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Abstract: The study of the interaction processes between 

polymer-based drilling fluids and clay rocks is essential. Careful 
selection of drilling fluid composition will allow you to avoid such 
complications during drilling as the bridge over, clogging of the 
bottom-hole zone with cuttings, reduction of the mechanical 
drilling speed, differential wall sticking, a fluid wash of the 
wellbore walls and core plugs, and drilling fluid losses. Various 
salts of alkali and alkaline earth metals are often used as clay 
swelling inhibitors, which can cause changes in the rheological 
properties of the drilling fluid on their addition at high 
concentrations. The paper presents the experimental results of 
determining the swelling value of the clay mineral illite in drilling 
fluids prepared on the basis of cationic (K-6729) and anionic 
(EZ-MUDDP) polymers with the addition of inorganic salts – 
potassium chloride, sodium chloride and sodium silicate. The 
rheology of the tested samples deteriorates when salts are added to 
polymer solutions. This fact is explained by the hydration of salts 
and water molecules binding to the hydration shells of electrolyte 
ions, as well as the destruction of hydrogen bonds in water's 
structure with an increase in its molecular mobility. The paper 
demonstrates that in a sodium silicate solution, the hydration and 
swelling of illite are significantly inhibited. Thus, the change in 
the linear dimensions of pressed clay powder tablets with different 
permeabilities in distilled water, potassium, and sodium chloride 
solutions amounted to 30%, while in sodium silicate solution it did 
not exceed 6.3%. However, compared to potassium and sodium 
chlorides, when sodium silicate as a clay inhibitor, then the 
rheological characteristics of the drilling fluid decrease less 
significantly. 
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I. INTRODUCTION 

Drilling and subsequent construction of oil and gas wells 

require the use of various technological materials. One of 
them is drilling fluids. Most often these are circulating 
viscous fluids, which are used to transfer drilling cuttings to 
the surface, as well as for lubrication and cooling of the 
drilling bit [35]. Foams, emulsions and suspensions are also 
common. The drilling fluid maintains hydrostatic pressure in 
the well and prevents possible formation damage. If the 
technological properties of the drilling fluid are incorrectly 
matched to the drilling conditions, it will lead to catastrophic 
consequences, and the repair cost of the damage will have a 
serious negative impact on the oil company conducting the 
operation. It is related to the fact that conventional drilling 
fluids cannot be effective for all types of formations and 
drilling conditions, as demonstrated in [1]. 

The drilling fluid typically consists of the dispersing 
media, a dispersed agent and drilling fluid additives. The 
dispersing medium in the drilling fluid may be water or oil. If 
a dispersed agent in the drilling fluid is a suspension, then it is 
clay and/or solid material that regulates density; if it is an 
emulsion, then it is oil or water; if it is foam, then it is gas. 

Drilling fluid additives are chemicals that are added to the 
drilling fluid to adjust the drilling fluid function. The drilling 
fluid additives classified by element composition can be 
divided into inorganic drilling fluid additives (including an 
inorganic acid, alkali, salt and oxide) and organic drilling 
fluid additives (such as surface-active substances and 
polymers), as shown in [1]. For the classification by 
application, they can be divided into the following categories: 
for pH control of the drilling fluid, removal of calcium from 
the drilling fluid, as foaming agent for the drilling fluid, 
drilling fluid emulsifier, drilling fluid viscosity regulator, 
drilling fluid tackifier, drilling fluid flocculant, shale inhibitor 
(also known as the drilling fluid viscosity reducing agent), 
drilling fluid corrosion inhibitor, drilling fluid lubricant, pipe 
releasing agent, temperature stabilizer, density control 
material, and lost circulation material. The last two categories 
are used very widely as materials because they are introduced 
in sufficiently large quantities (usually more than 5%), as 
demonstrated in [2]. 

Very often, organic polymers are used in the drilling fluid 
[32, 33]. Organic colloidal materials are used in the drilling 
fluids for reducing filtration, stabilizing clays,  
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flocculating drilled cuttings, increasing bearing capacity 
and, in some cases, as emulsifiers and lubricating additives. 
Often, the introduction of a single product into the solution 
improves several characteristics of the drilling fluid, as found 
in [3]. 

