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Abstract

Three bio-based crude oil emulsion breakers have been prepared from agricultural waste by chemical treatment of cashew
nutshell liquid (CNSL) extract with triethanolamine via a one-pot reaction at 120 ‘C. The triethanolamine-ester deriva-
tives were characterized by Fourier Transform—InfraRed spectroscopy. Their effectiveness as crude oil emulsion breakers
were investigated experimentally using the bottle test method. The effect of solvent type, water content, and concentration
of the emulsion breaker, was used to study the demulsification process and determine their demulsification efficiency at a
temperature of 60 “C for a contact time of 180 min. A commercial demulsifier, PhaseTreat 4633 (PT-4633) was used as a
benchmark. Performance evaluation of the prepared emulsion breakers revealed their effectiveness in descending order as:
triethanolamine dianacardate (TED) > triethanolamine trianacardate (TET) > triethanolamine anacardate (TEA). The data
reveals that their emulsion breaking efficiency increases with increasing emulsion water content, and concentration. PT-4633
exhibited better demulsification efficiency than the triethanolamine-esters in xylene across the concentration and water con-
tent studied. Improved water separation was however observed for the triethanolamine-esters in butanol, as triethanolamine
trianacardate (TET) performed better than PT-4633 at 10 ppm to 20 ppm at 30% water content with a water separation of
83.33% and 80% respectively. The evaluated triethanolamine ester derivatives exhibited better emulsion breaking potentials
in butanol than xylene at shorter times, which may be due to the synergistic effect of butanol. Therefore, butanol could be
used as a sustainable solvent substitute for xylene in demulsifier formulations.

Keywords Cashew nutshell liquid (CNSL) - Cashew nutshell liquid-triethanolamine esters - Crude oil emulsion -
Demulsifiers - Emulsion breakers

Introduction

As oil prices take a plunge and the market becomes increas-
ingly competitive, reduction of oil production costs becomes
a major necessity. The huge importation costs accrued on
oilfield production chemicals is a major foreign exchange
loss for Nigeria because being consumables in our oil pro-
duction facilities, the demand is almost unending. How-
ever, these oilfield production chemicals can be developed
locally and at minimal costs by utilizing locally available
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raw materials towards resolving the existing problems across
our oilfields. The problem of crude oil emulsion forma-
tion—an undesirable outcome of oil production—which
has lingered for decades, has been identified in most on-
shore and offshore oilfields around the world and in Nige-
ria. The formation of these crude oil emulsions is a rapid
process which occurs as an outcome of turbulent mixing
during oilfield production operations [1]. This commin-
gling of water and crude oil disrupts production, increases
operation costs, and leads to a reduction in oil quality and
value. Presently, the global consensus, in line with the prin-
ciples of green chemistry and technology, is to reduce the
reliance on fossil fuels as a source of industrial chemicals
and to replace these deleterious chemicals with more eco-
friendly alternatives. The ideal green chemical should meet
the important criteria: non-toxicity, biodegradability and
renewability. Industrial chemicals based on natural prod-
ucts obtained from plants have the potential to meet this
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tall order. Many of these industrially relevant natural prod-
ucts are contained in locally abundant non-food biomass
and agro-waste materials in Nigeria. A systematic study of
the ability of these natural products and their derivatives
to fill specific niches in the industrial chemical market will
provide impetus for the in-country development of locally
relevant and globally acceptable green chemicals that are
viable alternatives to petro-based products. Cashew nutshell
liquid (CNSL), a renewable and inexpensive organic mate-
rial resource extracted from cashew nut shells, CNS (a com-
mon agro-waste in Nigeria), is a mixture of anacardic acid,
cardanol, cardol, and 2-methyl cardol [2]. Each component
of the mixture possesses a phenolic ring, which influences
chemical reactions, to give products of industrial importance
[3]. CNSL extraction from CNS can be achieved using two
methods namely: Hot extraction method and Cold/Ambi-
ent temperature extraction method [4]. The hot extraction
method involves; the roasting process at 300 °C, hot oil bath
process and steam processing at 270 ‘C, the CNSL obtained
by this method is referred to as Technical CNSL (TCNSL)—
majorly composed of cardanol, while cold extraction method
involves; solvent extraction using acetone, hexane, ethanol,
toluene or by a hydraulic press and the CNSL obtained via
this method is referred to as Natural CNSL (NCNSL)—
majorly composed of anacardic acid (as shown in Table 1)
[5, 6]. NCNSL has been found to be effective as demulsifiers
[7] and has also been used in the synthesis of phenolic resins
that were effective as pour point depressants (PPDs) in waxy
crude oils [8]. The unique chemical properties of CSNL, its
availability as a cheap, sustainable and renewable source
for naturally occurring substituted phenols and unsaturated
phenols, holds promise as an alternative raw material to con-
ventional chemical demulsifiers in the development of novel
surfactants for resolving crude oil emulsions [2, 3]. It is also
expected that the development of these surfactant formula-
tions if found to be suitable for use as crude oil demulsifiers,
would among other benefits reduce operational costs, drive
local cultivation of cashew thus encouraging large scale
farming of the fruit in Nigeria. Most conventional chemi-
cals used in breaking crude oil emulsions are toxic, hence
this study is focused on the development of eco-friendly,

