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Abstract

The production of crude oil contained Alkaline-Surfactant-Polymer (ASP)-chemical enhance oil recovery (CEOR) has a significant det-
rimental effect on flow assurance mainly for formation of microemulsion which is thermally stable and difficult to break and separated
into clean crude oil and water phase. Quality of clean crude oil for saleability is important through achievement of crude oil dehydration
in terms of basic sediment and water (BS&W) specification less than 0.5%. This paper outlines a case-study where stable
microemulsions were formed following mixing of crude oil and ASP brine, requiring operationally intensive remediation. Finally, novel
palm oil-derived fatty hydrazide Naphthenate Inhibitor (NI)-Demulsifier were synthesized, formulated and tested using dynamic labora-
tory tests using a multifunctional mini flow loop (MMFL). Under dynamic laboratory test, crude oil, prepared produced water and ASP
were mixed under high shear at separator temperature and pressure. The NI-demulsifiers chemical injection was carried out after
microemulsions were formed before the separator, representing a wellhead injection point and for a sufficient time to allow the
microemulsion system to reach equilibrium. This work demonstrates the importance of considering the impact of ASP-EOR fluids on
existing emulsion and using an appropriate laboratory technique to evaluate potential mitigating treatments for oil-water separation tech-
nology. The effects of temperature and water cut on microemulsion stability are shown and the NI-demulsifier demonstrated excellence

in demulsifying and dehydration at minimal dosage.
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1. Introduction

The phase behavior of produced crude oil fluid contained ASP
coming from reservoir to central processing platform contained
water in oil (W/O) microemulsion and oil in water (O/W)
microemulsion. W/O microemulsion or inverse microemulsion
were fluid phase of water as dispersed phase while oil as continu-
ous phase. W/O micelles were generated by rigid interfacial films
which form a skin on water droplets and prevent the water drop-
lets from coalescence by creating a stable colloidal structure. O/W
microemulsion were fluid phase of oil as the dispersed phase
while water as continuous phase and in a reverse micelles for-
mation [1-2]. Shearing of fluids on passage to separator create a
small droplet size which become electrostatically stable as similar
charged droplets will repel with each other and not coalescence to
form bigger diameter drops for easy separation [3-5].

Alkaline of sodium carbonate (Na,CO3) from ASP caused high
pH. At the production system, ASP produced water conditions at
pH between 9-10. The increased in the pH will cause the high
molecular weight (Mw) naphthenic acids (NAs) to dissociate even
if the pKa value of light (i.e. low Mw) and heavy (i.e. high Mw)
NAs are close. Low Mw aliphatic NAs are actually slightly solu-
ble in water. In an acidic medium, they are protonated and become
insoluble in water, whereas in basic medium, they dissolved in
water as salts [6]. The dissociation of the NAs (i.e. de-protonated
under anionic state) with NAs with 150-230 Mw dissociated at pH
6.2 while most of NAs with Mw between 230-530 will dissociate

at pH 7.2. In order for the NAs with heaviest Mw to dissociate, the
pH must be increased to 11 [7]. NAs dissociation at pH 3-5 con-
tained almost 50% predominantly tricyclic and bicyclic structures
while dominant NAs of bicyclic and tricyclic structures were ob-
served at pH 8. On the other hand, almost 22% NAs were separat-
ed at pH between 9 and 10 with their dominant NAs constituents
with 3, 4 and 5 membered rings. The NAs with 3 rings were found
to be more hydrophilic than NAs with 1 or 2 rings [8].

Dissociation of the NAs and its phase behavior is their ability to
self-organize through formation of aggregates as the RCOO- moi-
eties become reactive towards metal cations and form complex
with calcium ion (Ca*) and sodium ion (Na") forming
(RCOO0),Ca and RCOONa as dimers, micelles and higher order
structures. These aggregation properties resulted from the
amphiphilic nature (presence of both hydrophobic and hydrophilic
parts) of the NAs itself. The formation of micelles and other vari-
ance aggregates (e.g. reverse micelles) has been suggested to be
restricted to a few molecular species, and depends on the bulk
phase (i.e. oil or water), pH and NAs concentrations. Increases in
the total concentration of ionized NAs (RCOO-) at the interface
decreases the interfacial tension (IFTs) due to electrical double
layer effect and increase in dilatational elasticities [9].

