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ABSTRACT

A group of chemicals known as surfactants are widely used in industries. Their presence in
any formulation, albeit little, exhibited superior functionality of the end-products. The dual hydrophobic
and hydrophilic moiety of the structure have been shown to be responsible for reduction of surface/
interfacial tension and formation of micelles. In this work, a chemical flooding method using sodium
dodecyl sulphate, SDS and its mixture with gum arabic, were carried out to study the recovery and
efficiency of extracting the residual oil from the oil reservoirs. Two sets of experiments namely SDS
and its mixture with gum arabic flooding at concentrations of SDS between 0.1-0.6 percent by weight
are conducted. The percentage of gum arabic used is 16 percent by weight. Results shows that the
use of SDS-Gum arabic flooding method yielded higher extraction of oil about 4.0 percent compared
to SDS flooding. This suggests that the use of SDS and gum Arabic mixture is more efficient in

increasing the amount of oil recovery.
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INTRODUCTION

Oil production has dramatically decreased
day by day. With the passing of present time, it is
matter of time that oil field discovery is not possible,
while the demand for oil is increasing day by day, both
in the developed and developing countries. This deficit
forced the oil industry to enhance the oil recovery,
where less accessible through oil recovery methods.
One of the methods in enhanced oil recovery,
EOR is surfactant flooding method employed to
recover part of the residual oil left behind by water

flooding. Surfactant flooding has been around for
more than four decades and several reviews have
been reported with the recent ones on surfactant
flooding', foam assisted? and nanotechnology for
EOR?. Surfactants are special compounds that
combine hydrophobic and hydrophilic molecules
that constitute stable configuration in water and
crude oil interfaces. The mixture of oil to a surfactant
systems to become microemulsions is another
interesting area of research*. Surfactants reduced
the surface tension between water and crude oil,
reduce capillary force and facilitates oil mobilization
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when surfactant injected with water. Therefore,
the choice of surfactants becomes crucial due
the complexity of the parameters involved in the
recovery process such as temperature, salinity,
pH, cost effectiveness, interfacial tension and the
structure of the surfactants®6. Another method is
the polymer flooding method. The polymers help
increase the viscosity of the displacing water to drive
the displacing oil to the production well”. By that the
usage of water is greatly reduced and oil recovery
is enhanced, hence more cost effective compared
to only water flooding method. These surfactant and
polymer flooding are termed as chemical flooding®.

The use of surfactant in the oil recovery is
well documented'-3. However, several works reported
different result by using surfactant and polymer.
Feng et al..® reported that use of optimal surfactant
concentration in oil field 22% additional oil was
recovered by using alkali lignin and partially hydrolyte
polyacrylamide (HPAM). It was also reported that
due lack enough injection wells in the reservoir.
The result was not ideal. Abhijith et al.,’® conducted
the same experiment, where the additional oil
recovery was 20 % for surfactant flooding and 23%
for surfactant-polymer flooding. While, Teepols as
surfactant and polymer (gum Arabic) for EOR shows
an additional oil recovery of 19%'"-'3, where Abidin
et al.,'* investigated 20% oil recovery. Santanna
et al.,’s, applied EOR method which performed
the maximum efficiency in oil recovery measuring
21.5%. This result demonstrated the efficiency of
microemulsion in oil recovery which is in direct effect
of the viscosity whereby oil was more easily recovered
due to lower mobility in the porous medium.

In this present work, it is not meant to
be an argumentative in nature but to present the
findings from a combination of a surfactant and a
polymer at various concentration of surfactant in
order to study the effect on the oil recovery and
efficiency of extracting the residual oil from the oil
reservoirs. The surfactant and polymer used are
sodium dodecyl sulphate, SDS and gum arabic,
respectively. Standard equipment such viscometer,
surface tensiometer and sand pack PVC reactor
are used to elucidate the physical parameter such
as viscosity, surface tension and the amount of
extracted oil.

MATERIALS AND METHODS

Materials

The chemicals were of analytical grade and
used as received. Arabic gum were purchased from
local market and the clean dry silica sand (0.2—0.4
mm) were collected from Terengganu sea beach.

