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Abstract The rheological properties of drilling fluids modified with three biopolymers – carboxylmethyl cellulose
(CMC), xanthan gum polysaccharide (xanplex D), and polyanionic cellulose (PAC-R) have been studied. The effect
of concentration of the biopolymers on the drilling fluid was also reported. The modified drilling fluids were found
to obey Herschel-Bulkley rheological model. The fluids were also found to be pseudo-plastic with shear thinning
behaviour. Polyanionic cellulose showed the highest shear rate and shear stress than carboxylmethyl cellulose and
xanplex D. This can be attributed to the straight open long chain structure of PAC-R and its ability to interact with
water, solids and with itself. It also acted as a better viscosifier because of the more negative charge it carries. Also,
the formulation of biopolymer drilling fluid with bentonite has proven to improve the viscosity than that encountered
in normal conventional drilling fluids.
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1. Introduction
Drilling fluids properties are very important for the
success of any drilling operation. The fluids were
originally designed to ensure that rotary drilling of
subterranean formations is possible and economical. The
drilling fluids achieve this by (i) moving drill cuttings to
the surface, (ii) cooling and cleaning the drill bit, (iii)
reducing friction, (iv) maintaining wellbore stability, and
(v) preventing pore fluids from prematurely flowing into
the wellbore. In addition, the drilling fluids are essentially
designed to build a filter cake, which is basically intended
to decrease filtrate loss to the formation, be thin and hold
the drilling fluid in the wellbore [1]. 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 wettability changes, fines migration,
drilling fluid solids plugging and formation water
chemistry incompatibilities [2].
Rheological behaviour of drilling fluids is vital in their
proper selection for any well. Rheological properties of
drilling muds are important because they are used to
characterize properties of the mud such as its well
cleanses, erosion preservation, cutting material removal,
hydraulic calculation, and pump system [3]. The
rheological principles can be used to determine the
dynamic performance of a drilling fluid behaviour in
solving problems of cleaning hole, suspension of cuttings,

hydraulic calculations and mud treatment [4]. The success
of any drilling operation depends significantly on the
performance and cost effectiveness of the drilling fluid
employed [5,6,7]. According to Douglas et al [8,9,10],
drilling fluids are generally classified into:(i) air or foambased fluids which are used where liquid drilling fluid is
not the most desirable circulating medium; (ii) oil-based
fluid, and (iii) water-based fluid. Based on environmental
and cost considerations, water-based fluids offer attributes
that are generally preferred over that of oil-based fluids
[11]. 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 [12]. Nowadays, various
polymers, which can be in the form of natural (e.g. starch),
synthetic, and/or modified (e.g. carboxymethyl cellulose
or CMC) polymers, are used in order to control the fluid
loss and viscosity of drilling fluids.
In oil-drilling, these polymers reduce filtrate, modify
rheological properties, stabilize shale and reduce drag, and
can be used in advanced oil recovery (EOR) processes
[13,14]. The influx of the liquid phase, known as filtrate,
in productive zones can cause a significant reduction of
permeability and hence lower well productivity [15,16].
The incorporation of natural gums and starch-based
materials in drilling fluids compositions was the primary
solution to control this phenomenon [6]. A number of
studies on polymers and their use in water-based drilling
fluids have been carried out [6,17,18,19]. Gray and Darly,
[6] studied the use of polymers like guar gum,
carboxymethyl cellulose (CMC), and hydroxypropyl
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starch as filtration control agents and as drilling fluids.
They concluded that filtration parameters like sorptivity
and diffusivity of these polymers are dependent on
temperature. Sorptivity is a measure of the resistance
against the fluid flowing through the filter cake, while
diffusivity is a measure of the rate of flow of fluid [20].
The effect of polymers on the rheological properties of
KC1/polymer- type drilling fluids was studied by Kok and
Alikaya, [19]. This study focused on the effect of addition
of polymers on consistency index, flow behaviour index,
and shear stress. The authors observed that consistency
index increased as polymer concentration increased.
Consistency index is a measure of the overall thickness of
a fluid, while flow index is a measure of the degree of
flow behaviour of a fluid [17,21]. The resistance of the
fluid to the applied rate of shear or force is called the shear
stress, which in oil field terms is analogous to the pump
pressure [19,22,23].

natural cellulose through chemical modification. Its
sodium salt is often utilized. The primary difference
between the CMC and PAC production processes is in the
radicalization step and the high degree of substitution in
PAC. The structures of the biopolymers used are
illustrated below. As is well known for CMC, PAC and
other cellulose ethers, the characteristics of these materials
can be varied by having different average numbers of
substituents per glucose unit and different molecular
weights [28].

2. Theory
The concepts of shear stress and shear rate and their
measurement enable the mathematical description of the
flow of drilling muds. The amount of force applied to a
fluid determines the shear rate, which in oil field terms is
determined by the flow rate of the fluid through a
particular geometric configuration. Flow models are plots
either of flow pressure versus flow rate or of shear stress
versus shear rate.The Power law and Herschel –Bulkley
models are described here and used forthe characterization
of the drilling fluids studied.

