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Abstract: This paper investigates the impact of atmospheric carbon dioxide(CO2) on the electrical
properties, viscosity, and surface tension of Carboxymethyl cellulose (CMCHYV) and Polyanionic
cellulose (PACLV) when dissolved in water used for oil extraction. The research reveals that as carbon
dioxide concentrations increase, the conductivity, viscosity, and surface tension of these substances also
increase, albeit to varying extents. The findings suggest that the presence of carbon dioxide in the
atmosphere can alter the physical properties of CMCHYV and PACLYV when they are dissolved in water
used for oil extraction in oilfields and wells. This is significant because these substances are commonly
used in solid-laden and water-based drilling fluids, where high viscosity can impede the filtration rate
of many water-based drilling fluids. Ideally, these substances should have low viscosity. The results of
this study can be used to modify the physical properties of CMCHV and PACLYV, particularly their
viscosity, to mitigate the effects of carbon dioxide on their behavior
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Introduction:

Carbon dioxide is a vital component of our
environment, influencing atmospheric dynamics,
contributing to global warming, and playing a role in
subsurface geochemistry [1].
Since the 1960s, the concentration of carbon dioxide in
the atmosphere has been steadily increasing. The use of
carbon dioxide can significantly enhance the efficiency
of in-situ oil recovery and hydraulic fracturing.
However, the viscosity of carbon dioxide is a crucial
factor in these processes, as it affects the efficiency of
carbon dioxide sequestration in brine layers, carbon
dioxide recovery, and hydraulic fracturing. Under
subsurface conditions, carbon dioxide exhibits a liquid-
like density but a gas-like viscosity, which can make it
ineffective for in-situ oil recovery due to its low sweep
efficiency. Furthermore, carbon dioxide can cause
premature breakouts due to fluid displacement in cores
and injection in large-scale fields [2]. At normal
temperature and pressure, carbon dioxide exists as a
gas, but its physical state changes with temperature and
pressure. At low temperatures, carbon dioxide becomes
a solid, and when heated, it sublimates directly into
vapour if the pressure is less than 5.1 bar [3].

Carboxymethyl cellulose is a promising cellulose
derivative with unique surface properties, mechanical
strength, and viscoelastic properties. Its availability,
abundance of raw materials, and low-cost synthesis
process make it an attractive material for various
applications, including food, paper, textile,
pharmaceutical, biomedical engineering, wastewater
treatment, power generation, and energy storage
production [4]. Despite its numerous uses in various
fields, including the petroleum industry, there is limited

research on the role of carboxymethyl cellulose in the
oil and gas field [5].

Polyanionic cellulose is commonly used as a
viscosity-increasing agent for drilling fluids in oil
drilling operations. It is also used as a substitute for
drilling fluid when dissolved in distilled water in
cuttings transfer studies or other multiphase flow
studies relevant to the oil and gas industry. Cuttings
transfer refers to the process of properly purging solids
removed from an oil well [6].

Theoretical Models
The electrical properties

The electric current density (J) is determined by the
product of the charge intensity, the number density, and
the drift velocity of the charge carriers. In an Ohmic
conductor, the electric field intensity is directly related
to the drift velocity of the electric charge carriers [7].
This relationship arises from the balance between the
deceleration caused by collisions between the charges
and the grid, and the acceleration resulting from the
electric field (E) [8]. When the acceleration due to the
electric field and the deceleration due to collisions
between the charges and the grid are in equilibrium, the
drift velocity and the electric field intensity become
proportional. This proportionality gives rise to Ohm's
microscopic law, which describes the relationship
between the current density and the electric field.
According to this law, the current density is directly
proportional to the electric field, as expressed by a
fundamental
equation(1) that governs the behavior of electric
currents in conductors [9, 10].

J=04 E 1)

Where:
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And 1 is the intensity of the direct current, A is the
surface area of the sample, oq is the electrical
conductivity (measured in Q1. m?), p is the specific
resistance of the sample, R is the The resistance and Lis
the thickness of the sample.[11,12]
Viscosity
Several key parameters can be calculated using
different viscosities, as their values help to elucidate the
viscosity variations of the samples. To determine these
parameters, specific equations are employed. These
equations provide a mathematical framework for
understanding the relationships between viscosity and
other physical properties of the samples. The relative
(mr), specific(nspe) , reduced (nreg), inherent (ninn) and
intrinsic [n] viscosities can be calculated using the
following equations:[13- 17]
t
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Where ts is the flow time of pure solutions, t is the
flow time of solutions and C is the concentration.

