
http://www.inosr.net/inosr-scientific-research/                                                                                                                         

Chime et al 

INOSR Scientific Research 5(1): 35-48, 2019. 

35 

 

©INOSR PUBLICATIONS  

International Network Organization for Scientific Research                                                                             ISSN: 2705-1706 

 

Effects of Process Parameters on the Rheological Properties of Locally 

Formulated Drilling Muds 

 

T.O Chime, Ugwu Irene and Elendu Collins 

 

Department of chemical engineering, Enugu State University of Science and Technology, 

Projects Development Institute Enugu Nigeria.
 

ABSTRACT  

Effect of barite dosage, clay dosage 

temperature, oil and water ratio and 

additive concentration on rheological 

properties were investigated. This was 

achieved by using 5, 10, 15 and 20g of 

local clay to replace betonite and adding 

1,2,3,4 and 5% of cassava starch to 

formulate water based and oil based mud. 

The starch additive was characterized. 

The rheological properties of the muds 

were tested at 30, 50, 70 and 90
0

c. The 

result obtained shows that barite dosage, 

clay dosage, temperature, additive 

concentration and oil and water ratio have 

significant effect on the rheological 

properties of oil and water based mud. The 

equilibrium densities of 880 kg/m
3

 for 

both water and oil based mud were 

obtained at equilibrium additive (starch 

conc.) of 2.3ml. The muds produced have 

good qualities that can be applied in 

drilling industries. 

Keywords: Rheological properties, locally formulated drilling mud, process parameters. 

Additives 

INTRODUCTION 

The oil and gas industry has used drilling 

mud or fluids since the beginning of well 

drilling operation for oil and gas. Well 

drilling operations are carried out using a 

variety of drilling fluids, some of which 

are aqueous, some of which are oil while 

some of which are oil-water emulsions [1]; 

[2]. The fluid must have a proper 

thickness or viscosity to meet the many 

different criteria by the drill owner or 

operator. The fluid must provide filtration 

control, the fluid must suspend and 

transport solid particles to the surface for 

screening out and disposal, and the fluid 

must keep suspended solid particles and 

weighing agent to increase specific 

gravity of mud [3] [4]. 

One of the most critical functions of 

drilling fluids is to minimize the amount 

of drilling fluid filtrate entering the 

hydrocarbon bearing formation which can 

lead to formation damage, because of 

rock wet ability changes, fine migration 

drilling fluid, solid plugging and 

formation water chemistry 

incompatibilities [5]. 

Rheological behavior of drilling fluids is 

vital in their proper selection for any well. 

Rheological properties of drilling mud’s 

are important because they are used to 

characterize properties of the mud such 

as well cleanses, erosion  for 

preservation, cutting material removal, 

hydraulic calculation and pump system 

[6]. 

Drilling fluids should be environmentally 

friendly and contain the lowest possible 

amount of pollutants. Therefore care 

should be taken in the selection and 

formulation of raw materials [7]. 

Natural resources are abundant in 

different forms in Nigeria. Thus, research 

to find how indigenous local raw material 

can be used or availability of suitable 

substitutes which can be developed and 

examined within our country for 

educational, technological and economic 

prosperity of the nation. 

The present study is therefore focusing 

on the effect of process parameters on 

rheological properties of locally 

formulated water based (WB) and oil 

based (OB) drilling mud.  
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MATERIALS AND METHODS 

Materials and Equipment 

The materials used in this study are 

locally sourced clay, and starch, carboxyl 

methyl cellulose (CMC), Barite, Sodium 

Carbonate, Sodium Hydroxide. The 

equipments used in this work include; 

graduated measuring cylinder, beakers, 

electronic weighing balance, mixer, 

viscometer, drilling mud balance, water 

bath, pH meter, and stop watch. 

Methods 

Preparation of clay 

The Clay samples was collected from 

Abakiliki, dried to constant weight and 

pulverized by pounding it in a mortar. 

The Clay was soaked in water overnight, 

filtered and the filtrate was left to settle 

and aged overnight. The sediment was 

collected and dried to constant weight. 

