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Abstract
As a result of enormous uncertainties and high cost of drilling operations in the oil and
gas industry, care must be taken to increase efficiency and reduce cost of drilling
operations. The essence of this work was to employ laboratory analysis in finding and
developing process of improving the suitability of locally available clay in drilling fluid
formulation while comparing such with imported bentonite using the American
Petroleum Institute (API) specifications. The local clay beneficiated was from Nigerian
soils. The best conditions for treating clay was deduced from the best beneficiated clay
sample which was characterized by the yield point, plastic viscosity and filtrate volume
respectively and this was found to meet the API conditions for its drilling fluids
applications (the Rheological properties of drilling fluids). This work also assessed the
effectiveness of additives and their roles in improving the rheological filtration
properties. The result shows that Nigeria raw clay has high calcium concentration and
low montmorillonite content or clay minerals, so confirming that the clay is a calcium
bentonite which normally exhibits poor filtration control, low viscosity and yield point.
Caustic soda and Pac R have greater influence on the rheological and filtration
properties of the clay. Clay beneficiation shows that all the Nigeria clays meet up the
minimum requirement. This was achieved due to addition of Pac R and caustic soda to
0.2g/350 cm3 of water to build the lower-end of the clay rheology (6 rpm and 3 rpm).
The results also show that the raw clay calcium content reduced for all clay samples
after beneficiation process. This also confirmed that the addition of the additives
(caustic soda) resulted to increase in the viscometer dial readings which increased the
sodium ion (Na+) and thereby increasing the viscosity.
KEYWORDS: Analysising Clay, Drilling Fluid, Formulation, Locally Rheology, Standard
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I.

Introduction

Background of Study
Clay is a natural earthy material that is soft when wet and hard when dried, consisting
essentially of hydrated silicates of aluminium, quartz, and organic fragments. It is a very
fine-grained material which occurs as sedimentary rocks, soils and other deposits. Clay
particles are smaller than silt, having a diameter less than 0.0039mm. It is a stiff, sticky
sedimentary material that is soft and pliable when wet. It becomes plastic when moist,
but hardens on heating and brittle. There are different types of clay attapulgite,
hylloysite and kaolite. Attapulgite is a form of clay, but quite different from other clays
which are used in drilling mud and is sold for drilling mud purposes in this country from
deposits in Georgia and Florida. Clay is used for making pottery and in the manufacture
of bricks, cement and ceramics (Karnland et al, 2006). Clay is widely used to make
bricks, pottery, and tiles Schicks, (1972) and Azeez (2004) described Attapulgite clay as
material which has a fibrous structure in contrast to the platelet or at least lath-shaped
particles of most other clays. They equally said that the possibility of dispersing in water
under favorable conditions to needle-shaped particles of cross sectional dimensions is
comparable in magnitude to that of the unit cell and this gives rise to a type of plasticity
which apparently is of the brush-heap type, quite in contrast to the gels produced by
swelling of montmorillonite. Attapulgite suspensions are only feebly thixotropic, as might
be expected from their structure and more so have the interesting and useful property of
possessing shear strength and viscosity quite independent on electrolyte concentration.
Dispersion of five grams of Attapulgite per centiliter (5g/cll) is about the same
consistency when measured on a viscometer as a dispersion of five grams per centiliter
(5g/cl) in pure water. Attapulgite finds extensive use, therefore, in areas in which rock
salt is drilled through and in which the mud there upon becomes saturated or nearly so
with salt. In such a solution, ordinary clays fail to swell resulting to complete loss of gel
strength. Attapulgite is added to such mud to give the gel strength necessary and
desirable to remove the cuttings, suspend weighting material and the like. The acicular
nature of attapulgite particles causes them to behave essentially as filter aids, much in
the fashion of asbestos or diatomaceous earth. One result of the fibrous structure is that
mud made up with attapulgite has very high filter-cake permeability, even though pure
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water has been used. Where it is necessary to have low cake permeability with such a
mud, organic colloids that are so completely hydrophilic such that they are unaffected
by the presence of salt are generally added. Such colloids may be gelatinized starch,
generally added in a thin-boiling pre-gelatinized form gums such as tragacanth and gum
karaya or cellulose derivatives, such as sodium carboxyl-methyl-cellulose Illite (Igbaofo,
(2007). Much clay of the illite type becomes incorporated in drilling mud from shales

encountered during drilling as has been observed. The only relatively pure deposit of an
illite-type clay mined and sold for drilling mud use which has come to the writer's
attention is the clay from Grundy County, Illinois, sold as grundite. Although this deposit
is inactive at the present time, its properties had been described by James, (2008).

