
Investigation of Natural Mucilage for Enhanced Oil Recovery: the
Potential of Corchorus Olitorius Hydrocolloid
Azza Hashim Abbas,* Ghalymzhan Serikov, Yermukhan Zhuniskenov, Neda Eghtesadi,
Kamel Fahmi Bou-Hamdan, and Tri Thanh Pham*

Cite This: ACS Omega 2023, 8, 29693−29703 Read Online

ACCESS Metrics & More Article Recommendations

ABSTRACT: The need for an effective offshore enhanced oil recovery
(EOR) solution led to the focus on natural hydrocolloids. Polysaccharide
hydrocolloid research is constantly expanding in a variety of petroleum
applications such as drilling, flow assurance, and EOR. Corchorus olitorius is
being examined in the present study as a potential natural polymer for
chemical flooding. This study investigated the rheology and fluid flow
characteristics in porous media, focusing on the effects of the concentration,
temperature, and salinity of the fluid. Furthermore, core flooding was carried
out to evaluate the potential recovery was characterized and found to contain
a significant amount of polysaccharides and cellulose. The rheological
behavior demonstrated an increase in viscosity with concentration. The
relationship between viscosity and temperature is inversely proportional.
Additionally, the mucilage viscosity significantly increased in the presence of
35,000 ppm NaCl, varying from 39 to 48 cp. The improvement of oil recovery by a unit PV injection is around 10 and 20% at 0 and
35,000 ppm of NaCl, respectively. In sandstone with a moderate porosity and permeability, the overall oil recovery ranges between
59 and 70%. C. olitorius has complex polysaccharide/cellulose derivatives that improved rheology and produced results that are
promising for future offshore applications.

1. INTRODUCTION
Current endeavor in the enhanced oil recovery (EOR)
research is to identify alternatives to the conventional EOR
method. The philosophy emphasizes enhancement, custom-
ization, and optimization. For instance, cutting back on the
amount of chemicals or gases used in the process is because
the first is very expensive and the second has technical
management issues, which raises the project cost.1,2 The
second attempt has been made to assess the effectiveness of
these materials. The material may be adequate for a period of
time before degrading or reacting with the formation, making it
impractical to continue operating effectively. Due to environ-
mental concerns, reducing the discharge of offshore chemicals
became critical and many regulations and rules were constantly
updated.3 As a result, the development of new environmentally
friendly workable chemicals is necessary.1,4,5

Successful chemical applications rely on the tentative
improvement of microscopic and macroscopic sweep in
various geological configurations. Polymers, surfactants, alkalis,
and polymeric surfactants are the primary injectants as
solutes.6 Several technical, economical, and environmental
factors influence the extent to which these chemical EOR
(CEOR) methods are used.4,7 Technically, the chemical used
should be capable of minimizing the mobility ratio or

interfacial tension under reservoir conditions. At the reservoir
scale, the effect of geological type, pH, salinity, temperature,
and pressure on the performance of the chemical technique is
critical.8

There are numerous problems associated with excessive
chemical use. The chemicals applied are mainly petroleum-
based. Because oil fields are massive in size, the quantities of
chemicals required are enormous and costly as well. The goal
of sustainability and development necessitates strict environ-
mental control. As a result, environmental regulations must be
implemented in industrial operations. Chemical assessment of
the impact of near freshwater formation is required in chemical
practice. Furthermore, the chemicals chosen must be nontoxic
and easily separated from the oil.
Polymers are among the most extensively used chemicals in