A common problem faced by drilling engineers in the oil 
and gas industry when drilling is that ordinary water-based 
drilling fluids are not suitable for deeper depths and certain 
clay formations as shown in [4]. Poor rheological properties 
can lead to such serious complications as the bridge over, 
clogging of the bottom-hole zone with cuttings, reduction of 
the mechanical drilling speed, differential wall sticking, fluid 
wash of the wellbore walls and core plugs, and drilling fluid 
loss, as revealed in works [5, 6]. 

A severe challenge for the oil industry of wellbore 
instability is partly caused by swelling and hydration of clay 
minerals due to the water absorption from the drilling fluid, 
and the associated costs are in the order of millions of dollars 
per year according to [6]. These problems are common and 
require expensive and time-consuming drilling and 
completion operations in the oil industry. Numerous studies 
show that wellbore instability problems cost 10% more in 
comparison to the cost of well construction, and exceed $1 
billion according to [7-9]. 

The hydration of clay rocks is a complex 
physical-chemical process leading to deformation and 
destruction of clay properties and structures. At the final step, 
the dispersion of hydrophilic rocks in drilling fluid filtrate is 
possible, as is proven in [10]. Also, over time, this 
phenomenon spreads deep into the bedded formation through 
the system of open capillary pores and cracks in the rocks, as 
well as through the diffusion and osmotic process. 

The amount of absorbed fluid, at which the strength of 
clay rocks is destroyed, depends on their natural humidity, 
type, composition, and depth of occurrence. Also, the 
properties of the drilling fluid play an important role. This is 
due to the fact that wetting takes place when the drilling fluid 
comes into contact with the clay rock that means the water 
phase penetration into the rocks, as shown in [11]. 

Clay minerals are crystalline in nature, and the atomic 
structure of their crystals is the primary factor in the 
determination of their properties. Clays are often classified as 
sheet silicates, usually assembled (aggregated), making a 
layered structure that is underlined in [12]. Each sheet 
consists of a combination of octahedral layers of aluminium 
and tetrahedral layers of silicon, which are connected by 
chemical bonds. The aggregated sheets are held together by 
Van der Waals forces and the secondary valences of the atoms 
located close to each other. Therefore, the aggregated clay 
can simply be expanded along the base (disaggregated) to 
split the individual sheets. The octahedral layer consists of 
either aluminium or magnesium atoms in octahedral order 
with six oxygen atoms or hydroxyl groups. The tetrahedral 
layer in its turn consists of silicon tetrahedrons, in which each 
silicon atom is bound to four oxygen atoms. Oxygen atoms at 
the base of tetrahedrons form a hexagonal framework of the 
tetrahedral layer.  

The layers inside each sheet are chemically linked because 
they share common oxygen atoms. When there are two 
tetrahedral layers, the octahedral layer appears between them. 

Different combinations and chemical modifications result in 
30 different clay minerals. The most important clay minerals 
are mica, illite and montmorillonite, as demonstrated in [10]. 

Clay rocks with the greatest swelling are the ones, which 
contain clay minerals with a movable crystalline structure, i.e. 
with transient contacts, for example, illite. 

The charge disbalance and the presence of positive ions 
between the layers in the structure cause many types of clay to 
be sensitive to water. Ihshibayev, Inosaridze and 
Sharafutdinov [13] have demonstrated that some types of 
clay, such as montmorillonite and illite, swell rapidly in 
contact with water, which leads to disaggregation of the 
layers. Other types of clay, such as kaolinite or mica, can 
swell, but can easily disaggregate when in contact with water. 
All this leads to borehole erosion and complications 
associated with its instability. 

The purpose of this work is to study polymer-based 
drilling fluids with additions of ordinary salts and their impact 
on the swelling of clay rocks. 

II. LITERATURE REVIEW 

Since the swelling process is a process of absorption of the 
dispersion medium by the disperse phase, it is accompanied 
by an increase in the volume of the latter. It happens with a 
simultaneous decrease in the total volume of both phases, i.e. 
the contraction of the system. The contraction is due to the 
contraction of the adsorbed substance in the solvent layer. 
With the formation of new clay-water contact surfaces, clay 
particles dissociate into large anions, which represent the 
main crystal part of the mineral, and cations, which consist of 
metals of the exchange complex. As a result of such 
dissociation, the clay particles acquire a negative electrical 
charge of the big value and therefore keep both positively 
charged cations and water molecules in the sphere of their 
attraction. These molecules are oriented by positively charged 
parts towards the clay particle and adsorbed on its surface, as 
shown in papers [14, 15, 34]. 

