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ABSTRACT 

our drilling muds were 

formulated and the properties 

studied. The properties (mud 

weights, plastic viscosities, yield points, 

apparent viscosities and gel strengths) 

were all between the API‘s standard 

limits. Mud filtration reveals that highest 

water filtrate came from 82 % Vitellaria 

paradoxa mud and the highest oil fitrate 

was from 82 % Helianthus annuus mud. 

Generally, the mud having the highest 

filtrate is considered poor for drilling 

purposes but the porosity of these muds 

did not rendered them poor for drilling 

because the filter volumes are still within 

the limits of the accepted values. The filter 

cakes are between 0.8 ± 0.2 and 1.3 ± 0.1 

which are also within the acceptable 

limits. 
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Introduction: 
Background to the study 

Drilling fluid or mud is an 

essential part in the rotary 

drilling system. Drilling 

fluid can be defined as a 

mixture of clays, water, and 

chemicals used to drill a 

borehole into the earth and 

whose basic functions are 

to lubricate and cool the 

drill bit, carry drill cuttings 

to the surface, and to 

strengthen the sides of the 

hole. Drilling fluid can also 

be defined as a fluid 

compositions used to assist 

the generation and removal 

of cuttings from a borehole  
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filtration.  

 

n the ground (Hossain and Al-Majed, 2015). Drilling fluids are any fluids 

which are circulated through a well in order to remove cuttings from a 

wellbore. The fluid is pumped down the drill string, through the nozzles 

of the bit, and returns back up the annulus between the drill string and the 

wellbore walls, carrying the cuttings produced by the bit action to the 

surface (Finger and Blankenship, 2010).The main function is to clean the 

hole while drilling but the drilling fluid also serves to cool the bit, provide 

power to the mud motor and measuring-while-drilling tool, support the 

walls of the hole and control the well pressure (prevent the well from 

flowing). An alternative method is called reverse circulation, where the 

flow of the fluid is reversed from the previously mentioned one 

(Chemwotei, 2011). 

The need to drill a usable hole with minimal environmental impact and 

with a low cost imprint has been a dream long held by drillers and industry 

operators alike. One major component of the oil well drilling operation 

which is often referred to as “the blood of the drilling process” is the 

drilling fluid (Okorie et al., 2015). Drilling fluids are complex liquids which 

shall serve several different purposes, such as transport of drilled 

materials (cuttings), cooling and lubrication of the drill bit, adequate 

pressure, formation integrity, avoid formation damage, and transfer 

hydraulic energy from surface to a downhole motor (Seasen, 1998, Schulz 

et al., 2013) Drilling fluids can be categorized into three main groups based 

on their composition and application. These are; water based fluid (WBFs), 

oil based mud (OBM) and synthetic based fluids (SBFs). These fluids are 

used to perform some essential functions which include but not limited to 

the following: control of abnormal formation pressure, suspension and 

release of drill cuttings and its removal from well, sealing of permeable 

formation to minimize formation damage and a host of other functions. Oil-

based drilling fluids have some advantages that make them especially 

desirable for drilling certain types of formations. Oil-based muds generally 

i 
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provide better performance in very hot or very cold environments. Oil-

based muds cause fewer problems when drilling shale formations and 

allow drilling of salt zones with minimal dissolving of salt. However, there 

are greater costs and potential pollution problems which make it a bad 

choice for environmentally sensitive areas (Fadairo et al., 2012) 

Drilling muds with less environmental impact are highly desired over 

conventional diesel-based mud systems, especially inlight of the emerging 

strict environmental laws (Kumar et al., 2020) In nowadays oil well drilling 

operations, the synthetic based muds (SBMs) have become the beautiful 

bride of the most Oil Companies because of its environmental friendliness, 

high biodegradability and lower toxicity (Dardir et al., ., 2014). Also, with 

SBFs, the rate of penetrations can be greatly maximized and thus reducing 

well drilling cost (Burke and Veil, 1995) 

According to Folayan et al., (2017), the ability of any drilling fluid to 

perform its functions is greatly vested on its rheology. Generally, fluids can 

be classified into, a Newtonian fluid whereby the shear stress is directly 

proportional to the shear rate and a single parameter known as viscosity 

characterizes the fluid and a non-Newtonian fluid whereby the shear stress 

is a function of prevailing shear rate. 

 

Drilling mud formulation 

The method of Fadairo et al., (2012) was adopted with slight modification. 

Exactly 4.5 grammes of texapon was weighed in a beaker and 200 cm3 of 

methyl ester was measured and emptied into the beaker containing the 

texapon and placed on a hot plate stirrer. It was heated at 70˚C with 

continuous stirring then 5.5 grammes of cetyl alcohol was then added and 

heated to 100 ˚C with continuous stirring until the cetyl alcohol melted. 

Then 100 cm3 of water was added and stirred to a colloidal solution. Then 

2 grammes of bentonite, 4.5 grammes of barite, 3 grammes of calcium 

hydroxide and 5 grammes of calcium chloride were added subsequently in 

that order with continuous stirring with each addition. Other formulations 

were carried out following the same method.   