Table 1 Phenolic compositions of Natural and Technical CNSL (in
wt.%) [2]

Component Natural CNSL Technical CNSL
(NCNSL)

Cardanol 1.20 62.86

Cardol 11.31 11.25

2-methyl cardol 2.04 2.08

Polymer 20.30 23.80

Anacardic acid 64.93 -
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surface-active agents (surfactants) acting as demulsifiers,
based on Triethanolamine derivatives of cashew nutshell
liquid and their effectiveness as crude oil emulsion breakers.
Although, various applications of CNSL abound, there are a
lack of studies which have evaluated triethanolamine deriva-
tives of NCNSL as emulsion breakers. Hence, the devel-
opment and experimental investigation of triethanolamine
ester derivatives of NCNSL for use as emulsion breakers
and further comparison of its emulsion breaking efficiency
with a conventional commercial emulsion breaker used in
the oilfield. This study differs from similar studies; in that,
it is focused on the development and experimental investiga-
tion of triethanolamine ester derivatives as emulsion break-
ers. However, previous works [7, 9] focused on the demul-
sification efficiency of NCNSL and its ethanolamine-ester
derivatives as demulsifiers and crude-oil emulsion breakers
respectively.

Experimental
Materials
Analytical grade reagents; triethanolamine, xylene

and butanol, from Aldrich Chemicals and Sulphamic
acid from BDH chemicals were used. Industrial grade

Table 2 Physicochemical properties of the crude oil sample

Parameter Method Value
Specific gravity (60/60°F) ASTM D 1298 0.8980
API gravity @ 60°F ASTM D 1298 26.0723
Kinematic viscosity at 40 ‘C (c.St.) ASTM D 455 13.6426
Kinematic viscosity at 100 C (c.St.)  ASTM D 455 3.1469
Water cut (%) ASTM D 4006 0.0250
Sulphur content (wt.%) ASTM D 4292 0.3348
Base, sediment and water (%) ASTM D 4007 0.025
Pour Point ('C) ASTM D 5853  —50.0000

Table 3 General Characterization of the sea brine sample

Parameter Method Value

Total Dissolved Solids (ppm) ASTM D 5907 38,630
Resistivity (Ohm) @ 19 ‘C ASTM D 1125 0.0181
Conductivity (mS/cm) @ 19 °C ASTM D 1125 55.4100
Salinity (ppm) ASTM D 4458 35,213.2140
Specific Gravity @ 25 C ASTM D 1429 1.0250

pH @ 26 C ASTM D 3875 6.7600
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Scheme 1 Schematic outline for Triethanolamine-esters of NCNSL; (a) TEA (molar ratio of 1:1), (b) TED (molar ratio of 2:1), and (¢) TET
(molar ratio of 3:1)
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Fig. 1 FTIR Spectra of NCNSL and the Triethanolamine-NCNSL derivatives; (a) NCNSL, (b) TEA, (¢) TED, and (d) TET
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acetone was supplied by Geochem Chemicals. All chem-
ical reagents and solvents were used without further
purification.

Crude oil and seawater

Medium heavy crude oil was sampled from a Shell
Petroleum Development Company (SPDC) on-shore
flow station located within the Niger Delta region
in Nigeria while seawater was sampled from the
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Gulf of Guinea via SPDC, Bonga FPSO platform
in Nigeria. The physicochemical properties of the
crude oil and seawater are shown in Tables 2 and 3
respectively.