Halloysite is another type of clay. Some attempt had been made about ten years ago to
market it for drilling mud purposes. Halloysite occurring in Colorado and no other
halloysite or even any other clay rich in halloysite is known currently. Kaolite is another
type of clay high priority just like halloysite. These two would be well adapted for drilling
mud used in relatively pure form. Tennessee ball clay is currently being marketed for
use in mud for water-well drilling and for drilling hot holes for seismic exploration. The
demands are generally low as reported by Dear, Howie & Zussman (1989).

Petroleum is one of the major sources of energy in which a lot of machines like
automobiles, generators, and others depend on. Its importance cannot be over
empathized. Petroleum is a naturally occurring complex oily mixture

called

hydrocarbons. Nearly all hydrocarbons (oil and gas) deposits within the Earth crust are
strongly associated with sedimentary rocks. Meaning that hydrocarbons are altered
organic materials derived from microscopic plants and animals remains (called Classic
sediments). Most of the important depositions (hydrocarbons, HCS) occurred in the
marine ocean migration processes. The organic materials buildings are protected by
clay and silt sediments accompanied them during deposition. The amount of organic
material in a deposit determines the amount of HCS that can be produced. The more
rapid the organic burial by sediments the more efficient is the alteration through
geologic time to basic HCS.
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by pressure and temperature resulting from depth and bacterial actions on a closed
(called Dynamic Equilibrium) non-oxidizing chemical system. If the burial action is not
sufficient enough to eliminate oxygen, aerobic bacterial will destroy the organic
materials, but if oxygen is eliminated anaerobic bacteria action involving oxygen from
dissolved air and sulphates begin with the reducing environment development.

Oil and gas (hydrocarbons) deposit is attributed to three main source rocks. Firstly
abundant silt, clay and organic materials deposits in ocean margins are the likely
sediments that can reduce environment for the alteration of organic materials. This
results in shale rock formation following by cementation in a geological time process.
The best source rocks are black shale originally deposited in a non-oxidizing quiet
marine environments. The second source rocks are the deposits in nearly precarbonate sedimentary rock deposits resulting in carbonate rock called limestones. The
third source rocks deposits are evaporate rock salts such as gypump or anhydrite with
large organic concentration when originally deposited.

In order to access the oil reserves, we need to drill oil wells into the rocks to recover the
oil. Some wells are more than two miles deep and can stretch more than eight miles
sideways. These wells cannot be perfectly drilled into without designed drilling fluids.
Drilling fluid itself is a fluid used to aid drilling of boreholes into the earth. It is a fluid
used while drilling oil and natural gas wells in exploration drilling rigs. The three main
categories of drilling fluids are Water based mud, which can be dispersed, oil based
mud which is non aqueous and Gaseous drilling fluid. Water based mud is basically
composed of water, bentonite clay and other weighting chemicals such as barite and
calcium carbonate which exhibit the properties such as apparent viscosity, plastic
viscosity and yield point. These play important role in designing efficient and optimizing
drilling operations. These properties serve the functions of cleaning the rock fragments
from beneath the bit and carrying them to the surface as well as cooling and lubricating
the rotating drill string and bit.
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The main objective of this work is to determine the suitability of locally available clay in
drilling fluid formulation using laboratory analysis. This would be done by specifically
carrying out a Laboratory test analysis to determine the suitability of locally available
clay. The clays would be compared to foreign or imported clay and to enable cost
effective drilling of oil wells using locally clay in mud formulations. The compared clay
would be used for drilling fluid formulation in Nigeria. This research work is necessary to
reduce the cost of importing foreign clay. The money saved would be used to expand
drilling operation elsewhere. The achieved clay would be preserved to enable cost
effective control during drilling of oil and gas wells using this locally clay in mud
formulation in Nigeria.