Over the past few decades, a wide range of methodologies 
with high concentrations of organic salts, inorganic salts, and 
various types of polymer-based additives for shale inhibition 
has been proposed in a number of works [8, 16, and 17]. As a 
rule, these are polymer solutions, surface-active substances, 
ionic liquids, organic and inorganic amines, etc. There is 
information about the use of various agricultural wastes, plant 
extracts, nanoparticles as clay inhibitors, as presented in [8, 
15-18]. However, these methodologies have not been 
effective in suppressing sensitive shale formations and have 
many other restrictions. 

Ordinary salts dissolved in water can have a variety of 
impacts on clay swelling. Thus, potassium ions are 
particularly suitable for stabilizing montmorillonite and 
illite-type clays because the ion radius of the hydrated 
potassium ion in the handiest way gets into the cation 
exchange sites and effectively neutralizes the deficit of the 
tetrahedral layer. Shales that do not contain montmorillonite 
or illite usually react well to inhibition with Ca2+ ions. NaCl 
is used as a clay inhibitor.  
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It is known that with the increase in salt concentration, the 
swelling period of all types of clay decreases as suggested by 
numerous sources [19-23]. 

There is evidence in the literature that the use of liquid 
glass is promising to prevent clay swelling, as demonstrated in 
[24]. Soluble glasses (soluble sodium and potassium silicates) 
are substances in the amorphous vitreous state, characterized 
by a certain content of oxides M2O and SiO2, where M is Na 
and K. The molar ratio of SiO2/M2O is 2.6÷3.5 at a content of 
SiO2 69÷76% wt. for sodium glass and 65÷69% wt. for 
potassium glass. 

Polymer shale inhibitors not only enhance the shale control 
properties of drilling fluids but also modify rheological and 
filtration properties. 

Among all the known water-based drilling fluids, the best 
inhibition of clays is provided by fluids based on cationic 
polymers, as demonstrated in [11]. The main difference 
between cationic polymers and polymers of anionic type 
consists of a significant difference in their effect on the water 
structure and modification of clay rocks. 

Cationic polyelectrolytes polarize water molecules 
stronger than anionic and nonionogenic ones, as is proven in 
[26]. The increase in the polarity of water molecules leads to 
structuring and braiding of hydrophobic parts of the cationic 
polymer by them, providing the formation of more resistant to 
temperature and pressure water-polymer formations. 
Gaidarov, Khubbatov, and Mirsayanov [26] have shown that 
further increase of structured water stability is achieved by 
filling the frame cells with non-polar or low-polarity 
molecules, along with this, molecules with long flexible 
chains provide the more efficient filling as demonstrated in 
[26]. 

The inhibition mechanism of cationic polymers differs 
significantly from that of anionic polymers. There are positive 
and negative charges on the surface of clay rocks with the 
prevalence of negative charges, while the lack of the positive 
charge is compensated by metal cations located in the 
inter-cell space. Areas with positive and negative charges 
interact with water molecules and are the most vulnerable to 
penetration of the water phase into clay rocks. When clay 
rocks come into contact with the working fluid based on 
anionic polymers, there is an electrostatic interaction between 
the positively charged part of the clay and the polyanion, 
resulting in weak fixation (adsorption) of the latter on the 
charged surface. Inhibition of clay rock by the anionic 
polymer is explained by the ability of the latter to encapsulate 
or cover a vulnerable surface area with the formation of a 
layer of structured water, thereby slowing down the 
penetration of the water phase. As negative charges prevail on 
the surface of clay rocks, the active penetration of the water 
phase into the rocks continues through these areas. The 
introduction of different electrolytes causes partial 
destruction of the structured water layer and increases the 
penetration of the water phase. Enhancement of the inhibitory 
effect by introduction of various electrolytes can be achieved 
by preserving the structured water layer through increase in 
content of anionic polymers. 

