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ABSTRACT 

 

Drilling fluid is a critical component in the drilling process, where it provides the 

gel to efficiently lift cuttings, maintain stable wellbore and produce sufficient 

hydrostatic pressure that could prevent the influx of formation fluids into the 

wellbore. The usage of diesel oil as the continuous phase of drilling fluid is 

harmful to the environment especially marine environment in offshore drilling 

operation. Therefore, various bio-diesel oils had been introduced to replace the 

diesel oil.  
 

Types of drilling fluid used in this project are oil based mud and synthetic based 

mud. The biodiesel oils (Castor oil and Palm Oil) are used as oil phase in oil based 

mud and mineral oil (Saraline) is used as synthetic fluid in synthetic based mud. 

This project is mainly to identify whether Castor oil can be used as an alternative 

for biodiesel oil to replace diesel oil in oil based mud by examining the rheological 

properties and elastomeric effect of the muds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

ACKNOWLEDGEMENTS 
 

 

I would like to take this opportunity to thank all parties involved in the completion 

of my final year project.It a chance for me to learn to be independent of doing a 

project and to improve myself more for the betterment of my future. 

 

I would like to thank the following for their respective professionalism and 

contribution to the program. 

 

• Dr Sonny Irawan (Supervisor of My Final Year Project) 

• Raja Rajeswary A/P Suppiah (Lecturer and Coordinator of Final Year 

            Project) 

• Ms. Dalila (Msc Petroleum Engineering Student of Universiti Teknologi   

Petronas) 

• Mr Lim Yew Chen and Staff of Sarawak Shell Berhad (M) Sdn Bhd 

• Lab Technicians of Universiti Teknologi PETRONAS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 

 

TABLE OF CONTENTS 
 

CERTIFICATION .. . . . . .  .           .  ii   

ABSTRACT  .. . . . . . . .  iv 

ACKNOWLEDGEMENT .. . . . . .           .   v   

TABLE OF CONTENT       .. . . . . . .. .  vi   

LIST OF FIGURES .. .. .. .. .. .. .. .. .  vii 

LIST OF TABLES .. . . .. .. .. .. . viii 

CHAPTER 1: INTRODUCTION                                

1.1 Background of Study                              1           

1.2 Problem Statement                              2  

1.3 Objectives                    2              

1.4 Scope of Study         3 

1.5 Relevancy and Feasibility of Study       3 

 

CHAPTER 2: LITERATURE REVIEW                               

2.1 Castor Oil        4 

2.2 Methyl Ester Palm Oil       6 

2.3 Saraline Oil         7 

2.4 Base Fluid Properties        7 

2.5       Rheological Study       9 

2.6       Process of mixing and testing drilling fluids   12 

2.7       Elastomers              13                                                                                      

 

CHAPTER 3: METHODOLOGY                                

 3.1     Project Methodology       14 

 3.2     Addition of Methyl-benzene to Castor oil   15 

 3.3     Mud Formulation of Base Fluid    16 

 3.4     ASTM Standards: D471 Test Methods for Rubber Property 16 

          Effect of Liquids 

3.5     Required Tools       17 

3.6     Gantt Chart and Milestones     17 

4. RESULTS AND DISCUSSION                           18 

5. CONCLUSION AND RECOMMENDATION   23 

6. REFERENCES                             24 



vii 

 

 

LIST OF FIGURES :  

 

Figure 1: Crude Castor Oil 

 

Figure 2: Typical proceduce for extraction of Castor oil 

Figure 3: Mud Formulator Spreadsheet 

Figure 4: Methodology Flowchart 

Figure 5.1: Graph of Plastic Viscosity of Base Fluid 

Figure 5.2: Graph of Yield Point of Base Fluid 

Figure 5.3: Graph of Electrical stability of Base Fluid 

Figure 5.4: Graph of Yield Point of Base Fluid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 

 

LIST OF TABLES : 

Table 1: Castor oil composition 

Table 2: Physical and chemical properties of Castor oil 

Table 3: Physical and chemical properties of Palm oil Methyl Ester 

Table 4: Base Oil Physical Properties 

Table 5: Mud Composition 

Table 6: Rheology Test Result 

 

Table 6.1: Plastic Viscosity 

 

Table 6.2: Yield Point 

 

Table 7:  Elastomer Test Results 

 

 



1 

 

 

 

CHAPTER 1 

 

INTRODUCTION 
 

1.1 Background of Study 

 

The use of oil based mud (OBM) has increased significantly in drilling operation. 

