly deviated wells. J. Pet. Explor. Prod. Technol. 2, 
149–156. https://doi.org/10.1007/s13202-012-0031-0 

Pomelli, C., Ghilardi, T., Chiappe, C., de Angelis, A., Calemma, V., 2015. 
Alkylation of Methyl Linoleate with Propene in Ionic Liquids in the Presence 
of Metal Salts. Molecules 20, 21840–21853. 
https://doi.org/10.3390/molecules201219805 

Porterfield, J.P., Bross, D.H., Ruscic, B., Thorpe, J.H., Nguyen, T.L., Baraban, 
J.H., Stanton, J.F., Daily, J.W., Ellison, G.B., 2017. Thermal Decomposition 
of Potential Ester Biofuels. Part I: Methyl Acetate and Methyl Butanoate. J. 
Phys. Chem. A 121, 4658–4677. https://doi.org/10.1021/acs.jpca.7b02639 

Pumera, M., Ambrosi, A., Chng, E.L.K., 2012. Impurities in graphenes and 
carbon nanotubes and their influence on the redox properties. Chem. Sci. 
3, 3347. https://doi.org/10.1039/c2sc21374e 

Quintero, L., Stocks-Fischer, S., Bradford, W.R., Clapper, D.K., 2001. Polyalkyl 
methacrylate copolymers for rheological modification and filtration control 
for ester and synthetic based drilling fluids. US 6204224. 

Rabia, H., 1985. Oilwell drilling engineering : Principles and practice. Springer 
Netherlands. 

Rajkumar, T., Ranga Rao, G., 2008. Porous hydrous zirconia supported 12-
tungstophosphoric acid catalysts for liquid-phase esterification of 2-ethyl-
1-hexanol. J. Mol. Catal. A Chem. 295, 1–9. 
https://doi.org/10.1016/J.MOLCATA.2008.08.008 

Ramsey, M.S., 2019. Hole Cleaning. Pract. Wellbore Hydraul. Hole Clean. 75–
115. https://doi.org/10.1016/B978-0-12-817088-5.00003-4 

Raof, N.A., Yunus, R., Rashid, U., Azis, N., Yaakub, Z., 2018. Palm-Based 
Neopentyl Glycol Diester: A Potential Green Insulating Oil. Protein Pept. 
Lett. 25, 171–179. https://doi.org/10.2174/0929866525666180122095056 

Rashid, U., Anwar, F., Knothe, G., 2009. Evaluation of biodiesel obtained from 
cottonseed oil. Fuel Process. Technol. 90, 1157–1163. 
https://doi.org/10.1016/J.FUPROC.2009.05.016 

Rautela, M.S., 2000. A Method for Determination of the Permeability of the Filter 
Cake at Wellsite. 

Razali, S.Z., Yunus, R., Abdul Rashid, S., Lim, H.N., Mohamed Jan, B., 2018. 
Review of biodegradable synthetic-based drilling fluid: Progression, 
performance and future prospect. Renew. Sustain. Energy Rev. 90, 171–
186. https://doi.org/10.1016/j.rser.2018.03.014 

Reay, D., Ramshaw, C., Adam Harvey, 2008. Chapter 5 - Reactors, in: Process 
Intensification: Engineering for Efficiency, Sustainability and Flexibility 



© C
OPYRIG

HT U
PM

146 
 

Isotopes in Organic Chemistry. Butterworth-Heinemann, pp. 103–186. 
https://doi.org/10.1016/B978-0-7506-8941-0.00006-7 

Reshad, A.S., Panjiara, D., Tiwari, P., Goud, V. V., 2017. Two-step process for 
production of methyl ester from rubber seed oil using barium hydroxide 
octahydrate catalyst: Process optimization. J. Clean. Prod. 142, 3490–
3499. https://doi.org/10.1016/J.JCLEPRO.2016.10.118 

Rigg, M.W., Gisser, H., 1953. Autoxidation of the Saturated Aliphatic Diesters. J. 
Am. Chem. Soc. 75, 1415–1420. https://doi.org/10.1021/ja01102a043 

Roschat, W., Phewphong, S., Thangthong, A., Moonsin, P., Yoosuk, B., 
Kaewpuang, T., Promarak, V., 2018. Catalytic performance enhancement 
of CaO by hydration-dehydration process for biodiesel production at room 
temperature. Energy Convers. Manag. 165, 1–7. 
https://doi.org/10.1016/J.ENCONMAN.2018.03.047 

Rudnick, L.R., 2013. Synthetics, mineral oils, and bio-based lubricants : 
chemistry and technology. CRC Press. 