2.1. Power Law Model
Structure of sodium carboxymethyl cellulose

Power law is a two – parameter model that relates shear
stress to shear rate in a nonlinear manner [17,23]. The
model does not consider an excess yield stress and states
the relation as:

τ = Kγ n

(1)

where k, and n are consistency and flow indices
respectively, τ is the shear stress, and γ is the shearrate.
Taking the logarithm of the equation, the following term
is obtained:

log
=
τ log K + n log γ

(2)

Thus, n = slope and k = intercept.

2.2. Herschel-Bulkley Model
Herschel-Bulkley is a three-parameter model that
describes the behaviour of yield-pseudoplatics fluids [21].

τ= τ o + K γ n

Structure of xanthan gum polysaccharide

In the present paper, the effects of adding various
quantities of different biopolymers (Polyanionic cellulose,
carboxymethyl cellulose and xanthan gum polysaccharide)
to a drilling mud sample containing bentonite will be
reported. The rheological properties of the drilling fluids
will be determined and comparison made. Xanthan gum is
an anionic polysaccharide polymer with high molecular
weight generated by starch after fermentation of
xanthomonas campestris. Carboxymethyl cellulose (CMC)
is a semi-flexible anionic cellulose ether polymer [27] that
is produced by reacting alkali cellulose with sodium
monochloroacetate under rigidly controlled conditions. It
is a chemical derivative of cellulose where some of the
hydroxyl
groups (-OH) are substituted
with
carboxymethyl groups (-CH2COOH) while polyanionic
cellulose (PAC) is a kind of anionic cellulose ether of high
purity and high degree of substitution, prepared with

(3)

where τ is the shear stress, τ o is the yield stress, k is the
consistency index, γ is the shear rate, and n is the
flowindex.

3. Materials
The xanthan gum polysaccharide used for this study
was obtained from Baker Hughes Houston USA under the
trade name of XAN-PLEX™. Polyanionic cellulose
regular under the trade name DRISPAC from Yu Long
Chemicals China was among the natural polymers used in
this study. Bentoniteand carboxylmethyl cellulose were
obtained from Global Oil Company Nigeria Limited. The
equipment/apparatus used in this study include: Fan V-G
meter 8 speed model viscometer; hamilton beach mixer;
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stop watch; electronic weighing balance; spatula,
viscometer cup and hamilton beach mixer cup;
standardized weighing plate and thermometer.
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for Carboxylmethyl cellulose (CMC) and xanthan gum
polysaccharide (Xanplex D)biopolymers respectively. The
shear-stress was determined using the power law model
which assumes that all fluids are pseudoplastic.

3.1. Experimental Procedure
The suspension of bentonite samples were prepared by
immersing 15g of bentoniteclay into 350cm3 of deionized
water. The mixture was stirred vigorously for 15 minutes
to achieve homogeneity while intermittently dislodging
any bentonite clinging to the wall of the mixing container.
The bentonite suspension was then stored at room
temperature in a sealed container for 24 hours to give
room for aging. Polyanionic cellulose Regular (PACR)was added to the Bentonite suspension at varying
concentrations (0.50 g, 0.75g, 1.0g) and the viscometric
studies carried out to determine its rheological behaviour
on the drilling fluid. Suitable amountsof sodium
hydroxide (NaOH) and Potassium chloride (KCl) were
added to the samples and mixed to adjust the pH and for
inhibition respectively. The procedure was then repeated

4. Results and Discussion
The rheological parameters such as plastic viscosity,
yield stress, and apparent viscosity of all of the drilling
fluids were calculated and presented in Table 1. Figures 1
– 3 illustrates the relationship between shear stress, and
shear rate of the non-Newtonian fluids at different
concentration of the biopolymers.
The pattern of these curves showed an initial high stress
after which there was a less stress with increasing shear.
This indicates that the fluids are pseudoplastics and obey
the Herschel-Bulkley model. According to Hemphill et al.
[24], Herschel-Bulkley fluid model requires a certain
stress to initiate flow, but less with increasing shear.

Table 1. Rheological properties of the drilling fluids
PAC R

Xanthan

CMC

Fluid Reference
0.50 g

0.75 g

1.00 g

0.50 g

0.75 g

1.00 g

0.50 g

0.75 g

1.00 g

Plastic Viscosity (P)

1.4

1.8

2.8

0.9

0.9

1.3

0.7

0.4

0.6

Apparent Viscosity (P)

8.05

13.20

24.00

5.00

9.45

11.90

19.30

22.75

23.50

Yield Stress (dyn/cm2)

13.3

22.8

42.4

8.2

17.1

21.2

37.2

44.7

45.8

Flow index, n

0.3098

0.2594

0.2248

0.2823

0.1797

0.2488

0.0918

0.0806

0.1203

Consistency index, k

4.9238

9.1201

17.7310

3.8038

9.7656

8.8757

26.6318

32.7190

28.3531

The three parameters of Herschel-Bulkley model, i.e.,
yield stress, fluid consistency, and fluid index were
calculated by fitting the experimental data of shear stress
as a function of rate of shear to the model in Equation 3.
The results indicate that the increment of the amount of
biopolymers, increase the yield stress of the final drilling
fluid as the flow resistance is increased. This finding is in
agreement with the results of Khalil and Jan [25]. The
increase in yield stress with concentration resulted from an
increase in shear stress required to break the gel structure
of the mud before flow started. Furthermore, it could be
considered that, at rest, the mud’s chains were entangled
and the gel formation resulted from the polymer network
formed by the physical aggregation with region of local
order acting as network junctions.

