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Abstract
Bentonite used for drilling operations in the oil and gas industry in Nigeria is mainly imported into the country. This project 
evaluated the efficiency of additives and their function in enhancing the rheological and flow properties of local bentonite 
clay, obtained from Ibule-soro in Ondo State, Nigeria. X-Ray diffraction analysis of clay samples from previous research 
around the study area indicated large amount of silica, alumina, and iron contents suggesting that the clays were kaolinite 
in nature. The clay samples were analyzed for their rheological properties and subsequently compared with the imported 
bentonite with American Petroleum Institute (API) specifications as standard. The results obtained showed that the local 
bentonite exhibited low viscosity and high filtration loss. Therefore, to enhance the quality of the clay, it was beneficiated 
with sodium carbonate ( Na

2
CO

3
 ) and carboxymethyl cellulose (CMC). Seven different formulations were made: (20 g of 

Imported bentonite), (20 g of local Bentonite Clay), (20 g of local Bentonite Clay + 3.3 g of Na
2
CO

3
 + 10 g of CMC), (25 g 

of local Bentonite Clay + 4.2 g of Na
2
CO

3
 + 10 g of CMC), (30 g of local Bentonite Clay + 5.0 g of Na

2
CO

3
 + 10 g of CMC), 

(35 g of local Bentonite Clay + 5.8 g of Na
2
CO

3
 + 10 g of CMC), and (40 g of local Bentonite Clay + 6.7 g of Na

2
CO

3
 + 10 g 

of CMC).The addition of additives (CMC and Na
2
CO

3
 ) reduced the calcium content via the cation exchange process and 

enhanced the rheological properties of the mud samples. The research work revealed that beneficiation of local bentonite 
with sodium carbonate, the addition of polymer (CMC), and an increase in clay concentration influenced the rheological 
and flow properties of mud samples. With proper beneficiation of local bentonite in Nigeria, they can be made suitable for 
drilling operations in the oil and gas industry.
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Introduction

The Nigerian economy is known to be hugely dependent 
on the oil and gas industry as far as foreign exchange is 
concern. Over the years, researchers have confirmed that 
drilling activities performed by oil companies either needed 
to import either the materials required for the fluids formula-
tion or customized drilling fluid designed to fit the neces-
sities of the Niger Delta formations. The related expense 
of the import of these materials can amount to millions of 
dollars per year, causing harm to the country’s economy 

(Afolabi et  al. 2017). The importation of bentonite for 
drilling of wells in the oil and gas industry has continu-
ally diverted huge sum of foreign exchange that could be 
budgeted for the socioeconomic stability of Nigeria (Dewu 
et al. 2011). Nigeria bentonite clay has no notable utiliza-
tion despite its substantial deposits at various locations in 
the country because of its difficulties being excessive fluid 
loss and low swelling index (Falode et al. 2007). Due to 
these difficulties or more, bentonite used in Nigeria for drill-
ing activities is mainly imported into the country (Apogu-
Nwosu et al. 2011). Appropriate measures have not been 
made regarding the alteration of this clay before it can be 
utilized in the preparation of drilling mud. It is also vital 
and proper to enhance the properties of this clay. This par-
ticular need has increased the research on the utilization 
of local clay in the application of drilling fluid in the oil 
and gas industry. As the interest for bentonite clays rises, 
there is a need to improve the Nigerian bentonite properties 
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to correspond to the API standard (Afolabi et al. 2017). 
Bentonite is also known as Montmorillonite clay. It is an 
absorbent aluminum phyllosilicate clay that contains mainly 
montmorillonite. It was named after the Cretaceous Benton 
Shale near Rock River, Wyoming, by Wilbur. C. Knight in 
1898 (Hosterman and Patterson 1992). Its various types are 
named after the dominant element, such as calcium (Ca), 
potassium (K), aluminum (Al), and sodium (Na). There are 
two major types of bentonite; sodium and calcium benton-
ite. Most local bentonites are calcium rich, while foreign 
bentonites are sodium bentonite. In order to be used in an 
industrial application, such as drilling mud, they must be 
turned sodic and have a high swelling capacity. In this pro-
cess, clay is treated with Na2CO3 , causing a double exchange 
reaction in which the Ca2 + cations of the clay combine with 
( CO3)