Rudyak, V.Y., Krasnolutskii, S.L., 2014. Dependence of the viscosity of 
nanofluids on nanoparticle size and material. Phys. Lett. A 378, 1845–
1849. https://doi.org/10.1016/J.PHYSLETA.2014.04.060 

Rydholm, A., Anseth, K., Bowman, C., 2007. Effects of neighboring sulfides and 
pH on ester hydrolysis in thiol–acrylate photopolymers. Acta Biomater. 3, 
449–455. https://doi.org/10.1016/j.actbio.2006.12.001 

Saboori, R., Sabbaghi, S., Kalantariasl, A., Mowla, D., 2018. Improvement in 
filtration properties of water-based drilling fluid by nanocarboxymethyl 
cellulose/polystyrene core–shell nanocomposite. J. Pet. Explor. Prod. 
Technol. 8, 445–454. https://doi.org/10.1007/s13202-018-0432-9 

Sadeghalvaad, M., Sabbaghi, S., 2015. The effect of the TiO2/polyacrylamide 
nanocomposite on water-based drilling fluid properties. Powder Technol. 
272, 113–119. https://doi.org/10.1016/J.POWTEC.2014.11.032 

Said, M.M., El-Sayed, A.-A.H., 2018. The use of palm oil fatty acid methyl ester 
as a base fluid for a flat rheology high-performance drilling fluid. J. Pet. Sci. 
Eng. 166, 969–983. https://doi.org/10.1016/J.PETROL.2018.03.101 

Saito, R., Hofmann, M., Dresselhaus, G., Jorio, A., Dresselhaus, M.S., 2011. 
Raman spectroscopy of graphene and carbon nanotubes. Adv. Phys. 60, 
413–550. https://doi.org/10.1080/00018732.2011.582251 

Salehi, S., Ghalambor, A., Saleh, F.K., Jabbari, H., Hussmann, S., 2015. Study 
of Filtrate and Mud Cake Characterization in HPHT: Implications for 
Formation Damage Control, in: SPE European Formation Damage 
Conference and Exhibition. Society of Petroleum Engineers. 
https://doi.org/10.2118/174273-MS 

Salehi, S., Hussmann, S., Karimi, M., Ezeakacha, C.P., Tavanaei, A., 2014. 
Profiling Drilling Fluid’s Invasion Using Scanning Electron Microscopy: 
Implications for Bridging and Wellbore Strengthening Effects, in: SPE 
Deepwater Drilling and Completions Conference. Society of Petroleum 
Engineers. https://doi.org/10.2118/170315-MS 

Salehi, S., Kiran, R., 2016. Integrated Experimental and Analytical Wellbore 
Strengthening Solutions by Mud Plastering Effects. J. Energy Resour. 
Technol. 138, 032904. https://doi.org/10.1115/1.4032236 

Salih, N., 2012. Synthetic biolubricant basestocks based on environmentally 
friendly raw materials. J. King Saud Univ. - Sci. 24, 221–226. 
https://doi.org/10.1016/j.jksus.2011.02.003 

Salih, N., Salimon, J., Yousif, E., 2011. Synthesis of oleic acid based esters as 



© C
OPYRIG

HT U
PM

147 
 

potential basestock for biolubricant production. Turkish J. Eng. Env. Sci 35, 
115–123. https://doi.org/10.3906/muh-1005-42 

Salimon, J., Abdullah, B.M., Yusop, R.M., Salih, N., 2014. Synthesis, reactivity 
and application studies for different biolubricants. Chem. Cent. J. 8, 16. 
https://doi.org/10.1186/1752-153X-8-16 

Salimon, J., Salih, N., Yousif, E., 2012. Improvement of pour point and oxidative 
stability of synthetic ester basestocks for biolubricant applications. Arab. J. 
Chem. 5, 193–200. https://doi.org/10.1016/j.arabjc.2010.09.001 

Sanmi, A.A., 2011. Development of an environment-friendly oil-based mud using 
canola oil. King Fahd University of Petroleum and Minerals (Saudi Arabia). 