The dried sample was sieved with   

sieve size and packed in a polythene bag 

for use. 

Preparation of drilling mud 

The drilling mud was formulated using 

Tables 1 and 2 below according to the 

mixing order stated on the table. With the 

aid of graduated cylinder and electronic 

weighing balance, the various quantities 

of the raw materials were determined as 

shown in the tables 1 and 2. The raw 

materials were poured sequentially into a 

steel cup at the end of which it was mixed 

with electronic mixer. After each 

formulation, the mud was allowed to age 

for a day; after which it was re-stirred at 

the end of the 24hrs for easy 

characterization.  

 

Table 1: Raw materials for formulation of oil based mud 

Mud component  Quantity Mixing duration Mixing order 

Water (ml) 27.50 - 1 

NaOH (g) 0.05 5 2 

Oil (ml) 63.0 10 3 

SCMC (g) 2.5 5 4 

Sodium Carbonate (g)  2 5 5 

Starch (g) 5 5 6 

Clay (g) 6.3 5 7 

Barite (g) 2.5 10 8 

 

Table 2: Raw materials for formulation of water based mud  

Mud component Quantity Mixing duration Mixing order 

Water (ml) 88 - 1 

NaOH (g) 0.05 5 2 

SCMC (g) 2.5 10 3 

Sodium Carbonate (g) 2 5 4 

Starch (g) 5 5 5 

Clay (g) 6.3 5 6 

Barite (g) 2.5 10 7 

 

Experimental Procedure 

The production methods of the drilling 

mud and the determination of the 

rheological properties of the mud were 

carried out based on the API drilling mud 

production standards [8]; [9]; [10]; [11] 

and cassava starch preparation was 

adopted by [12]. The mixing order method 

was adopted by [13]. The various 

quantities of the raw materials (shown in 

table 1 and 2 above) were measured using 

the graduated cylinder and electronic 

weighing balance. The raw materials were 

poured, serially, with an interval of 5 and 

10 minutes in the steel cup of the single 

spindle mixer. The raw material was 
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applied in a descending order as arranged 

in table 1 and 2 above. The mud samples 

were formulated in the absence and 

present of addictive concentration. As 

each material is being put into the mixer, 

the mixer is powered to cause the spindle 

to rotate and mix the contents inside the 

steel cup being held at a fixed position. 

As the materials have been completely 

applied into the mixer steel cup, it was 

allowed for 30 minutes, under stirring 

condition, for a total uniformity of the 

materials to give finely formulated water 

and oil based mud. Drilling mud balance 

was used to measure the density of the 

mud. Viscometer was used for the 

measurement of rheological properties of 

the formulated drilling muds. The 

rheological readings, API testing, 600 rpm 

(revolution per minutes), 300 rpm, 6 rpm 

and 3rpm, were recorded. Also, 10 

seconds 10 minutes gel strength values 

were recorded. The plastic viscosity, yield 

point and apparent viscosity were 

appropriately evaluated. The pH meter 

was used to measure the pH of the 

formulated drilling mud and was 

recorded. 

Effect of drilling mud parameters on 

rheological properties of the formulated 

drilling mud 

Determination of the concentration of 

the barite on rheological properties of 

the formulated drilling mud: The barite 

concentration effect on both oil and water 

drilling mud formulated was investigated 

using varying quantities of barite (5g, 

10g, 15g, and 20g).  

Determination of clay dosage on 

rheological properties of the formulated 

drilling mud:The effect of clay dosage on 

both oil and water based drilling mud was 

investigated using varying quantities of 

clay (10g, 20g, 30g, 40g). 

Determination of oil – water ratio on 

rheological properties of the formulated 

drilling mud: The oil-water ratio effect on 

oil based drilling mud studied using 

varying oil to water ratio. (50; 50, 60:40, 

70:30 and 80:20).  

Determination of mixing time on 

rheological properties of the formulated 

drilling mud: The effect of mixing time 

on both oil and water based drilling mud 

was done by varying the final time after 

adding barite was investigated. 