2− coming from the sodium carbonate in an aqueous 
solution, becoming calcium carbonate (Brito et al. 2018). 
Sodium carboxymethylcellulose (CMC) is primarily a fluid 
loss reducer but also produces viscosity in freshwater and 
saline muds whose salt content does not exceed 50,000 mg/L 
(Bleler et al. 1993). CMC is generally available in a high or 
low viscosity type. Either grade provides effective fluid loss 
control (Hughes and Jones 1990). The temperature limit of 
CMC is 121 °C, and is not subjected to bacterial degradation 
(Lummus and Azar 1986). The improvement of bentonite 
using CMC raises the viscosity, reducing the loss of drilling 
fluid and maintaining proper flow properties under condi-
tions of moderate temperature, salinity and pressure, provid-
ing improvements in the required technological properties 
(Brito et al. 2018). In stratigraphy and tephrochronology, 
entirely devitrified (weathered volcanic glass) ash-fall beds 
are known as potassium bentonite with its dominant clay 
species being illite. Kaolinite can be intermittently domi-
nant as montmorillonite and illite alternative clay species. 
Bentonite can be utilized as additives in filtration control 
and viscosity. Bentonite can be generally obtained from 
weathered volcanic ash, mainly in the occurrence of water 
(Magzoub et al. 2017). Sodium montmorillonite are viable 
bentonite ores which differ broadly in quality and quantity 
of the swelling clay. Calcium montmorillonites are bentonite 
ores of less significant value and can be treated to meet API 
specifications by the addition of some main additives such as 
sodium carbonate, CMC, starch or polyphosphates, and long 
chain synthetic polymers. It is, therefore, an essential con-
stituent of drilling fluid as it limits invasion of drilling fluid 
in the wellbore and prevents mud cake formation (Akintunde 
2012). The deposit of bentonite clay cuts across different 
regions around Nigeria. A couple of regions of the country 
may have a larger number of deposits than the others. Previ-
ous work carried out on Nigerian bentonite indicated that 
they are low-grade calcium montmorillonite hence the need 
for beneficiation to improve its quality using sodium salt as 
part of the process. This project was designed to evaluate the 

efficiency of additives in enhancing the rheological and flow 
properties of local bentonite clay, obtained from Ibule-soro 
in Ondo State, Nigeria. The specific objectives are to;

•	 Source, process, and characterize the local raw clay.
•	 Determine the physiochemical properties of the local 

bentonite material.
•	 Beneficiate the local bentonite clay with sodium carbon-

ate ( Na2CO3 ) and carboxymethyl cellulose (CMC) to 
upgrade it to API standard.

•	 Examine the impact of the stepwise increase in the con-
centration of the mud and additives on the drilling fluid 
rheological properties.

Location of study area

The local bentonite used in this study was obtained from 
Ibule-Soro town in Ifedore local government area of Ondo 
State, Southwestern Nigeria (Fig. 1). Its geographical coor-
dinates are longitude 5°7′0″ E (5.1166667938232), latitude 
7°18′0″ N (7.3000001907349), and elevation of 1,237ft (377 
meters) above sea level. The area is accessible by roads and 
footpaths, and it occupies about 0.83 km2 in aerial extent. 
Topographically, the area is characterized by a relatively 
rugged, undulating topography with outcrops of charnock-
ites, migmatite gneiss with other gneissic rocks as highlands, 
which range between 600 ft and 1500 ft above sea level. It 

Fig. 1   Map of Ondo State showing location of study area. Modified 
after Folayan et al. (2016)



2817Journal of Petroleum Exploration and Production Technology (2020) 10:2815–2828	

1 3

is situated within the Precambrian Basement Complex with 
the outcrops (Fig. 2), which are predominantly gneiss and 
migmatite (Temitope and Opeyemi 2012). 