large oil fields.9 Polymer flooding is a procedure in which
polymers are introduced to the water of a waterflood to reduce
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its mobility. This is accomplished by increasing viscosity and
thereby decreasing aqueous phase permeability. Polymer does
not mix with oil. Thus, the oil permeability remains unaltered.
The reduction in water permeability is the primary cause of the
lower mobility ratio. Any mobility ratio less than one is
considered favorable. As a result, a reduced mobility ratio
improves the waterflood efficiency by improving volumetric
sweep efficiency. Despite previously established facts, polymer
solution can modify the flow path. This is due to the crucial
flow term (resistant factor), which refers to the resistance to
flow encountered by a polymer solution in comparison to plain
water flow. To truly comprehend polymer flooding, however,
one must first understand the complicated rheology, which
includes shear thinning/thickening, thermal stability, biode-
gradation, reservoir pH, and salinity tolerance and injectivity.
The search for suitable polymers resulted in the acceptance

of hydrocolloids from natural sources to be used.10 Hydro-
colloid polymers can be derived from plants, microbial or
chemical modification of natural polysaccharides.11 The
common denominator is that they have multiple hydroxyl
groups and may be polyelectrolytes. These hydrocolloid
natural polymers often have long polysaccharide chains,
which is useful for withstanding harsh reservoir conditions.
Xanthan gum is a leading polymer for such applications.
Xanthan gum is extremely viscous in solution and can
withstand a wide range of environmental conditions, including
pH, ionic strength, heat, and enzymes.12 Although natural
polymers are more prevalent in CEOR, they are highly
demanded in other sectors. For example, a naturally cross-
linked polymer is used as a diverting agent in fracture
reservoirs.13 In general, the demand for polysaccharide
hydrocolloids is rising rapidly across a range of petroleum
applications. When looking at polysaccharide examples, a range
of natural polymers were discovered, including guar gum,
flaxseed gum, welan gum, and okra, among many others.
According to Gao, welan gum recovered 72% of the original oil
in place and reduced the time required to achieve residual oil
saturation.14 Polymer flooding based on guar gum has been
shown to recover up to 16% of the original oil in place at the
secondary recovery stage.15 The incremental oil recovery from
okra flooding in carbonate was 7%, which was supported by
mechanical trapping of the big molecule size in the low
porosity−permeability core.16,17 According to our observa-
tions, the recovery factor varies widely. Such variance could be
justified by the type of oil, tested cores, polysaccharide
quantity, and viscosity.

Corchorus olitorius is a green plant of the Tiliaceae family.
The leaves are edible throughout most of the Mediterranean
and North Africa, where there is a rich culinary history. In Arab
countries, the plant is known as molokhia, while in South Asian
countries, it is known as jute. The plant contains minerals like

calcium, magnesium, and dietary fiber.18 Thus, the leaves of C.
olitorius are an excellent source of hydrocolloids.19 The main
attraction is the presence of water-soluble mucilage.20 It was
observed that the viscosity of C. olitorius leaves suspended in
distilled water has dramatically increased. Additionally, it was
challenging to remove the polysaccharide without additional
processing. EI-Mahdy and EI-Sebaiy (1984) investigated
mucilage and discovered that fresh leaves had a lower viscosity
than the predicted polysaccharide.21 The link between the
polysaccharide structure and function is unknown because it is
dependent on molecular weight, monosaccharide composition,
and polysaccharide biological activity.22 Despite the difficulties
in characterizing the polysaccharides previously, the primary
concern is the increased viscosity favorable for mobility ratio
alteration. C. olitorius biproduct/waste has recently been
utilized to treat the corrosion of oil and gas pipes.23

To summarize the findings, it is worth noting that there has
been relatively little effort devoted to examining polysacchar-
ides. C. olitorius has not been studied for EOR applications in
the oil and gas industries. Therefore, the main challenge is
defining the range that will make the material effective for field
practice. As a result, it is necessary to address and comprehend
its rheology and fluid flow properties in porous media. Thus,
this study has two goals: (1) to assess the impact of its
concentration, temperature, and seawater salinity and (2) to
validate the implementation in core flooding conditions on a
laboratory scale.