The developed methods would be used to compare other available clay in the country
that could replace most imported clays. This would enable the country gain access to
the location where these clays could largely be deposited and reducing the cost of
importation. This work is limited to laboratory analysis in order to determine the
suitability of locally available clay for drilling fluids formulation. The research is restricted
to bentonite samples from Nigeria where the local clays were basically sought. The
main concentration while carrying out this laboratory test was further limited to viscosity
and filtration properties of both the local and foreign (imported) clays. This research also
assessed the effectiveness of additives role in improving the rheological filtration
properties of the local clay by increasing the viscosity and reducing the filtration. Hence,
factorial design techniques were been applied so as to provide great flexibility for
exploring or enhancing the treatment of local clay for the formulation of water based
mud in diverse ways based on American Petroleum Institute (API) Specifications in
testing and defining their properties.
2.

General Review on clay related to Drilling Mud Design

Igbaofo (2007) and MI-Swaco (1990) wrote that clays are reactive solids in drilling mud,
because they develop plasticity when hydrated, so clay is added to fresh-water mud to boost
its performance. They equally explained that the ability of the drilling mud to perform its
function depends entirely on its viscosity else all weighting materials and drill cuttings would
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settle to the bottom of the hole as soon as circulation is stopped. Viscosity in drilling fluids is a
structure built within the water or oil phase which suspends solid material. In practice, when
more viscosity is desired, bentonite is added to flocculate the clay solids and increases
viscosity rapidly with a small effect on mud weight. A study of the pioneering work in the middle
twenties, followed by that of Hosterman & Patterson (1992) will enable the reader to trace the
development of cake permeability testing, generally known as filtration testing or wall-building
testing. Several years ago the industry adopted a method of evaluating the filtration behavior of
all types of mud and their publications show the API filter loss or "water loss”,

as it is

commonly termed, for fifteen different clays made up into slurries of fifteen centipoises
viscosity API in distilled water ( called measurements of cake weight and solids content).
Aribisala (1993) found out that bentonite contributed toward the reduction of corrosion fatigue of

steel when used in chemically-treated drilling mud. Azeez (2004) mineralogical study of two
natural shale mud used in Gulf Coast drilling, each of which represented a composite of the
shale strata drilled through. Separate determinations were made on different particle sizes,
fractionation having been effected by the use of a super centrifuge. Illite was found to be the
most abundant of the clay minerals in the mud tested. Sodium bentonite expands when wet,
absorbing

as

much

as

several

times

its

dry mass in water.

Because

of

its

excellent colloidal properties (Aderinto, 2009), it is often used in drilling mud for oil and gas
wells and boreholes for geotechnical and environmental investigations (Aribisala, 1993). The
property of swelling also makes sodium bentonite useful as a sealant, since it provides a selfsealing, low permeability barrier. It is used to line the base of landfills. Various surface
modifications to sodium bentonite improve some rheological or sealing performance in geo
environmental applications, for example, the addition of polymers (Amoco, 1994). Calcium
bentonite is a useful adsorbent of ions in solution, as well as fats and oils. It is the main active
ingredient of fuller's earth, probably one of the earliest industrial cleaning agents (Robertson,
1986). Calcium bentonite may be converted to sodium bentonite (termed sodium beneficiation
or sodium activation) to exhibit many of sodium bentonite's properties by an ion
exchange process. In common usage, this means adding 5–10% of a soluble sodium salt such
as sodium carbonate, to wet bentonite, mixing well, and allowing time for the ion exchange to
take place and water to remove the exchanged calcium. Some properties, such as viscosity
and fluid loss of suspensions, of sodium-beneficiated calcium bentonite (or sodium-activated
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bentonite) may not be fully equivalent to those of natural sodium bentonite (Azeez, 2004 ). For
example, residual calcium carbonates (formed if exchanged cations are insufficiently removed)
may result in inferior performance of the bentonite in geo-synthetic liners (Darley &Gray,
1988).

3.