Chemical methods by blending of naphthenate inhibitors (NIs) and
demulsifiers is the mitigating approach for emulsion resolution as
well as to accelerate the crude oil dehydration process. Nls inhib-
its the surface active properties which congregate at oil-water
interface and form a layer that prevents the interactions between
protonated NAs and cations (i.e. Na* and Ca®") in the water phase.
Demulsification is an emulsion reversal process by destructing and
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reducing the thickness of oil-water interfacial film, allowing the
W/O droplets to coalesce. In the structure of many demulsifiers,
the hydrophilic parts are composed of oxyethylene, hydroxyl,
carboxyl or amine groups, while the hydrophobic parts contain
alkyl, alkylphenol or oxypropylene groups. The hydrophobic and
hydrophilic characters of a demulsifier will determine its effec-
tiveness in W/O emulsion destabilisation, as well as O/W minimi-
zation [10-12]. In this paper, we report the novel chemical com-
pound of palm oil derivatives as hybrid NI-demulsifier for mitiga-
tion approach for W/O and O/W microemulsion from ASP-EOR.

2. Material and Method

The materials and methods used for the experiment are describe
below.

2.1. Extraction of Naphthenic Acids from Crude Oil and
Mass Spectrometry

Naphthenic Acid was extracted using lon Exchange Resin (Acid-
IER) methods. QAE Sephadex A-25 which is a sugar base resin
(poly-1,6-glucose) with diethyl-(-2-hydroxypropyl) aminoethyl
ion exchange group was used as the ion exchange resin. The ex-
tracted naphthenic acid samples were analysed using FTIR-MS
(Thermo Fisher Scientific) and 2D Linear Quadrupole lon Trap
Fourier Transform (LTQ-FT) mass spectrometry (positive ioniza-
tion mode ESI-MS) Ultra 7 Tesla system.

2.2. Synthesis of Demulsifier Compound

0.02 mole of maleic acid anhydride (1) was reacted with 1.175
mole of methanol under esterification process at 80 to 90 °C. The
produced intermediate compound of monomethyl ester (2),
CAS#3052-50-4. Compound (2) was then reacted with 0.005 mole
of palm fatty hydrazide (3) to produce final compound (4) in a
250mL 3-neck flask fitted with dean stark apparatus for 6 hours.
100 mL mixture of methyl isobutyl ketone (MIBK) and N, N-
dimethylformamide (DMF) at 1:1 ratio was used as catalyst. The
compound (4) was washed with distilled water until no solvent
odour and filtered. Compound (4) was dried under humidity dry-
ing at room condition. The yield of compound (4) calculated from
percentage of C, H, N, O elemental analysis shows almost 95% of
purity. Figure 1 shows the synthetic scheme and conditions used
for the reaction.
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Fig. 1: Synthetic scheme for (éﬂmthesis of demHuIsifier compound
2.3. Characterization of the Synthesized Compound

Elucidation of the synthesized compound was recorded using *H
NMR and **C NMR on a Bruker 400 MHz SB Ultra Shield™. The
NMR spectra were recorded in CDCl; and chemical shifts re-
corded were internally referenced to TMS (0 ppm). Fourier trans-
form infrared (FT-IR) spectra were obtained using a Perkin Elmer
Spectrum™ 400 FT-IR spectrgphotometer.

2.4. Dynamic Condition Testing by MMFL

The dynamic low loop test is shown in Figure 2. Tests were car-
ried out at 30°to 60° at 4.5 bar with a 40 - 60% water cut off
match field separator conditions. Crude oil and brine were injected
into a mixing cell equipped with a sealed homogeniser operating

at 13,500 rpm. The combined fluids then flowed from the mixing
cell through the two in-line filters. The first was a coarse fil-
ter/baffle and the second was a 7 pm sintered metal filter. The
differential pressure (dP) across the fine filter was measured and
plotted, allowing assessment of the viscosity of the fluids and any
blockages arising from solids formation. The fluids then entered a
glass separator where the oil/brine interface and any emulsion
formed were observed and photographed. The entire apparatus is
housed inside an oven and pressurized to replicate the conditions
of a low-pressure separator in the field.
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Fig. 2: Schematic of the MMFL
Table 1 shows the properties of the crude oils NAs while Table 2
shows the brine compositions used in this work. Table 3 shows the
composition of the ASP injection water used.