Quantities of the Ingredients used in Formulation 
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S/N Ester(cm3) Water 

(cm3) 

Cetyl 

alc. (g) 

Texapon 

(g) 

Bent 

(g) 

Barite 

(g) 

Ca(OH)2 

(g) 

Fe203  

(g) 

CaCl2 

(g) 

Ratio of 

oil/water 

1 

2 

200 

350 

45 

60 

10 

7.1 

8.0 

9.3 

11 

12 

14.5 

18.5 

4 

5 

6 

6 

5 

6 

82/18 

85/15 

 

Determination of Mud Weight 

The procedure of Okorie et al., (2015) was employed. A Fann mud balance 

model 140 was calibrated by determining the density of water before 

testing for the densities of the mud samples. The mud balance cup was 

filled to the top with the mud samples. The lid was placed on the cup and 

was turned to ensure that it was firmly put in place. Excess mud spilled 

through the vent was wiped off from the lid. The balance was placed on a 

knife edge and the rider was moved along the graduated arm until the cup 

and the arm were balanced as indicated by the bubble. The mud weight in 

pounds per gallon (lb/gal) was read at the edge of the rider towards the 

mud cup as indicated by the arrow on the rider and recorded.  

 

Measurement of Viscosity, Gel strength, Plastic viscosity and Yield point  

Viscosity, gel strength, yield point and plastic viscosity are measured at 

room temperature and atmospheric pressure with a FANN 35A viscometer 

is a concentric-cylinder, rotational type. It is operated by a two speed, 100 

volt synchromous motor. The instrument is direct reading and function at 

six rotation speeds. The mud was poured into the mud cup of the rotary 

viscometer shown in plate II and III and the rotor sleeve was immersed 

exactly to the fill line on the sleeve by raising the platform. The lock knot 

on the platform was tightened.  The power switch located on the side panel 

of the viscometer was turned on. The speed selector knob was first rotated 

to the stir setting, to stir the mud for a few seconds, and it was rotated at 

3rpm, waiting for the dial to reach a steady reading, the 3rpm reading was 

recorded.  The above process was repeated for 6 100, 200, 300, and 600 

rpms. The procedure above was repeated for all the samples in table 2. 
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Each preparation in the table was duplicated: one for sun flower methyl 

ester while the other is for shea butter methyl ester. 

 

Filtration loss determination 

The test consists of monitoring the rate, at which fluid is forced from a filter 

press under specific conditions of time, temperature and pressure, then 

measuring the thickness of the residue deposited upon the filter paper 

(Kamal 2015). The method of Okorie  (2015) was adopted for this test. The 

filter press used for the tests consisted of six independent filter cells 

mounted on a common frame. The set was dismantled and washed then left 

to dry then assembled after which the mud to be tested was introduced 

into the cup assembly. The filtration test was performed using standard cell 

at API condition of 100 psi differential pressure at room temperature. With 

the air pressure valve closed, the mud cup assembly was clamped to the 

frame while holding the filtrate outlet end finger tight. A graduated 

cylinder was placed underneath to collect filtrate, after which the pressure 

valve was opened for gas to flow in from an air compressor pump and the 

timing was started at the same time. After 30 minutes the pressure valve 

was shut and the filtrate collected in the graduated cylinder (in cm3) and 

the filter cake (in cm) were measured and recorded.  

 

Results 

Table 1: Plastic viscosities (PV), Apparent Viscosities (AV) and Yield Point 

(YP) for Helianthus annuus methyl ester drilling mud 

Properties  

 

Percentage of SF methyl ester in the drilling fluids 

82 85  

PV 

YP 

AV 

41 

14 

54 

32 

14 

39 
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Figure 1: Yield point of the formulated fluids 

 

 
Figure 2: Gel strengths of the formulated drilling fluids 
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Figure 3: Filtrate volumes of the formulated muds 

 

 

 
Figure 4: Filter cake Thickness  
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Figure 5: pH of the formulated muds 

 

Discussion 

Plastic viscosity 

Comparing the values obtained from experiments in table 1 for the 

formulated drilling fluids and the API standard values it can be seen that 

the value obtained are within the acceptable limits.  A high plastic viscosity 

value shows that the drilling fluid is very viscous and difficult to move 

therefore Helianthus annuus methyl ester may not be considered as a good 

drilling fluid. 

 

Yield point 

The Yield points of all the four fluids met the required API standard which 

implies that the formulation of 82/18 and 85/15 oil/water ratios  are good 

and can serve as drilling fluids. 