Materials and method

The materials used for this work include;

	 (i)	 Raw, non-beneficiated bentonite clay local bentonite 
clay, obtained from Ibule-soro in Ondo State, Nige-
ria. Its appearance is whitish/greyish in color.

	 (ii)	 Imported/Foreign Bentonite clay used as standard.
	 (iii)	 Additives: sodium carbonate ( Na2CO3 ) and carboxy-

methyl cellulose (CMC).

Quantitative analysis of the chemical compositions of 
clay materials was carried out by Olubayode et al. (2016) 
on both processed and unprocessed clay, from Ondo State, 
Kano State, and some other southwestern States in Nigeria 
(Table 1 and Fig. 3). This they did with the aid of the labora-
tory instrument, EDX 3600B Energy Dispersive X-ray Fluo-
rescence (EDXRF) spectrometer. From their results, they 
observed a large amount of silica, alumina, and iron contents 
suggesting that the clays were kaolinite in nature and could 
be used for a variety of purposes.

The clay material used for this study was dried under 
moderate conditions and was crushed by pounding in 

a mortar (Fig. 4). Sieve analysis was carried out on the 
crushed clay with the use of a sieve shaker and setting the 
working time to 120–130 s using different mesh sizes from 
500 microns mesh to 300 microns mesh to 150 microns 
mesh to 75 microns mesh to obtain fine particles (Fig. 5). 
The experimental procedure involved the addition of a cal-
cium bentonite sample to a sodium carbonate aqueous solu-
tion to form a bentonite suspension, which was heated and 
stirred continuously to form sodium bentonite and calcium 
carbonate. Calcium bentonite is converted to sodium ben-
tonite by combining chemical (addition of sodium carbon-
ate), mechanical (agitation), and thermal (heating) treatment 
procedures.

The sodium carbonate solution was formulated by dis-
solving sodium carbonate powder (soda ash) in distilled 
water. This solution served as a source of carbonate and 
sodium ions for an ion exchange process with Ca-bentonite, 
where the calcium can be precipitated as calcium bentonite 
(Magzoub et al. 2017). The addition of calcium bentonite 
sample to the already prepared sodium carbonate solution 
forms a bentonite suspension. The provided Ca-bentonite 
was treated with Na2CO3 making use of a sodium carbonate/
bentonite weight ratio of 1:6 by varying the sodium car-
bonate content and bentonite concentration. For this experi-
ment, five different samples were formulated with varying 
sodium carbonate/bentonite weight ratio while maintaining a 
standard measurement of 350 ml of distilled water (standard 
laboratory barrel). The range of sodium carbonate/bentonite 
weight ratio is as follows:

(a)	 3.3 g of Na2CO3 to 20 g of local calcium bentonite.
(b)	 4.2 g of Na2CO3 to 25 g of local calcium bentonite.
(c)	 5.0 g of Na2CO3 to 30 g of local calcium bentonite.

Fig. 2   Geologic map of Ondo State (after Temitope and Opeyemi 
2012)

Table 1   Elemental characteristics of clay sample from Ondo State 
(Olubayode et al. 2016)

S/No Element Ondo

1 Al
2
O

3
40.637

2 SiO
2

45.637
3 P

2
O

5
0.117

4 SO
3

0.432
5 K

2
O 0.406

6 CaO 0.060
7 TiO

2
0.859

8 MnO 0.128
9 FeO 5.956
10 Ni

2
O 0.054

11 CuO 0.035
12 ZnO 0.063
13 Mo 0.149
14 Loss of ignition 5.467
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(d)	 5.8 g of Na2CO3 to 35 g of local calcium bentonite.
(e)	 6.7 g of Na2CO3 to 40 g of local calcium bentonite.

Following the preparation of the bentonite suspension, 
the bentonite suspension was heated and stirred continuously 
with the aid of a magnetic stirrer and a magnetic stirrer hot 
plate (Fig. 6), for 3 h maintaining a temperature of 70 °C and 
a speed of 45 rpm (revolution per time).

