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Application of Non Ionic Surfactant — Alkylpolyglucoside
as Chemical Flooding

Agnesya Putri Gustianthy, Yuni Krisyuningsih Krisnandi, and Usman

Abstract—Alkylpolyglucosides (APG) is an
environment-friendly surfactant prepared from renewable raw
materials namely glucose and fatty alcohol in catalysis system of
p-Toluenesulfonic acid. This surfactant is nonionic surfactant
which has not effect on hard water and pH changes, thus makes
it potential to be used as a chemical flooding surfactant. APG
was prepared by using fatty alcohol varying in chain length
from 1-dodecanol (C12) and 1-tetradecanol (C14). This paper
discusses the effect of alkyl chain length of APG as hydrofobic
side to their physical properties such as interfacial tension, and
capability as chemical flooding surfactant for oil recovery in
capillary pressure test. As results, it is shown that at the same
concentration, APG with 1-tetradecanol (APG-C14) as a chain
length has lower interfacial tension than APG-C12, having
critical micelle concentration of 3 %. Both surfactant then were
tested for Jirak field oil recovery in capillary presure test. It
reveals that the increase of alkyl chain length of APG causes an
increase in oil recovery (%), 13.797 % of APG-Cl14 and
10.733% of APG-C12. To conclude, APG with long alkyl chain
length potentially become chemical flooding surfactant for oil
recovery.

Index Terms—Chemical flooding, nonionic surfactant,
alkylpolyglucoside, fatty alcohol, interfacial tension.

. INTRODUCTION

Recently enhance oil recovery (EOR) technology is getting
more attention by many countries since energy crises are
getting worse and frightened. In fact, when an oil reservoir is
drilled, the oil amount obtained from the reservoir is about
45% of the potential, and hence there is still 55% oil left in
rocks of the reservoir because conventional method is still
used [1]. The Enhanced Oil Recovery (EOR) method is
basically a method of acquiring petroleum by injecting an
material / energy that aims to increase petroleum production
after the primary and secondary production periods.
Techniques included in EOR are thermal flooding, gas
injection, chemical flooding and others. But not all EOR
techniques can be applied in the oil field. This is because the
process of applying EOR technology is influenced by the
condition of the oil field which includes the types of rocks
found in the reservoir, depth, temperature and pressure of the
reservoir and reserves of energy sources that can be utilized
as EOR [2]
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The petroleum industry has typically used mechanical
(steam/CO,) and chemical (polymer/surfactant) EOR
processes to increase production in oil and gas reservoirs.
Because most the oil reservoir have already begun with water
flooding, chemical EOR or chemical flooding may be
implemented using fewer resources than other EOR methods.
In this study, chemical flooding, one of chemical EOR
processes, was investigated.

The application of surfactant EOR improves the recovery
of residual oil from known deposits by using a surface-active
agent to reduce interfacial tension (IFT) to mobilize the
residual oil. The surfactant needed to obtain good phase
behavior and ultra-low IFT varies greatly with oil
characteristics and reservoir conditions [3]. Four primary
mechanisms are used to enhance oil recovery with the help of
surface-active additives: (1) the generation of very low IFT
(<10 dyne/cm) between the oil and the water flooding
solution, (2) the spontaneous emulsification or
microemulsification of the trapped oil, (3) the reduction of
the interfacial rheological properties at the oil-aqueous
solution interface, and (4) controlling the wettability of rock
pores to optimize the oil displacement [4].

Generally, surfactants used in chemical flooding are
petroleum and sulfonate-based surfactants, which are not
environment-friendly and their resources are decrease [5].
Therefore, in the last decade the world has moved forward to
a new class of surfactant that are made of natural renewable
materials. These are surfactant alkyl glucosides, which are
known traditionally as alkyl polyglucosides (APG). The raw
materials for APG are carbohydrates and fatty alcohols,
which are naturally occurring and renewable. During the
synthesis of glucosides, a polyfunctional sugar component is
combined with a nucleophile, such as alcohol, carbohydrate,
or protein [6]. Surfactant APG known as nonionic surfactant.
Nonionic surfactant do not produce ions in aqueous solution.
As a consequence, they are compatible with other type and
are excellent candidates to enter complex mixtures. Nonionic
surfactants are much less sensitive to electrolytes,
particularly divalent cations, that ionic surfactants, and can
be used with high salinity or hard water [7]. The aim of our
study was to apply an indirect method to prepare a series of
APG with different alkyl chain lengths using the
condensation reaction of glucose and fatty alcohols with
different alkyl chain lengths ( C12 and C14) and to evaluate
the prepared compounds as chemical flooding for EOR.