Figure 1. Plot of shear stress versus shear rate for bentonite gel modified
with 0.5g of different biopolymers

Figure 2. Plot of shear stress versus shear rate for bentonite gel modified
with 0.75g of different biopolymers

Figure 3. Plot of shear stress versus shear rate for bentonite gel modified
with 1.0g of different biopolymers
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the biopolymer. Contrarily, Khalil and Jan [25], found that
the calculated fluid consistency of their drilling fluids
appears to be strongly dependent on the presence of glass
bubbles, xanthan gum, and clay. However, their fluid
consistency appears not to be affected by the presence of
starch.

Figure 4. Plot of log of shear stress versus log of shear rate for bentonite
gel modified with 0.50g of different biopolymers

Figure 7. Plot of viscosity as a function of shear rate for bentonite gel
modified with 0.50g of different biopolymers

Figure 5. Plot of log of shear stress versus log of shear rate for bentonite
gel modified with 0.75g of different biopolymers

Figure 8. Plot of viscosity as a function of shear rate for bentonite gel
modified with 0.75g of different biopolymers

Figure 6. Plot of log of shear stress versus log of shear rate for bentonite
gel modified with 1.0g of different biopolymers

The flow index, n, and consistency index, k, of the
drilling fluids were analysed using Equation 2 andthis
relationship is illustrated graphically in Figure 4 – Figure 6.
The n values presented in Table 1 shows that the flow
index, n, is less than 1 for each drilling fluid at the various
concentrations of the biopolymers studied indicating a
shear thinning behaviour. According to Mewis et al. [21],
a fluid for which n valueis less than 1 (n < 1) is said to
have pseudo plastic flow behaviour. Further examination
of the table reveals thatthe flow index n, of the drilling
fluid decreased with increasing concentration of
polyanionic cellulose. This is contrary to the findings of
Chike–Onyegbulaet al [26] who studied biodegradable
polymer drilling mud prepared from Guinea corn starch.
The consistency index, k, for the polyanionic cellulose
modified drilling fluid was found to increase with increase
in the concentration of the polymer in the fluid. The
increase in consistency index, k, with polyanionic
cellulose concentration resulted from the increase in the
overall thickness of the fluid. In the case of drilling fluids
modified with xanthan gum polysaccharide and
caboxymethyl cellulose, the consistency index, K and
flow index, n appears not to be affected by the quantity of

Figure 9. Plot of viscosity as a function of shear rate for bentonite gel
modified with 1.0g of different biopolymers

The plot of shear rate as a function ofviscosity is shown
in Figure 7 – Figure 9. It is observed from these figures
that the viscosity of the drilling fluids decreased with
increasing shear rate. This resulted from the fact that the
entanglement of the fluid’s chain at low shear rate
impeded shear flow and the viscosity was high. The
viscosity decreased as shear rate was increased, showing
shear thinning behaviour of the drilling fluids. The
viscosity of a polymer solution is related to the polymer
concentration, the extent of polymer-solvent interaction,
and the polymer structure such as molecular weight, shap,
molecular flexibility, and molecular conformation [29].
Pseudo-plastics are known to resist flow with decreasing
rate of shear stress. It was further observed that the
concentration of xanthan gum polysaccharide and
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caboxymethyl cellulose in the drilling fluids did not have
any effect on its viscosity whereas; increasing
concentration of polyanionic cellulose increased the
viscosity of the drilling fluid. Therefore increasing the
concentration of polyanionic cellulose will increase its
resistance to flow under certain levels of applied stress.

[8]

5. Conclusion

[12]

The Rheological properties of drilling fluids cannot be
overemphasized because of their obvious contribution to
the general successful drilling operations. This study has
demonstrated the use of environmentally friendly
biopolymers in the production of drilling fluids. The
drilling fluids were found to be non-Newtonian and show
pseudo-plastic behaviour. The shear stress, yield stress,
and viscosity of the eco-friendly fluids are dependent on
concentration and have higher values showing higher gel
strength and flocculation for the new fluid than for the
widely used fluids. The viscosity of the fluids decreases
with increasing shear rate; therefore, the new fluids have a
shear thinning behaviour. The new biopolymer fluids are
therefore more suitable for exploration and exploitation of
oil and gas in environmentally sensitive areas due to its
high efficiency and purity. Polyanionic cellulose (PAC-R)
showed the highest shear rate and shear stress than
carboxyl methyl cellulose (CMC) and xanplex D. This
was because of the straight open long chain structure of
PAC-R and its ability to interact with water, solids and
with themselves. It also acted as a better viscosifier
because of the more negative charge it carries. Also, the
formulation of polymeric drilling fluid with Bentonite has
proven to improve the viscosity than that encountered in
normal conventional drilling fluids.
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