Table 1: Details of Crude Oils

Field Total Acid Number  Monoprotic acids
(mg KOH/g)
A 0.50 Saturated acyclic (DBE=1) and higher
DBE of 4 to 6 NAs species
B 0.08 Saturated acyclic (DBE=1)

Table 2: Details of Brine Compositions®

lon Na C M K B Sr F SO HC Cl

(mg/ a g a e 4 O3
L)
Field 342 10 26 38 0 1. 2. 36 433 3,05
A 9 4 4 9 3
(PW)
Field 455 14 16. 51. 0. 1. 0. 17 474 444
B 3] 5 7 9 3 3 7 3
(PW)

“Ba, Fe and SO, were omitted

Table 3: Details of ASP Injection Water

Component Concentration Concentration

Field A Field B

Sodium carbonate 1 wt% 1wt%

(alkali)

Surfactant B 0.5 wt% 0.3 wt%

Polymer A 2,000 ppm 1,000 ppm

Diluent 16,000 ppm NaCl 20,000 ppm NaCl

brine brine

2.5. Water-in-Oil Determination by Karl Fischer Titra-
tion

The water-in-oil content in samples collected from the oil outlet of
the separator in the flow loop during tests was determined by Karl
Fischer titration using a Metronm 795 KFT Titrino instrument.
The samples were homogenised at 13,500 rpm for 60 seconds
using an IKA Ultra Turrax T25 homogeniser equipped with an
S25KV-18G dispersing element to reincorporate any water that
had settled on storage. All samples were analysed in duplicate
using the automatic titration instrument. Oil samples were taken
after 30, 60 and 90 minutes during tests and the values given are in
the range of the water contents obtained from these samples. This
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method therefore gives the water content of the oil effluent flow-
ing from the separator. The samples were then allowed to stand at
the test temperature for 4 hours without further agitation to deter-
mine the effect of increasing the residence time in a field separator
or static tank. A further aliquot for analysis was then taken from
the uppermost layer without further homogenization.

3. Result and Discussion

3.1. Naphthenic Acids Mass Spectrometry

Figure 3 (a) shows that crude oil A contains a broad range of low-
er molecular weight (Mw) acids (250-600), with a small fraction
of moderate molecular weight (650 — 900) NAs present. Table 4
shows the NAs distribution in crude oil A with 19.5% monocar-
boxylic acids. Double bond equivalent (DBE) analysis of mono-
carboxylic acids of crude A reveals that it contains a mixture of
saturated, acyclic (DBE = 1, C,y.30) and higher DBE of 2-3 at Cy,.
spand 4-6 around Cs acids (Fig. 3 (b)). Figure 4 shows that crude
oil B contains a high percentage of lower Mw acids, with a bulk
fraction of molecular weight (250 — 500) and small fraction of Mw
620 NAs. Table 5 shows the NAs distribution in crude oil A with
4.5% monocarboxylic acids. DBE analysis of monocarboxylic
acids of crude B reveals that it contains a mixture of saturated,
acyC“C (DBE =1, Clg_zz) and Cxo with 4-6 acids.
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Fig. 3: (a) Crude Oil A Mass Spectroscopy Chromatogram and (b) DBE
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Table 4: NAs Distribution from Crude Qil A
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Table 5: NAs Distribution from Crude Oil B

Noofring | Z | % Rel Ab. 02 Class
0 0 Saturates 9.9
1 2 Monocyclic 19.5
2 4 Dicyclic 15.1
3 6 Tricyclic 7.5
4 8 Tetracyclic 14.4
5 10 5 DBE 11.8
6 12 6 DBE 6.0
7 14 7 DBE 6.3
8 16 8 DBE 3.9
9 18 9 DBE 2.6
10 20 10 DBE 21
11 22 11 DBE 1.1

Noofring [ Z % Rel Ab. 02 Class

0 0 Saturates 66.8
1 2 Monocyclic 45
2 4 Dicyclic 29
3 6 Tricyclic 11
4 8 Tetracyclic 7.2
5 10 5 DBE 7.6
6 12 6 DBE 34
7 14 7 DBE 34
8 16 8 DBE 16
9 18 9 DBE 1.45