Materials and Method

3.1

Materials

The whole data used to evaluate Nigerian clays samples were acquired from lumps clays
sampling across the entire country by experimental procedures. Local clay samples were
sourced from Sangere-Yola in Adamawa State, Sheroro in Niger State, Adikpo in Benue State,
Obanliko-Obudu in Cross River State, Abia state clay, Igbafo clay in Nasarawa State, Afuze
clay and Maiduguri clay. The additives used for the analysis were sourced from markets (Port
Harcourt) in Nigeria namely Polypac, Soda Ash and Pac-R. The tools or laboratory apparatus
used were lumps crusher to crush the clay samples, sieves sizes of 2mm to 150mm to remove
stones, coarse and large particles such as pebbles and dirt. Dryers of 120 to 170oC were also
provided to dry the crushed sieved samples. Mortar was equally provided to ground the treated
clay samples to powder. Additives such as Pac R, Caustic Soda and soda ash were provided
to condition the treated powdered clay samples. Digital weighing balance was provided for
measuring. Mixer was provided to condition each mixture.
3.2
Research Methodology
Lumps clay samples were crushed, screened using 2 mm-sieve to remove stones, pebble,
coarse and dirt. The resulting material was dried at 150 oC to remove moisture, volatile and
readily combustible organic matters in the sample. The resulted treated samples were then
ground with a mortar and screened with 150 mm sieve. Pac R and caustic soda were added to
improve the viscosity of the clay followed by addition of soda ash to the mixture to reduce
calcium ions concentration and increase the sodium ions concentration present in the clay
simultaneously. The assessment of the effectiveness of additives role in improving the
rheological filtration properties of the local clay was done using factorial design techniques, so
as to provide high flexibility exploring or enhancing the treatment of local clay for the
formulation of water based mud in diverse way, based on API specifications in testing and
defining their properties. A suspension of bentonite was prepared by mixing 22.5 g of
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powdered clay to bentonite, the mixture was added to 350 cm3 soda ash treated water while
stirring off the mixer. The container was replaced on the mixer and the stirring continued. The
container was removed from the mixer once more, scraped on the sides with spatula to
dislodge all bentonite adhering to the walls of the container every 5 minutes interval for a total
mixing time of 20 min. The bentonite suspension was then aged up to 16 hours in sealed or
covered container at room temperature (called the blank sample) and the storage temperature
and duration were recorded. After aging, the bentonite suspension was stirred very well and
then poured into the mixer, mixed for five (5) more minutes on the mixer to attend
homogeneous paste (called clay beneficiation). Similarly clay beneficiation was repeated with
imported bentonite which was already in powdered form and observed (Fig 1). Clay
beneficiation were considered using the amount of water, mass of clay sample, mass of
caustic soda and mass of

Pac-R to know which of them influenced the rheological and

filtration properties of the clay.
Table 1 shows the two major independent variables (factors) and the levels of their
subdivision. Thus four beneficiating clay samples were formulated using various quantities of
the materials specified in Table 2 below. In every run about 22.5 g of clay were dissolved in
350 cm3 of fresh water, each sample thoroughly agitated until a homogenous mixture was
obtained and aged to swell. After aged and swollen, suitability test was done on each of the
four samples and recorded. These four beneficiated clay samples were then poured into the
viscometer cup. The dial readings of the viscometer set at rotor speed of 600 rpm and 300 rpm
were recorded at constant value for each of dial readings at room temperature of 25oC. Table
2 shows the four beneficiating clay samples formulation. Laboratory measurement of clay
bentonite was done using weighing balance. Freshly mixed local clay before pre-hydration was
compared with the freshly mixed imported clay before pre-hydration in the laboratory (Fig 1).
Similarly local clay after 16hours pre-hydration was compared with the imported clay after
16hours pre-hydration (Fig 2). Rheological analysis was carried out on each type of the clays
using eqn. 3.1 and eqn. 3.2.
(3.1)

