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N the drilling process, the balance of the rocks composing the walls of the wells is disturbed. The

stability of the walls depends on the original strength characteristics of rocks and their changes
under the influence of various factors. Therefore, drilling mud plays large role.
It is known that the main role in the intensification of the process of softening clays is determined
by original humidity, and the saturation of drilling mud filtrate under the action of the formation
overburden. The absorption of the filtrate of drilling mud occurs not so much under the influence of
pressure drop in the system well-reservoir, as a result of physical and chemical effects, growing in
most clay rock. The most optimal from the point of view of stability of the borehole walls are cases
where in the system the well-reservoir osmotic equilibrium is established, or osmosis is directed

from the reservoir into the well.

The greatest influence of the osmotic pressure exhibited when saline drilling fluids are used.

This paper examines the effect of polymer salt of drilling fluids clay swelling, i.e. inhibiting the

ability of drilling mud.
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Introduction

When drilling in rotational mode in the bore of
the continuously circulating stream of liquid,
which was previously considered only as a means
for removal of destructed products (sludge).
Currently, it is perceived as one of the main
factors ensuring the efficiency of the whole
drilling process [1-13].

In addition to the drilling mud to remove
cuttings must perform other, equally important
functions directed at the efficient, economical,
and safe execution and completion of the drilling
process [14-20]. For this reason, the composition
of drilling fluids and evaluation of its properties
was the subject of a large amount of scientific and
practical research and analysis [21].

Now in world practice has been increasing
depths of drilling, and as a result, and increased risk
of various complications [4, 22-29]. In addition, the
constantly rising demand for more complete and

efficient exploitation of productive rocks. In this
regard, the drilling fluid must have a composition
and properties which would provide an opportunity
to deal with most of the possible complications and
not have a negative impact on reservoir properties
of productive horizons [30-36].

In conditions when the integrity of the rock,
plays a big role rock pressure. Near of the well it
occurs both in vertical and in horizontal direction
[21, 37, 38]. Lateral pressure is the result of
vertical and causes shear stresses that promote
buckling of rocks, narrowing of wells and
landslides. The magnitude of the shearing stresses
depends not only on the rock pressure, but the
pressure of drilling mud [39-43].

In drilling rock pressure always exceeds the
hydrostatic pressure of drilling mud in the well
and contributes to the destruction of the well
walls if the strength of the rock is insufficient
or significantly weakened by the impact of the
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drilling fluid. The most intense deformation of the
rocks directly at the wall of the wellbore where a
lateral pressure is balanced by hydrostatic forces
and the adhesion of rock [44, 45]. The nature
of the change of the adhesion forces in the rock
caused by geological and mineralogical features
of rocks and its interaction with the drilling fluid,
primarily physical and chemical [16,40,44].

Physical and chemical effects of fluids on rock
manifests itself in three main forms [46, 47]:

1) active effect based on the processes of
hydration, dissociation, ion exchange and
chemical transformations;

2) adsorption effects;
3) osmotic effects.

The main negative impact of drilling mud on
the strength of rocks is reduced to physical and
chemical changes in the structure of rocks by the
action of the filtrate [37, 46, 48, 49]. The action
of the filtrate is accompanied by the dispersion
of the clay component of the rock, the swelling,
capillary and dynamic wedging [16, 50]. At the
contact of drilling fluid with the walls of the well
there is a chemical dissolution, leaching, hydro-
mechanical destruction of rocks. The process is
enhanced by the mechanical action of the drill
string against the walls of the wells.

The mechanism of inhibition is as follows:
when injected into the drilling mud inhibiting
additives is a physical-chemical effect of clay and
cation, which replaces the free, negatively charged
areas in the crystal lattice of clay particles. When
cation exchange activate previously passive
sections of clays. Adsorbed on clay particles
cation inhibiting reagent increases their resistance
to moisture reduces swelling and softening of the
clays [51].

It is established that the main role in the
intensification of the process of softening clays
plays the original humidity, and the saturation
of drilling mud filtrate under the action of the
formation overburden. The absorption of the
filtrate of drilling mud occurs not so much under
the influence of pressure drop in the system well-
formation, because of physical and chemical
effects, growing in most clay rock. The most
optimal from the point of view of stability of the
borehole walls are cases where in the system the
well-formation osmotic equilibrium is established,
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or osmosis is directed from the rock into the well.
Despite the fact that in the case of the action of
osmosis from the formation into the well there
is a change of parameters of drilling fluid, it is
much easier to manage and maintain them within
specified limits than to deal with complications
after the destabilization of the wellbore [24].
Therefore, the stability of clays will depend on
well chosen compositions of chemicals and,
primarily, by inhibiting the composition of the
reactants. This is the main problem to be solved.