OBM is known to provide excellent shale inhibition, borehole stability, lubricity, 

thermal stability, corrosion inhibition, tolerance of contamination and ease of 

maintenance. Diesel oil had been widely used as the base oil since the introduction 

of OBM as drilling fluid. In early 1980’s many researches on diesel oil as the base 

oil for drilling fluid. From these researches output showed that diesel oil not 

suitable to be used as base oil due to high toxicity and aromatic contents exposure 

to the people and environment.  

 

Therefore, vegetable oil based drilling fluids and synthetic based muds were 

introduced as environmental friendly alternatives. Normally, vegetable oil based 

drilling fluid is actually vegetable oil which already converted to biodiesel and is 

used as continuous oil phase in OBM, but in this study we will use Straight 

Vegetable Oil(SWO) as the oil phase by blending it with Linear Alkyl 

Benzene(LAB). The vegetable oils that are used in this project are the Castor oil 

and Palm oil. These oils have comparable physical and chemical properties with 

those of diesel oil that can be surely replaced the diesel oil in OBM. These 

vegetable oils are harmless to the environment since it has low aromatic content 

and less toxic. 

 

The synthetic based mud (SBM) is also harmless to the environment and less toxic. 

It provides environmental superiority, technical acceptability and human health 

advantages. SBM is same with OBM. The oil phase is replaced with synthetic fluid 

which is mineral oil (Saraline). Oil based drilling fluid has synthetic oil as its base 

fluid. In this project, the properties of Castor oil is to be measured and 

characterized in its use as a substitute base oil. The compatibility of castor oil with 

the drilling tools will also be determined through experiments.  
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1.2 Problems Statement 

  

Diesel oil has been use commercially in drilling operation but it is harmful to the 

environment. The usage of vegetable oil and mineral oil can be an alternative based 

drilling fluid. Therefore, Castor Oil or Palm Oil or Saraline Oil might be a 

candidate solution as an alternative energy resource and it is comparable with 

diesel oil. 

Castor oil will be a potential bio-diesel oil to replace the oil phase in oil based mud 

because of: 

 

 Developed locally 

 Environmentally friendly 

 High viscosity 

 High density 

 

In order to develop a reliable, environmentally friendly, economical alternative to 

mineral oil, the chemical properties of Castor oil and also its compatibility as oil 

based mud with the drilling tools will be tested by conducting elastomer test. 

Besides that, physical properties of Castor oil will also be determined by various 

tests.  

 

 

 

1.3 Objectives 

  

The objectives of this study are: 

 To experimentally study and compare the rheology properties of the Castor 

oil, Palm Oil and Saraline Oil based drilling fluid. 

 To identify whether Castor oil can be an alternative base fluid for oil based 

mud 

 To measure the compatibility of Castor oil based drilling fluid O-ring, 

blowout preventers (BOPs), pulsation dampeners, downhole mud motors 

and drilling bits by conducting elastomer test. 
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1.4 Scope of Study 

 

The research will involve in the understanding of oil based mud. The study of this 

project can be broken down to the identification of the most suitable base oil to be 

used for drilling fluid by evaluating the rheology and elastomeric effect of the 

formulated mud. Main tasks for the author in this project is: 

 

 Reducing the viscosity of Straight-Vegetable Oil by blending with Alkyl 

Benzene 

 Conducting research on the theory and definition of terms related to the 

study. 

 Conducting experiments to see the effectiveness of Castor oil, Palm Oil and 

Saraline Oil used as oil base fluid in drilling operation. 