Determination of gel strength on 

rheological properties of the formulated 

drilling mud: Gel strength of the drilling 

muds (water based and oil based muds) 

were determined at 10sec.gel and 10mins 

gel. This is determined by allowing the 

mud to stand undisturbed for 10seconds 

and 10 minutes. It was then slowly and 

steadily rotated at 3r.pm and the value 

was recorded in N/ms
2

. 

RESULTS AND DISCUSSION 

Characterization of the local materials 

used in the mud formulation 

Characterization of Abakaliki clay 

sample: The clay was characterized with 

Atomic Absorption Spectrometer, AAS and 

the result is presented in Table 3.  From 

the table, it can be observed that the clay 

has highest composition of silicate, as 

well as alumina and sodium oxide. 

 

Table 3. Characterization result of the clay sample 

Sample Amount (mg/g) 

Al
2

O
3

 32.05 

SiO 48.92 

FeO 0.949 

MgO 0.726 

CaO 2.658 

Na
2

O 21.94 

 

Characterization of starch: The 

proximate analysis of the starch was done 

to determine its content and the result is 

shown in Table 4. The result shows that 

the starch sample consist of protein, fat, 

pH, moisture and ash. Moisture content 
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obtained is low and will help in 

dispersion of the starch in the mud. The 

starch is in mild acidic state which will 

help to neutralize/reduce the alkalinity of 

the formulated muds.

Table 4. Result of proximate analysis of starch 

Parameters Composition (%) 

Moisture 6.4 

Protein 1.925 

Fat 2.83 

p
H

 5.4 

Ash 0.3 

 

Characterization of drilling mud: Tables 

5and6 show the results of the 

characterization of muds formulated 

without additive and with additive 

respectively. From the Table 5, it can be 

observed that both oil and water based 

muds were acidic with low rheological 

properties. 

 

Table 5 Summary of characterization of drilling mud without additive 

Parameters Units Water Based Oil Based 

p
H

  6.4 6.5 

Density Lb/gal 9.0432 8.5436 

Viscosity @600rpm Cp 21.0 28.2 

Viscosity @300rpm Cp 12.6 16.92 

Plastic viscosity Cp 8.4 11.28 

Apparent viscosity Cp 10.5 14.1 

Yield point Lb/100ft
2

 4.2 5.64 

Gel strength 10 sec Cp 0.00 0.10 

Gel strength 10mins Cp 0.00 0.15 

 

Table 5 shows that the addition of 

additive improved the rheological 

properties and turn the  of muds to 

alkaline state. The result is in consonance 

with (API, 1993 standard for mud) and the 

result obtained by [4].  

 

Table 6 Summary of characterization of drilling mud with additive 

Parameters Units Oil Based  Water 

Based 

API 

Standard 

Values  

p
H

  10.9 11.2 9.5 

DENSITY lb/gal 8.805 8.969 8.65 

Viscosity @600rpm Cp 65.42 29.88 33.0 

Viscosity @ 

300rompm 

Cp 39.252 17.57 20.90 

Plastic viscosity Cp 26.168 12.31 < 65 

Apparent viscosity Cp 32.71 14.94 16 

Yield point lb/100ft
2 

13.084 5.26 15-45 

Gel strength 10sec  Cp 0.45 0.3 0.30 

Gel strength 10mins Cp 5.1 1.5 0.8 

Fluid loss (water ) Ml 11.8 14.6 15.0 
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Effect of Mud Parameters on the 

Rheological Properties of the Drilling 

Mud. 