Some hydrodynamic parameters
There are several parameters that can be calculated
using different viscosities, since their values explain the
viscosity variations of the samples. The following
equations are used to calculate them: [18]
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Surface Tension

The surface tension of a solution can be determined
using a method that involves measuring the weight of
drops. This approach is based on the principle that the
surface tension is directly proportional to the weight of
the drop and inversely proportional to the
circumference of the drop. A specific equation (20) is
used to calculate the surface tension, which takes into
account the average mass of the drop (m), the
acceleration due to gravity (g= 9.8 ms?) , and the inner
radius of the tube used to form the drop. [19].

mg

Y= 2Tr (20)

In this study, the inner radius (r) of the tube was 5
mm, and all measurements were conducted at room
temperature, which was maintained at 27°C. Once the
surface tension of the solution was determined,
additional calculations were performed to evaluate the
surface tension force and surface tension energy. These
calculations were based on established equations (21)
and (22) respectively, that relate the surface tension to
the force and energy associated with the surface area of
the solution(A) [20- 22].

(21)
(22)

F=4nry
E=vA

Materials and Methods
Materials and Samples preparation
Materials

The materials used in this study included
Carboxymethyl cellulose (CMCHYV) and Polyanionic
cellulose (PAC LV), which were obtained from
National Corporation Jowfe Oil Technology.
Additionally, Sodium bicarbonate (NaHCO3) was
sourced from Foster Clark Products United, a
manufacturer based in the European Union, and acetic
acid (CH3 COOH) was also used.

Samples preparation

To prepare the samples, carbon dioxide (CO2) was
generated through a chemical reaction involving acetic
acid and sodium bicarbonate. This reaction follows a
specific chemical equation (*), which was used to
produce the carbon dioxide used in the study. The
resulting carbon dioxide was then utilized in the
preparation of the samples, which were used to
investigate the properties of CMCHV and PAC LV
under various conditions. [23]:
NaHCOs() + CH3COOH (3q) — CH3COONa (oq) + H20

0+ CO2 () *)
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Where: CH3COONa = Sodium acetate and H,O
= water
Carbon dioxide was bubbled through double-
distilled water to create solutions with varying
concentrations of CO2. The resulting solutions had.
CO2 concentrations of 27%, 42%, 52%, and 59%. In
each of these solutions, either Carboxymethyl cellulose
(CMCHV) or Polyanionic cellulose (PACLV) was
dissolved at a concentration of 4.5%. This consistent
concentration of CMCHV or PACLV allowed for a
controlled comparison of the effects of different CO2
concentrations on the properties of these substances.
Measurements
The electrical Properties
Measurements of the electrical properties were
conducted by calculating the current density from the
electric current intensity measured in the experiment.
The potential difference in which the samples were
placed was modified to derive the current density.
Additionally, the resistance was calculated using Ohm's
law, and then the resistivity and conductivity were
determined after measuring the height (L) and surface
radius (r) of the solutions. The surface area was
calculated from these measurements, which was then
used to calculate the electric field intensity.
Viscosity
Viscosity measurements were taken using a glass
viscometer, which involved measuring the flow time of
the samples. The relative viscosity was calculated from
this data, and then the specific, reduced, inherent, and
intrinsic  viscosities were determined. Further
calculations were performed to derive various
hydrodynamic parameters.
Surface Tension
Surface tension measurements were conducted
by dropping a certain weight of solutions and counting
the number of drops. The weight of each drop was
calculated by dividing the total weight of the solution
by the number of drops. The perimeter of each drop was
calculated by knowing its radius, and then the surface
tension was calculated. The surface tension force and
surface tension energy were also calculated from this
data.
Results and discussion
The electrical Properties
The results of the electrical properties
measurements are presented in a figure (1), which
shows the relationship between electric field strength
and electric current density for CMCHV/CO2 with
varying carbon dioxide concentrations. The electric
current density is observed to increase significantly
with increasing electric field strength and carbon
dioxide concentrations, ranging from a low value (1.89
Am™1) at zero carbon dioxide concentration to a high
value (62456 Am? ) at higher carbon dioxide
concentrations.
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Fig 1. Electric field intensity vs electric current
density for CMCHV/CO: solutions.