Santikunaporn, M., Techopittayakul, T., Asavatesanupap, C., 2018. Biodiesel 
Production from Palm Oil Using an Oscillatory Baffled Reactor. Int. J. 
Chem. Mater. Eng. 12, 442–445. 

Sauki, A., Shah, M.S.Z., Bakar, W.Z.W., 2015. Application of Ester based Drilling 
Fluid for Shale Gas Drilling. IOP Conf. Ser. Mater. Sci. Eng. 83, 012012. 
https://doi.org/10.1088/1757-899X/83/1/012012 

Schlosberg, R., Chu, J., Knudsen, G., 2001. High stability esters for synthetic 
lubricant applications. Tribol. Lubr. Technol. 57, 21. 

Schmidt, D.D., Roos, A.J., Cline, J.T., 1987. Interaction of Water With 
Organophilic Clay in Base Oils To Build Viscosity, in: SPE Annual 
Technical Conference and Exhibition. Society of Petroleum Engineers. 
https://doi.org/10.2118/16683-MS 

Schramm, L.L., 2014. Emulsions, Foams, Suspensions, and Aerosols: 
Microscience and Applications, 2nd Edition, Emulsions, Foams, 
Suspensions, and Aerosols: Microscience and Applications, 2nd Edition. 
https://doi.org/10.1002/9783527679478 

Schuchardt, U., Sercheli, R., Vargas, R.M., 1998. Transesterification of 
vegetable oils: A review. J. Braz. Chem. Soc. 9, 199–210. 
https://doi.org/10.1590/S0103-50531998000300002 

Sedaghatzadeh, M., Khodadadi, A.A., Birgani, M.R.T., 2012. An Improvement in 
Thermal and Rheological Properties of Water-based Drilling Fluids Using 
Multiwall Carbon Nanotube (MWCNT). Iran. J. Oil gas Sci. Technol. 1, 55–
65. 

Serdari, A., Lois, E., Stournas, S., 1999. Impact of Esters of Mono- and 
Dicarboxylic Acids on Diesel Fuel Quality. Ind. Eng. Chem. Res. 38, 3543–
3548. https://doi.org/10.1021/ie9900115 

Sern, C.H., May, C.Y., Zakaria, Z., Daik, R., 2008. Synthesis of palmitic acid-
based esters and their effect on the pour point of palm oil methyl esters. J. 
Oil Palm Res. 20, 542–547. 

Sharma, M.M., Zhang, R., Chenevert, M.E., 2012. SPE 160045 A New Family of 
Nanoparticle Based Drilling Fluids. 

Sharma, R., Chadha, N., Saini, P., 2017. Determination of defect density, 
crystallite size and number of graphene layers in graphene analogues 
using X-ray diffraction and Raman spectroscopy, Indian Journal of Pure & 
Applied Physics. 

Sharma, T., Kumar, G.S., Chon, B.H., Sangwai, J.S., 2015. Thermal stability of 
oil-in-water Pickering emulsion in the presence of nanoparticle, surfactant, 
and polymer. J. Ind. Eng. Chem. 22, 324–334. 
https://doi.org/10.1016/J.JIEC.2014.07.026 

Siew, W.L., Tang, T.S., Tan, Y.A., Malaysia. Palm Oil Research Institute of 
Malaysia., 1995. PORIM : Test Methods. Palm Oil Research Institute of 



© C
OPYRIG

HT U
PM

148 
 

Malaysia. 
Singh, K., Kumar, S.P., Blümich, B., 2019. Monitoring the mechanism and 

kinetics of a transesterification reaction for the biodiesel production with low 
field 1H NMR spectroscopy. Fuel 243, 192–201. 
https://doi.org/10.1016/J.FUEL.2019.01.084 

Sinha, P., Kumar, V., Prabhakaran, T., Katre, A., Patel, M., Doodraj, S., 2017. A 
More Holistic Approach to Determine Economics of Using Synthetic Oil 
Based Mud over Water Based Mud System in Onshore Development 
Drilling, in: SPE Oil and Gas India Conference and Exhibition. Society of 
Petroleum Engineers. https://doi.org/10.2118/185408-MS 

Siqueira, J.R., 2017. Carbon-Based Nanomaterials, in: Nanostructures. William 
Andrew Publishing, pp. 233–249. https://doi.org/10.1016/B978-0-323-
49782-4.00009-7 

Smith, K.B., Mackley, M.R., 2006. An Experimental Investigation into the Scale-
up of Oscillatory Flow Mixing in Baffled Tubes. Chem. Eng. Res. Des. 84, 
1001–1011. https://doi.org/10.1205/CHERD.05054 

Smith, P.S., 1991. Oil-based drilling muds comprising a weighting agent having 
a siloxane or silane coating thereon. 