Preparation surfactant- polymer solution

Surfactant and polymer solution were
prepared with brine by surfactant of 0.1% - 0.6% by
weight concentration with 16% gum arabic (Table 1)
using a magnetic stirrer properly mixed and allowed
to stay 72 h to hydrate achieved a desired viscosity
to allow for Gum Arabic. The magnetic stirrer
performed at 600 (rpm) speed. After performing
magnetic stirrer, the sample using the vacuum filter
pump for removed by non-dissociated particles. The
viscosities were measured using the Brookfield DV-I
Digital Viscometer Model LVDV-I

Preparation surfactant solution

Surfactant solution was prepared with brine
by surfactant of 0.1% - 0.6% by weight concentration
using a magnetic stirrer properly mixed and allowed
to stay 36 hours. The magnetic stirrer performed at
200 (rpm) speed. After performing magnetic stirrer,
the sample using the vacuum filter pump for removed
by non-dissociated particles. The surface tension
with and without surfactant was measured by using
Force Tensiometer Model Sigma701.

Table 1. Composition of solution for viscosity
measurement

Solution
No

Composition

Water

SDS (0.1 wt %) + NaCl
SDS (0.2 wt %) + NaCl
SDS (0.3 wt %) + NaCl
SDS (0.4 wt %) + NaCl
SDS (0.5 wt %) + NaCl
SDS (0.6 wt %) + NaCl

3 wt %) + gum Arabic (16 wt %)
3 wt %) + gum arabic (16 wt %)
3 wt %) + gum arabic (16 wt %)
3 wt %) + gum arabic (16 wt %)
3 wt %) + gum arabic (16 wt %)
3 wt %) + gum arabic (16 wt %)

NoO o~ 0NN =

Preparation of sand pack column

The core-flood reactor (sand pack pvc
reactor) was used in all enhance oil recovery tests,
which measures 250 cm?® of bulk volume along
with 100 cm in length and 5.08 cm diameter. The
core-flood reactor was cleaned thoroughly with water
and sodium chloride to prevent any other impurity
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during flood testing. Then the reactor was compact
(rod) bound with water using dry sand particle
(0.2-0.4 mm). The amount of water used for making
100% saturation of sand pack during this core-flood
column is the amount of packing represented pore
volume (PV). The ratio between this pore volume
(90-90.1 cm?) and bulk volume (250 cm?®) is the porosity
(%) of the sand pack column. Before leaving any extra
injection, the sand pack reactor lasts 1-2 hours before
the experimental temperature (353.15 K)

Procedure for EOR experiments

The experimental setup used for the
investigation, which includes a horizontal PVC
core- flood reactor, Peristaltic pump and collection
flask. Peristaltic pump (Model: Watson Marlow 120S,
Display Type: Digital, Maximum Pressure: 30 psi,
Motor Type: Brushless DC) was used in the injection
of fluids, such as water, crude oil, SDS solution, and
polymer solution. Peristaltic pump was used to control
the flow rate of flood during the flow rate where all
the flood tests were placed at 3m/min (3 cm/minute).
Once the sand pack was ready, the column was
pre-flushed using the tap water to ensure uniform
water involvement, in which the absolute accessibility
of the injection fluid (water) was done. During each
flood test, the pressure drops (pressure difference
between the inlet and outlet) is observed using
injection fluid peristaltic pumps for each sequentially.
Then, crude oil injection starts in the sand pack
column and to ensure complete involvement, the
production side (collection flask) continues until the
produced water is supplied. During this process, the
amount of water produced in the collection flask is
considered as the in the original place (OOIP), i.e.
the amount of water equivalent to oil saturation. For
all EOR tests, initial water saturation and initial oil
saturation are calculated using OOIP and PV as
shown in the following Equation. (1a) and (1b),

oOoI1pP
PV

Soj — ((PV—OOIP))X 100
ol = PV

Procedure for EOR studies for SDS and SDS-
Gum arabic flooding

Preceding to tertiary (chemical) oil recovery,
the oil saturated sand pack was subjected to oil
recovery of water injection was initiated in the oil
saturated sand pack to mimic the secondary oil