The continuous heating and stirring increased the ben-
tonite particle size or platelet, speeds up the swelling pro-
cess, and caused the expansion of the bentonite platelets for 
increased swelling and enhanced ion exchange process. It 
brought about the movement of sodium ions to the surface 
of the bentonite layer, allowing increased Na+ activation and 

an increase in the Na/Ca ratio and further enhanced the rheo-
logical properties (Magzoub et al. 2017). After the continu-
ous heating and stirring process, 10 g of the CMC additive 
was added to the already heated bentonite suspensions and 
stirred for 10 min with the use of a magnetic stirrer to form 
a bentonite-CMC suspension and to achieve a homogenous 
dispersion where the polymer chains are well confined by 
the clay particles. The rheological properties of drilling mud 
consist of; Plastic viscosity, Apparent viscosity, Yield point, 
mud density, specific gravity, and alkalinity. The experiment 
was carried out on the local bentonite, foreign bentonite (as 
control), and local bentonite with sodium carbonate and 
CMC (Fig. 7).

Fig. 3   X-Ray diffraction of 
selected clays from parts of 
Nigeria (Olubayode et al. 2016)

Fig. 4   Mortar and pestle been used to crush clay material Fig. 5   Crushed clay material
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The main equipment used for this experiment was a Bar-
oid Rotary Viscometer. It is a coaxial viscometer with a set 
speed of 600 RPM, 300 RPM, 200 RPM, 100 RPM, and 3 
RPM (GEL) that can be switch-selectable with the RPM 
handle. From this experiment, the rheological properties 
calculated included;

The gel strength was determined at 10 s after the clay was 
mixed in the cup and at 10 min after the mud was mixed in 
the cup. 3 RPM speed in a rotary viscometer was utilized to 
decide gel strength. The readings recorded from this experi-
ment include;

The experiment for the determination of the filtration 
properties was also carried out on the local bentonite, for-
eign bentonite, and local bentonite with sodium carbonate 
and CMC. The main apparatus utilized for this experiment 
was a standard filter press comprising of; mud reservoir (top 

(1)
Plastic Viscosity (cp), PV = 600RPM reading−300RPM reading

(2)Yield Point
(

lbs∕100ft2
)

, YP = 300RPM reading−PV

(3)Apparent Viscosity (cp), AV =
600RPM reading

2

Gel Strength, 10 s (lb∕100 ft2) = maximumdial deflection after 10 s

Gel Strength, 10min (lb∕100 ft2) = maximumdial deflection after 10min

cap, cell, rubber gasket, and base top) mounted in a frame, 
filter paper, graduated glass cylinder, and a pressure source 
(compressed nitrogen cylinder) using a standard cell of 100 
psi for 30 min at room temperature (27 °C). pH determi-
nation indicates the acid or alkaline property of the drill-
ing mud. In drilling fluid, the acidity and alkalinity can be 
estimated by determining the hydrogen ion concentration. 
For an aqueous solution, the pH meter measures the electro 
potential created amid a particular glass electrode and a ref-
erence electrode. This experiment was also carried out on 
the local bentonite, foreign bentonite, and local bentonite 
with sodium carbonate and CMC.

Results and discussion

Table 2 shows the results of the various physiochemical 
properties measured from the experiment carried out on 
the imported bentonite. These values were used as stand-
ard with which the values obtained from the experiment on 

the pure local bentonite and beneficiated local bentonite 
were benchmarked. The table also shows the results of the 
physiochemical parameters obtained from the experiment 
performed on the pure local bentonite. From the results, it 
was observed that the viscosities at 600 RPM and 300 RPM 
were extremely low when compared with the values of the 

Fig. 6   Magnetic hot plate and stirrer Fig. 7   Density of mud being measured
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standard bentonite. The other rheological properties (plastic 
viscosity, apparent viscosity, gel strength and, yield point) 
were also found to be extremely low when compared with 
the foreign bentonite. Also worthy of note was the very high 
fluid loss value obtained from the filtration test performed 
on the local bentonite clay.