Cationic polymers more strongly and irreversibly fix 
(adsorb) on negative areas of clay rocks. Because of the 
predominance of negatively charged areas on the clay surface, 

more uniform distribution and heavy fixation of the cationic 
polymer take place. In result, a stable and structured water 
phase in the near-surface layer forms. Fixing of cationic 
polymer neutralizes the charge of the rock, weakening its 
electrostatic interaction with water. At the same time, the 
formation of a stable and structured layer of water creates a 
screen that prevents the penetration of the water phase into the 
clay rock. The introduction of different electrolytes does not 
destroy the structured layer of water, but, on the contrary, 
completes the structuring, and therefore an increase in the 
inhibitory effect is observed. Further increase in the stability 
of the structured water layer can be achieved by molecular 
filling of the existing cavities in the structured water with 
non-polar or low-polarity liquids. Such filling of cavities 
slows down the penetration of water into clay rocks and 
provides the working fluid with high-temperature resistance 
as is proven in [26]. 

The increase in content of cationic polymer in the solution 
provides structuring of the disperse medium, subordinated to 
the cationic polymer. The high polarizing ability of cationic 
polymer creates stable structuring of the dispersion medium 
(water), which gives the drilling fluid increased thermal and 
salt resistance. Electrolytes such as sodium formate, chlorides 
of sodium, calcium, magnesium, aluminium and others can be 
used as additional components that increase the polarity of 
water molecules and simultaneously improve the 
technological properties of cationic drilling fluids. The 
content of cationic polymer in the drilling fluid should 
initially be in excess because this eliminates the problem of 
control over its content in the solution. 

The synergistic effect of inorganic and organic inhibitors 
can also improve inhibitory properties. For example, the 
addition of inorganic salts such as NaCl and KCl significantly 
reduces the time of clay absorption and swelling as 
demonstrated in [8]. 

The total results show that a mixture of inorganic and 
organic inhibitors demonstrates better swelling inhibition in 
comparison to inorganic inhibitors only. KCl has been 
reported to be the most effective in inhibiting clay materials. 
However, a high concentration of cations of alkali and 
alkaline-earth metals (mainly potassium and calcium) can 
impact on the sedimentation stability and rheology of some 
clay drilling fluids and compromise the strength of the drilling 
gel, as reported in [27, 28]. 

III. METHODOLOGY 

For the dynamic rock swelling research, we execute the 
work with the help of OFITE company linear swelling tester. 
Solutions of anionic polymer EZ-MUDDP (BAROID), 
cationic polymer K-6729 (Besfloc) (0.2% wt.), samples of 
illite drilling mud powder (in the form of tablets) and salt 
solutions of NaCl (25% wt.), KCl (25% wt.), Na2SiO3 (10% 
wt.) were used. The tablets were produced on the OFITE 
compactor at different pressures (10.34; 20.68; 31.03; 41.37 
MPa) within the period of 30 minutes, which allowed us to 
obtain tablets with different permeability. 
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When measuring linear swelling, a pre-pressed clay 
sample (tablet) was placed in the chamber of the device and 
filled with the test sample of the drilling fluid. The authors 
recorded the dynamics of the linear increment of the sample 
volume was recorded during the experiment. The rate of 
change in linear dimensions L (%) was determined as the 
difference ratio in the linear increment of the volume to the 
original sample size. 

The rheological flow curves of most drilling fluids occupy 
an intermediate position between the flow curves of ideal 
Bingham visco-plastic and ideal pseudo-plastic fluids [11, 
29-31]:  

τ = K*γ
n, 

where τ is the shear stress; K is the consistency indicator; γ 

is the shear rate; n is a non-linearity indicator characterizing 
the deviation degree of the rheological behavior of a fluid 
from Newtonian (an indicator of the “behavior” of a fluid). 

In a general sense, the nonlinearity index n is an indicator, 
which determines the internal homogeneity of the system, and 
the consistency index (K) is the strength of hydrogen bonds. 
In accordance with this, it will be true for a pseudoplastic fluid 
that the larger the value of n, the more discrete the solution, 
and the more K, the greater the strength of hydrogen bonds in 
the bulk of the solution. The greater the solution's 
discreteness, the closer it is to Newtonian fluid. 