–
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Filtration Analysis: The tested suspensions on Table 1 were mixed together in a container on
the mixer adjusted to temperature of 25oC for 1 min. The suspension was then poured into the
API Filter press cell and before adding the suspension it was ensured that all parts of filter cell
were dried to avoid any filtrate value interference or error and the gaskets were checked to
ensure no distortion or wear, the filter paper and the O-ring groove were in place at the base
cap of filtrate tube. The mud was poured to within about 13mm from the base cap of the filter
cell, the assembly was completed and a measuring cylinder was placed under the drain tube.
Two timers were used, one set to 7.5 min and the second was set to 30 min. Both timers were
started after adjusting the compressed nitrogen gas pressure to 100 psi (690kPa). The fluid
loss was measured in milliliter after 7.5 min and 30 min. The cell was disassembled and the
mud was discarded with extreme care to save filter paper with minimum disturbance on the
cake. Figure 6 shows the picture of API filter press used.
Determination of Hydrogen ions Concentration: An indicator stick was placed in the mud
and was allowed to remain in it until the colour stabilized, usually less than a minute. The stick
was rinsed off with de-ionized water, but not wiped. The colour of the stick was compared with
the colour standard provided and the pH of the mud was estimated and reported to the nearest
0.5 pH units.
Determination of Calcium Ions Content Ca++: About 5 – 10 cm3 of distilled water and 1 cm3
of the filtrate to be tested were added into titration vessel. Then about 20 drops of strong buffer
solution such as aqueous ammonium hydroxide (

(

)

) and 4 – 6 drops of calmagite

were then added to the filtrate and mixed with a stirring rod. A wine red coloor was observed
and to confirm the presence of calcium and/or magnesium ions, standard versenate solution
(EDTA) was pipette and titrated against the mixture while stirring the mixture continuously until
the sample turned to blue with no under tint of red colouration. The volume (ml) of standard
versenate solution used was recorded and the calcium ions and calcium carbonate content
calculated as:

(
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Table 1: Level of factors for beneficiation of clay
Level
Pac R (g)
Caustic Soda (g)
Low
0.7
0.2
High
1.0
0.3

Clays Plus
Additives
Bentonite,
Water
Pac-R
Soda Ash
Caustic Soda

Table 2: formulation of four beneficiating clay samples
Imported
Local Untreated Local Treated Local (Treated)
Bentonite - 1
Bentonite - 2
Bentonite - 3
Bentonite - 4
22.5 g
22.5 g
22.5 g
22.5 g
3
3
3
350 cm
350 cm
350 cm
350 cm3
0.7 g
1.0 g
0.25 g
0.25 g
0.25 g
0.25 g
0.20 g
0.30 g

4. Results and Discussion
4.1
Results
Table 3 shows the comparison of analytical result of imported clay to raw clay untreated. Table
4 shows rheological analysis of imported clay, raw-clay and beneficiated clay results
Table 3: Comparison of analytical result of imported an raw local clays
API
Clay Type
Properties
Specification
Imported
Raw untreated
Residue Diameter > 75µm
≤4
1.80
3.00
Sand Content (%)

1

0

1

Ca2+ (mg/lit)

0

0

1001

9.0 – 11.0

9.5

7.0

pH
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Table 4: Rheological and filtration analysis of beneficiated clay
Specified
API
Imported Raw Clay
Beneficiated Clay
Properties`
Specification Bentonite
A
A1
A2
A3
Dial Reading
@600rpm
@300rpm
@6rpm
@3rpm

≥ 30 cP
cP
cP
cP

A4

38
24
4
3

4.0
3.0
1.0
1.0

58.5
39.75
3.75
2.5

58.5
40.0
4
2.75

48.5
32.5
3.0
2.0

47.25
31.25
3.75
2.0

Plastic Viscosity

cP

14

1.0

18.75

18.5

16.0

16.0

Yield Point

⁄

10

2.0

21.0

21.5

16.5

15.25

3 max

0.71

2.0

1.12

1,16

1.03

0.95

ml

7.5

69.0

10.6

10.4

14.2

18.2

Yield Point/Plastic
Viscosity Ratio
Filtrate Volume
(Fluid Loss)

Local clay

Imported clay

Fig. 2: Comparison of the freshly mixed clays before pre-hydration in the laboratory
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Local clay after 16hours pre-hydration

Imported clay after 16hours pre-hydration

Fig. 2: Comparison of Local and Imported clays after 16hours pre-hydration

Fig 3: API Filter Press
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4.2

Discussion

Calcium Content: Table 3 shows that the calcium content of the raw clay is high. This
confirms Aribisala (1993) of self sealing and that the clay is a calcium bentonite which
normally exhibits poor filtration control and low viscosity. The property of swelling also
makes sodium bentonite useful as a sealant, since it provides a self-sealing, low
permeability barrier. It is used to line the base of landfills.