Tables 3 and 4 show the result of the rheological param-
eters of the mud when varied quantity of the pure benton-
ites (20 g, 25 g, 30 g, 35 g, and 40 g) were beneficiated 
with 10 g of CMC (polymer) and different concentrations 
of Na2CO3 (3.3 g, 4.2 g, 5.0 g, 5.8 g, and 6.7 g respectively). 
The volume of the local bentonite and salt concentration 
was varied to examine their effect on the rheological prop-
erties of the mud, and also to investigate the effect of poly-
mer (CMC) on different concentrations of the local ben-
tonite. From the results, the rheological properties of the 
beneficiated local bentonite were slightly improved. From 
Table 3, it was observed that out of the five samples, the 

Table 2   Showing physiochemical properties of 20 g of imported and 
local Bentonites

Measured parameters Dial readings 
(imported bentonite)

Dial readings 
(local benton-
ite)

Mud density (ppg) 8.55 ppg 8.55 ppg
Specific gravity 1.025 1.03 (s.g.)
pH 10.21 6.6
Viscosity (cp), 600 RPM 40 cp 3 cp
Viscosity (cp), 300 RPM 28 cp 2.5 cp
Plastic viscosity (cp) 12 cp 0.5 cp
Apparent viscosity (cp) 20 cp 1.5 cp
Yield point (lb/100 ft2) 16 lb/100 ft2 2 lb/100 ft2

Gel strength, 10 s 3.5 s 2 s
Gel strength, 10 min 6.5 min 1.5 min
Fluid loss (ml) at 30 min 11 ml 119.4 ml

Table 3   Showing physiochemical properties of treated mud

Sample (treated bentonite) Dial readings
20 g of local bentonite clay + 3.3 g of 
Na

2
CO

3
 + 10 g of CMC

Dial readings
25 g of local bentonite clay + 4.2 g of 
Na

2
CO

3
 + 10 g of CMC

Dial readings
30 g of local bentonite 
clay + 5.0 g of Na

2
CO

3
 + 10 g 

of CMC

Mud density (ppg) 8.6 ppg 8.71 ppg 8.75 ppg
Specific gravity (s.g.) 1.03 (s.g.) 1.045 (s.g.) 1.045 (s.g.)
Ph 10.73 10.89 10.90
Viscosity (cp), 600 RPM 5 cp 5.5 cp 6 cp
Viscosity (cp), 300 RPM 3.5 cp 4 cp 4 cp
Plastic viscosity (cp) 1.5 cp 1.5 cp 2 cp
Apparent viscosity (cp) 2.5 cp 2.75 cp 3 cp
Yield point (lb/100 ft2) 2 lb/100 ft2 2.5 lb/100 ft2 2 lb/100 ft2

Gel strength, 10 s 2 s 1.5 s 1.5 s
Gel strength, 10 min 2 min 1.5 min 1.5 min
Fluid loss (ml) at 30 min 49 ml 48.5 ml 47 ml

Table 4   Showing 
physiochemical properties of 
treated mud

Sample (treated bentonite) Dial readings
35 g of local bentonite clay + 5.8 g of 
Na

2
CO

3
 + 10 g of CMC

Dial readings
40 g of local bentonite 
clay + 6.7 g of Na

2
CO

3
 + 10 g 

of CMC

Mud density (ppg) 8.78 ppg 8.95 ppg
Specific gravity (s.g.) 1.05 (s.g.) 1.075 (s.g.)
pH 10.92 10.93
Viscosity (cp), 600RPM 6.5 cp 7 cp
Viscosity (cp), 300RPM 4.5 cp 5 cp
Plastic viscosity (cp) 2 cp 2 cp
Apparent viscosity (cp) 3.25 cp 3.5 cp
Yield point (lb/100 ft2) 2.5 lb/100 ft2 3 lb/100 ft2