Barite concentration effect on 

rheological properties: Barite 

concentration effect on plastic viscosity, 

apparent viscosity and yield point. The 

effect of barite concentration on 

rheological properties at room 

temperature in water based mud (WB) and 

oil based mud (OB) respectively are  

shown in Figures 1(a &b). It is observed 

from the figures that there was an 

increase of plastic viscosity and apparent 

viscosity as concentration of barite 

increases from 2.5 to 5g for OB and from 

2.5 to 7.5g for WB and a slight decrease in 

these properties beyond 5g and 7.5g of 

the barite in OB and WB respectively, 

while yield point decreases as 

concentration of barite for both WB and 

OB mud increased.  The style of the line 

indicates that the mud doesn’t obey 

Newton’s law of viscosity as the 

concentration of barite rose (up to 5g in 

OB and 7.5g in WB), and displayed lower 

plastic viscosities.  

The higher fraction of clay colloids and 

starch in sample of mud, which came 

from rise in resistance due to flow, led to 

increase in apparent viscosity. The trend 

observed for yield point in both mud 

based in water and oil may be that 

agglomerate could not form.  
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Figure 1a: Effect of barite dosage on rheological properties for water based mud. 

Conditions: Additive concentration = 4%, clay dosage = 20g, mixing time = 5minutes, 

temperature = 30
o

C 
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Figure 1b: Effect of barite dosage on rheological properties for oil based mud. 

Conditions: Additive concentration = 4%, clay dosage = 20g, mixing time = 5minutes, 

temperature = 30
o

C, oil :water ratio = 50% 

Effect of barite dosage on density of the 

mud 

Figure 1c depicts the effect of barite 

dosage on density of the mud based on 

water and oil. From the figure, it is 

observed that density of both oil and 

water based mud increases as barite 

dosage increases with a value greater than 

density of water at 10g. The increase in 

density shows that barite increases the 

weight of the mud but can be suspended 

on the mud below barite dosage of 10g. 
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Figure 1c: Effect of barite dosage on density for water and oil based mud. Conditions: 

Additive concentration = 4%, clay dosage = 20g, mixing time = 5minutes, temperature = 

30
o

C, oil: water ratio = 50% (OB) 

Clay dosage effect on rheological 

properties 

Clay dosage effect on plastic viscosity, 

apparent viscosity and yield point: The 

effect of clay dosage on rheological 

properties at room temperature in mud 

based on water and that based on oil 

respectively are  shown in Figures 2 (a 

&b). It is observed from the figures that 

there was an increase in plastic viscosity, 

apparent viscosity and yield point as 

dosage of clay increases from 5 to 10g in 

OB and to 15g in WB and a slight decrease 

in these properties beyond 10g of clay for 

OB and 15g of the clay in both OB and WB 

mud. The style of the line indicates that 

the mud doesn’t obey Newton’s law of 

viscosity as the concentration of barite 

rose (up to 10g in OB and 15g), and 

displayed lower plastic viscosities.  

The higher fraction of clay colloids and 

starch in sample of mud, which came 

from rise in resistance due to flow, led to 

increase in apparent viscosity. The trend 

observed for yield point in both mud 
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based in water and oil may be that agglomerate could not form.  

 

Figure 2a: Effect of clay dosage on rheological properties for water based mud. 

Conditions: Additive concentration = 4%, Barite dosage = 7.5g, mixing time = 5minutes, 

temperature = 30
o

C 
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Figure 2b: Effect of clay dosage on rheological properties for oil based mud. 

Conditions: Additive concentration = 4%, Barite dosage = 5g, mixing time = 5minutes, 

temperature = 30
o

C, oil: water ratio = 50% 

Clay dosage effect on density of the 

mud 

Figure 2c depicts the Clay dosage effecton 

density of the mud based on water and 

that on oil. From the figure, it is observed 

that density of both oil and water based 

mud increases as clay dosage increases 

with a value greater than density of water 

at 20g. The increase in density shows that 

clay increases the weight of the mud but 

can be suspended on the mud below clay 

dosage of 20g. 