2. METHODOLOGY
2.1. Material Preparation. C. olitorius leaves (2 kg) were

purchased from the local market in Khartoum, Sudan. The
leaves were washed with distilled water three times. The leaves
were left to dry under the sun, as shown in Figure 1. The dried
leaves were collected and crushed into powder form. The
crushed powder was then sieved by a strainer of 3.38”. The
mucilage in the C. olitorius leaves was prepared for three main
concentrations of 1, 2.5, and 5 wt % by putting the powder in
deionized water (DIW) at a temperature of 50 °C and
continuously stirring at 100 rpm for 20 min. The liquid formed
was then filtered using a filter cloth.
2.2. Material Characterization. 2.2.1. Group Function

Characterization. Fourier-transform infrared spectroscopy
(FT-IR) was used to characterize the group function. This
type of examination is known as FT-IR analysis or FT-IR
spectroscopy, and it is used to detect organic, polymeric, and in
some cases, inorganic materials. FT-IR was used to character-
ize the functional chemical groups and structures of the C.
olitorius samples. FT-IR spectra were gathered using the
Nicolet iS10 FT-IR spectrometer equipped with a ZnSe flat
crystal. OMNIC software was used to collect the graphs. The
background spectrum was collected initially and compared

Figure 1. Preparation of Corchorus olitorius mucilage solution.
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with the reference background spectra for each sample. The
smashed and powdered samples (20 mg) were then applied to
the crystal, and the pressure was adjusted. Spectra were
determined by recording 32 transmission scans in the range of
4000−400 cm−1 with a resolution of 4 cm−1. The ratio
between the sample and background spectrum displays the
sample spectrum.
2.2.2. Surface Morphology. A JEOL JSM-IT200 (Tokyo,

Japan) device of electron microscopy was used to visualize the
morphology and chemical components of the samples.
Turbomolecular Pumped Coater Q150T (Quorum Technol-
ogies, UK) was used to coat the sample before the scanning
electron microscopy (SEM) analyses. Different magnifications
were used to identify the morphology details. Additionally,
combined with SEM, the microscale chemical composition of
the samples was analyzed in the area of 10 μm using energy-
dispersive X-ray spectroscopy.
2.3. Rheology. The viscosity of the green chemical

solution was measured using a Physica Modular Compact
Rheometer 302 from Anton Paar. Since the green chemical was
used in low concentrations, it was considered a low-viscosity
fluid and a volumetric measuring cylinder was used. The
experiment was conducted following all technical safety rules
to ensure accurate results. Approximately 50 mL of each
concentration was used to fill the measuring cylinder. The
apparatus was turned on for an hour before measurement, and
the temperature was set for 20 min until the solution reached
the desired temperature. The shear rate was set to a range of
1−1000 1/s before the measurement. The temperature
examined range was at 25, 35, 45, and 55 °C.
The results were modeled mathematically by Ostwald−de

Waele, as shown in eq 1

K n 1= (1)

n is the flow behavior index, K is the flow consistency index, γ
is the shear rate, and η is the apparent viscosity. n value
explains the degree of nonlinear behavior. According to
Ostwald’s power law, the viscosity of a substance varies as a
function of shear rate. When the exponent “n” in the equation
is less than one, the viscosity decreases as the shear rate
increases; this is known as shear thinning or pseudoplastic
behavior. When the value of “n” is greater than one, the
viscosity rises as the shear rate increases, a phenomenon
known as shear thickening or dilatant. When “n” is exactly one,
the viscosity remains constant regardless of the shear rate.24