Figure (2) illustrates the relationship between
electric field strength and electric current density for
PACLV/CO2 with varying carbon dioxide
concentrations. The data shows that the electric current
density increases from a low value of (1.42 Am™) at
zero carbon dioxide concentration to a higher value of
(431.71 Am™) at higher carbon dioxide concentrations,
as the electric field strength and carbon dioxide
concentrations increase. A comparison of the data
presented in figure (1) and figure (2) reveals that the
current density in CMCHV/CO2 solutions exhibits a
more significant increase compared to the increase
observed in PACLV/CO2 solutions. This suggests that
the CMCHV/CO2 solutions are more sensitive to
changes in electric field strength and carbon dioxide
concentrations, resulting in a greater increase in current
density.
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Fig 2. Electric field intensity vs electric
current density for PACLV/CO; solutions.
Figures (3) and (4) depict the relationship between
the square root of the electric field and the logarithm of
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the current density for CMCHV/CO2 and PACLV/CO2
solutions, respectively. The logarithm of the current
density is indicative of Schottky emission, and the
observed relationship ~ demonstrates a  direct
proportionality between the logarithm of the current
density and the square root of the applied electric field.
Additionally, the data shows a direct proportionality
between the carbon dioxide concentration and the
logarithm of the current density. This behavior is
characteristic of Schottky emission, which is a
phenomenon where the current density increases with
the square root of the electric field [24].
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The relative viscosity of the solutions is illustrated
in fgure (5), which shows the relationship between the
relative viscosity and the concentrations of CO2. It is
evident that the relative viscosity of both
CMCHV/CO2 and PACLV/CO?2 solutions increases as
the concentration of CO2 increases. For CMCHV/CO2
solutions, the relative viscosity rises from 13.29 at 0%
CO2 concentration to 32.53 at 59% CO2 concentration.
Similarly, for PACLV/CO2 solutions, the relative
viscosity increases from 2.07 at 0% CO2 concentration
to 12.09 at 59% CO2 concentration. Notably, the
increase in relative viscosity is more pronounced for
CMCHV/CO2 solutions compared to PACLV/CO2

solutions, indicating a greater sensitivity to CO2
concentration.
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Fig 5. Relative viscosity of the solutions vs the
concentrations of COs.

The specific viscosity, as illustrated in figure (6),
exhibits a similar trend to the relative viscosity of the
solutions. The specific viscosity, which is calculated
from the relative viscosity, also increases with
increasing CO2 concentration. This suggests that the
specific viscosity is directly related to the relative
viscosity, and that changes in CO2 concentration have
a similar effect on both properties. The data in Figure 6
confirms that the specific viscosity follows the same
pattern as the relative viscosity, with both properties
increasing as the CO2 concentration increases.
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Fig 6. specific viscosity of the solutions vs the
concentrations of COs.

The reduced viscosity of the solutions exhibits distinct
trends in response to increasing CO2 concentrations. In
the CMCHV/CO2 solutions, the reduced viscosity
decreases as the CO2 concentration increases. In
contrast, the reduced viscosity of the PACLV/CO2
solutions increases with rising CO2 concentrations.
These opposing trends are evident in the data presented
in figure (7). Notably, despite these differences, the
reduced viscosity of the CMCHV/CO2 solutions
remains higher than that of the PACLV/CO2 solutions
across the range of CO2 concentrations.
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The reduced viscosity exhibits a similar trend in
response to changes in specific viscosity, as it does to
changes in CO2 concentration. Figure (8) illustrates the
relationship between reduced viscosity and specific
viscosity, where an increase in reduced viscosity is
observed for PACLV/CO2 solutions, while a decrease
is noted for CMCHV/CO?2 solutions. This mirrors the
trend seen in figure (7), where the reduced viscosity
changed in response to varying CO2 concentrations.
The data suggests that the reduced viscosity is sensitive
to changes in both CO2 concentration and specific
viscosity, with the PACLV/CO?2 solutions exhibiting
an increase in reduced viscosity and the CMCHV/CO2
solutions showing a decrease.
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In figure (9), it is observed that there is a decrease
in the inherent viscosities with increasing
concentrations of CO; in the all samples, but the
decrease in inherent viscosities for the PAMLV/ CO;
samples is less than that for CMCHV/ CO..
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Fig 9. Inherent viscosity of the solutions vs
the concentrations of COx.

The intrinsic viscosity of the solutions exhibits a
decreasing trend with increasing CO2 concentrations.
This decrease is observed in both CMCHV/CO2 and
PACLV/CO2 solutions. However, the magnitude of the
decrease differs between the two types of solutions. The
intrinsic viscosity of the CMCHV/CO2 solutions
decreases more significantly with increasing CO2
concentrations, whereas the decrease in intrinsic
viscosity of the PACLV/CO2 solutions is relatively
small. This is evident in the data presented in figure
(10), which illustrates the relationship between intrinsic
viscosity and CO2 concentration for both types of
solutions.
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Fig 10. Intrinsic viscosity of the solutions vs the
concentrations of COs.