 

 

Figure 2c: Effect of clay dosage on density for water and oil based mud. Conditions: 

Additive concentration = 4%, barite dosage = 5g(OB) 7.5g(WB), mixing time = 5minutes, 

temperature = 30
o

C, oil: water ratio = 50%(OB) 

Effect of mixing time on rheological 

properties 

Effect of mixing time on plastic 

viscosity, apparent viscosity and yield 

point: The effect of mixing time on 

rheological properties at room 

temperature in mud based on water and 

that on oil (OB) respectively are  shown in 

Figures3(a &b). It is observed from the 

figures that there was an increase of 

plastic viscosity, apparent viscosity and 

yield point as mixing time increases from 

5 to 10minutes in both OB and WB and 

there was a slight decrease in these 

properties beyond 10 minutes in both OB 

and WB mud. The style of the line 

indicates that the mud doesn’t obey 

Newton’s law of viscosity as the 

concentration of barite rose (up to 10 

minutes), and showed smaller plastic 

viscosities.  

The higher fraction of clay colloids and 

starch in sample of mud led to increase in 

apparent viscosity. The trend observed 

for yield point in both mud based in 

water and oil may be that agglomerate 

could not form.  
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Figure 3a: Effect of mixing time on rheological properties for water based mud. 

Conditions: Additive concentration = 4%, Barite dosage = 5g (OB) 7.5g (WB), 

temperature = 30
o

C 
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Figure 3b: Effect of mixing time on rheological properties for oil based mud. 

Conditions: Additive concentration = 4%, Barite dosage = 5g(OB) 7.5g(WB), temperature 

= 30
o

C, oil: water ratio = 50%(OB). 

Mixing time effect on density of the 

mud 

Figure 3c depicts the mixing time effect 

on density of the water based mud and oil 

based mud. From the figure, it is 

observed that density of both oil and 

water based mud decreases as mixing 

time increases with a value lesser than 

density of water. The decrease in density 

shows that clay was lost thereby 

decreases the weight of the mud but can 

be suspended on the mud. 
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Figure 3c: Effect of mixing time on density for water and oil based mud. Conditions: 

Additive concentration = 4%, barite dosage = 5g (OB) 7.5g (WB), temperature = 30
o

C, oil: 

water ratio = 50%(OB) 

Effect of oil: water ratio on rheological 

properties of oil based mud 

The effects of oil/water ratio on 

rheological properties at room 

temperature in oil based mud (OB) are 

shown in Figures 4. (a & b). It is observed 

from the figures that there was a decrease 

of plastic viscosity, apparent viscosity, 

yield point and density as oil/water ratio 

increases from 50 to 80% in both. This 

could be as result of high proportion of 

oil which increases lubricity. The 

decrease in apparent viscosity is due to 

high oil proportion that minimizes 

colloidal action of clay and starch in the 

sample of mud due to decreasing 

resistance in flow. The trend observed for 

yield point in oil mud may be due to 

agglomerate formation. 
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Figure 4a: Effect of oil/water on rheological properties of oil based mud. Conditions: 

Additive concentration = 4%, barite dosage = 5g, clay dosage = 10g temperature = 30
o

C 
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Figure 4b: Effect of oil/water on density of oil based mud. Conditions: Additive 

concentration = 4%, barite dosage = 5g, clay dosage = 10g temperature = 30
o

C 

Effect of concentration of additive on 

rheological properties 

I. Effect of concentration of additive on 

plastic viscosity, apparent viscosity and 

yield point 

The effect of concentration of additive on 

rheological properties at room 

temperature in mud based on water (WB) 

and that based on oil (OB) respectively are  

shown in Figures 5(a) and (b). It is 

observed from the figures that there was 

an increase of plastic viscosity as 

concentration of additive increases from 

0 to 3% and a slight increase in plastic 

viscosity beyond 3% of the additive. The 

direction of movement of the line shows 

as the additive concentration rises to 

about 3%, the mud deviates from 

Newton’s law of viscosity, and showed 

decreased plastic viscosities.  

According to Figures 5a and 5b, there is 

an increase in the yield stress of the oil 

based mud, but decreases in water based 

mud with increase in starch containing 

mud. Similar result was obtained by 

Omotioma et al., (2015) on their work on 

improving. The rheological properties of 

water based mud using cassava starch. 