The study was conducted using a reservoir temperature of 55
°C, which reflects the conditions of the potential field being
studied.
2.4. Core Flooding Experiment. The core flooding and

core characterization were done using Vinci Technologies
France’s ACA-700 Aging cell apparatus. Berea sandstone
samples were obtained from Kocurek, USA. Porosity was
examined by a Porosimeter device from Vinci Technologies
France, as shown in Figure 2c. Afterward, the porosity was
calculated by obtaining the difference between the dry and wet
weights of the core, as shown in Table 1. Next, the
permeability of the cores was calculated using pressure
difference values while injecting DIW at different rates from
0.5 to 5 mL/min. Calculations were performed using Darcy’s
equation. The procedure standard was followed, as stated
earlier in ref 25. For saturation, first, the clean core was flooded
with DIW until the water was produced. Following this step,
the core was left in the DIW water bath for 24 h before further

use to ensure wettability preservation. Afterward, the flooding
of synthetic oil decane (a density of 725.5 kg/m3 and a
viscosity of 0.838 mPa·s) was used. The core was placed under
a confining pressure of 1100 psi and was used to create an
overburden on the rock sample. The back pressure was set to
500 psi. The oil was injected up to 5 PV of oil injected. The
injection was stopped when there was no additional water was
produced. Noting that when the first oil pore volume was fully
produced, the initial water saturation was calculated.
The main experiment steps for both mucilages were typical.

The saturated core was flooded with 5 PV of DIW or brine
until no oil was produced. Following this, 1 PV of 5 wt % of C.
olitorius leaves solution was injected as the primary flush at
ambient temperature. For the post flush, only pure water was
produced after 5 PV of DIW/brine being injected.

3. RESULTS AND DISCUSSION
3.1. Corchorus olitorius Characterization. Figure 3

shows various peaks observed between 4000 and 400 cm−1.
The first observed peak is at 3277 cm−1, which occurs due to
the hydroxyl (OH) stretching vibration, mainly related to
phenolic compounds. The peak that appeared in 2916 cm−1 is
attributed to cellulose, hemicellulose, and lignin. It represents
the typical C−H.26 The region between 2080 and 2849 cm−1

corresponds to organic esters, including fatty acid methyl esters
and phenolic acid methyl esters. These peaks exhibit variations
in intensity depending on the level of increase in the water
content. The peak at 1734 cm−1 refers to C�O stretching of
the ester linkage in hemicelluloses.27 The peak situated within
region 1610−1619 cm−1 is reflecting the C�C. A similar
observation was reported in ref 28.
The peak of 1401 cm−1, which denotes hemicellulose,

provides further proof of the cellulose content. On the other
hand, the broad peak of 1237 cm−1 is ascribed to the methoxyl

Figure 2. Photo of the equipment used. (a,b) Core dimensions, (c)
porosimetry, and (d) core flooding setup.
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groups from the lignin structure. Yet, when the results are
analyzed regionally, the polysaccharide is verified by the peaks
in the range of 1000 and 1237 cm−1. The steep peaks in the
area indicate the stretching vibrations of CO and OH. This
most commonly refers to the polysaccharide found in cellulose.
It is worth noting that the phenol compounds are high due to
the leaves drying process by the sun, as stated earlier in ref 29.
The band at 1015 cm−1 indicates D-glucose.
The surface morphology presented in Figure 4 shows that

the sample is sheet-like. There is no specific format that can be

assigned. However, the edges are semi-rounded with no
sharpness. The size is approximately between 100 and 800 μm.
The SEM output at a magnification of 200 times shows a
smooth surface with no pores. Furthermore, both magnifica-
tion of 1000 and 2000 confirms the closely packed sheet and
the amorphous no porous morphology nature. The mechanical
and dimensional stability at high temperatures can be obtained
at any dense morphology with no observed porous. A similar

observation of C. olitorius powder particles was observed in ref
30.
Elemental analysis, as shown in Figure 5, confirms a high

carbon (C) content and limited oxygen (O). This verifies the
nature of complex cellulose and polysaccharides. It also
indicates the presence of C�O. More ions seem to be
available with low content, such as Mg, Ca, and K. The low
mineral components are additional evidence of the constitute
of C. olitorius. The EDX screening justifies the difference
between typical cellulose and polysaccharide compared to C.
olitorius raw nature.
3.2. Effect of Concentration on Rheology. Up to a

certain point, the increase in the hydrocolloid concentration
increases the viscosity. Despite the general consensus that
polymer concentrations must be as high as possible to be
effective, subsurface flooding experiments demonstrate that
pores can become clogged. The previous literature screening
criteria revealed that 5000 ppm of synthetic polymer is the
technical limit.31 A previous study also reported that
biopolymer implementation could be successful at as low as
800 ppm,32 which is significantly lower than what has been
reported for natural polymers.17,33