> 100

Swi — ( (1a)

(1b)
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recovery operation and was continued until there was
no further oil production. The residual oil, which was
trapped in the sand pack was called as the remaining
oil and is the target for tertiary oil recovery (enhanced
oil recovery) process using different type of chemical
agents, such as only SDS solution (3 wt% NaCl +
0.1 wt% to 0.6 wit% of SDS), SDS + polymer solution
(3 wt% NaCl + 0.1 wt% to 0.6 wt% SDS + 16 wt%
of polymer). At the end of each experiment, water
flooding was performed to ensure the removal of
the chemicals from the sand pack column shown in
Figure 1.
et
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Fig. 1. Schematic representation of the experimental set-up
used for the flooding experiment

RESULTS AND DISCUSSION

Effect of SDS on viscosity

Viscosity has the most significant impact
on water flooding. If viscosity is high, the process
efficiency of water displacing oil is high. If viscosity
is low, the efficiency of water displacing oil would
be low. In order to illustrate the effect of SDS on the
viscosity various solution at varied concentration of
SDS were prepared and different % of SDS (Table
1) and plotted as shown in Fig. 2. The result shows
that an increment of viscosity with the concentration
of solution. This reflect that the viscosity is dependent
with the amount of SDS in the solution with a volume
13.1 cP at 0.6 % of SDS.

The increased in viscosity as explained by
Hongyan et al.,'®, increase the sweep efficiency of
the system.

Effect of SDS on surface tension
Figure 3 shows the effect of various
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surfactant concentrations in surface tension on oil-brine
system. The temperature was set at 90°C with ambient
pressure. Itindicates that 0.1% - 0.6 % by weight which
is equivalent to 0.003-0.02 mol/L of SDS were used to
measure the surface tension. The result showed that
the increment %weight of SDS reduced the surface
tension until at constant with maintaining the CMC
value. This indicates the CMC value of SDS is 0.008
mol/L and itis in accordance with CMC reported in the
literature'”. The ideal range of the percent of surfactant
is also on agreement with previously reported to be
between 0.1-0.5 % by weight'®.

80
70

CMC
60
50

40

30 - v

Surface Tension, mN/m

20

0 0.005 0.01 0.015 0.02 0.025
SDS Concentration, mol/L

Fig. 2. Viscosity for the water -polymer/surfactant system

SDS and SDS-Gum arabic flooding for additional
oil recovery

Two series of flooding experiments have
been conducted to investigate the enhancement
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Fig. 3. The variation of surface tension with the
concentration of SDS

of oil recovery by using SDS, NaCl and polymer
(gum Arabic). In order to compare the enhancement
of oil recovery, firstly flooding experiment was
conducted by using water for oil recovery. The
respectives values of Swi and Soi for both flooding
systems are calculated and tabulated (Table 2 and 3,
for SDS-Gum Arabic and SDS flooding respectively).
The amount of oil recovery by water flooding were
found to be minimum 59.0% and maximum 61.8 %.
Then the SDS-gum Arabic is performed to recover
the remaining oil and it is observed that additional oil
is recovered with a minimum of 13.0% and maximum
of 25.0% (Table 2). Similar experiment is repeated
but for SDS flooding (Table 3). The results show that
after the water flooding, the remaining oil recovered
with a minimum of 15.0% and a maximum recovery
of 21.0% (Table 3).