Il. PROCEDURE

A. Material and Characterization

All chemicals for synthesis were purchased from
commercial suppliers in analytical grade and used without
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further purification. Evaluation surface-active properties and
capillary pressure measurement material were used Water
Produce (WP) and Oil from Jirak reservoir, Table | and Table
Il were shown characteristic of WP and oil of Jirak. Structure
prepared APG was confirmed by Fourier Transform Infrared
(FTIR). The FTIR spectrum was recorded using a Shimadzu
IRPrestige-21 Spectrometer over range of 750-4000 cm .

TABLE I: CHARACTERISTIC OF JIRAK OIL
Parameter

Viscosity@ 40°C, cSt 5.0287
Density@ 40°C, g/lcm® 0.8501
API Gravity, °API 327
Saturated Hydrocarbon, % 60.68
Aromatic Hydrocarbon, % 35.36
Resin, % 1.38
Asphaltenes, % 2.58

TABLE Il: CHARACTERISTIC OF JIRAK WATER PRODUCE (WP)

Parameter

TDS, mg/l 17186.8
pH 8.26
Density, g/ml 1.0181
Salinity, ppm 12897

B. Synthesis of Alkyl Polyglucosides Using Indirect

Method (Transglycosidation)

A measure of 1.0 mole of glucose was dissolved in 5.9
mole butanol in the presence of p-Toluenesulfonic acid with
azeotropic removal of water at 150 °C for 2 h. Then, 3 mole
of 1-dodecanol / 1-tetradecanol (higher alcohol) and half
from first dosage p-Toluenesulfonic acid was added with
decreasing to 120 °C for 2 h. After that, the reaction mixture
was neutralized with the addition of alcoholic NaOH to stop
the reaction at 80 °C. Excess alcohol was removed by
distillation at 120 °C for butanol and 180 °C for higher
alcohol under high vacuum (100 mm Hg). The obtained yield
was a black-brown color surfactant.
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Fig. 1. Mechanism reaction of synthesis APG.

Fatty Alcohol APG

C. Interfaial Tension (IFT)

Surfactant APG was dissolved in water produce of Jirak
reservoir with different concentrations. The IFT
measurement of APG solution is using spinning drop
tensiometer M6500. Different concentrations was used,
ranging from 0.1 — 2 % at 40 °C and 6000 rpm for 30 minutes.
Determined of IFT based on the following equation:

y =144 %x1077 x Ap x D3 x 6?
where,
y is interfacial tension, dyne/cm
Ap is the difference in density between surfactant and oil,
glem?
D is diameter, mm
6 is rotation speed, rpm

D. Critical Micelle Concentration (CMC) Measurement

The Critical Micelle Concentration (CMC) values were
determined for APG with low IFT with interfacial tension
method.

E. Phase Behaviour Measurement

A measure of 5 mL crude oil of Jirak was added to 5 mL
surfactant solution in modified mohr pippete. Modified mohr
pippete with sample are shaken for 30 s, and then store in the
oven at 40 °C.

F. Capillary Pressure Test

The capillary pressure test method was carried the RC
4500 series CAPRI Centrifuge instrument. The material used
for the application test is Berea upper gray sandstone grade
synthetic rock with a max length 5 cm and diameter £3.7 cm,
and water produce of Jirak is used. Before the capillary test
begins, several steps of core preparation was carried out
which include testing the absolute permeability gas of core
using permeameter instrument, pore volume measurement
and core porosity referring to the APl RP-27 method. After
that, prepared core will be tested with autosaturator.
Capillary pressure values are calculated by the following
equation:

Ap (2N
Pc =—'D(

2
2 K) (REXT2 _RINTZ)

where,

Pc is interfacial tension, dyne/cm

Ap is the difference in density between surfactant and oil,
kg/m®

N is rotation speed, round per minute (rpm)

Rexris distance between the rotating axis and the surface of
the sample of the outer core, m
Rint is distance between the rotating axis and the sample
surface of the inner core, m

Capillary pressure test carried out in three steps, drainage
method using Jirak oil, imbibition method using WP jirak and
Surfactant APG-12; APG-14 with pressure varying between
1- 45 psi at 4000 rpm; 40 °C (water flooding and surfactant
flooding). All measurement will completed when no changes
in the system. Drainage method is a process of fluid flow
where the wetting phase (water) saturation decreases and
non-wetting phase (oil) saturation increases. In this case the
oil functions as a driving fluid, so that water can be produced
along with the addition of the pressure given. Water
saturation value in the drainage method is calculated by the
following equation:

vol.water out

Sw = Swi — ( PV

) X 100%

where,
Sw is water saturation, %
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Swi is initial water saturation, %

Vol. water out is volume water out when injected by oil, cc

PV is pore volume of core sample, cc

Imbibition method is a process of fluid flow where the
wetting phase (water) saturation increases, while non wetting
phase (oil) saturation decreases. In this case the water
functions as a driving fluid, so that oil can be produced with
the addition of the pressure given. Water saturation value on
the imbibition method is calculated by the following
equation:

vol. oil out

Sw = Swi +<
w wir PV

) X 100%

where.
Sw is water saturation, %
Swir is irreducible water saturation, %

A. Synthesis of Surfactant APG

Synthesis of APG with varying alkyl chain length were
determined. Reaction of synthesis was carried out in two step
(indirect method) with acid catalytic and high temperature,
that make the product were with black-brown in color. This
study used PTSA as acid catalyst. PTSA catalyst is used
because it is non-oxidative so it does not oxidize butanol.
Synthesis of alkyl polyglucoside surfactant is carried out
through two steps of reaction, namely butanolysis and
transacetalization. Based on the reaction, the mechanism
butanolysis and transacetalization are shown in Fig. 1. The
reaction is highly selective due to the hemiacetal/acetal
function in the glucose molecule and resulting reactivity of
the OH group at C;.

RESULT AND DISCUSSION

B. Characterization of Surfactant APG

Characterization of the APG-12 was analyzed by FTIR
spectroscopy and mass spectra. The characteristic absorption
of ether linkage (C-O-C) formed due to OH condensation is a
weak band in the range 1715-1722.43 cm™ in addition to the
bonds of active group reactants [8]. The infrared spectra of
the prepared compounds showed different peaks that were
characterized ( Fig. 2). Another comparison peak of prepared
APG-C12 and APG-C14 are shown in Table 11l

APGC,,

c-O

C-H
O-H

Absorbans
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Wave length (cm™)
Fig. 2. FTIR spectra of APG-C12.

TABLE Ill: CHARACTERISTIC PEAKS OF THE PREPARED APG

Wave no. (cm™)

123

Function APG-C12 APG-Cl14

group Clz[?]PG Cl“[';‘]PG APG [8] (synthesis (synthesis
product) product)

C-H

Symmetric 1375 1376 1359.82  1377.17

bending

Asymmetric 4o 1463 145626 1465.90

bending

Symmetric  ,g65  gg5 285465  2852.72

stretch

Asymmetric g6 2955 292409  2920.23

stretch

3200-34  3200-3

O-H 00 200 3332.99 334650

c-0 1055 1040 102034  1026.13

c-0-C

acetal 1716 1715 171665  1716.65  1722.43

C. Interfacial Tension (IFT) Determination

Interfacial tension (IFT) measurement is one of the
important parameters for determining whether a type of
surfactant can be used for chemical flooding applications or
not. Synthesized surfactants are expected to have interfacial
tension values < 10-3 dyne / cm. Lower interfacial tension
show better performance of surfactants as chemical flooding,
because the interfacial tension value indicates the ability of
surfactants to change the interfacial tension of crude oil and
water that makes crude oil easily flow and carry over to
production wells.