M7

3.2 Characterization of Synthesis Compound

The FTIR spectra of synthesis compound in the waxy solid state
(Figure 5) shows absorption bands at 2850 and 2917 cm™ corre-
sponding to stretching of long alkyl chain of asymmetric and
symmetric stretch vibration of CHz, CH,and CH. The asymmetric
vibrations vas(N-H) %roup stretching bands for secondary amide
appears at 3475 cm™ and symmetric vibrations vs(N-H) at 3233
cmL. A broad intense band of symmetric stretching vibrations of
C=0 amide Il resonated at 1598 cm™and a weak vibration of C=0
ester at 1703 cm . Absorption band of C-N stretching is observed
between 1024-1059 cm™. The -CHj; absorption band is observed at
1380 cm™. C=C absorption band is observed at 1467 cm™ and
weak C-O band of ester is observed at 1171 cm™.

Fig. 5: FTIR spectrum of synthesis compound
The proton and carbon chemical shift assignment (Figure 6a and
6b). Figure 6a showed signal at : CDCl; 6 ppm = 0.88 (#C19, 31,
m, 6H ), 1.20 (#C26, 27, m, 3H ), 1.23 ( #C18, 20, 21, 22, 23, 24,
25, 28, 29, 30, 27, s, 19H ), 1.59 ( #C17, m, 2H ), 2.28 ( #C16, m,
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3H), 2.90 (#C13, m, 3H ), 5.81 ( #C8a,9a, br s,3H ), 7.32 (#N3a,
m, 1H), 7.99 (#N2, s(AA’BB’), 4H).

Figure 6b showed signals at : CDCl; & ppm = 13.59 (#C31),
21.93(#C30), 24.11 (#C17), 28.83 (#C20), 28.88 (#C19), 28.99
(#C18), 29.13 (#C21), 29.17 (#C26), 29.81 (#C22,23,24,25),
30.89 (#C27), 31.40 (#C28), 35.16 (#C29), 35.98 (#C16), 52.24
(#C13), 131.18 (#C9), 134.36 (#C8), 164.56 (#C5), 165.16
(#C10),166.69 (#C1).

27,30,29,29.29.24.23,22,21,20,18
(a) 3a o
N N

o A -
os 0 28 3 24 2 20 18 15

oo 31 29

Chafmcal Shirt (ot

a
14
(b) | 27
329 37 235 B 1 19 17 2 N 13 20
e o e e T \;(u s
30 28 26 24 22 20 18 g

13
1.2
gL

14 A 1
WH N e g

2
H
9 d

10

as

610

a8

o7

LY

CHLORDFORM-d
os e

0.4
03

0.2

Ll
%
1BI @
Ek]
R

"
8

ke
Eo %
iy 33

1B

B
ot
5134

R

1

5| |E&EL S
gfﬁgn“
B

o l

Fig. 6: (a) "H spectrum synthesis compound and (b) **C spectrum synthe-
sis compound
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3.3. ASP-EOR microemulsion behavior and NI-
Demulsifier Performance by MMFL

Under non-ASP EOR scenario, when produced water (PW) was
mixed with crude oil B at 30 °C, a rag layer is formed [13]. The
upper oil phase has low water content (0.5 — 1.0%) and the lower
brine phase appeared cloudy as shown in Figure 7. No further
separation of water from the oil phase occurred upon standing at
30 °C for 4 hours. When ASP water was used instead, a severe
microemulsion was formed that filled the separator with no sepa-
rate oil phase present. The water in oil content of the microemul-
sion is between 18 — 23%. A small amount of oil (1 — 2% water)
was separated from the microemulsion upon standing at 30 °C for
4 hours, leaving a microemulsion with 23 — 25% oil in water con-
tent. The volume of the separated oil was less than 10% of the
total microemulsion volume. This indicates that increasing the
separation time does not have a significant effect on the amount of
oil separated.