Materials and Methods

To measure the swelling of clays device PNG-
1 is used. For experiments were prepared the
mixture of bentonite with a moisture content of
20 %. The mixture is placed in metal ring with
inner diameter 50 mm. Height of clay =10 mm.
the Ring with the clay is placed in the bath and is
filled with drilling fluid. The value of the absolute
deformation A% is determined by the dial indicator.
The testing time is 24 hours. The relative strain of
the sample & is determined by the formula:

5= % 100 %. (1)

To determine the swelling clays following
polymer salt solutions were used. As the polymer
xanthan gum is used. As salts chlorides of sodium
(NaCl), potassium (KCI), magnesium (MgCl,)
and calcium (CaCl,) are used.

Results and Discussion

To assess the inhibitory capacity of polymer-
salt solutions were determined by the swelling
of the clay placed in the drilling mud after 24
hours. The concentration of polymer in the
solution is 0,5 %. As salt chlorides were used:
sodium, potassium, magnesium and calcium. The
dependence of the relative deformation of the salt
concentration is shown in Fig. 1-4.

Recent developments in the field of water-
soluble polymers, aimed at increasing the viscosity
of an aqueous solution are considered in a very
good review [52], from a comparison with which
we see that our work is in the mainstream. Classic
and novel associating water-soluble polymers for
enhanced oil recovery applications are discussed
along with their limitations. Particular emphasis
is placed on the structure—property correlations
and the synthetic methods. The observed
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rheological properties are conceptually linked to
the polymer chemical structure and topology. In
addition, the influence of external parameters,
e.g. temperature, pH, salt, and surfactant, on
the rheological behavior is reviewed. Progress
booked in deeper understanding of the structure—
property relationship is thoroughly discussed.
Furthermore, a critical overview of the synthetic
methods as well as of the solution properties of
these polymers is provided. In this respect the
influence of “internal” (i.e. chemical structure)
and “external” factors on these properties provide
a conceptualtoolbox for the rationalization ofthe
response of water-soluble polymers to external
stimuli. In turn, such rationalization constitutes the
basis for the design of new polymeric structures
for enhanced oil recovery applications.

The temperature and the ionic strength (the
amount ofelectrolyte) of electrolyte, of the solution
aretriggers for the conformational transition. When
testing at low shear, the rheology of the polymer
solution is dependent on the conformation with
the disordered conformation displaying higher
solution viscosities [53]. Polymeric solutions
employing xanthan gum display high viscosity
at low shear rates [54] and thus the disordered
conformation predominates at low shear rates.
At high shear rates both conformations display
similar rheological behaviors [53]. In addition,
pseudoplastic behavior is observed for the polymer
solutions [55, 56]. Unlike HPAM, xanthan gum
displays good resistance to high temperatures. It
was demonstrated that the solution viscosity of
a polymeric solution employing a commercial
xanthan gum remained relatively constant for
more than 2 years at 80 °C [55]. Loss of solution
viscosity occurs at temperature above 100 °C.
Xanthan gum starts to lose its property above
120 C due to hydrolytic and oxidative processes
[57]. Therefore, the maximum thermal stability
ascertained for the formulation was 120 C.
Combinations of xanthan gum with surfactants
have also been studied. It has been demonstrated
that the combination can be beneficial. According
to Hoffmann [58] more than 50% of the residual
oil(after a waterflood) can be recovered using
xanthan gum and an alkyl propoxy-ethoxy
sulfate (C12-15(PO)4-(EO)2-OSO3 —Na") as the
surfactant. The recovery of the residual oil using
only a surfactant solution was lower

Theresults show thatall the salts have inhibitory
properties. With increasing salt concentration
from 0 to 3 % decrease of relative deformation.

Minimum value of relative deformation observed
when the salt concentration of about 3 %.
Further, the increase of the deformation up to a
certain value, and then a smooth reduction. The
exception is calcium chloride which is more than
3% there is a gradual increase in deformation.
The polymer initially has an inhibitory ability.
By increasing the salt concentration reduces
the relative deformation, thereby enhances their
inhibitory capacity. The exception is, again, the
calcium chloride which is a relative deformation
at a concentration of from 6,5 to 10,5 % higher
than that of mortar without polymer, but at higher
concentrations there is a decrease in deformation.