Gel strength, 10 s 2 s 1.0 s
Gel strength, 10 min 2 min 1.5 min
Fluid loss (ml) at 30 min 45 ml 41.5 ml
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mud had the least improvement in its rheological properties 
when the local bentonite (20 g + 350 ml of distilled water) 
was beneficiated with 3.3 g of Na2CO3 and 10 g of CMC. 
Gradual enhancement of the rheological properties of the 
samples was observed as the volume of the local benton-
ite, and salt concentration increased. Also, it was observed 
from Tables 3 and 4 that the filtration loss of the benefici-
ated samples reduced significantly when compared with the 
unbeneficiated local bentonite (Table 2). Table 4 showed the 
best improvement in terms of filtration loss (41.5 ml) when 
40 g of mud was beneficiated using 350 ml of distilled water, 
6.7 g of Na2CO3 , and 10 g of CMC.

The presence of CMC in the samples assisted the reduc-
tion in filtrate loss. The plastic viscosity, yield point, appar-
ent viscosity values of the different mud samples depended on 
the 600 rpm and 300 rpm readings. And these viscosity values 
were influenced by the addition of CMC to the mud samples. 
The increase in the volume of bentonite concentration leads 
to a greater influence of CMC on the mud samples viscosity. 
The beneficiation of local bentonite with soda ash led to the 
improvement of the swelling clay capacity, the ability of the 
clay particles to flocculate, bringing about enhanced mudflow 
properties. The improvement of the treated bentonite can be 
attributed to some reasons. First and foremost, the difference 
in mineralogy influenced by the depositional environment can 
influence the mud properties (Omole et al. 2013). Secondly, the 
use of the heating (thermal) and stirring (agitation) treatment 
procedure can also improve the properties of the clay as this 
procedure results in an increase in bentonite particle size or 
platelet, enhances the conversion of calcium-based bentonite to 
sodium-based bentonite, increase in Na+∕Ca2+ ratio and allow 
Na+ activation and swelling. Thirdly, the conversion of calcium 
smectite to sodium smectite enlarges the space among the par-
ticles of the clay. Na+ is known to be a monovalent cation and 
can combine to a charge deficient area and can create separated 
sheets when dispersed in water unlike Ca2+ which is a divalent 
cation that cannot combine to two negative charges but focuses 
on one sheet and hence combines two sheets together. Fourthly, 
the improvement of mud properties can be as a result of their 
free swell volume and proved by their physiochemical proper-
ties in terms of cation exchange ability, expandable and non-
expandable minerals (Magzoub et al. 2017).

A high mud density manages the formation pressure and 
improves the stability of the wellbore. Figure 8a is a histogram 
plot showing the comparison between the densities of the 
standard bentonite, local bentonite, and the five different test 
samples. The different dial readings were compared with that 
of the imported bentonite, and it was observed that there was a 
progressive rise in the densities of the mud samples. The addi-
tion of a viscosifier to a mud sample can lead to an increase in 
the mud density. An increase in mud density was greatly influ-
enced by adding carboxymethyl cellulose (CMC) to the differ-
ent samples. Increase in the volume of the bentonite resulted 

in a higher effect of CMC on the mud samples increasing the 
mud density of the samples.

Specific gravity defines the density or weight of fluid com-
pared to the density of an equal volume of water at a speci-
fied temperature. Figure 8b is a plot showing the comparison 
between the specific gravity of the imported bentonite, local 
bentonite, and the five samples. The different dial readings were 
compared with the standard bentonite, and it was observed that 
there was also an increase in the specific gravity of the different 
samples. The increase in the specific gravity of samples was 
influenced by the addition of CMC to the five samples at differ-
ent concentrations of bentonite and sodium carbonate.

pH is a measure of the concentration of hydrogen ions in 
aqueous solution. If the water used in the preparation of a drill-
ing mud is too hard or the pH value is not within the range of 
8.5–9.5, then the mud will take a longer period to hydrate, or 
it might not hydrate fully. Figure 9a shows a histogram plot 
comparing the pH of the imported bentonite, local bentonite, 
and the five different samples. A critical look at the plot indi-
cated an increase in the pH of the mud samples. This increase 
occurred as a result of the beneficiation of the mud samples 
by the addition of sodium carbonate ( Na2CO3) . Sodium car-
bonate is alkaline in nature, as it is a strong base. The higher 
the bentonite and sodium carbonate concentrations, the higher 
the pH values of the mud samples. The conversion of calcium 
carbonate to sodium carbonate through ion exchange can also 
influence the pH of the mud samples.