Effect of Beneficiation on the Clay Properties Rheological Analysis: The result on
Table 4 also confirms that the raw clay sample is of low montmorillonite content or clay
minerals which accounts for low viscosity and yield point (Darley & ray, 1985). This
signifies that the raw clay sample is composed largely of calcium ions in the view that
clays with high calcium content give low viscosity dial readings when added to water.
The result of raw clay sample analysis with 1001 mg per liter calcium ions on Table 3
confirms it. The clay sample can therefore be said to be a calcium bentonite. Reviewed
literatures and previous work done showed that mass of caustic soda and Pac R had
greater influence on the rheological and filtration properties of the clay. The effects of
beneficiation on the rheological properties are as follows.

Viscometer Dial Reading: The result on Table 4, clay beneficiation shows that all the
samples A1 to A4 meet up the minimum requirement. This was achieved due to addition
of Pac R and Caustic Soda to 0.2 g/350 ml of water to build the lower-end of the clay
rheology (6 rpm and 3 rpm). Result on Table 4 also shows this observation
The results obtained for samples A3 (48.50cP) and A4 (47.25cP) were slightly in
agreement with the value obtained by other researchers: Afuze clay – 38cP and
Maiduguri clay – 37cP, Igbafo (2007) on Abia Clay -

37cP, Aderinto (2009) on

Nasarawa clay – 38cP and 23.4cP. The other results obtained for A1 and A2 were of a
large distinction from Afuze, Igbafo (2007) or Aderinto (2009). The results obtained on
Table 4 also show that the raw clay samples calcium content reduced for all clay
samples after beneficiation process. It also confirmed that the addition of the additives
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(caustic soda) resulted to increase in the viscometer dial readings which by implication
increased the sodium ion (Na+) and thereby increasing the viscosity.
Yield Point to Plastic Viscosity Ratio: The Yield Point/Plastic Ratio (YP/PV)
specification by API is 3 maximum and from Table 4, the raw clay result was found to be
2 which satisfies the API specification and it is identical to the clay from Aderinto (2009)
and Igbafo (2007) clay, but different from the value obtained by Azeez (2004) from
Afuze clay and Maiduguri clay that were 0.25 and 1.33 respectively. It also had a wide
distinction from the value obtained by Igbafo (2007) using Abia clay which was 0.67.
This implies that the Nigerian clay will exhibit good yield point and plastic viscosity in
resulted drilling mud after formulation.
Analysis of Plastic Viscosity: The addition of caustic soda to constant 0.7 g Pac R in
A3 and A4, constant clay plastic viscosity of 16cP was observed while the addition of
Caustic Soda to constant 1.0 g Pac-R A1 and A2 showed 1 % decrease in plastic
viscosity of the clay from 18.75 to 18.50cP. Unlike the average 14 % increment which
was observed in the plastic viscosity when there was 30 % increment in Pac R (A) from
0.7 g to 1.0 g at constant 0.2 g. It can be concluded that Pac R (A) made a larger
contributions for the increment of a clay plastic viscosity.

Yield Point: It was deduced from Table 1 that the addition of caustic soda in two levels
(0.20g and 0.30g) at constant 0.7 g Pac R, 8 % increment in yield point from 15.2 to
16.5 l

was observed (Table 4). The addition of caustic soda in two levels (0.20g

and 0.30g) at constant 1.0 g Pac R (Table 1), 2% increment in yield point of the clay
was observed, 21.0 to 21.5 l

(Table 4). The averages of 38 % and 30 %

increment in yield point from

and 16.5 to 21.5 l

were

observed on Table 4: as effect of the 30 % increment of Pac R, from 0.7 g to 1.0 g at
constant 0.20g and 0.30 g of caustic soda respectively (Table 1). The result showed
that Pac R played a major role in increasing the clay yield point.
Filtration or Fluid Loss Analysis: The addition of various amount of Pac R, caustic
soda concentration using factorial design technique improves the fluid loss from 69ml in
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sample to the corresponding effect obtained as A1:10.6, A2: 10.4, A3:14.2, and A4:
18.2 ml on Table 4, due to the additions in two levels, 1.0 and 0.7 g in Pac R with 0.30
and 0.20g of caustic soda on Table 1.