As the APG dissolves in solution, it migrates to the surface
of water, reducing its surface tension. In contrast, the
hydrophobic part of the molecule repeals the water molecules,
moving upwards to the air while the head of the molecule is
still in water, which results in a reduction of the surface
tension of the air/water boundary. Increasing the APG
concentration increases the migration of the molecules to the
surface up to defined concentration at which the surface
becomes saturated [5].
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Fig. 3. Interfacial tension of APG-C12 and APG-C14 at 40°C.

The interfacial tension on the prepared APG-12 and
APG-14 solution at different concentrations was measured
with Jirak oil at 40 °C. From interfacial tension measurement
will get a picture of oil droplets which will be calculated in
diameter to be used in calculating interfacial tension. Fig. 3
shows the variation in interfacial tension of the prepared
surfactant againts the concentration range. As shown at Fig. 3
the surface tension decreases steadily as the surfactant
concentration increases, the result show that surfactant IFT
APG-14 has lower IFT value than surfactant APG-12. The
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lowest IFT value at 2%, respectively surfactant APG-12
0.5137 dyne/cm and APG-14 0.0022 dyne/cm. The
interfacial tension values for solutions of the prepared
surfactants are greatly affected by the hydrophobic chain
length of the alkyl chains of the surfactant molecules. As the
number of carbon atoms in the hydrophobic moiety increases,
the interfacial tension values decrease.

D. Critical Micelle Concentration (CMC)

Concentration of CMC is reached when there is no change
in interfacial tension value of the solution. The interfacial
tension curves of APG-12 and APG-14 in Fig. 4 have two
parts: (1) at lower concentrations there is a sudden decrease
in the interfacial tension values, indicating that no
micellization has occurred; (2) at higher concentrations, the
curves decrease in a slow manner, and the break point
concentration indicates that micellization has been occurred
(micellization point). With further increase in the surfactant
concentration there is no significant change in the interfacial
tension values [5]. Concentration of CMC was identified at
3%, 1.32 x 10 dyne/cm for surfactant APG-C12 and 3.72 x
10* dyne/lcm for surfactant APG-C14. Based on
concentration of CMC, which have low interfacial tension
value. Surfactant APG-C12 and APGC-14 will be tested in
phase bahaviour and capillary pressure test at 3-4% conc.

1,00000

0,10000

IFT {dyefcm)

0,01000
0,00100
0,00010

i \PG-C12 APG-C14

Fig. 4. Interfacial tension of APG-C12 and APGC-14 that show CMC.

E. Phase Behavior Measurement

The phase behavior was carried out to determine whether
the emulsion formed was the upper phase emulsion, middle
phase emulsion, or lower phase emulsion based on the
Winsor system. The synthesized surfactant is expected to
form a microemulsion, which is the middle phase emulsion
was formed. It shown that both surfactant APG-C12 and
APG-C14 has middle phase emulsion, although the emulsion
on surfactant APG-C12 was thinner than the emulsion on
surfactant APG-C14. Best middle phase emulsion that show
at 3% concentration of surfactant APG-C14. Middle phase
emulsion formed, show that interaction between hydrophobic
side with oil and hydrofilic side with water was equal and
causing low interfacial tension [9].

F. Capillary Pressure Test

Surfactant application tests were carried out to see the
performance of surfactants against reservoir rocks, this can
be done using the imbibition or core flooding method [10]. In
this study, the application of synthesized alkyl polyglycoside
surfactant as chemical flooding was carried out using the
force imbibition method, better known as the capillary

pressure test. Capillary pressure is the pressure difference
between the fluid soaking the rock with a fluid that does not
wet the rock if there are two or more fluid phases inside the
rock that are not mixed.