A mud viscosity illustrates the amount of resistance of the 
fluid to shear stress. The viscosity of the drilling fluid can be 
improved upon by treatment with polymers such as CMC. 
Figure 9b shows the comparison between the viscosities at 
600 rpm of the imported bentonite, local bentonite, and the 
five different samples. From the chart, it was observed that 
there were generally poor values of viscosity when com-
pared with the standard mud sample. However, with ben-
eficiation, there was an improvement in the viscosity of the 
treated mud samples when compared with the untreated 
local bentonite. CMC is suitable for increasing viscosity of 
the clay suspension and stabilizing the clay suspension. The 
higher the bentonite concentration, the higher the polymer 
(CMC) effect on the viscosity of the mud samples. From the 
result, the most improved viscosity was observed in sample 
five (40 g of bentonite + 6.7 g of Na2CO3 + 10 g of CMC) 
having the highest concentration of bentonite.

Figure 10a shows the comparison between the viscosities 
at 300 rpm of the imported bentonite, local bentonite, and the 
five different samples. The viscosity of the beneficiated clay 
was also low relative to the standard bentonite. The addition 
of CMC to the different mud samples led to a slight increase 
in the viscosity of the treated local samples compared to the 
untreated local bentonite. From the chart, sample five (40 g 
of local bentonite + 6.7 g of Na2CO3 + 10 g of CMC) had the 
most improved viscosity at 300 rpm. The higher the bentonite 
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concentration, the greater the polymer (CMC) effect on the 
viscosity of the mud samples. The result also revealed higher 
viscosity of the mud at 600 rpm when compared with the values 
obtained at 300 rpm. The resistance of the flow of fluids due 
to mechanical friction in the drilling mud, such as the shape 

and size of solid, concentration of solid, viscosity of the fluid 
phase in the continuous phase is known as Plastic viscosity. Fig-
ure 10b shows the comparison between the plastic viscosities 
of the standard bentonite, local bentonite, and the five different 
samples. The values used for the plot was obtained from the 

Fig. 8   Histogram showing Mud density (a) and specific gravity (b) of samples
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difference between measurements at 600 rpm and measure-
ments at 300 rpm. The plastic viscosity was relatively low when 
compared with the standard, and no significant improvement 
was observed with an increase in the concentration of Na2CO3 
and CMC. The measure of the viscosity of a fluid at a given 

shear rate is known as Apparent viscosity. Apparent viscosity is 
half of the 600 rpm dial value. The apparent viscosity values are 
dependent on the 600 rpm dial values. Therefore, the highest 
value at 600 rpm will yield the highest apparent viscosity. Fig-
ure 11a shows the comparison between the apparent viscosities 

Fig. 9   Histogram showing the pH (a) and Viscosity at 600 RPM (b) of samples
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of the standard bentonite, local bentonite, and the five different 
samples. From the plot, sample five (40 g of Local Bentonite 
Clay + 6.7 g of Na2CO3 + 10 g of CMC) had the highest appar-
ent viscosity value. An increased bentonite concentration led 
to increased apparent viscosity. Compared with the imported 

bentonite, the values were low, and there was no significant 
improvement in apparent viscosity when beneficiated with 
Na2CO3 and CMC.