Conclusion

In the result of conducted research, the
dependence of the swelling clays on the chloride
concentration in the polymer-salt drilling fluids is
justified. The concentration of salts increases the
inhibitory ability of drilling fluids. Maximum this
ability manifests itself when the concentration of
chlorides: sodium and potassium 2-3 %, calcium
3-4 %, magnesium 3.5 to 5 %.

The mechanism of inhibition is associated
with ion exchange, adsorption of polymer and
osmotic pressure. Therefore, to determine the role
of each of the factors needs further research.

This work shows that the successful design
of new water-soluble polymers for a specific
application in the oil industry requires an
integrated multi-scale and interdisciplinary
approach. Proper determination of the desired
properties of the product in this case is crucial.
Knowledge of the polymer-chemical architecture
(and, consequently, the synthetic methods used)
should be conceptually related to the required
specifications and specific application and should
ideally be related to the “nature” (that is, polymer
architecture and general chemical composition)
of the corresponding aqueous solution, which is
demonstrated by our Job. The influence of external
parameters (for example, pH and temperature) on
rheological behavior should be combined with
deep knowledge of the relationship between the
chemical structure and the structure of the polymer
and the rheological behavior. In this regard, the
general correlation cannot be determined only as
a function of the chemical / molecular structure.
Rheological properties can be influenced by
a combination of external parameters and the
chemical nature and molecular structure of the
polymer. Although there are many different water-
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Fig. 1. Dependence of relative deformation of clay on the concentration of NaCl in the polymer salt solution of
0,5% xanthan gum
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Fig. 2. Dependence of relative deformation of clay on the concentration of KCl in the polymer salt solution of 0,5%
xanthan gum
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Fig. 3. Dependence of relative deformation of clay on the concentration of CaCl, in the polymer salt solution of
0,5% xanthan gum
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soluble polymers that can increase the viscosity
of a solution, it is important to understand their
differences and analogies.

Different polymers demonstrate common
differences in the principles of agglomeration,
which determine their behavior in water. At the
molecular level, the basic principle is indeed quite
general: the presence of relatively weak inter
(macro) molecular interactions (for example,
hydrophobic association and hydrogen bonds)
actually increases the molecular weight of the
polymer coils. As a result, the viscosity of the
solution increases. However, it is necessary to
observe a careful balance, since predominantly
weak interactions (both in terms of strength
and their number) do not lead to the observed
rheological differences, while excessively strong
ones may violate the solubility of the system,
leading, for example, to gel formation.

References

1. Fedosov, R.I., Pen’kov, A.L., and Ryabokon, S.A.,
Dependence of mechanical drilling speed on the
size of disperse phase particles of clayless and thin
clay polymer hydrogel drilling muds. Neftyanoe
khozyaistvo, 2, 39-41 (2002).

2. Teryoshkin, S.P. Development of clayless
pseudoplastic drilling mud with the increased
temperature stability on the basis of domestic
polysaccharides. Nefiyanoe khozyaystvo - QOil
Industry, 4, 46-47 (2005).

3. Kadyrov, R.R., Patlay, D.A., Khasanova, D.K.,
Baiburdov, T.A., and Stupenkova, L.L., Water
shutoff jobs in porous-fractured carbonate
reservoirs using water-swellable elastomers.
Neftyanoe khozyaystvo - Oil Industry, 4, 70-72
(2014).

4. Dvoynikov, M.V., and Blinov, P.A., Analysis of
incident causes while directional and horizontal
wells drilling. International Journal of Applied
Engineering Research, 11(20), 10039-10042
(2016).

5. Dvoynikov, M.V., and Blinov, P.A., Survey results
of series-produced downhole drilling motors and
technical solutions in motor design improvement.
International Journal of Applied Engineering
Research, 11(10), 7034-7039 (2016).

6. Merzliakov, M.I., and Podoliak, A.V., Terms
of melting the permafrost when cementing of
boreholes plugged with gas-liquid mixtures with
hollow microspheres. International Journal of
Applied Engineering Research, 12(9), 1874-1878
(2017).

Egypt. J. Chem. Special Issue (2019)

10.

I1.

12.

13.

14.

15.

16.

17.