Cashew nutshell liquid (CNSL)

Mature cashew nuts were procured from Thube village in
Okigwe Local Government Area of Imo State, Nigeria
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Fig. 4 Water separation (%)

of the formulated emulsion
breakers in; (a) Xylene, and (b)
BuOH at 10% water content and
40 ppm and 60 ‘C
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located on latitude 5° 52’ 0” N and longitude 7° 22' 0" E.
The cashew nuts were pre-treated by washing with distilled
water and sun-drying for two days to remove impurities,
after which they were manually dekernelled and crushed
using a hydraulic press. Three hundred grams (300 g) of
crushed cashew nutshells was packed in a Soxhlet extrac-
tor thimble using a Whatman filter paper and extracted by

(b)

refluxing with acetone (Industrial grade) at 60—70 °C until
the solvent becomes clear in the thimble. The natural cashew
nut shell liquid (NCNSL) extract was recovered from the
solvent by distillation. The CNSL extract was character-
ized for appearance/colour, pH, specific gravity, acid value
(Wijs method), iodine value and saponification value using
the AOAC method [10]. FTIR analysis of the extract was
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conducted using an Agilent spectrophotometer scanning in
the 4000-700 cm™! range.

Preparation of triethanolamine esters of NCNSL
The reaction pathways used to prepare the triethanola-

mine esters of NCNSL are outlined in Scheme 1. The
triethanolamine-NCNSL derivatives used as crude oil
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(b)

emulsion breakers in this study were chemically modified
in an esterification reaction with triethanolamine (TEA)
using a heterogeneous catalyst, sulphamic acid. Briefly, the
NCNSL extract and TEA was charged into a pre-weighed
250 ml round bottom flask (the reactor vessel), varying the
molar ratios of NCNSL:TEA; 1:1 (0.287 mol:0.287 mol),
2:1 (0.574 mol:0.287 mol), and 3:1 (0.861 mol:0.287 mol)
respectively, and connected to a Dean-Stark trap fitted to



Applied Petrochemical Research (2021) 11:209-233

217

Fig. 6 Water separation (%)

of the formulated emulsion
breakers in; (a) Xylene, and (b)
BuOH at 30% water content and
10 ppm and 60 ‘C
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a condenser on a retort stand and placed on a hotplate
equipped with a mechanical stirrer. The solution mixture
was heated to a temperature of 120 ‘C and the catalyst was
added followed by refluxing for 1 h under magnetic stir-
ring. At the end of the reaction (when the volume of water
condensed in the dean and stark trap is constant), the flask
was allowed to cool and the product weighed using an ana-
lytical weighing balance. The prepared triethanolamine-
NCNSL derivatives, which were light brown and highly

(b)

viscous liquids and were characterized using their FTIR
spectra.

Preparation of crude oil emulsion

The crude oil emulsions were prepared using the method
described by Attah et al. [11, 12] with slight modification.
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Fig. 7 Water separation (%) 35 -
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Crude oil was stirred at 25 “C and at high-speed using a
Hamilton Beach Commercial mixer for a period of 30 min
with the gradual addition of seawater until both phases
became completely homogenized. The emulsions were pre-
pared at varying crude oil to water percentage mixing ratios
(90:10, 70:30, 50:50) respectively.

jllate ¢llodl ay .
des Shevis @) Springer

SEPERATION TIME (MINUTES)

(b

Demulsifier formulation

Five percent weight per weight equivalent (5%w/w) of
the synthesized triethanolamine esters of NCNSL were
dissolved in the volume equivalent of xylene and butanol
(100 g) respectively and formulated for use as demulsifiers.
About 2 ml of the stock solution was pipetted into the 100 ml
volumetric flask and filled to mark with the respective sol-
vents (xylene/butanol).
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Bottle test was transferred into graduated 100 ml Teflon-stoppered bot-