As seen in Figure 6, the trend of viscosity rapidly increased
by 10 times compared to water viscosity at the lowest
concentration of 1 wt %. As the viscosity change is
proportional to the number of molecules present, further
concentration increase to 2.5 and 5 wt % results in 20- and 50-
times larger viscosity values than water, respectively.
The highest viscosity observed is at 5 wt %. This is explained

by additional large polysaccharide molecules, which increases
drag and interacting forces. A previous description of the effect
of low shear rate on various polysaccharides (shear rate from 1
to 100 s−1) unveiled direct link between contiguous polymer
chains or structural breakdown and the rapid shear thinning.11

From the results of rheology testing, polymer viscosity values
depend on shear rates. The polymer has maximum viscosity
values at the lowest possible shear rates. This trend is observed
for all three concentrations. Moreover, with the same viscosity

Table 1. Core Properties

core ID length (cm) diameter (cm) PV (cm3) bulk volume (cm3) porosity (%) Swi (%) permeability (mD)

Berea sandstone 1 7 3.8 16.9 80.96 20.87 33.3 230
Berea sandstone 2 6.4 3.8 15.45 72.64 21.27 32.3 235

Figure 3. FTIR data for Corchorus olitorius.

Figure 4. SEM images of Corchorus olitorius.
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profile, C. olitorius with a concentration of 5 wt % has viscosity
values twice higher than a 2.5 wt % concentration for all given
shear rate values. As the shear rate increases, hydrocolloid
viscosity decreases, compared to intricately intertwined
superstructures, individual molecules exhibit lower resistance
to flow. This represents the shear-thinning behavior of the C.
olitorius macromolecule solution.
Shear thinning polymers are usually the main interest in

EOR application of polymer flooding. Their main distinctive
characteristics are high viscosity values within low shear rates.
The interest in shear rates between 7 and 10 s−1 terms from
the fact that they correspond to the possible flow in porous
media.17,34 Furthermore, the shear rate between 150 and 300
s−1 represents the expected shear rate in the vicinity of the well
region.35 It is clear from the previous polymeric solution
investigations that the relationship between polymer viscosity
and shear rates exhibits curves with three distinguished regions
(I, II, and III). Region I corresponds to low shear rates and
lower Newtonian behavior of polymer due to insufficient level
of shear to be obstructed by entanglements. Within this region,
polymer viscosity is not affected by the shear rate. As Region I
is only present at very low shear rates, it is not observed in
Figure 6. This observation is related to the fact that it is not

under investigation for normal shear under hydrocarbon
reservoir conditions.
Region II arises as a result of the stretching of molecules and

their inclination to disturb the interconnected structure of the
solution, which accordingly reduces the viscosity. Viscosity
change versus shear rate is characterized by the Ostwald−de
Waele model, which is further used to describe the behavior.
From Figure 6, viscosity values for 1, 2.5, and 5 wt % are 7, 16,
and 48 cp, respectively. The shear thinning region is observed
for shear rate values between 10 and 100 1/s. Region III
corresponds to the highest shear rate values and upper
Newtonian behavior. Viscosity is not affected by shear rate
increase as C. olitorius solution molecules break and lose
viscosifying properties. Region III entrance or transition is
noticed at shear rate values higher than 100 1/s. C. olitorius
solution experienced no viscosity reduction entering Region
III. Lately, a study of the effect of low shear rate on different
polysaccharides from different sources confirmed the impact of
polymer interaction and the structural alteration to the shear
thinning mechanism.11 This study endorses the region
identified by the current study.
3.3. Effect of Temperature. The viscosity was measured