5. Conclusion and Recommendations
5.1
Conclusion
This research showed that the local clays were low grade bentonite clays with high
calcium ions (1001 mg per liter calcium ions) content that might have attribute to high
filtrate volume and low viscosity which resulted to little or low ability to meet the API
standard specifications.

The additions of some additives (called beneficiated clay) to the local clays were found
to be beneficial to meeting up all the API standard specifications, good filtrate volume
and viscosity requirements (addition of Pac R and caustic soda to 0.2 g/350 ml of water)
to build the lower-end of the clay rheology (6 rpm and 3 rpm). The large drop in the
calcium ions concentration after the beneficiation process justified that the Pac R and
caustic soda were highly effective. Moreover the analysis of variance confirmed the fact
that the mass concentration of Pac R played the major or largest role in the
improvement of the fluid-loss control, viscosity and the yield point of the clay
requirements.

Clay beneficiation shows that the Nigeria clays meet up the minimum requirement. This
was achieved due to addition of Pac R and caustic soda to 0.2 g/350ml of water to build
the lower-end of the clay rheology (6 rpm and 3 rpm). The results also showed that the
raw clay calcium content was reduced for all clay samples after beneficiation process.
This also confirmed that the addition of the additives (caustic soda) resulted to increase
in the viscometer dial readings which increased the sodium ion (Na +) and thereby
increased the viscosity.

The yield point/plastic ratio (YP/PV) specification by API is 3 maximum and using data
on Table 3, the raw clay result was found to be 2 which satisfied the API specification
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and it is identical to the clay analysis data from Aderinto (2009) and Igbafo (2007). It can
be concluded that Pac R made a larger contributions for the increment of a clay plastic
viscosity. This was because addition of caustic soda to constant 1.0 g Pac-R A1 and A2
showed 1 % decrease in plastic viscosity of the clay from 18.75 to 18.50 cP (Table 4).
Unlike the average 14 % increment which was observed in the plastic viscosity when
there was 30 % increment in Pac R (A) from 0.7 g to 1.0 g at constant 0.2 g. Pac R (A)
also played a major role in increasing the clay yield point. Addition of caustic soda in
two levels (0.20g and 0.30g) at constant 0.7 g Pac R, 8 % increment in yield point from
15.2 to 16.5 l

was observed (Table 4). The addition of caustic soda in two

levels (0.20g and 0.30g) at constant 1.0 g Pac R (Table 1), 2% increment in yield point
of the clay was observed, 21.0 to 21.5 l

(Table 4). The averages of 38 % and

30 % increment in yield point from

and 16.5 to 21.5 l

were observed on Table 4: as effect of the 30 % increment of Pac R, from 0.7 g to 1.0 g
at constant 0.20g and 0.30 g of caustic soda respectively (Table 1).

Addition of Pac R and caustic soda concentration improved the fluid loss (filtration) from
69ml in the raw clay sample to the corresponding effect obtained as A1:10.40, A2:
10.60, A3:14.20, and A4: 18.20ml (Table 4) due to the additions in two levels (1.0 and
0.7 g) in Pac R with 0.30 and 0.20g of caustic soda.
Comparison of Nigeria treated clays with imported clay showed 99% similarity to all the
API standard specifications of that imported clay.
Recommendations
1. It is recommended that government should channel interest in research, exploration
and exploitation of local clay in Nigeria. This will boost the local content policy
2. Subsequent research works on locally available clay should include finding a means
to improve the property of the crude clay for example chemical to threat crude clay
before milling is also recommended.
3. Further research on beneficiated clay samples at higher temperatures (Downhole
conditions) is equally recommended.
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