In the range of shear rates characteristic for the flow in the 
annulus, the polymer solution must have a higher viscosity to 
ensure the removal of cuttings to the surface and increase the 
stability of the borehole walls due to polymer adsorption on 
the rock. For this reason, it is consistent to use pseudoplastic 
fluids with a nonlinearity index n <0.3 [11] as drilling fluids. 
An increase in the indicator is not desirable, because this leads 
to a loss of pressure when pumping the drilling fluid in the 
annulus of the well, and the cost of overcoming the internal 
resistance of the fluid increases significantly. 

Rheological curves of the flow of most drilling fluids have 
an intermediate position between the flow curves of the ideal 
Bingamic viscoplastic and ideal pseudoplastic fluids that is 
known from [29-31]. The viscosity of salt-added polymer 
solutions was determined using the OFITE rotary viscometer 
model 900 in accordance with ISO 13503-1. The indicators n 
and K were calculated according to the formula above using 
the viscometer software. A polymer solution was prepared in 
distilled water, after which 10% wt. of inorganic salts were 
added. The results were evaluated using rheological 
parameters of the generalized power law of K and n for 52 
experimental points with shear rates from 50 to 1022 s-1. 

IV. RESULTS AND DISCUSSION 

Table 1 presents the effect of the make-up of the substances 
that constitute the illite drilling mud powder on the hydration. 

 
Table I: The effect of the make-up of the substances 

that constitute the illite drilling mud powder on the 
hydration. 

Drilling fluid 
composition 

 

Tablet 
pressing 
pressure  

10.34 
MPa 

20.68 
MPa 

31.03 
MPa 

41.37 
MPa 

Swelling 
time, min   

Swelling rate, % 
 

Distilled water 
 

155 21.6 24 18 19.5 
365 25.4 27.8 27.8 28 
730 25.5 27.9 28.9 29.8 

25% NaCl 
solution 

 

155 16 21 23 23.2 
365 21.3 24 29 29.8 
730 21.4 24.1 29.5 30.1 

25% KCl solution 
 

155 19.6 22 22 27 
365 20.1 22.7 26 27.6 
730 20.1 22.8 26.1 27.6 

0.2% EZ-MUDDP 
anionic polymer 

solution 

155 18 20 22.3 22.3 
365 21.6 25.2 29 29.8 
730 22.7 26.2 29.5 30.6 

0.2%  K-6729 
cationic polymer 

solution 

155 17 20 22 23.5 
365 19.7 25.2 29 29.8 
730 20.8 26.3 29.5 30.9 

10% Na2SiO3 
solution 

155 2.75 3.1 4.1 4.6 
365 4.2 4.65 5.6 6.1 
730 4.4 4.85 5.8 6.3 

 
The most significant swelling of illite is observed in 

distilled water and polymer solutions. The nature of the 
polymer does not significantly affect the intensity of 
hydration. A significant decrease in swelling is observed for 
samples in sodium silicate solution, the maximum percentage 
of hydration after 12 hours was 6.3%, while hydration in 
potassium chloride and sodium chloride solutions reached 
30%. 

The rate of sample hydration in ordinary salt solutions is 
higher than in distilled water. Electrolytes, destroying the 
water structure near hydrophilic surfaces, reduce its viscosity 
in the boundary layer. A higher rate of hydration was 
observed in potassium chloride solutions. Translational 
motion of water molecules due to the presence of K+ ion with 
negative hydration leads to an increase in the rate of 
penetration of water molecules into the pore space, and then 
into the interplanar spacing of montmorillonite. Two stages 
are clearly observed: osmotic swelling and stabilisation of the 
process during which the hydration stopped by embedding a 
potassium ion between the micaceous silicate structures of a 
clay mineral. In concentrated solutions of ordinary salts, the 
translational motion of water molecules remains more intense 
than in pure water. It leads to destabilization of the clay 
sample at the first stage and stabilization at the second one 
due to exchange reactions. 

Figure 1 presents graphical dependences of changes in 
linear dimensions L of investigated samples in distilled water, 
in high concentrated ordinary salt solutions and the sodium 
silicate solution. It is not unexpected that a decrease in illite 
swelling along with a reduction in sample permeability is 
being observed. 