 

 

1.5 Relevancy and Feasibility of Study 

 

This study will produce a quantitative correlation of the rheology study of Alkyl 

Benzene Blended SWO (Castor oil and Palm Oil) and Saraline Oil. This correlation 

will give an idea in choosing the suitable drilling fluid to be use in drilling 

operation. The study focuses on experimental work particularly rheology and 

elastomer test in the lab, using the three base fluids with particular attention given 

to the characteristics of Castor oil and its compatibility with the drilling tools and 

logging tools. A limited amount of formulations is prepared, in order to fit within 

the time frame, hence proper research must be done into the formulation 

calculations beforehand. Result collected from experiments is analyzed and 

discussed.  
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CHAPTER 2 

 

LITERATURE REVIEW AND THEORY 

2.1 Castor Oil 

Castor oil, which is extracted from the Ricinus communis seeds plant, is a new 

alternative for vegetable-oil based mud that is potential to be developed locally, 

environmentally friendly, and able to meet the standard requirement of OBM. It 

has density and viscosity higher than any other vegetable oils. Castor oil has SG of 

0.958-0.968 (diesel oil has SG of 0.84 in 60° F (API, 1998) and viscosity of 9.5-11 

poise in 68°F (Jamieson, 1943). In some tropical countries, castor oil has been used 

as a lubricant for heavy machines such as locomotives (Jamieson, 1943). 

Castor oil can possess different physical and 

chemical properties. However, regardless of 

its country of origin or season in which it was 

grown, its chemical composition remains 

relatively constant (Table 1). Like other 

vegetable oils, castor oil is a triacylglycerol 

composed of various fatty acids and glycerol. 

The fatty acids consist of up to 90%                       

ricinoleic acid and varying small amounts of saturated and unsaturated fatty acids. 

The high content of ricinoleic acid is the reason for the high value of castor oil and 

its versatile application possibilities in the chemical industry. 

Figure 1: Crude Castor Oil 
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 Fatty acid    Molecular formula          Percentage [%] 

Palmitic    C16H32O2     0.8– 1.1 

Stearic    C18H36O2     0.7– 1.0 

Oleic     C18H34O2     2.2– 3.3 

Linoleic    C18H32O2     4.1– 4.7 

Linolenic    C18H30O2     0.5– 0.7 

    Ricinoleic        C18H34O3       87.7–90.4 

  

Table 1. Castor oil composition. 
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TEST 

METHOD RANGE 

Iodine value USP 83 - 88 

Saponification value USP 176 - 184 
Acid value USP 2.0 max 

Hydroxyl value USP 160 - 168 
Moisture & volatile AOCS Ca 2b-38 0.355% max 

Density  9.61 × 10
-1

g/cm
3
 

Boiling point  313°C 

Viscosity, St ASTM D1545 6.3 - 8.9 

Color Gardner AOCS Td la-64 4 max 

Appearance Characteristically clear and free from suspended matter   

Odor Slight, characteristic  

                         Table 2: Physical and chemical properties of Castor oil 

 

2.2 Methyl Ester Palm Oil 

Palm oil, is an edible plant oil derived from the mesocarp of the fruit of the oil 

palm (Elaeis guineensis).The used of palm oil derivatives could be considered as 

an alternative based fluid which is harmless to the environment. Methyl ester palm 

oil is a clear yellow of vegetable oil origin obtained by pressing or boiling the flesh 

of the fruit of the oil palm. Palm oil differs from palm kernel oil, the latter being 

obtained from the kernels of the oil palm. Crude palm oil has complex process to 

change to methyl ester palm oil. The test results showed that palm oil derivative is 

suitable alternative to formulate oil based drilling mud with necessary rheological 

properties, compatible with existing mud additives and non-toxic to the marine life.  
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Table 3: Physical and chemical properties of Palm oil Methyl Ester 

2.3 Saraline Oil 

Saraline 185V is a quality drilling fluid sourced from clean natural gas, it contains 

virtually no aromatics and contaminants such as sulphur and amines. Saraline 

185V is classified as a synthetic base drilling fluid. Saraline 185V readily 

biodegrades, is non-toxic in the water column and has low sediment toxicity. It has 

a low viscosity, a low pour point and relatively high flash point making it ideal for 

deepwater exploration. It is widely used as a non-aqueous base fluid in an invert 

emulsion drilling mud. SARALINE 185V is manufactured by Shell MDS 

 

2.4 Base Fluid Properties 

There are certain requirements to identify whether the oil can be use as base fluid 

in drilling fluid. The requirements are as follows; 

2.4.1 Kinematic Viscosity 

It should be as low as possible. This allows the oil based mud to be 

formulated at lower oil/water ratio and gives better rheology (lower plastic 

viscosity) especially at lower mud temperature. 