Comparing Figures 5 (a & b), it can be 

observed that oil based mud has higher 

rheological properties than water based 

mud at all studied concentration of 

additives. This could be as a result of the 

internal structure of the oil that made it 

more viscous than the water. Also, 

according to suggestions, this internal 

structure was the cause of the increase in 

the normalized plastic viscosity, yield 

point of oil based mud and apparent 

viscosity.
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Figure 5a: Effect of additive concentration on rheological properties f or water based 

mud. Conditions: Barite dosage = 5g, clay dosage = 10g, mixing time = 10minutes, 

temperature = 30
o

C 
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Figure 5b: Effect of additive concentration on rheological properties for oil based mud. 

Conditions: Barite dosage = 5g, clay dosage = 10g, mixing time = 10minutes, 

temperature = 30
o

C, oil: water ratio = 50%v/v 

Effect of additive concentration on the 

mud density 

The additive (starch) concentration effect 

on density of the mud based on water and 

that based on mud is shown in Figure 5c. 

From the figures, it is observed that 

density of water based mud increases as 

additive concentration increases at values 

lesser than density of water. The increase 

in density shows that starch increases the 

weight of the mud but can be suspended 

on water. It is also observed that density 

of oil based mud continuously decrease 

as additive concentration increases.  From 

the figure, it was also observed that the 

densities of water based mud and oil 

based conceded at additive concentration 

of 2.3%. This shows that the equilibrium 

additive concentration and density are 

2.3% and 880kg/m
3

 respectively 
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Figure 5c: Effect of additive concentration on density. Conditions: Barite dosage = 5g, 

clay dosage = 10g, mixing time = 10minutes, temperature = 30
o

C, oil: water ratio = 

50%v/v (OB) 

Effect of additive concentration on gel 

strength 

The gel strength after 10 minutes and the 

initial gel strength of starch additive 

incorporated with mud were studied. The 

plot of the results obtained is shown in 

Figure 6. The result shows that the 

strength of the gel improves with an 

increase in starch concentration. 

According the results, there is a higher 

increase in the 10 minutes gel strength 

than that of the initial, for both muds 

based on water and that based on oil.  
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Figure 6: Effect of additive concentration on gel strength. Conditions: Barite dosage = 

5g, clay dosage = 10g, mixing time = 10minutes, temperature = 30
o

C, oil: water ratio = 

50%v/v (OB) 

Temperature effect on rheological 

properties 

The temperature effects on the 

rheological properties of both muds 

based on water and that based on oil is 

presented in Figures 7 (a and b). It is 

clearly seen increasing temperature leads 

to a rise in the apparent viscosity.  
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Figure 7a: Effect of temperature on rheological properties of water based mud. 

Conditions: Barite dosage = 5g, clay dosage = 10g, mixing time = 10minutes 
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Figure 7b: Effect of temperature on rheological properties of oil based mud. Conditions: 

Barite dosage = 5g, clay dosage = 10g, mixing time = 10minutes. Oil/water ratio = 50% 

CONCLUSION AND RECOMMENDATION 

Based on the results of water based and 

oil based muds properties testing 

obtained from the study, the following 

conclusions were drawn.  

Clay was used to formulate mud for 

drilling. The dosages of barite and clay 

affect the rheological properties of mud 

based on water and that based on oil. 
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When cassava (starch) is present in 

drilling mud, the plastic viscosity in mud 

based on water and that based on oil will 

increase. This means that cassava (starch) 

is suitable for mud based on water and 

that based on oil. The presence of cassava 

starch in mud based on water and that 

based on oil increased the yield point, 

apparent viscosity and gel strength. 

Increase in temperature increases the 

apparent viscosity, plastic viscosity and 

yield point. 

Based on the findings, the following are 

recommended: 

Oil exploration companies in Nigeria 

should consider the use of local material 

such as clay as a cementing material and 

cassava starch as additive in formulation 

of mud. Further studies should be 

conducted to determine the rheological 

model of mud prepared with clay. More 

studies should be carried out to identify 

non-edible oil that can be used in 

formulation of drilling mud. 
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