Table 2: The values calculated for SDS-Gum arabic flooding system

Expt SP Slug Design QOil recovery Additional oil Saturation%
No by water recovery by SP S, S, S,
flooding(%) flooding(%)
1 SDS (0.1 wt %) 59.0 13.0 12.8 87.1 24.7
+ NaCl (3 wt %)
+ (16 wt %) gum Arabic
2 SDS (0.2 wt %) 59.0 14.9 15.6 84.3 221
+ NaCl (3 wt %)
+ (16 wt %) gum Arabic
3 SDS (0.3 wt %) 61.4 16.4 13.9 86.0 21.0
+ NaCl (3 wt %)
+ (16 wt %) gum Arabic
4 SDS (0.4 wt %) 60.8 20.0 14.4 85.5 21.0
+ NaCl (3 wt %)
+ (16 wt %) gum Arabic
5 SDS (0.5 wt %) 61.8 25.0 15.2 84.7 20.7
+ NaCl (3 wt %)
+ (16 wt %) gum Arabic
6 SDS (0.6 wt %) 61.0 24.3 15.5 84.4 19.7

+ NaCl (3 wt %)
+ (16 wt %) gum Arabic
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Table 3. The values calculated for SDS flooding system

Expt Surfactant Oil recovery Additional oil Saturation%
No Slug Desing by water recovery by SP S, S, S,
flooding(%) flooding(%)

1 SDS (0.1 wt %) + NaCl (3 wt %) 59.0 15.0 17.9 82.0 20.7
2 SDS (0.2 wt %) + NaCl (3 wt %) 58.9 16.1 18.8 81.1 19.1
3 SDS (0.3 wt %) + NaCl (3 wt %) 59.2 17.0 18.9 81.0 19.0
4 SDS (0.4 wt %) + NaCl (3 wt %) 58.7 19.4 19.0 81.0 18.9
5 SDS (0.5 wt %) + NaCl (3 wt %) 58.8 20.8 19.0 80.3 18.8
6 SDS (0.6 wt %) + NaCl (3 wt %) 60.0 21.0 20.0 79.9 16.6

Effect of SDS concentration on SDS and SDS-
Gum arabic flooding

Figure 4 is plotted in order to facilitate
understanding on the effect of SDS concentration
on both SDS and SDS-Gum Arabic flooding, The
result shows that incremental SDS concentration
increases the additional oil recovery with minimum
value of 13.0% at the 0.1% SDS concentration and a
maximum of 25.0% at 0.5% surfactant concentration
for the SDS-Gum arabic flooding (solid circles of
Fig. 4). It is also observed that the highest %
of additional oil recovery was found at 0.5%
concentration of SDS. This result shows that
OOIP is increased by increasing surfactants in the
surfactant-polymer slug. The excessive recovery
of excess oil is achieved at 0.5% of the recovery
and can be attributed to the formation of micelles at
CMC as reported earlier by Solomon et al.,’®. While
the effect of SDS on SDS flooding (solid squares of
Fig. 4) show similar trend with incremental surfactant
concentration increases the additional oil recovery
with a minimum value at 15.0% and maximum

Addition oil recovery (%)

0 0.1 02 03 04 05 06 0.7

SDS concentration (%)

Fig. 4. Additional oil recovery against SDS concentration
for ¢, SDS-Gum Arabic and [}, SDS flooding

at 21.0%. In the comparison surfactant-polymer
flooding the additional oil recovery minimum 13.0%
and maximum 25.0%. Therefore, it can be concluded
that the additional oil recovery for SDS-Gum arabic
flooding is more effective than only SDS flooding. This
is due to the synergic effects of reduction of surface
tension by surfactant and improvement of mobility
ratio by polymer solution as explained earlier.

CONCLUSION

In this chemical flooding study, it can be
concluded that the concentration of SDS in SDS-Gum
arabic slug can affect the quantity of oil recovered.
Polymer (Gum Arabic) and SDS are suitable for the
mobility control of the enhanced oil recovery process.
Using small amount of surfactant reduces the surface
tension of liquid (water) appreciably, which increases
oil recovery from the oil bank. In addition, the use
of gum arabic increases the sweep efficiency by
reducing the mobility ratio. The SDS flooding method
the oil recovery by approximately 21.0 percent.
However, the SDS-Gum arabic system increases
the oil recovery by 25.0 percent. This shows that
mixtures of SDS-Gum arabic method the recovery
oil is increased by 4.0 percent increase compared
to SDS flooding.
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