under different elevated temperatures, the selected range
including a reservoir temperature of 55 °C that represent
Kazakhstan condition. Figure 7 shows the effect of temperature
on different concentrations (1, 2.5, and 5 wt %) at different
shear rates. Results show a decreasing trend of viscosity with an
increase in temperature. A similar trend was observed for all
three concentrations. Viscosity decrease was measured to be
around 30−35% from initial values at 25 °C for every
concentration.
This behavior is primarily attributed to the increased

molecular mobility and reduced intermolecular forces within
the natural polymer chains.10,36 Consequently, the viscosity of
the polymer decreases as it becomes easier for the chains to
slide past each other. The viscosity of polymer solutions with
polysaccharides depends on various parameters such as
molecule structure, concentration, and the presence of other
substances. The trend of viscosity tends to increase at the

Figure 5. Elemental analysis of Corchorus olitorius.

Figure 6. Effect of Corchorus olitorius concentration on viscosity
under different shear rates.
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higher concentration of polysaccharides. Because intermolec-
ular interactions become more frequent. Also, the greater the
molecular weight of the polysaccharides, the greater the chain
link, which results in higher viscosity. According to the
research by Abbas et al., (2013), most polysaccharide polymers
show a decreasing trend as the temperature increases and
viscosity is greater in high-concentration polymers. Polymers
used in this work have similar tendencies.37 Also, other
research on scleroglucan by Fortenberry et al., (2017), which

has a helix structure of repeating polysaccharides, showed a
decreasing trend as shear increases.38 The viscosity at 10 s
shear was close to values in this research, and the viscosity
reduction under higher temperatures was reported. Our
observations indicate that the C. olitorius is effective under
reservoir temperature. For example, from Figure 7, the C.
olitorius 5 wt % solution results in 40 cp, while 2.5 and 1 wt %
are lower around 18 and 4 cp. These values show that the

Figure 7. Effect of temperature on Corchorus olitorius viscosity under different shear rates (a) 1 wt % concentration, (b) 2.5 wt % concentration,
and (c) 5 wt % concentration.
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solution can even be used in higher temperatures for harsh
condition.
3.4. Effect of Salinity under Reservoir Temperature.

In offshore practice, the tendency to apply chemicals is
associated with seawater as the main source of solvent.
Therefore, the effect of seawater represented by 35,000 ppm of
NaCl along with temperature was studied. It is well known in
the literature that polymers behave differently in the presence
of salinity. Salinity is commonly identified as a cause of carbon
chain breakdown. However, the salinity tolerance can be
enhanced if the polymer’s carbon numbers increased. When
NaCl is introduced into polymers, the electrolyte’s double
layer defines the repulsive forces and the polymer chain
expansion is reduced due to the ions. Divalent ions readily
attract to any negative charge that the polymer carries. This
makes the divalent ions a harsher condition than monovalent

ions.39 However, in the case of natural polymers, this effect is
noticeably weaker and nearly identical for both divalent and
monovalent ions. In contrast, introducing monovalent cations
can increase the polarity and result in denser chain-hydro-
phobic network. Regardless of the general explanation, it is
critical to analyze performance and its effects on rheology.
Figure 8 shows the synergetic effect of seawater salinity and

temperature on different concentrations (1, 2.5, and 5 wt %) at
different shear rates. Results show increased viscosity values of
C. olitorius at seawater salinity. The increase in viscosity is
more than that in the 0 salinity solutions. For instance,
comparing polymer solutions of 35,000 ppm of NaCl with 0
salinity solution, a 15% increase in viscosity is observed. In the
absence of NaCl and reservoir temperature, the viscosity
reached 40 cp, while with a salinity of 35,000 ppm NaCl, it
reached 48 cp.