2.4.2 Flash Point 

It should be greater than 100°F. Higher flash point will minimize fire 

hazards as less hydrocarbonvapours is expected to generate above the mud. 
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2.4.3 Pour Point 

It should be lower than the ambient temperature to allow pumpability of 

mud from storage tanks. 

 

2.4.4 Non-toxic and low aromatic content 

Base oil should have total aromatic hydrocarbon content of less than 5%. It 

should be non-acutely toxic in a standard 96 hr LC 50 toxicity test, 

performed using 100% water soluble fraction of the base. 

 

Table 4 below shows the base fluid properties of Castor Oil, Palm Oil and Saraline 

Oil. 

Table 4: Base Oil Physical Properties 

 

 

 

 

Base  Oil  / Base 

Oil Properties 

Base Oil 

Required 

Properties 

Castor Oil Palm 

Oil 
Saraline 

Oil 

Test Method 

Specific 

Gravity 

 0.96 0.87 0.77 ASTM 

D1250 

Kinematic 

Viscosity@40°C 

mm²/sec 

2.3 – 3.5 6.7 4.3 2.66 ASTM D445 

Flash Point °C > 66°C 229 168 89 ASTM D93 

Pour Point °C < Ambient 

temp. 
3 2 -27 ASTM D97 

Aromatic 

Content % 

4 - 8 - - 0.1 ASTM 

D1319 
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2.5 Rheological Study 

  

Rheology of fluids in the well is the relationship between the flow rate and the 

pressure required to maintain the flow rate (either in pipe or annulus). The 

relationships between these properties will affect circulating pressures, surge and 

swab pressures and hole cleaning ability. In this project, the rheological study 

comprises of plastic viscosity, yield point, electric stability and gel strength. Each 

study is so significant to choose a better base fluid. 

2.5.1 Plastic Viscosity  

Plastic viscosity relates to the resistance to flow due to interparticle friction. 

The friction is affected by the amount of solids in the mud, the size and 

shape of those solids and the viscosity of the continuous liquid phase.  

Plastic Viscosity, PV= [600rpm Reading] – [300 rpm Reading]  

Unit: centipoise,cp 

Specification value: 25 - 45 cp 

 

2.5.2 Yield Point 

Yield point estimates the portion of the total viscosity that comes from 

attractive forces between particles suspended in the mud. 

               [              ]   [                    ] 

Unit: lb/100 ft² 

Specification value: 10 – 20 lb/100ft
2
 

 

2.5.3 Electric Stability 

The electric stability (ES) of an oil-based drilling fluid mud is a property 

related to its emulsion stability and oil-wetting capability. ES is determined 

by applying a voltage ramped sinusoidal electrical signal across a pair of 

parallel flat-plate electrodes immersed in the mud. The resulting current 

remains low until a threshold voltage is reached, whereupon the current 

rises very rapidly. This threshold voltage is referred to as the ES of the mud 

and is defined as the voltage. Specification value: > 600volts 
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2.5.4 Gel Strength 

Gel strength are determined in two-speed direct-indicating viscometer by 

slowly turning the driving wheel on top of the instrument by hand and 

observing the maximum deflection before the gel breaks. Gel strength may 

be measured after allowing the mud to stand quiescent for any time interval 

of interest, but they routinely measured after 10 seconds (initial gel 

strength) and 10 minutes. 