Smith, S.R., Rafati, R., Sharifi Haddad, A., Cooper, A., Hamidi, H., 2018. 
Application of aluminium oxide nanoparticles to enhance rheological and 
filtration properties of water based muds at HPHT conditions. Colloids 
Surfaces A Physicochem. Eng. Asp. 537, 361–371. 
https://doi.org/10.1016/J.COLSURFA.2017.10.050 

Sniegoski, P.J., 1977. Selectivity of the Oxidative Attack on a Model Ester 
Lubricant. A S L E Trans. 20, 282–286. 
https://doi.org/10.1080/05698197708982844 

Song, L., Yang, Z., 2016. Synthetic Polymer Fracturing Fluid for Ultrahigh 
Temperature Applications, in: International Petroleum Technology 
Conference. International Petroleum Technology Conference. 
https://doi.org/10.2523/IPTC-18597-MS 

Song, X., Xu, Z., Wang, M., Li, G., Shah, S.N., Pang, Z., 2017. Experimental 
Study on the Wellbore-Cleaning Efficiency of Microhole-Horizontal-Well 
Drilling. SPE J. 22, 1189–1200. https://doi.org/10.2118/185965-PA 

Soufi, M.D., Ghobadian, B., Najafi, G., Mohammad Mousavi, S., Aubin, J., 2017. 
Optimization of methyl ester production from waste cooking oil in a batch 
tri-orifice oscillatory baffled reactor. Fuel Process. Technol. 167, 641–647. 
https://doi.org/10.1016/J.FUPROC.2017.07.030 

Speight, J.G., 2015. Subsea and Deepwater Oil and Gas Science and 
Technology, 1st Edition. ed. Gulf Professional Publishing. 

Srivastava, A., Prasad, R., 2000. Triglycerides-based diesel fuels. Renew. 
Sustain. Energy Rev. 4, 111–133. https://doi.org/10.1016/S1364-
0321(99)00013-1 

Srivastava, G., Paul, A.K., Goud, V. V., 2018. Optimization of non-catalytic 
transesterification of microalgae oil to biodiesel under supercritical 
methanol condition. Energy Convers. Manag. 156, 269–278. 
https://doi.org/10.1016/J.ENCONMAN.2017.10.093 

Stamatiou, A., Obermeyer, M., Fischer, L.J., Schuetz, P., Worlitschek, J., 2017. 
Investigation of unbranched, saturated, carboxylic esters as phase change 
materials. Renew. Energy 108, 401–409. 
https://doi.org/10.1016/j.renene.2017.02.056 

Stankovich, S., Dikin, D.A., Piner, R.D., Kohlhaas, K.A., Kleinhammes, A., Jia, 



© C
OPYRIG

HT U
PM

149 
 

Y., Wu, Y., Nguyen, S.T., Ruoff, R.S., 2007. Synthesis of graphene-based 
nanosheets via chemical reduction of exfoliated graphite oxide. Carbon N. 
Y. 45, 1558–1565. https://doi.org/10.1016/J.CARBON.2007.02.034 

Stark, J., Lee, J., Nguyen, C., Tehrani, A., Young, S., Swaco, M., 2014. 
Extending API-Grade Barite, in: American Association of Drilling 
Engineers, Fluids Technical Conference and Exhibition. Houston-Texas. 

Steber, J., Herold, C.P., limia, J.M., 1995. Comparative evaluation of anaerobic 
biodegradability of hydrocarbons and fatty derivatives currently used as 
drilling fluids. Chemosphere 31, 3105–18. 