Huggins (Kn) and Cramer (Kk) coefficients are
criteria for evaluating solvent quality and are calculated
from the slope of figure (11) where is calculated from
the two equations (9) and (10) respectively and these
constants depend on the state of the solution. Huggins
(Ky) coefficient values from 0.25 to 0.5 indicate a good
solvent and negative Kk values result from good
solvents. Table (1) includes Huggins (Ku) and Cramer
(Kk) coefficients values for this study [25].
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Fig 11. Huggins (KH) and Kramer (KKk) plots Kir 0.003 | 0.006 | 0.015 0.026
for CMCHV/CO2 and PACLV/CO: solutions.[25]
Ks-H 0.290 | 0.282 | 0.353 0.444
The hydrodynamic parameters of the polymer chain

used in this study indicate that they are flexible in
nature. The values of these parameters range from
(0.369) to (0.923) for the PACLV/CO2 samples and
from (0.42) to (0.49) for the CMCHV/CO2 samples, as
shown in Tables (1) and (2) [26]. Table 1 provides the
values of the coefficients calculated using equations (9)
to (19), which can also be determined from the slope of
the plots connecting the variables in these equations.
These calculations provide insight into the behavior of
the polymer chains in the presence of CO2 [18].

Table (1) some hydrodynamic parameters values for the

CMCHV.
CMCHC/CO:2
Constants Concentration (%)
27 42 52 59
Kn 0.421 0.423 0.426 0.429
Kk -0.079 | -0.078 | -0.074 -0.071
Kispe 0.211 0.122 0.12070 | 0.11426
623 885 5 1
Kwm 0.046 -0.262 | -0.331 -0.351
KFrs -0.001 | - - -
0.000 0.00028 | 0.00022
42
Crmax 15.45 17.21 22.26 24.39
Khe -0.53 -0.891 | -1.244 -1.53
Ks 0.908 1.525 1.661 1.702
Ka -0.036 | -0.024 | -0.021 -0.0195
Kkr 0.492 0.243 0.2197 0.218
Ks-H 0.207 0.204 0.197 0.192

Table (2) some hydrodynamic parameters values for the

PACLV.
PACLV/CO2
Constants Concentration (%)
27 42 52 59
Kn 0.369 0.404 | 0.614 0.923
Kk -0.131 | -0.114 | -0.083 -0.054

Concentration is a crucial parameter (C*) that
significantly influences the properties of a solution,
particularly in the presence of an external field. As the
concentration of a polymer solution increases, the
spacing between molecular segments changes,
affecting the solution's properties, film structure, and
device performance. Polymer solutions can be broadly
categorized into two groups: dilute and concentrated
solutions. A gradual increase in concentration from
dilute to concentrated can lead to a transformation in
the properties of the molecular condensed state [27].

Surface Tension

The surface tension of the samples was calculated
using equation (20) and plotted in figure (12). The
results show that the surface tension increases with
increasing carbon dioxide concentrations for both
samples. However, the increase in surface tension is
more pronounced for CMCHV/CO2 compared to
PACLV/CO2. This suggests that the addition of carbon
dioxide has a greater impact on the surface tension of
CMCHV/CO2 solutions, potentially affecting their
behavior and properties.
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Fig 12. Surface tension vs concentration of COx.

The surface tension force and energy were
calculated using equations (21) and (22), respectively.
The results are presented in figures (13) and (14), which
show that both the surface tension force and energy
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increase with increasing CO2 concentration. This
indicates a direct relationship between the CO2
concentration and the surface tension properties of the
solutions. As the CO2 concentration increases, the
surface tension force and energy also increase,
suggesting that the addition of CO2 has a significant
impact on the interfacial properties of the solutions.
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Fig 13. Surface tension force vs concentration of CO2

Conclusion
The results of this study show that changing the
concentrations of carbon dioxide in the solutions of

CMCHV and PACLV caused their conductivity,

viscosity, and surface tension to change, all of which

increased to varying degrees. This indicates that carbon

dioxide in the atmosphere when dissolved in water used

to extract oil in oil fields and wells causes the physical

properties of CMCHYV and PACLV to change because

they are used in solid-laden and water-based drilling

fluids, which can effectively reduce the filtration rate of
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