 

 
a 

 
b 
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c 

 
d 

 
e 

 
f 

Fig. 1. The curve of swelling of tablets pressed from illite 
drilling mud powder at different pressures: a - in distilled 
water, b - in NaCl solution (25% wt.); c - in KCl solution 

(25% wt.); d - in the solution of anionic polymer 
EZ-MUDDP (BAROID) (0.2% wt.); e - in the solution of 
cationic polymer K-6729 (Besfloc) (0.2% wt.); f - in the 

solution of Na2SiO3 (10% wt.). 
 
It has been demonstrated, that Na2SiO3 is an effective 

deflocculant, in other words in aqueous dispersed systems it 
can peptize large mechanical agglomerates into small 
particles, and doing this to reduce the viscosity of some 
suspensions. 

 
Table II: Dependence of rheological parameters of 

aqueous polymer solutions with salt additives (as shear 
rates vary from 50 to 1022s-1). 

Polymer 
brand 

 

Polymer 
concentration, 

% 
 

Salt 
concentration, 

% (type) 
 

Rheological 
parameters of the 

generalized 
power law 

n K 

EZMUD-DP 0.5 – 0.296 2.824 

EZMUD-DP 0.5 10 (KCl) 0.567 0.223 

EZMUD-DP 0.5 10 (NaCl) 0.627 0.2011 

EZMUD-DP 0.5 10 (Na2SiO3) 0.369 0.9187 

K-6729 0.5 – 0.314 2.321 

K-6729 0.5 10 (KCl) 0.666 0.435 

K-6729 0.5 10 (NaCl) 0.514 0.384 

K-6729 0.5 10 (Na2SiO3) 0.455 1.321 

 
In all experiments without exception, there is a significant 

decrease in rheological parameters. However, to a different 
extent. 

The peculiarities of the polymer solutions' behavior as 
pseudoplastic fluids rely on the large size of the 
macromolecules and their filamentous structure; therefore, 
they strongly resist the movement of the solvent. The active 
process of binding water molecules to the hydration shells of 
the products of dissociation of salts-electrolytes leads to a 
disruption of the solvation bond between the polymer 

macromolecules and the solvent [10, 30]. That is, the 
hydration process of inorganic ions limits the amount of free 
water in which the polymer can expand when interacting with 
it. As a result, the polymer macromolecule takes on a 
“coil-like” shape; as a result, it exhibits much less resistance 

to the shift of neighboring layers during the movement of 
solvent molecules. 

It should be noted that such a negative effect on colloidal 
systems has all ions, regardless of their polarity as well as the 
surface polarity of associates of high-molecular weight 
compounds. The more the ion can bind solvent molecules, the 
greater its negative effect. It, in its turn, depends mainly on the 
energy of salt hydration.  

In addition, differences in the influence degree of 
dissolved salts on the rheological parameters of the 
generalized power law may rely on the partial destruction of 
hydrogen bonds of water as a result of hydration processes. In 
this case, the opposite effect is observed - the higher the 
hydration, the lower the value of the discreteness index n. In 
this regard, the high ability of Na2SiO3 to form crystalline 
hydrates is a factor in maintaining satisfactory rheological 
parameters of the drilling fluid.  

Most likely, these two factors act in a complex and can be 
manifested to one degree or another at different 
concentrations of salts and polymer. 

V. CONCLUSION 

The completed experiments have shown that the addition of 
ordinary salts to polymers radically changes the viscosity 
properties of the system: the dependence of the effective 
viscosity from the shear rate decreases. Thus, the addition of 
sodium and potassium chlorides to polymer solutions 
significantly reduces their operational properties as 
pseudoplastic fluids. When using sodium silicate, these 
effects are less pronounced, drilling fluids with its addition 
have, judging by the values of the rheological parameters of 
the generalized power law, a fairly good structural strength 
and uniformity. Studies have shown that the illite swelling 
value in distilled water, in potassium chloride and sodium 
chloride solutions is higher than in liquid glass solutions. 
Sodium silicate solution has proved to be the most effective in 
terms of hydration regulation, with the highest percentage of 
hydration after 12 hours being 6.3%, while hydration in 
potassium chloride and sodium chloride solutions reached 
30%. From this perspective, sodium silicate can be offered as 
a drilling fluid. From this perspective, sodium silicate can be 
proposed as a drilling mud additive to prevent clay hydration. 
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