Sulaiman, S.Z., Chuah, A.L., Fakhru`l-Razi, A., 2007. Batch Production of 
Trimetylolpropane Ester from Palm Oil as Lubricant Base Stock. J. Appl. 
Sci. 7, 2002–2005. https://doi.org/10.3923/jas.2007.2002.2005 

Sulaimon, A.A., Adeyemi, B.J., Rahimi, M., 2017. Performance enhancement of 
selected vegetable oil as base fluid for drilling HPHT formation. J. Pet. Sci. 
Eng. 152, 49–59. https://doi.org/10.1016/j.petrol.2017.02.006 

Sun, M.-H., Zhang, X.-R., 2018. Effect of inter-particle potential on the effective 
viscosity of nanofluids. Int. J. Heat Mass Transf. 122, 150–160. 
https://doi.org/10.1016/J.IJHEATMASSTRANSFER.2018.01.057 

Syam, A.M., Yunus, R., Ghazi, T.I.M., Choong, T.S.Y., 2012. Synthesis of 
Jatropha curcas oil-based biodiesel in a pulsed loop reactor. Ind. Crops 
Prod. 37, 514–519. https://doi.org/10.1016/J.INDCROP.2011.07.030 

Taft, R.W., 1952. Polar and Steric Substituent Constants for Aliphatic and o-
Benzoate Groups from Rates of Esterification and Hydrolysis of Esters 1. J. 
Am. Chem. Soc. 74, 3120–3128. https://doi.org/10.1021/ja01132a049 

Taha, N.M., Lee, S., 2015. Nano Graphene Application Improving Drilling Fluids 
Performance, in: International Petroleum Technology Conference. 
International Petroleum Technology Conference. 
https://doi.org/10.2523/IPTC-18539-MS 

Tait, R.D., Maxon, C.L., Parr, T.D., Newton, F.C., Hardin, J.L., 2004. Impact 
Assessment and Benthic Recruitment Following Exploration Drilling in the 
South Caspian Sea, in: SPE International Conference on Health, Safety, 
and Environment in Oil and Gas Exploration and Production. Society of 
Petroleum Engineers, pp. 1–12. https://doi.org/10.2118/86709-MS 

Tan, C.P., Zeynaly-Andabily, M.E., Rahman, S.S., 1996. A Novel Method of 
Screening Drilling Muds Against Mud Pressure Penetration for Effective 
Borehole Wall Support, in: SPE/IADC Asia Pacific Drilling Technology. 
Society of Petroleum Engineers. https://doi.org/10.2118/36401-MS 

Tan, S.X., Lim, S., Ong, H.C., Pang, Y.L., 2019. State of the art review on 
development of ultrasound-assisted catalytic transesterification process for 
biodiesel production. Fuel 235, 886–907. 
https://doi.org/10.1016/J.FUEL.2018.08.021 

Tan, T., Chen, B.Q., Ye, H., 2006. Enzymatic synthesis of 2-ethylhexyl palmitate 
by lipase immobilized on fabric membranes in the batch reactor. Biochem. 
Eng. J. 29, 41–45. https://doi.org/10.1016/j.bej.2005.02.033 

Tapavicza, S. Von, 2005. Special Report: Vegetable esters make drilling fluids 
more environmentally friendly - Oil &amp; Gas Journal. Oil Gas J. 103. 

Tehrani, A., 2007. Behaviour of Suspensions and Emulsions in Drilling Fluids 15. 
Tehrani, A., Cliffe, A., Hodder, M.H., Young, S., Lee, J., Stark, J., Seale, S., 

2014. Alternative Drilling Fluid Weighting Agents: A Comprehensive Study 
on Ilmenite and Hematite, in: IADC/SPE Drilling Conference and Exhibition. 
Society of Petroleum Engineers. https://doi.org/10.2118/167937-MS 



© C
OPYRIG

HT U
PM

150 
 

Tehrani, A., Friedheim, J., Cameron, J., Reid, B., Waco, M.S., 2007. AADE-07-
NTCE-75 Designing Fluids for Wellbore Strengthening – Is It an Art ? 

Tornero, V., Hanke, G., 2016. Chemical contaminants entering the marine 
environment from sea-based sources: A review with a focus on European 
seas. Mar. Pollut. Bull. 112, 17–38. 
https://doi.org/10.1016/J.MARPOLBUL.2016.06.091 

Tran, D.-T., Chang, J.-S., Lee, D.-J., 2017. Recent insights into continuous-flow 
biodiesel production via catalytic and non-catalytic transesterification 
processes. Appl. Energy 185, 376–409. 
https://doi.org/10.1016/J.APENERGY.2016.11.006 

Urness, K.N., Gough, R. V., Widegren, J.A., Bruno, T.J., 2016. Thermal 
Decomposition Kinetics of Polyol Ester Lubricants. Energy & Fuels 30, 
10161–10170. https://doi.org/10.1021/acs.energyfuels.6b01863 

Valluri, S.G., Miska, S.Z., Yu, M., Ahmed, R.M., Takach, N., 2006. Experimental 
Study of Effective Hole Cleaning Using &quot;Sweeps&quot; in Horizontal 
Wellbores, in: SPE Annual Technical Conference and Exhibition. Society 
of Petroleum Engineers. https://doi.org/10.2118/101220-MS 

Van Slyke, D.C., Miller, S.J., 2016. Hexadecene Synthetic Drilling Fluid with 
Improved Environmental Properties. US5432152. 