The method used in breaking the crude oil emulsions was
the bottle testing method, as described in Atta et al. [11] and
Al-Sabagh et al. [13] with slight variation. Bottle tests were
used to assess the efficiency of the demulsifier-in-solvent
formulations. The simulated crude oil emulsion with vary-
ing crude oil to seawater mixing ratios (90:10, 70:30, 50:50)

tles and dosed with the formulated demulsifiers at 10 ppm,
20 ppm, 30 ppm, 40 ppm and 50 ppm concentrations respec-
tively. A blank was used for each set of experiments. The
bottle was agitated 100 times in a ‘to’ and ‘fro’ motion,
placed in a thermostatic water bath set to 60 °C, water sepa-
ration was observed for the initial 5 min and subsequently at
time intervals of 10-min for a duration of 3 h. An assessment
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Fig. 9 Water separation (%) 60 -
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of the demulsifier efficiency based on its water separation  Results and discussion

rate, quality of interfacial layer and volume of water sepa-

rated was done. The extent of water separation was estimated ~ The properties of the CNSL extract as determined by

using Eq. 1. Victor-Oji et al. [7] showed that the oil extract was
dark-brown in colour, with a percentage yield of 35,
and specific gravity of 0.87 at 22.5 °C. The acid, iodine,

% 100 M and saponification values were 1.63, 71.76 and 173.44
respectively.

Water seperation(%)
Volume of seperated water in ml

" Total volume of water in the emlusion in ml
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Fig. 10 Water separation (%) 60
of the formulated emulsion
breakers in; (a) Xylene, and (b)
BuOH at 30% water content and
50 ppm and 60 C
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Chemical structure elucidation

The chemical structure of the prepared products; TEA,
TED and TET, and NCNSL were elucidated using their
FTIR spectra. The FTIR spectrum of NCNSL and the pre-
pared triethanolamine-NCNSL derivatives (TEA, TED,
and TET), show characteristic peaks corresponding to
the functional groups in NCNSL as presented (in supple-
mentary data Table 1) and their FTIR spectra presented in
Fig. 1. For NCNSL in Fig. la, a strong and broad absorp-
tion band observed at 3400 cm™~! due to the O-H vibration

(b)

of the phenol group overlaps with that of the carboxylic
acid. The C—H stretching vibration due to alkene groups
occurs at 3011.7 cm™!. The absorption bands at 2922.2 cm™!
and 2855.1 cm™! are due to the C—H vibrations of meth-
ylene and methyl groups of the meta substituted hydro-
carbon chain respectively. The acid C=0 attached to the
aromatic ring absorbs at 1699.7 cm™! while 1300.8 cm™!
is the acid C-O stretching vibration. The alkene C=C
stretching vibration occurs at 1643.8 cm™! while the band
at 1602.8 cm™! matches C=C aromatic stretching vibrations.
Methyl C—H deformation vibrations occur at 1449.9 cm™!
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Fig. 11 Water separation (%)

of the formulated emulsion
breakers in; (a) Xylene, and (b)
BuOH at 50% water content and
10 ppm and 60 ‘C
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and 1300.8 cm™! while the absorption band at 708.2 cm™!
matches the alkene C-H deformation vibration [14, 15].
For TEA, TED and TET in Fig. 1b—d respectively, the
transmittance at the 3250 cm™'—3280 cm™' absorption
bands increase due to O—H and N-H overlap of triethanola-
mine indicating that more —OH groups of triethanolamine
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(b)

were used in ester formation with increasing degree of
esterification, further confirming an ester bond formation.
Also, the disappearance of the absorption band originally
at 1699.7 cm™! in NCNSL signifies that the acid group
has been utilized in ester bond formation [15]. The C-H
stretching vibration due to alkene groups occurred at
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Fig. 12 Water separation (%)

of the formulated emulsion
breakers in; (a) Xylene, and (b)
BuOH at 50% water content and
20 ppm and 60 C

4.50 -

— DN W W AN
hnh S L S hh S W
1 1 1 1 1 1 J

WATER SEPERATION (%)
=

S

=
=

—o—TEA
TED
TET

S O O O O
S — AN on <
—

—_— e

oS O
0 O

(=)
o~

el
O

=4
v

160 *
170 -
180 *

S
v
—

SEPERATION TIME (MINUTES)

(@

—e—TEA
TED
TET

. v v T
o n o o
- &

T T T T T T T T T T T
S O O O O O O o O o O
N <t VO >~ 0 N O — AN on

150
160 -
170 1
180 -

T
S
F
—

— o

SEPERATION TIME (MINUTES)