 

Gel strength 

From Figure 2 it could be seen that both Helianthus annuus and Vitellaria 

paradoxa  methyl ester muds of 82/18 and 85/15  oil/water ratio exhibits 

flat gel structure meaning that these four  muds will remain pumpable 
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easily when left static in the hole for some time. The gel strength for 82/18 

% Vitellaria paradoxa methyl ester mud is almost attending flat gel with 

gel0 and gel10 implying that it can be used efficiently in drilling. If the gel 

strength of a drilling mud at 10-minute is higher than the 10-second gel 

value, it indicates that the mud exhibits a progressive gel structure which 

is an indication that the gelation of the mud is rapidly gaining strength with 

time, which is an undesirable feature of a drilling mud. Therefore the 

formulated muds can be used in drilling. The properties are desirable 

during drilling operation as the gel can be broken easily with lower pump 

pressure to make circulation (Okorie et al., 2016). Amanullah et al, (2011) 

while working on nano-based drilling fluids also says flat type of gel 

strength property of the nano-based drilling fluid indicates superior 

functional behaviour while drilling.  

 

Filtration loss 

Filtration rate is often the most important property of a drilling fluid, 

particularly when drilling permeable formations where the hydrostatic 

pressure exceeds the formation pressure. Proper control of filtration can 

prevent or minimize wall sticking and drag and in some areas improve 

borehole stability (Okorie 2015). Figures 3 show filtrate volume from the 

formulated muds collected after 30 minutes which reveal that the total 

volume of filtrate collected for 82 % oil for both Helianthus annuus methyl 

ester muds (HAMEM) and Vitelleria paradoxa methyl ester muds 

(VPMEM) are both 30 cm3 while its 22 cm3 and 21 cm3 for 85 % 

respectively.  Methyl ester volumes for HAMEM and VPMEM are 18 cm3 

and 17 cm3 for 82 % and 12 cm3 and 12 cm3 for 85 % methyl ester 

respectively. Water volumes for HAMEM and VPMEM are 12 cm3 and 13 

cm3 for 82 % respectively and 10 cm3 and 9 cm3 for 85 % respectively too. 

From the filtrate volumes it can be seen that the 85 % methyl ester muds 

have lower filtrate volumes as compared to the 82 % methyl ester muds 

hence it may be concluded that the 85% methyl ester muds are better than 

the 82 % methyl ester muds even though all are within the API accepted 

limit which is  40 cm3.  
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 Mud Cake Thickness 

Figure 4 both 85 % methyl ester muds with thickness values of 1.2 cm and 

0.8 cm for HAMEM and VPMEM respectively are thinner than those of  82 

% methyl ester muds with filter cake thickness of 1.3 cm and 0.9 cm for 

HAMEM and VPMEM respectively, in terms of filtration properties and, 

therefore, will be effective for drilling purposes as it would prevent stuck 

pipe incidents. High filtrate volumes are associated with thick filter cake 

because the cake is formed by deposition of clay particles on the walls of 

the hole during filtrate loss to the formation. This implies that the higher 

the filter volume, the thicker the filter cake and the less efficient the drilling 

mud (Okorie et al., 2015). The effect of this is that a thick mud cake reduces 

the effective diameter of the drilled wellbore thereby increasing the area 

of contact between the drill pipe and the cake leading to increased risk of 

stuck pipe incidents. Based on this result, therefore, all the formulated 

muds have good filtration properties that will be effective for drilling 

purposes as it would prevent stuck pipe incidents. From the result it is 

inferred that VPMEM (85 %) has the highest rate of filtration. Comparing 

this to a drilling scenario, this means that the mud cake from VPMEM is the 

porous, it is the thickest.  

 

pH of the formulated muds 

The pH of the formulated muds are seen in Figure 5 which reveal that all 

are basic in nature with the highest value of 8.4 for 85 % VPMEM and the 

lowest is 8.2 for 82 % HAMEM. This is favourable for drilling activity as has 

less effect on viscosity of the muds and the corrosion effect is less to when 

it is acidic in nature. Drilling muds are always treated to be alkaline (i.e., a 

pH > 7). The pH will affect viscosity, bentonite is least affected if the pH is 

in the range of 7 to 9.5. Above this, the viscosity will increase and may give 

viscosities that are out of proportion for good drilling properties. For 

minimizing shale problems, a pH of 8.5 to 9.5 appears to give the best hole 

stability and control over mud properties. A high pH (10+) appears to 

cause shale problems. The corrosion of metal is increased if it comes into 

contact with an acidic fluid. From this point of view, the higher pH would 
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be desirable to protect pipe and casing (Baker, 1995).  The pH of the 

solution also affects the solubility of many thinners and divalent metal ions 

such as calcium and magnesium, and influences the dispersion or 

flocculation of clays (Chaney 1942). Maintaining an excess pH controlling 

agent is particularly important for some fluid system because these 

systems will lose all rheological properties if the pH was allowed to drop 

to less than 7 (Dongmei et al, 2013). The control of many drilling fluid 

system properties is dependent on pH. Moreover, the pH of drilling mud is 

controlled in range of 8.5-10 for corrosion prevention of drilling device and 

good behavior. The pH values of all the samples meet a few of the 

requirements  
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