Specification value; 

Gel 10sec: 10 – 20 lb/100ft
2 

Gel 10min: 20 – 40 lb/100ft
2 

 

2.5.5 Viscosity 

Viscosity of fluids defined as the resistance of fluids to flow. Viscosity 

measured in the unit of poise which is equivalent to dyne-sec/cm2. One 

poise represents a high viscosity, therefore the generally unit that represents 

the fluids is centipoises. A centipoise is equivalent to 1/100 poise or 1 

millipascal-second. This property of fluids is significant in hole cleaning to 

control the settling rate of drill cuttings generated by the drill bit through 

moving fluid and bring them up to the surface.  

There are two main apparatus that the author has utilized in the laboratory 

which are marsh funnel and direct indicating viscometer. Marsh funnel is a 

simple device for routine measurement of drilling fluids viscosity. The 

viscosity measured through this apparatus is known as funnel viscosity. The 

Marsh funnel is dimensioned so that the outflow time of one quart 

freshwater (946 cm3) at a temperature of 70° ± 5°F (21° ± 3°C) is 26 ± 0.5 

seconds. Thus, fluid which records a time more than 26 ± 0.5 seconds using 

the marsh funnel is more viscous compared to freshwater and vice versa. 
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2.5.6 Filtration 

Filtration control is one of the main factors considered essential in drilling. 

Filtration measures the relative amount of fluid lost through permeable 

formations or membranes when subjected to pressure. Thus, it is important 

to minimize the filtrate invasion to the formations. When drilling permeable 

formations, filtration rate is often the most important property where the 

hydrostatic pressure exceeds the formation pressure. Proper control of 

filtration improves the borehole stability chemically. This is because 

controlling the fluid loss minimizes the potentially detrimental interaction 

between the filtrate and the formation. Filtrate invasion may be controlled 

by the type and quantity of colloidal material and by filtration control 

materials.  

 

Besides that, controlling fluid loss helps to put off or reduce wall sticking 

and drag. Filtration control is also significant in formation evaluation as 

invasion of mud filtrate may influence the readings taken. The readings 

may represent the mud filtrate rather than the formation fluid properties. 

Besides that, quality of filter cake which is the suspended solids of a 

drilling fluid that deposited on a porous medium during the process of 

filtration is also important. The fluid loss amount is inversed to the 

thickness of filter cake deposited. The physical property of a cake is stated 

in notations like “hard”, “soft,” “tough,” rubbery” and “firm”.  

 

The high temperature/high pressure (HTHP) test is conducted using the 

HTHP filter press shown in the picture below at a temperature greater than 

ambient and it requires differential pressure of 500 psi. The top and bottom 

pressure to be applied on the HTHP filter press depends on the temperature 

to run the test and this can be referred to the table in appendix 1. The HTHP 

filtrate is collected for a period of 30 minutes in cubic centimetres and the 

filtrate volume is doubled to correct it to the filter area of the API filtration 

test. The permeable medium used is the same as that used for the low 

temperature test. The filter cake should also be assessed for thickness and 

consistency after the filtrate loss has been tested. 
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2.6 Process of mixing and testing drilling fluids  

First and foremost, the mud formulation for water and oil/synthetic based muds is 

created using the mud formulator shown in figure 1. The mud formulator is an 

excel spreadsheet utilized to calculate the appropriate amount of products to be 

used to mix one lab barrel of mud which is almost 350ml in the laboratory. The 

final weight, type of mud, products such as weighting material, emulsifiers, 

viscosifiers, fluid loss agent and others are keyed into this spreadsheet and 

calculated. As the test oil of this experiment (Castor oil) is too viscous, small 

amount of diluter will be used in this experiment which is Toluene. 

 

 

Figure 3 : Mud Formulator Spreadsheet 
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Next, the base fluids and products are weighed according to the formulation 

calculated. The chemicals are then mixed according to the mixing time and order. 

In water based mud, the viscosifiers are generally added first into the base fluid 

which is water followed by the fluid loss agent and then the weighting material. 

Whereas, in oil/synthetic based mud, the emulsifiers are commonly added first into 

the base fluid such as base oil, followed by the viscosifiers, fluid loss agent and 

finally the weighting material. The following mixture of mud will have Toluene 

added before the emulsifier is mixed. The amount of Toluene added will be varied 

to see the difference in the rheology that it produces. In the laboratory, generally, 

the mixing time for water based mud is 45 minutes and for oil based mud is one 

hour. Once the mud is mixed, the initial properties of the mud are tested. 