3011.7 cm™!, while the absorption bands at 2922.2 cm™!
and 2855.1 cm™" are due to the C—H vibrations of methylene
and methyl groups of the meta substituted hydrocarbon chain
respectively. The alkene C=C stretching vibration occurred
at 1580.4 cm™! while the absorption at 1453.7 cm™! cor-
responds to aromatic C=C stretching vibrations. Methyl
C-H deformation vibrations occurred at 1371.7 cm™~! and
1323.2 cm™! (in TEA and TED only), the appearance of an
absorption band at 1271.0 cm™! (in TED) and 1274.7 cm™!
(in TEA and TET) matches the ester C-O stretching

(b)

vibration. The absorption bands observed at 708.2 cm™! (in
TET) and 711.9 cm™" (in TEA and TED) corresponds to the
alkene C-H deformation.

Evaluation of crude oil emulsion breaking efficiency

The prepared triethanolamine-NCNSL derivatives, assigned
compound codes; TEA, TED and TET respectively, were
experimentally evaluated to assess their crude oil emulsion
breaking efficiency in carrier solvents; xylene and butanol,
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Fig. 13 Water separation (%) 4.50 -
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using laboratory-simulated crude oil emulsions. The bottle test
data showing water separation (%) in Xylene and BuOH are
presented in supplementary data Tables 2 and 3 respectively.

Solvent effect

The adsorption of solvent on the oil-water interface weakens
and disrupts the interfacial film, making coalescence rapid

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

(b)

thus leading to improved water separation [16]. The effect
of solvent on the efficiency of the prepared emulsion break-
ers was studied using xylene and BuOH. The water separa-
tion data on comparison revealed reduced water separation
in xylene (Figs. 4a, 5a, 6a, 7a, 8a, 9a, 10a, 11a, 12a, 13a,
14a and 15a), as it took longer times for little or no separa-
tion to occur, as. However, in BuOH, water separation was
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Fig. 14 Water separation (%) 40 -
of the formulated emulsion
breakers in; (a) Xylene, and (b) 35
BuOH at 50% water content and —_
40 ppm and 60 °C 9\i30 ]
5
g 25 4
E 20 - —o—TEA
% 15 A =o—TED
a2
o TET
210 -
=z [p—o—0
5
IR B i o S = = I I = N~ B o S S S S S S S e S e S
SNSRI AESESSSZ8RI0EEZ
SEPERATION TIME (MINUTES)
(@
S
Z
=
5
g —e—TEA
%) —=o—TED
5 TET
5]
<
=

improved as shown in Figs. 2, 3, 4b, 5b, 6b, 7b, 8b, 9b, 10b,
11b, 12b, 13b, 14b and 15b, as it took lesser times to achieve
water separation, implying that BuOH is a better solvent
in enhancing water separation. With BuOH, water separa-
tion was achieved in shorter times compared to xylene and
this may be attributed to the intramolecular interaction (via
hydrogen bonding) between the -OH groups in butanol, the
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water molecules in the emulsion and the prepared emulsion
breakers [17, 18]. The Interfacial quality of the emulsions
was examined, the oil-water interface was observed to be
cloudy for prepared emulsion breakers in xylene, whereas,
the interface was observed to be distinct in BuOH as illus-
trated in the bottle tests (see supplementary data table).
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Fig. 15 Water separation (%)

of the formulated emulsion
breakers in; (a) Xylene, and (b)
BuOH at 50% water content and
50 ppm and 60 C
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Effect of concentration

The effect of concentration, an important parameter which
governs adsorption of emulsion breakers at the oil-water
interface, on water separation was studied at a concen-
tration range of 10-50 ppm and a constant temperature
of 60 C. The effect of demulsifier concentration for the
prepared emulsion breakers namely; triethanolamine

biglase cllol Eyao .
KACST &.11651lg (ogLe ) @ Springer

(b)

anacardate (TEA), triethanolamine dianacardate (TED)
and triethanolamine trianacardate (TET), are shown in
the experimental plots in Figs. 2, 3,4,5,6,7, 8,9, 10, 11,
12, 13, 14 and 15 for the emulsion breakers formulated
in xylene and butanol (BuOH) respectively. These data
indicate that an increase in the concentration of the pre-
pared emulsion breakers led to increased adsorption of the
emulsion breaking molecules on the oil-water interface,
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Fig. 16 Comparison of Optimal 100 -