Merzliakov, M.Y., and Podoliak, A.V., Improving
the Efficiency of Well Cementing in Permafrost
Regions by Using Gas-Liquid Cement Mixtures.
International Journal of Applied Engineering
Research, 12(9), 1879-1882 (2017).

Syzrantseva, K.V., Syzrantsev, V.N., and
Dvoynikov, M. V., The application of finite element
analysis during development of the Integral Strain
Gauges calibration method for the study of the
welded construction. IOP Conference Series:
Materials Science and Engineering, 177(1),
012133 (2017).

Tabatabaece Moradi, S.S., Nikolaev, N.I., and
Chudinova, 1.V, Geomechanical analysis
of wellbore stability in high-pressure, high-
temperature formations. 79th EAGE Conference
and Exhibition (2017).

Blinov, P.A., and Dvoynikov, M.V., Rheological
and filtration parameters of the polymer salt
drilling fluids based on xanthan gum. Journal of
Engineering and Applied Sciences, 13(14), 5661-
5664 (2018).

Kupavykh, K.S., and Shipulin, A.V., Pulsed
method of coalbed methane drainage. Gornyi
Zhurnal, 5, 78-82 (2018).

Tabatabace Moradi, S.S., and Nikolaev, N.I.,
Assessment of the cement failure probability using
statistical characterization of the strength data.
Journal of Petroleum Science and Engineering,
164, 182-188 (2018).

Belsky, A.A., Morenov, V.A., Kupavykh, K.S.,
and Sandyga, M.S., Wind Turbine Electrical
Energy Supply System for Oil Well Heating.
Energy, 62(2), 146-154 (2019).

Shuvalov, A.V., Sulejmanov, A.A., Russkikh,
K.G., Murzagulova, D.R., and Spitsyna, A.M.,
Laboratory researches and experience of
application of polymer-gel system at Bashkortostan
fields. Neftyanoe khozyaystvo - Oil Industry, 5, 51-
53 (2008).

Bakirov, D.L., Podkuyko, P.P., Babushkin, E.V.,
and Fattakhov, M.M., Providing trouble-free
wiring of horizontal sidetracks in the intervals of
occurrence of unstable rocks. Oil industry, 8, 46-
49 (2011).

Blinov, P.A., and Dvoynikov, M. V., The process of
hardening loose rock by Mud Filtrat. International
Journal of Applied Engineering Research, 11(9),
6630-6632 (2016).

Blinov, P.A., and Podoliak, A.V., The method of
determining the effects of drilling fluid on the
stability of loose rocks. International Journal of
Applied Engineering Research, 11(9), 6627-6629



RESEARCH OF THE INHIBITORY CAPACITY OF THE POLYMER SALT DRILLING ... 21

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2016).

Podoliak, A.V., and Blinov, P.A., The technology
of directional drilling in ice via drills on
carrying cable. International Journal of Applied
Engineering Research, 11(9), 6411-6417 (2016).

Kupavikh, K.S., and Nutskova, M.V., Ecological
Features Of Oil Well Repair At Low-Permeability
Reservoir. International Journal of Applied
Engineering Research, 11(11), 7505-7508 (2016).

Melekhin, A.A., Chernyshov, S.E., Blinov, P.A.,
and Nutskova, M.V., Study of lubricant additives
to the drilling fluid for reducing the friction
coefficient during well construction with rotary
steerable system (Russian). Oil Industry Journal,
10, 52-55 (2016).

Syzrantseva, K., Arishin, V., and Dvoynikov, M.,
Optimization of the damping element of axial
vibrations of the drilling string by computer
simulation. Journal of Engineering and Applied
Sciences, 11(10), 2312-2315 (2016).

Nizaev, R.Kh., Nikiforov, A.l, and Gazizov,
A.Sh., Assessment of polymer-dispersed systems
efficiency. Neftyanoe khozyaystvo - Oil Industry,
8, 50-53 (2009).

Takhautdinov, Sh.F., Ibragimov, N.G., Ibatullin,
R.R., Kadyrov, R.R., and Yusupov, I.G., Methods
of water shutoff isolation used in well construction
and production. Neftyanoe khozyaystvo - Oil
Industry, 7, 54-57 (2011).

Blinov, P.A., Dvoynikov, M.V., Sergeevich, K.M.,
and Rustamovna, A .E., Influence of mud filtrate on
the stress distribution in the row zone of the well.
International Journal of Applied Engineering
Research, 12(15), 5214-5217, (2017).