 

 

2.7 Elastomers 

Oil based drilling fluids can chemically alter the properties of elastomers used in 

drilling equipment, severely affecting life and function. The products affected 

include O-ring, blowout preventers (BOPs), pulsation dampeners, downhole mud 

motors and drilling bits. This study centers on the effects of selected 

environmentally safe Castor oil based mud on elastomers and logging tools.  

The performance of elastomers in Castor oil drilling fluid is strongly dependent 

upon drilling fluid chemistry, operating temperature and the type of elastomer 

chosen for service. Caution and testing have to be done when selecting 

environmentally safe drilling fluids and compatible elastomers. 
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CHAPTER 3 

METHODOLOGY 

 

3.1 Methodology Flowchart 

Figure 4: Methodology Flowchart 

 

Material 
Preparation 

• Purchasing Crude Castor Oil, Crude Palm Oil And Saraline 
Oil. 

• Checking the availability of lab to run the experiment. 

 

Viscosity 
Reduction of 

Castor Oil 

• Reduce the viscosity the Castor oil with Alkyl Benzene to 
obtain the desired initial viscosity and rheology at the end of 
experiment. 

Mud 
Formulation 

• Preparation of mud formulation for Castor Oil, Palm Oil  and 
Saraline Oil.  

Rheology 
Study 

• Identifying Plastic Viscosity, Yield Point, Electric Stability, Gel 
Strength and Fitration Loss of Castor Oil, Palm Oil and 
Saraline Oil. 

• Test the elastomeric effect of the formulated mud. 

Analysis of 
Result 

 

• Identifying the suitability of Castor Oil to be used as base fluid 
in drilling operation as oil base mud. 

• Comparing of the Rheology test result of Castor Oil, Palm Oil 
and Saraline, as well as the compatibility of Castor Oil based 
mud with Elastomers. 
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3.2 Addition of Methyl-benzene to Castor oil 

The most common methods used to reduce oil viscosity in the Biodiesel industry is 

called transesterification. The problem with the transestrification refining method 

is that it is relatively expensive and produces a quantity of glycerin byproduct that 

has to be processed again before it has any value. The final fuel product has 

detergent qualities that can clean out existing fuel tanks and the resulting debris is 

prone to clog fuel filters for a while. 

So, to reduce oil viscosity in a less expensive and much lesser time consuming 

way, addition of solvent preferably Alkyl-benzene is done by the author. This is 

because addition of Alkyl-benzene reduces the density of the oil and thus decreases 

the oil viscosity. The purpose of making a solvent blended biofuel is to thin the 

resulting blended oil to near the viscosity of diesel oil and reduce its gel-point. The 

resulting solution should be a uniform solution without precipitates.  

Vegetable oils are an attractive renewable source for alternative diesel fuels. 

However, the relatively high kinematic viscosity of vegetable oils must be reduced 

to make them more compatible with conventional compression-ignition engines 

and fuel systems. Cosolvent blending is a low-cost and easy-to-adapt technology 

that reduces viscosity (and gel point) by diluting the vegetable oil with a low-

(molecular weight solvent), which is in our case is Methyl-benzene(Toluene). 

Blending methods vary; however, the most common method of making Blended 

Biofuels Diesel (BBD) is to blend the solvent with the source vegetable oil because 

blending solvents with vegetable oils has three basic functions. Blending reduces 

the viscosity of the source oil, reduces its gel-point, and tends to force water, and 

other contaminants, out of solution. This means that thinned oil will drop its 

contaminant load much more quickly than the more viscous source oil. 
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3.3 Mud Formulation of Base Fluid 

 Before rheology test commence, mud formulation should be done for each 

base fluid that going to be tested. Table 3.1 shows the mud formulation of Castor 

Oil, Methyl Ester Palm Oil and Saraline Oil. 