Varma, R.P., Bahadur, P., 1975. Electrolyte coagulation and stability of calcium 
caprylate stabilized o/w emulsions. Colloid Polym. Sci. 253, 132–138. 
https://doi.org/10.1007/BF01775678 

Vasheghani Farahani, M., Soleimani, R., Jamshidi, S., Salehi, S., 2014. 
Development of a Dynamic Model for Drilling Fluid’s Filtration: Implications 
to Prevent Formation Damage, in: SPE International Symposium and 
Exhibition on Formation Damage Control. Society of Petroleum Engineers. 
https://doi.org/10.2118/168151-MS 

Verma, P., Sharma, M.P., Dwivedi, G., 2016. Evaluation and enhancement of 
cold flow properties of palm oil and its biodiesel. Energy Reports 2, 8–13. 
https://doi.org/10.1016/j.egyr.2015.12.001 

Vicente, G., Martı́nez, M., Aracil, J., 2004. Integrated biodiesel production: a 
comparison of different homogeneous catalysts systems. Bioresour. 
Technol. 92, 297–305. https://doi.org/10.1016/J.BIORTECH.2003.08.014 

Vryzas, Z., Kelessidis, V.C., 2017. Nano-Based Drilling Fluids: A Review. 
Energies 10, 540. https://doi.org/10.3390/en10040540 

Wagner, H., Luther, R., Mang, T., 2001. Lubricant base fluids based on 
renewable raw materials. Appl. Catal. A Gen. 221, 429–442. 
https://doi.org/10.1016/S0926-860X(01)00891-2 

Wahid, N., Carigali, P., Yusof, M.A., Petronas, U.T., 2015. Optimum Nanosilica 
Concentration in Synthetic Based Mud ( SBM ) for High Temperature High 
Pressure Well. 

Walker, K.J., Veasey, T.J., Moore, I.P.T., 1992. A Parametric Evaluation of the 
Hydrocyclone Separation of Drilling Mud from Drilled Rock Chippings. 
Springer, Dordrecht, pp. 121–132. https://doi.org/10.1007/978-94-015-
7981-0_9 

Walker, T.O., Simpson, J.P., Dearing, H.L., 1983. Fast drilling invert emulsion 
drilling fluids. 

Walvekar, R., Faris, I.A., Khalid, M., 2012. Thermal conductivity of carbon 
nanotube nanofluid-Experimental and theoretical study. Heat Transf. Res. 
41, 145–163. https://doi.org/10.1002/htj.20405 

Wang, Y.-T., Fang, Z., Zhang, F., 2019. Esterification of oleic acid to biodiesel 



© C
OPYRIG

HT U
PM

151 
 

catalyzed by a highly acidic carbonaceous catalyst. Catal. Today 319, 172–
181. https://doi.org/10.1016/J.CATTOD.2018.06.041 

Wang, Y., Chen, Y., Lacey, S.D., Xu, L., Xie, H., Li, T., Danner, V.A., Hu, L., 
2018. Reduced graphene oxide film with record-high conductivity and 
mobility. Mater. Today 21, 186–192. 
https://doi.org/10.1016/J.MATTOD.2017.10.008 

Waskitoaji, W., Triwulandari, E., Haryono, A., 2012. Synthesis of Plasticizers 
Derived from Palm Oil and Their Application in Polyvinyl Chloride. Procedia 
Chem. 4, 313–321. https://doi.org/10.1016/J.PROCHE.2012.06.044 

Wellman, V.E., Tartar, H. V., 1929. A Study of Factors controlling Type of Water-
Soap-Oil Emulsions. J. Phys. Chem. 34, 379–409. 
https://doi.org/10.1021/j150308a012 

Wu, J.-B., Lin, M.-L., Cong, X., Liu, H.-N., Tan, P.-H., 2018. Raman spectroscopy 
of graphene-based materials and its applications in related devices. Chem. 
Soc. Rev. 47, 1822–1873. https://doi.org/10.1039/C6CS00915H 