Blinov, P.A., Determining the stability of the
borehole walls at drilling intervals of loosely
coupled rocks considering zenith angle. Journal of
Mining Institute, 236, 172-179 (2019).

Nutskova, M.V., Dvoynikov, M.V., and Kuchin,
V.N., Improving the quality of well completion
in order to limit water inflows. Journal of
Engineering and Applied Sciences, 12(22), 5985-
5989 (2017).

Moradi, S. S.T., and Nikolaev, N.I., Free fluid
control of oil well cements using factorial design.
Journal of Engineering Research, 5(1), 220-229
(2017).

Rakhimova, S.G., Beregovoy, A., Knyazeva, N.A.,
and Andriyanova, O.M., A research into effects of
water composition on gel formation process and
gel stability during on-site preparation of polymer
(Russian). Oil Industry Journal 07, 28-31 (2018).

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kunshin, A.A., Dvoynikov, M.V., and Blinov,
P.A. Topology and dynamic characteristics
advancements of liner casing attachments for
horizontal wells completion. Youth Technical
Sessions Proceedings: VI Youth Forum of the
World Petroleum Council - Future Leaders
Forum (WPF 2019). Saint Petersburg, Russian
Federation, 376-381 (2019).

Usachov, E.A., Grosheva, T.V., Prisyazhnyuk,
A.A., and Potorochin, S.A., Prospects of the use of
modern reagents to improve the quality of primary
formation exposing in the fields of Surgutneftegaz
OAO. Neftyanoe khozyaystvo - Oil Industry, 5, 60-
62 (2013).

Sazonov, E.O., and Nugaeva, A.N., Upscaling
polymer properties and properties of reservoir
fluids in the flow calculations on a coarse grid.
Neftyanoe khozyaystvo - Oil Industry, 4, 72-76
(2015).

Nutskova, M.V., and Kupavyh, K.S., Improving
the quality of well completion in deposits with
abnormally low formation pressure. International
Journal of Applied Engineering Research, 11(11),
7298-7300 (2016).

Zaripov, A.T., Khisametdinov, M.R., Rafikova,
K.R., Gaffarov, Sh.K., and Varlamova, E.I,
Application of microgel polymer systems in
terrigenous reservoirs of Tatneft”s fields. 2017.
Neftyanoe khozyaystvo - Oil Industry, 6, 48-51
(2017).

Moradi, S.T., Nikolaev, N.I., and Leusheva, E.L.,
Improvement of cement properties using a single
multi-functional polymer. International Journal of
Engineering, Transactions A: Basics, 31(1), 181-
187 (2018).

Nikolaev, N.I., and Leusheva, E.L., Low-density
cement compositions for well cementing under
abnormally low reservoir pressure conditions.
Journal of Mining Institute, 236, 194-200 (2019).

Nutskova, M. V., Rudiaeva, E.Y., Kuchin, V.N., and
Yakovlev, A.A., Investigating of compositions for
lost circulation control. Youth Technical Sessions
Proceedings: VI Youth Forum of the World
Petroleum Council - Future Leaders Forum (WPF
2019), Saint Petersburg, Russian Federation, 394-
398, (2019).

Tabatabace Moradi, S., and Nikolaev, N.I.,
Optimization of cement spacer rheology model
using genetic algorithm. International Journal of
Engineering, Transactions A: Basics, 29(1), 127-
131(2016).

Syzrantseva, K., and Dvoynikov, M., Computer
Analysis of Durability and Leakproofness of

Egypt. J. Chem. Special Issue (2019)



22

ALEXANDER E. VERISOKIN

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Multilateral Junction of Wells. IOP Conference
Series: Materials Science and Engineering,
142(1), 012118 (2016).

Dubov, LI, Motoshin, Y.A., and Moisa, Y.N.,
Results of field application of organic clay
inhibitor of CBN during drilling of sidetracks in
unstable sediments. Oil Industry, 2, 35-35 (2011).

Nikolaev, N.I., and Leusheva, E.L., Increasing
of hard rocks drilling efficiency (Russian). Oil
Industry Journal, 03, 68-71 (2016).

Bilashev, B.A., Ikhsanov, K.A., and Kalesheva,
G.E., The technology of producing of drilling
fluids based on various clays (Russian). Oil
Industry Journal, 04, 64-66 (2017).