Table 5: Mud Composition 

3.4 ASTM Standards: D471 Test Methods for Rubber Property Effect of 

Liquids 
 

Besides that, the compatibility of Castor oil with elastomers will also be tested. 

Elastomers are developed and selected for mechanical performance with 

environmental interactions secondary. The properties of elastomers are presented 

before and after Castor oil based mud exposure. The property changes were 

evaluated with respect to equipment function and performance and exposure time.  

This test procedure measures the ability of rubber to withstand the effect of liquids. 

It is designed for testing specimens of elastomeric vulcanizates cut from standard 

sheets. 

  

 

 

Composition Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 

Saraline 185V, 

lb/bbl 

183.6  - - - - - 

Methyl Esther 

Palm Oil 

 215.6      

Castor Oil -  241.18 230.14 230.14 230.14 230.14 

Toluene -  - 10 15 20 25 

VERSAPRO 

lb/bbl 

8  8 8 8 8 8 

VERSAGEL
®
, 

lb/bbl 

7  7 7 7 7 7 

LIME
®
, lb/bbl 4  4 4 4 4 4 

VERSATROL
®
 

HT, lb/bbl 

8  8 8 8 8 8 

Water, bbl 59  67.31 67.31 67.31 67.31 67.31 

 CaCl2, lb/bbl 20.9  12.64 12.64 12.64 12.64 12.64 

MIL-BAR
®
, 

lb/bbl 

129.46  1.88 1.88 1.88 1.88 1.88 
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3.5 Required Tools 

Equipments:  

1) Multi Mixer, 2) FANN Model 35 3) HTHP filter press, 4) Electric Stability 

Meter, 5) Basic equipments in lab such as beaker,heater,3 neck flask, separator 

funnel, and termometer 

Consumables: 

1) Crude Castor Oil, Methyl Ester Palm Oil, Saraline Oil, Methyl-benzene.  
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CHAPTER 4 
 

RESULTS AND DISCUSSION 
 

 

 

4.1.1 RHEOLOGICAL TEST RESULTS 

 

Table 4.1 shows the mud properties results after rheology test were applied to 

Castor Oil, Methyl Ester Palm Oil and Saraline. 

Test 1 = Saraline Oil 

Test 2 = Methyl Ester Palm Oil 

Test 3 = Castor Oil 

Test 4 = Castor Oil with 10g Toluene 

Test 5 = Castor Oil with 15g Toluene 

Test 6 = Castor Oil with 20g Toluene 

Test 7 = Castor Oil with 25g Toluene 

 

Formulation  Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 

Mud weight (ppg) 10 10 10 10 10 10 10 

Rheology 

Temperature(◦F) 

75 75 75 75 75 75 75 

600 rpm 54 79 300+ 232 183 85 32 

300 rpm 37 54 300+ 186 147 57 28 

200 rpm 21 28 239 121 98 39 15 

100 rpm 16 19 178 86 59 21 9 

    6 rpm  8 7 76 43 15 6 3 

    3 rpm  7 5 54 39 10 3 2 

Plastic Viscosity, 

cP (ALAP) 

17 25 - 46 36 28 4 

Yield Point, lb/100 

ft
2 
 

20 29 - 140 111 29 24 

Gels, 10 sec  10 14 55 39 20 14 5 

Gels, 10 min  13 16 71 45 27 18 8 

Electrical Stability 652 1380 671 601 521 499 401 

HPHT at 250°F 

and 500psi, mL  

3.2 2.8 1.2 2.4 2.8 3.4 6.4 

 

    Table 6: Rheology Test Result 
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When, Castor Oil and Methyl Ester Palm Oil is compared with Saraline Oil, 

Saraline Oil has lower PV and YP and also preferable ES and Gel Strength value 

that shows that it has a better and more preferable characteristics to be used as base 

fluid. This is because Saraline Oil is commercially used base fluid in oil and gas 

industry these days. Therefore, Saraline oil being a comparison factor in this 

project shows more preferable rheology properties of a base fluid. Figure 7.1, 

Figure 7.2, figure 7.3, Figure 7.4, Table 7.2, table 7.2 below shows the rheology 

study parameters of the base fluid using tables and graphs. 