Wu, W.-T., Massoudi, M., 2016. Heat Transfer and Dissipation Effects in the 
Flow of a Drilling Fluid. Fluids 1, 4. https://doi.org/10.3390/fluids1010004 

Xie, G., Luo, P., Deng, M., Wang, Z., Gong, R., 2017. Hyperbranched Polyamine 
as Nano-Plugging Agent Used in Water-Based Drilling Fluid. Nanosci. 
Nanotechnol. Lett. 9, 310–315. https://doi.org/10.1166/nnl.2017.2293 

Xu, P., Xu, M., Tao, Z., Wang, Z., Huang, T., 2018. Rheological properties and 
damage-control mechanism of oil-based drilling fluid with different types of 
weighting agents. R. Soc. open Sci. 5, 180358. 
https://doi.org/10.1098/rsos.180358 

Yan, J.N., Wang, F.H., Fan, W.Q., Su, C.M., 1995. The emulsive stability of fine 
solid particles in oil–water systems. Oilf. Chem. 

Yang, X.-X., Wang, Y.-T., Yang, Y.-T., Feng, E.-Z., Luo, J., Zhang, F., Yang, W.-
J., Bao, G.-R., 2018. Catalytic transesterification to biodiesel at room 
temperature over several solid bases. Energy Convers. Manag. 164, 112–
121. https://doi.org/10.1016/J.ENCONMAN.2018.02.085 

Yasa, S.R., Cheguru, S., Krishnasamy, S., Korlipara, P. V., Rajak, A.K., 
Penumarthy, V., 2017. Synthesis of 10-undecenoic acid based C 22 -dimer 
acid esters and their evaluation as potential lubricant basestocks. Ind. 
Crops Prod. 103, 141–151. https://doi.org/10.1016/j.indcrop.2017.04.005 

Yaws, C.L., Marco A. Satyro, 2015. Chapter 1 - Vapor Pressure – Organic 
Compounds, in: The Yaws Handbook of Vapor Pressure. Elsevier, pp. 1–
314. https://doi.org/10.1016/C2014-0-03590-3 

Yeu, W.J., Katende, A., Sagala, F., Ismail, I., 2019. Improving hole cleaning 
using low density polyethylene beads at different mud circulation rates in 
different hole angles. J. Nat. Gas Sci. Eng. 61, 333–343. 
https://doi.org/10.1016/J.JNGSE.2018.11.012 

Yick, S., Mai-Prochnow, A., Levchenko, I., Fang, J., Bull, M.K., Bradbury, M., 
Murphy, A.B., (Ken) Ostrikov, K., 2015. The effects of plasma treatment on 
bacterial biofilm formation on vertically-aligned carbon nanotube arrays. 
RSC Adv. 5, 5142–5148. https://doi.org/10.1039/C4RA08187K 

Young, S., Friedheim, J.E., Lee, J., Prebensen, O.I., 2012. A New Generation of 
Flat Rheology Invert Drilling Fluids, in: SPE Oil and Gas India Conference 
and Exhibition. Society of Petroleum Engineers. 
https://doi.org/10.2118/154682-MS 

Yunus, R., A Fakhru’l-Razi, Ooi, T.L., Iyuke, S.E., Idris, A., 2003a. Preparation 
and characterization of trimethylolpropane esters from palm kernel oil 



© C
OPYRIG

HT U
PM

152 
 

methyl esters. J. Oil Palm Res. 15, 42–49. 
Yunus, R., Fakhru’l-Razi,  a, Ooi, T.L., Iyuke, S.E., Idris,  a, 2003b. Development 

of Optimum Synthesis Method for Transesterification of Plam Oil Methyl 
Esters and Trimethylolpropane to Environmentally Acceptable Palm Oil-
Based Lubricant. J. Oil Palm Res. 15, 35–41. 

Yunus, R., Luo, X., 2017. Thermochemical Conversion of Plant Oils and 
Derivatives to Lubricants. Adv. Bioenergy 2, 183–231. 
https://doi.org/10.1016/BS.AIBE.2016.11.001 

Yunus, R., Lye, O.T., Fakhru’l-Razi, A., Basri, S., 2002. A simple capillary column 
GC method for analysis of palm oil-based polyol esters. J. Am. Oil Chem. 
Soc. 79, 1075–1080. https://doi.org/10.1007/s11746-002-0606-3 

Zamora, M., Bell, R., Swaco, M., 2004. AADE-04-DF-HO-19 Improved Wellsite 
Test for Monitoring Barite Sag. 