30min

10min

130min

10min 30min 60min
Fig. 7: Crude oil B emulsion behavior pictures of before (above) and after
(bottom) with produced ASP ratio PW: ASPW (80:20), Pressure = 4.5bar,
Temperature =30°C, water cut = 55%

The differential pressure of crude oil A shows the influence of
high viscosity microemulsion fluids in the high pH condition near-
ing to 9 as per Figure 8. As expected, higher Mw NAs in crude oil
A with 3, 4 and 5 membered rings will be protonated and becomes
soluble in water and has affinity to form micelles of W/O and
O/W emulsions. Increasing the pH causes higher charges layers
and more water soluble stoichiometry, whereas more branched
and rigid acid structures cause steric hindrance, which may coun-
teract in formation of sodium naphthenates soaps. This scenario is
observed when produced water (PW) was mixed with the crude oil
at 30 °C where a dark emulsion layer of wet oil formed indicating
W/O emulsions [13]. The upper oil phase has high water content
(14-33%) and the lower brine phase appeared milky. When ASP
water was used, a severe microemulsion was formed that filled the
separator with no separate oil phase present. The water in oil con-
tent of the microemulsion analysed as 35-37%. Effluent
microemulsion samples separated upon standing at 30 °C for 4
hours to give separate oil (2-4%) and cloudy brine phase with a
sharp interface. This indicates that, under these conditions, addi-
tional residence time is required for adequate separation using a
static tank in the field.

20min 20min &omin 100min 120min 99

Differertial Pressure/psi

Differential Pressure

Time/minutes

Fig. 8: Crude oil A emulsion behavior pictures and its differential pressure
before and after with produced ASP ratio PW: ASPW (80:20), Pressure =
4.5bar, Temperature =30°C, water cut = 40%

Table 6 shows the effect of altering water cut for crude oil A for
PW and ASP tests at several temperatures. A broad trend was
observed where microemulsions are more severe at higher water
cut with higher water percentages recorded for the oil effluent.
This supports the theory of protonated high Mw NAs become
more partitioning and soluble in water phase and increasing or
water cut increases the concentration of ionized NAs at the oil-
water interface [8,14].
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Table 6: Karl Fischer water-in-oil percentages in crude oil A

Temperature, Water Water —in —oil , %
°Cc cut,
%
Time=0hr Time=4
hr
PW/Blank 30 40 15-24 15-17
ASP/Blank 30 40 35-37 2-4
PW/Blank 60 40 13 12
ASP/Blank 60 60 60 50
ASP/Blank 80 60 60 5

NI-Demulsifier formulations as shown in Table 7 were injected
between the filter and the separator as a solution in toluene and the
concentrations given are with respect to total fluids. This is more
representative of the field situation, where a microemulsion is
likely to be formed downhole with chemical treatment only added
topsides.

Table 6: Composition of formulations

Component (%) 3A [ 3B
Palm Base Esterquat 20 10
Kemelix 3702X 20 10
Synthesis Compound 20 40
Solvesso 150 40 40

Figure 9 shows the decrease in differential pressure from 15 to 5
psi after injection of 10 ppm of NI-demulsifier for 2 hrs duration.
This indicates sustainability performance overtime where lesser
injection rate would be implemented in demulsifier injection sys-
tem at oilfield offshore surface facilities which also implies that
higher temperatures of 60 °C is favored for better separation with
water-in-oil content reduced from 13% to 2-3%. Further increased
in NI-demulsifier to 25 ppm reduce the water-in-oil content fur-
ther to 0.9%. The NI-Demulsifier used is non-acidic base chemical
as it does not change the pH conditions overtime during the 2 hrs
period thus will have less impact towards corrosion problems.

Differantial Pressurs Pess for PV B0
P =45 bar, T = 00'C, W

pH A

ipsi

Differential Fressure!

Differential Pressure 3 n

Differential Pressure 38

60 100 120 140 160 180

&l
R meminutes

Fig. 9: Crude oil A differential pressure of produced ASP ratio PW:
ASPW (80:20), Pressure = 4.5bar, Temperature =60°C, water cut = 40%
after treatment with NI-Demulsifier

4. Conclusion

The NAs crude oil is expected to produce sodium carboxylate-
stabilised emulsions in the laboratory when mixed with its PW
under current field conditions. Addition of ASP injection water
exacerbated high pH condition in which induced the formation of
microemulsion. For ASP-EOR scenario, crude oil A is found to
give much more issues in W/O microemulsion as compared to
crude oil B. The NI-Demulsifier is able to dehydrate crude oil
under the ASP tests. Lower concentrations of NI-Demulsifier and
increasing temperature to 60 °C resulted in greatly improved oil-
water separation in the tests ASP flood water. Standing times for
oil-water separation with a sharp interface indicates the possibility

3 00 750 0 0 0 0 06 6 A5 1D WD 018 B D

of using a static tank in the field to aid additional residence time
required for adequate oil-water separation.
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