Performance of Surfactant APG-12 dan APG-14 as
chemical flooding were determined with capillary pressure
method. The prepared core showed uniform characteristic as
shown in Table IV, that make the core can be used for
capillary pressure test. Capillary pressure test carried out in
four steps, (1) saturating core using WP Jirak, (2) drainage
method using Jirak oil, (3) imbibition method using WP jirak
and (4) imbibition method using surfactant APG-12;
APG-14,

TABLE IV: BEREA UPPER GRAY SANDSTONE CORE CHARACTERIZATION

. Berea core number Average
Properties 2 3 4 5

Length (cm) 4.712 4.612 4.705 4.705 4.684 +0.05
(I?:L?]r)neter 3.785 3.784 3.786 3.786 3.785 +0.001
g?)/ weight  113.031 110.409 112.641 111.227 111.827 +1.22
gf)t weight  123.030 120.350 122.750 121.120 121.813 +1.29
Permeability

absolutgas  143.693 150.392 153.827 154.338  150.563 +4.90
(mD)

Porosity (%) 19.389  19.819  19.689  19.445 19.586 +0.20
Pore volume 10.280 10.280  10.429  10.300 10.322 +0.07

(cc)

Drainage method was conducted under a constant pressure
to saturate the pores with oil and to accurately obtain the
initial water saturation. After core saturated by oil, water
flooding and surfactant flooding will increase water
saturation (%) in core and oil production in system. The value
of water saturation at the imbibition method shows the
amount of formation water that drives crude oil out of the
core. The pressure is gradually raised until no more water
enters the core, this is indicated by the stable water saturation
value. In this test, the maximum pressure used is 45 psi. The
values of water saturation (%) at 45 psi for every steps in
capillary pressure test are shown in Table V. From the CMC
values and phase behavior test, the concentration of the
aqueous solution APG-C12 and APG-C14 was determined at
3-4 wt%, and will used as surfactant concentration at
capillary pressure test.

TABLE V: WATER SATURATION OF CAPILLERY PRESSURE TEST AT 45 PSI

Water saturation (%)

Core no. Drainage method Water flooding %ng;rclal
9
Berea 2 24.214 77.498 86.576
Berea 3 23.688 75.727 85.005
Berea 4 23.688 75.727 89.524
Berea 5 22.629 81.809 90.373

The residual value of oil saturation shows the percentage
of crude oil that is still left in the core. Based on the results of
the capillary pressure test it can be seen that the surfactant
APG-C14 push more oil than the surfactant APG-C12. In
addition, APG-C14 surfactants successfully recovered oil at
lower concentrations compared to APG-C12 surfactants.
This can be seen from the value of % recovery oil for
APG-C14 surfactant with a concentration of 3% which is
13,797%, while % recovery oil for APG-C12 surfactant with

124
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a concentration of 4% is 10.733%, it show that alkyl chain
length can improved the behavior of the surfactant system,
thereby slightly improving the oil production (Table V1).

TABEL VI: RESIDUAL OIL SATURATION (SOR) AND VOLUME OIL OUT BY
CHEMICAL FLOODING (IMBIBITION METHOD)

Recovery  Volume
Conentration SOR_by Oil by Oil Out by
Core SOR by  chemical - -
of WP. %  floodin chemical chemical
surfactant, % ' o 9 flooding,  flooding,
& %
(0] cc
Berea  APG-C12, 5500 13424 9078 0.9332
2 3%
Berea  APG-C12, ,5778  14.995 10.733 1.1033
3 4%
Berea  APG-Cl4, 51573 10476 13.797 1.4389
4 3%
Berea  APG-Cl4, 15191 9627 8.564 0.8821
5 4%

IV. CONCLUSION

The surfactant APG various with alkyl chain length was
synthesized using indirect method and characterization was
analyzed by FTIR spectroscopy. The characteristic
absorption of ether linkage (C-O-C) formed due to OH
condensation is a weak band in the range 1715-1722.43 cm™.
The APG with alkyl chain length, there is APG-C14 has low
IFT 3.72 x 10™* dyne/cm at critical micelle concetration (3%)

than APG-C12 1.32 x 102 dyne/cm at the same concentration.

The phase behavior measurement was performed with
variable surfactant concentrations WP and oil of Jirak. The
results show that middle phase emulsion was formed at 3%.
Chemical flooding at capillary pressure test show that oil
recovery APG-C14 13.797% at 3% and APG-C12 10.733%
at 4%, it confirmed that alkyl chain length (APG-C14) has a
good potential as surfactant properties for EOR.
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