The resistance of the initial fluid flow or the needed stress 
to move the fluid is known to be the yield point. The yield 

Fig. 10   Histogram showing the Viscosity at 300 RPM (a) and the plastic viscosity (b) of samples
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point shows the capacity of drilling mud to transport cuttings 
to the surface. Figure 11b shows the comparison between the 
yield point of the standard bentonite, local bentonite, and 
the five different samples. From the plot, the different yield 
point values were obtained subject to the values of viscosity 

at 300 rpm and plastic viscosity. Since there was a slight 
improvement in the reading of viscosity at 300 rpm and plas-
tic viscosity, the samples yield point slightly improved when 
compared with the imported bentonite.

Fig. 11   Histogram showing the Apparent Viscosity (a) and the yield point (lb./100 ft2) (b) of samples
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The capability of the drilling mud to suspend drill cut-
tings when circulation is ceased is shown by its gel strength. 
Higher gel strength results in a high tendency of the drilling 
mud to suspend drill cuttings and vice versa. It is measured 

once the drilling mud has been at rest for a particular period 
(10 s). The gel strength at 10 s indicates the attractive forces 
(gelation) strength in a drilling fluid below static conditions. 
Figure 12a shows the comparison between the gel strength 

Fig. 12   Histogram showing the gel strength at 10 min (a) and the fluid loss (b) of samples
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at 10 s of the standard bentonite, local bentonite, and the 
five different samples. The result here indicates that the gel 
strength of the different samples was constant with benefi-
ciation but declined when treated with 25 g and 30 g of 
local bentonite. This shows that at initial gel strength, there 
is little stress required for the movement of mud. The values 
were obtained at a fixed speed of 3 rpm in the viscometer. 
Generally, the gel strength was low when compared with 
the standard. Figure 12b is a histogram showing the com-
parison between the fluid loss of the imported bentonite, 
local bentonite, and the five different samples. The lower 
the fluid loss, the more suitable the drilling mud and vice 
versa. It was observed from the plot that the local bentonite 
exhibited a very high level of fluid loss when compared with 
the standard bentonite. But after beneficiation with increased 
volume of the local bentonite, there was a relative improve-
ment in the fluid loss of the treated samples compared to the 
untreated local bentonite as the filtration loss of the treated 
samples reduced drastically compared to the untreated ben-
tonite. Sample five (40 g of Local Bentonite Clay + 6.7 g of 
Na2CO3 + 10 g of CMC) showed the greatest improvement in 
filtration loss. The presence of CMC in the samples helped 
to reduce filtrate loss as CMC is a fluid loss reducer.

Conclusion

As the interest for bentonite clays rises, there is a need to 
improve the rheological properties of Nigerian bentonite to 
bring it at par with the API international standard. This is 
necessary to save the country of the huge sums of money lost 
to the countries of the International oil companies operating 
in Nigeria in the name of importing drilling mud of superior 
quality. To maximize the utilization of local bentonite clay 
for drilling application, beneficiation of calcium bentonite 
with the use of sodium carbonate, polymer (CMC), and other 
suitable additives has become important. The results from 
this research revealed that the beneficiation of local clay with 
CMC and the Na2CO3 through the combination of thermal 
and mechanical treatment procedures enhanced some of the 
rheological and flow properties of mud samples. A gradual 
increase in the concentration of bentonite and Na2CO3 also 
influenced the viscosities and properties of the mud samples 
even though the viscosity values were relatively low. The 
higher the sodium carbonate concentration, the higher the 
alkalinity (pH) of the mud sample. The mud sample with the 
highest bentonite and sodium carbonate concentration (40 g 
of local Bentonite Clay + 6.7 g of Na2CO3 + 10 g of CMC) 
showed the most improved flow and rheological properties 
after treatment when compared with the API standard. This 
implies that with a higher concentration of the additives, 
the quality of the local bentonite can be upgraded to the 
desired standard for drilling operations. In order to enhance 

the viscosity of the local bentonite, further investigation on 
the use of other chemical additives for the modification of 
the rheological properties of the mud is encouraged. Other 
researches could focus on the economic analysis of benefi-
ciating clay using local additives against imported bentonite.
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