Zhang, J., Lu, X., Shi, C., Yan, B., Gong, L., Chen, J., Xiang, L., Xu, H., Liu, Q., 
Zeng, H., 2019. Unraveling the molecular interaction mechanism between 
graphene oxide and aromatic organic compounds with implications on 
wastewater treatment. Chem. Eng. J. 358, 842–849. 
https://doi.org/10.1016/J.CEJ.2018.10.064 

Zhang, Z., Cai, J., Chen, F., Li, H., Zhang, W., Qi, W., 2018. Progress in 
enhancement of CO 2 absorption by nanofluids: A mini review of 
mechanisms and current status. Renew. Energy 118, 527–535. 
https://doi.org/10.1016/j.renene.2017.11.031 

Zhao, X., Qiu, Z., Zhang, Y., Zhong, H., Huang, W., Tang, Z., 2017. Zwitterionic 
Polymer P(AM-DMC-AMPS) as a Low-Molecular-Weight Encapsulator in 
Deepwater Drilling Fluid. Appl. Sci. 7, 594. 
https://doi.org/10.3390/app7060594 

Zhong, H., Shen, G., Qiu, Z., Lin, Y., Fan, L., Xing, X., Li, J., 2019. Minimizing 
the HTHP filtration loss of oil-based drilling fluid with swellable polymer 
microspheres. J. Pet. Sci. Eng. 172, 411–424. 
https://doi.org/10.1016/J.PETROL.2018.09.074 

 



© C
OPYRIG

HT U
PM

154 
 

BIODATA OF STUDENT 

 

The student was born in Pahang on the 2 of May 1979. She attained her first 
degree in Chemical Engineering from Universiti Kebangsaan Malaysia in 2001. 
Her worked as an engineer in KTA Tenaga Sdn. Bhd in 2001 before deciding to 
join Universiti Putra Malaysia as a science officer at Institute of Advanced 
Technology. She obtained her master’s degree in Computer Integrated System 
(Manufacturing) in 2011 from Universiti Putra Malaysia. Four years later, she 
decided to pursue her doctorate degree specializing in Nanotechnology, under 
supervision Prof. Dr. Robiah Yunus and still in progress.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

155 

PUBLICATION

Razali, S.Z., Yunus, R., Abdul Rashid, S., Lim, H.N., Mohamed Jan, B., 2018. 
Review of biodegradable synthetic-based drilling fluid: Progression, 
performance and future prospect. Renew. Sustain. Energy Rev. 90, 171–
186. https://doi.org/10.1016/j.rser.2018.03.014 



© C
OPYRIG

HT U
PM

 
 

UNIVERSITI PUTRA MALAYSIA 
 
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 
 

ACADEMIC SESSION : First Semester 2019/2020    
 

TITLE OF THESIS / PROJECT REPORT : 

DEVELOPMENT OF GRAPHENE-ENHANCED ESTER-BASED DRILLING FLUID 
 
 
NAME OF STUDENT: SITI ZULAIKA BINTI RAZALI 
  
I acknowledge that the copyright and other intellectual property in the thesis/project report 
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be 
placed at the library under the following terms: 
 
1. This thesis/project report is the property of Universiti Putra Malaysia. 
 
2. The library of Universiti Putra Malaysia has the right to make copies for educational 

purposes only. 
 
3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for 

academic exchange. 
 
I declare that this thesis is classified as : 
 
*Please tick (√ ) 

 
CONFIDENTIAL (Contain confidential information under Official Secret  

Act 1972). 
 

RESTRICTED (Contains restricted information as specified by the  
organization/institution where research was done). 

 
OPEN ACCESS I agree that my thesis/project report to be published  

as hard copy or online open access. 
 
This thesis is submitted for : 
 

PATENT Embargo from_____________ until ______________  
(date) (date) 

 
Approved by: 

 
 
_____________________ _________________________________________  
(Signature of Student) (Signature of Chairman of Supervisory Committee)  
New IC No/ Passport No.: Name: 
790502065314 
Date : Date : 
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
the organization/institution with period and reasons for confidentially or restricted. ] 

√ 