Kamenskih, S., Ulyasheva, N., Buslaev, G.,
Voronik, A., and Rudnitskiy, N., Research and
development of the lightweight corrosion-resistant
cement blend for well cementing in complex
geological conditions. Society of Petroleum
Engineers - SPE Russian Petroleum Technology
Conference, RPTC (2018).

Chudinova, 1.V., Nikolaev, N.I., and Petrov,
A.A., Design of domestic compositions of
drilling fluids for drilling wells in shales. Youth
Technical Sessions Proceedings: VI Youth Forum
of the World Petroleum Council - Future Leaders
Forum (WPF 2019). Saint Petersburg, Russian
Federation, 371-375 (2019).

Urshulyak, R.V., Buslaev, G.V., and Bortey, P.D.,
Laboratory tests and analysis of core samples from
ruptured carbonate deposits in the timan-pechora
oil and gas province exposed to acid fracturing
liquids. Society of Petroleum Engineers - SPE
Russian Petroleum Technology Conference and
Exhibition (2016).

Dvoynikov, M., Syzrantsev, V., and Syzrantseva,
K., Designing a high resistant, high-torque
downhole drilling motor. International Journal
of Engineering, Transactions A: Basics, 30(10),
1615-1621 (2017).

Moradi, S.T., and Nikolaev, N.I., Sedimentation
stability of oil well cements in directional
wells. International Journal of Engineering-
Transactions A: Basics, 30(7), 1105-1109 (2017).

Kunshin, A., and Dvoynikov, M., Design and
process engineering of slotted liner running in
extended reach drilling wells. Society of Petroleum
Engineers - SPE Russian Petroleum Technology
Conference, RPTC (2018).

Moradi, S.S.T., Ghasemi, M.F., Nikolaev, N.I.,
and Lykov, Y.V., Effect of Fault Stress Regime on
the Mechanical Stability of Horizontal Boreholes.
In GeoBaikal 2016 (2016).

Egypt. J. Chem. Special Issue (2019)

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Tabatabaece Moradi, S.S., and Nikolaev, N.I.,
Considerations of cementing directional wells in
high-pressure, high-temperature conditions. 7th
EAGE Saint Petersburg International Conference
and Exhibition: Understanding the Harmony of
the Earth’s Resources Through Integration of
Geosciences, 11-15 (2016).

Tabatabace Moradi, S.Sh., Nikolaev, N., and
Khormali, A., A comprehensive uncertainty
assessment of wellbore stability models. Saint
Petersburg 2018: Innovations in Geosciences;
Time for Breakthrough, 44298 (2018).

Mukhamatdinov, I.I., Aliev, F.A., Sitnov,
S.A., Vahin, A.V., and Solodov, V.A., Study
of rheological behavior of systems ‘polymer
solution—rocks’(Russian). Oil Industry Journal,
11, 121-123 (2016).

Wever, D.A.Z., Picchioni, F., and Broekhuis, A.A.,
Polymers for enhanced oil recovery: a paradigm
for structure—property relationship in aqueous
solution. Progress in Polymer Science, 36(11),
1558-1628 (2011).

Chen, C.S.H., and Sheppard, E.W., Conformation
and shear stability of xanthan gum in solution.
Polymer Engineering & Science, 20(7), 512-516
(1980).

Li, Q., Synthesis and characterization of a novel
B-cyclodextrin-based  acrylamide  copolymer
(Doctoral dissertation, The Petroleum Institute
(United Arab Emirates)) (2015).

Konefat, R., Spévacek, J., Jager, E., and Petrova,
S., Thermoresponsive behaviour of terpolymers
containing poly (ethylene oxide), poly (2-ethyl-
2-oxazoline) and poly (e-caprolactone) blocks in
aqueous solutions: an NMR study. Colloid and
Polymer Science, 294(11), 1717-1726, (2016).

Doublier, J.L., Garnier, C., and Cuvelier, G.,
Gums and hydrocolloids: functional aspects. In
Carbohydrates in Food. CRC Press, 307-354
(2017).

Chang, I., Im,J., Prasidhi, A.K., and Cho,
G.C., Effects of Xanthan gum biopolymer on
soil strengthening. Construction and Building
Materials, 74, 65-72 (2015).

Hoffmann, I., Simon, M., Bleuel, M., Falus, P.,
and Gradzielski, M., Structure, Dynamics, and
Composition of Large Clusters in Polyelectrolyte—
Surfactant Systems. Macromolecules, 52(6),
2607-2615 (2019).



	_GoBack