Figure 8. Effect of seawater salinity and temperature on Corchorus olitorius viscosity under different shear rates (a) 1 wt % concentration, (b) 2.5 wt
% concentration, and (c) 5 wt % concentration.
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Remarkably, this behavior is explained by the presence of
additional Na+ ions, which affect the polymer’s polarity. The
positive impact on polymers results from increased hydro-
dynamic volume and molecular chain elongation. For some
polysaccharide polymers, the salinity can break the hydrogen
bonding and other interactions that hold polysaccharide chains
together.
The positive behavior of polymer viscosity on salinity

increase eliminates application problems in saline reservoirs. As
the following temperature and salinity values are consistent
with Kazakhstan field, C. olitorius could be considered as an
efficient and temperature−salinity-resistant candidate for
Kazakhstan fields.
3.5. Shear Thinning Model. The behavior of non-

Newtonian fluids under shear rate is described by shear
thinning and thickening polymer models. Unlike Newtonian
fluids, whose viscosity is not a function of shear rate, the
viscosity of non-Newtonian fluids is highly dependent on shear
rate or stress applied. As seen in Figures 6−8, the relationship
of C. olitorius is shear thinning. Generally, the mechanism
behind shear thinning is the alignment and stretching of
polymer chains in response to the applied shear stress. One of
the widely used models to describe shear thinning behavior is
the Ostwald−de Waele model. Table 2 shows the effect of
concentration on the Ostwald−de Waele model parameters,
such as the consistency index (K) and the flow behavior index
(n). The overall trend shows a decrease in the flow behavior
index with increasing C. olitorius concentration. This is
explained by more frequent intermolecular interaction of
polysaccharides resulting in hindered flow and a decrease in
fluid’s sensitivity to shear rate changes.
In contrast to consistency, index is constantly increasing

with concentration due to the entanglement of the molecules.
It is clearly seen that consistency and flow behavior indexes
decrease as the temperature increase. This is explained by the

loss of rheological properties of polymers under increased
temperature. This decrease indicates lower viscosity, a shift
toward shear-thinning behavior, improved flowability, and
potentially more Newtonian-like flow behavior in the polymer
solution. The effect of salinity and temperature simultaneously.
Comparing the results of estimated parameters at 35,000 ppm
salinity with samples measured in the absence of salinity, it is
observed that the flow behavior index increases and the
consistency index decreases with increased salinity. This is a
clear indication that the polymer’s rheological properties have
been improved and salinity positively affects the natural
polymer behavior. As ion concentration increases with salinity,
the likelihood of ion−polymer interactions increases, causing
an alteration of the polymer’s rheological behavior and an
increase in the flow behavior index.
3.6. Core Flooding. To create an effective chemical to

regulate water mobility, water fingering, and front pattern in
porous medium, the formed solution must be stable under
reservoir conditions. As a result, investigating the flow behavior
of dynamic flooding using core scale size is essential.40

Berea sandstone cores used were characterized as moderate
porosity−permeability with values of 21% and 230 mD,
respectively. Figure 9a,b shows the oil recovery after injection
of 5 wt % C. olitorius leaves solution with DIW and seawater
brine with saline water. The injection result in the absence of
salinity demonstrated an additional 15% of oil recovered after
C. olitorius solution. On the other hand, the saline condition
showed 20% of additional oil recovered. Both samples showed
maximum recovery after 1 PV of polymer main flush followed
by an additional 5−10% recovery after post flush. The results,
as indicated in Table 3, show that applying C. olitorius leaves
solution at higher salinities is more effective. This can be
directly attributed to the viscosity enhancement. C. olitorius has
better rheology in saline conditions with 15% viscosity
enhancement.