Water separation (%) of for-

mulated emulsion breakers and 90 1

Phasetreat-4633 in; (a) Xylene, 80 -

and (b) BuOH at 10 ppm and
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which in turn led to thinning and subsequent disruption
of the interfacial film with further adsorption of emulsion
breaking agents [19, 20]. This trend is followed for the
prepared emulsion breakers in BuOH, as no water separa-
tion was observed for the prepared emulsion breakers in
xylene from 10 to 30 ppm at 10% water content despite
increasing concentration. In butanol, water separation was
also not observed for the prepared emulsion breakers at

1l
TEA TED TE

T PT-4633
DEMULSIFIER

(b)

10 ppm and 10% water content, however, at 20-50 ppm,
30% and, 50% water content, all the prepared emulsion
breakers showed improved water separation when com-
pared to that in xylene.

Effect of water content

Water content of emulsions influence the efficiency of crude
oil emulsion breakers and/or the stability of the emulsion.
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Fig. 17 Comparison of Optimal
Water separation (%) of for-
mulated emulsion breakers and
Phasetreat-4633 in; (a) Xylene,
and (b) BuOH at 20 ppm and
60 C
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Different percentage of crude oil: seawater mixing ratios of
90:10, 70:30 and 50:50 which produce varying emulsions
types was studied. A review of the data plots in Figs. 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14 and 15, showed that water
separation for the prepared emulsion breakers increases
with increasing water content from 10 to 50% for TEA,
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(b)

TED and, TET at 60 °C and 3 h. This may be due to the
fact that water separation becomes increasingly difficult
at low water content, because external pressure of the oil
droplet is greater than the internal pressure of the water
droplets which leads to increased rigidity of the interfacial
film, which makes coalescence of water droplets almost
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Fig. 18 Comparison of Optimal
Water separation (%) of for-
mulated emulsion breakers and
Phasetreat-4633 in; (a) Xylene,
and (b) BuOH at 30 ppm and
60 C
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impossible. However, increasing the emulsion water con-
tent makes the external pressure of the water droplets lesser
than the internal pressure of the oil droplet, leading to the
increased thinning of the interfacial film and enhancing coa-
lescence [13, 21-23].

TED TET

DEMULSIFIER

PT-4633

(b)

Evaluation of the effectiveness of the prepared
emulsion breaker to the conventional emulsion
breaker

The emulsion breaking performance of a commercial emul-
sion breaker, Phase Treat 4633 (PT-4633) in xylene and
butanol was used to compare that of the prepared emulsion
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Fig. 19 Comparison of Optimal 100 -

Water separation (%) of for-

mulated emulsion breakers and 90 -

Phasetreat-4633 in; (a) Xylene, 80 -

and (b) BuOH at 40 ppm and
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breakers. The performance evaluation of the prepared emul-
sion breakers revealed their effectiveness in descending
order of performance as: TED > TET > TEA. Optimal water
separation data plots for PT-4633 against the prepared emul-
sion breakers in xylene and BuOH are shown in Figs. 16, 17,
18, 19 and 20 respectively. The data plots reveal improved
water separation in PT-4633 as concentration increases, at
much lesser times in comparison to that observed for TEA,
TED, and TET, in both solvents.
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Conclusion

Evaluation of the effectiveness of the prepared emul-
sion breakers (TEA, TED and TET), using bottle tests
via water separation versus time, and optimal separa-
tion versus demulsifier plots, showed they were effec-
tive as crude oil emulsion breakers. Although their
emulsion breaking performance in xylene was minimal
compared to PhaseTreat-4633, they however exhibited
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Fig.20 Comparison of Optimal
Water separation (%) of for-
mulated emulsion breakers and 90 -
Phasetreat-4633 in; (a) Xylene,
and (b) BuOH at 50 ppm and
60 C
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better emulsion breaking potentials in butanol at
shorter times, which may be attributed to the exist-
ence of the hydroxyl groups in butanol and that in the
emulsion, to allow for intramolecular interaction of
the hydroxyl groups with the water molecules in the
crude oil emulsion. Thus, they could be considered
as potential and viable substitutes to petroleum-based
demulsifier chemicals, on the basis of sustainability,
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availability, and reduced cost advantage, because the
starting material for NCNSL is sourced locally. Butanol
should also be considered as a solvent substitute for
xylene, due to its attributive synergistic effect as a
result of the presence of common ions within the crude
oil emulsion.
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