 

 

4.1.1 Plastic Viscosity  

Base Fluid 
Castor Oil with 

20g Toluene 

Methyl Ester 

Palm Oil 

Saraline Oil 

Plastic Viscosity, cp 
28 25 17 

Table 6.1: Plastic Viscosity 

 

 

4.1.2 Yield Point 

Base Fluid 
Castor Oil with 

20g Toluene 

Methyl Ester 

Palm Oil 

Saraline Oil 

Yield Point, cp 29 29 20 

 

    Table 6.2: Yield Point 
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Graph I: Plastic Viscosity and Yield Point 
 

 
Figure 5.1: Graph of Plastic Viscosity of Base Fluid 

 

 

Graph II: Gel Strength 

 
Figure 5.2: Graph of Yield Point of Base Fluid 
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Graph III: Electrical Stability 

 
 

Figure 5.3: Graph of Electrical stability of Base Fluid 

 
 

 

Graph IV: Filtration Loss 

 

Figure 5.4: Graph of Yield Point of Base Fluid 
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From the rheology test resul, it shows that Castor Oil has high PV and YP but has 

preferable value of ES and Gel Strength. This shows that Castor Oil did not acquire 

the characteristic of a base fluid when compared to Methyl Ester Palm Oil. When, 

Castor oil is compared with Methyl Ester Palm Oil, Methyl Ester Palm Oil shows a 

better base fluid characteristic because it has lower PV but high YP and preferable 

value of ES and Gel Strength. Therefore, it also shows that between the vegetable 

oil, Palm Oil is a better candidate to be used as base fluid.  

 

4.1.2 Elastomer Test Results 

 

 

Liquid 

 

Methyl 

Esther 

Palm Oil 

 

Saraline oil 

 

Castor oil based 

mud 

 

Castor oil based 

mud @ Toluene 

20 g 

Temp(F) 75 75 75 75 

Time(h) 0 24 48 168 24 48 168 24 48 168 

Volume(in³) 4.5 4.5 4.5 4.65 4.5 4.5 4.5 4.5 4.5 4.72 

Weight(g) 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 

Table 7: Elastomer Test Results 

 

The volume of rubber sheet doesn’t change in Castor oil but does change when 

Toluene is added. This is probably due to absorption of Toluene by the rubber over 

period of time, due to the existence of the aromatic group. Methyl Esther Palm oil 

proves to be the suitable oil phase for drilling mud as it only changes the physical 

structure a little and it is not significant.. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 Conclusion 

 

Based on the objectives stated author can conclude that, from rheology test result, 

Castor Oil, does not acquire much of an ideal base fluid to be use in drilling 

operation compared to Methyl Ester Palm Oil. But it can be treated to some extent 

by changing the composition of materials in the mud formulation because referring 

to Table 2.1, Castor Oil has the criteria of a base fluid. Therefore, it can be treated 

further to be used commercially as a base fluid in drilling operation. When, Castor 

Oil and Methyl Ester Palm Oil are compared, Methyl Ester Palm Oil attains the 

characteristics of a base fluid.  

 

When Castor Oil and Methyl Ester Palm Oil are compared with Saraline Oil which 

is considered as a comparison between vegetable oil and mineral oil, mineral oil 

shows a better base fluid to be use in drilling operation. Mineral oil also has the 

criteria of a base fluid as shown in Table 2.1. The reason why mineral oil is far 

better compare to vegetable oil is Saraline is specially engineered to be used for 

commercial purpose in drilling fluid. Therefore, it has shown the most convincing 

result than the other two of the vegetable oil. 

 

5.2 Recommendation 

 

Conversion of Castor Oil into Castor Oil FAME is recommended by the author to 

have a better rheology test result since addition of Methyl-benzene proves to yield 

a result far from desired. That will also ensure that Castor Oil FAME can be a 

better candidate to replace diesel oil in drilling operation. 
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APPENDIX 

 

Appendix 1 – Recommended practice standard procedure for field testing oil-

based    drilling fluids(1998), American Petroleum Institute. 
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