Table 2. Shear Model Parameters

salinity temperature °C concentration wt % consistency index (k) flow behavior index (n) stability index (R2)

0 NaCl 25 1 13.62 0.73 1
2.5 36.65 0.66 0.99
5 113.23 0.60 0.95

35 1 12.29 0.72 1
2.5 30.90 0.66 0.99
5 81.70 0.633 0.95

45 1 11.56 0.69 1
2.5 30.021 0.65 0.99
5 81.08 0.61 0.95

55 1 10.48 0.66 0.86
2.5 25.51 0.65 0.95
5 71.68 0.61 0.96

35,000 ppm NaCl 25 1 6.19 0.85 0.85
2.5 53.36 0.61 0.99
5 173.48 0.56 0.98

35 1 5.55 0.84 0.77
2.5 48.28 0.59 0.99
5 166.69 0.54 0.99

45 1 4.0 0.84 0.99
2.5 39.63 0.64 1
5 179.02 0.50 0.98

55 1 4.34 0.84 0.95
2.5 42.76 0.57 1
5 128.77 0.53 0.99
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C. olitorius solution was compared with alternative
biopolymers used for EOR in Berea sandstones. Results
showed that the application of C. olitorius as a viscosifying
agent is as effective as Schizophyllan, Xantham gum, and guar
gum. According to Joshi et al. (2016), injection of 6 PV of
Schizophyllan biopolymer results in an additional 28% of oil
recovered with an initial water flooding recovery of 51%. These
results could be compared with 20% of additional oil recovery

after 1 PV of C. olitorius, as for the experiment conducted by
Joshi et al. (2016) six times more polymer solution was used.36

Another core flooding experiment of Guar gum injection
into a sandpack showed satisfactory results on additional oil
recovery. After injection of 0.5 PV of 2000 ppm, Guar gum oil
recovery increased to 15.7% from water flooding, which was
55% from the original oil in place.41

Core flooding results conducted by Said et al. (2021)
showed that Xanthan gum could effectively reduce oil
saturation after waterflooding. In the experiment, 3 PV of
1500 ppm Xanthan gum solution was injected into a sandstone
core resulting in 13.93% of additional oil recovered Said et al.
(2021). Comparing oil displacement efficiency, C. olitorius
performed better than Xanthan gum considering the same
sandstone core types and post-water flooding recovery of
around 45−50%. Overall, C. olitorius has proved its
effectiveness compared to other polymers.

4. CONCLUSIONS
In this study, a C. olitorius mucilage solution was prepared by
drying process and then solution heating. The dried leaves
were subsequently characterized. It was found that the leaves
contained polysaccharides, cellulose, and hemicellulose. The

Figure 9. Core flooding (a) the implementation in 0 ppm salinity and (b) the implementation in 35,000 ppm.

Table 3. Core Flooding

parameters core 1 core 2

Corchorus olitorius viscosity at 25C (cp) 48.5 65.5
Corchorus olitorius concentration (wt %) 5 5
salinity (ppm) 0 35,000
permeability to oil (mD) 127 135
water breakthrough after (PV injected) 1.5 1.5
% of OOIP from 5 PV of water 45% 52%
added % of OOIP after 1 PV of polymer 10% 15%
final % of OOIP after 5 PV of water 59% 71%
final oil saturation 27% 19%
estimated water saturation 33% 32%
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viscosity of the C. olitorius increases with concentrations while
decreasing with temperature. The inverse proportion relation-
ship did not follow a consistent linear trend. Despite the
increase in temperature, the viscosity increased at high salinity.
C. olitorius exhibits improved rheology under saline environ-
ments, with a 15% increase in viscosity. The properties of the
natural chemical are justified by the effect of ions on bridging
and restructuring the polysaccharide intramolecular and chains.

C. olitorius exhibits shear thinning behavior, indicating good
match with the Ostwald−de Waele model. The flow behavior
indexes decrease as the temperature increases. The salinity
model revealed that as salinity increased, the flow behavior
index increased, but the consistency index decreased.
The findings contribute to a better understanding of flow

behavior in porous sandstone media. The chemical flood
design revealed that a unit PV injected of mucilage gives an
additional 10−15% recovery. Due to its superior rheology and
flooding capabilities, this natural hydrocolloid has a prospec-
tive application in EOR, specifically for offshore needs.
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