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Reducing the water content of crude oil is a necessary step in preparing oil for transportation
and processing. This task is complicated by the presence of stable water-in-oil emulsions. The
most widely used approach to oil demulsification is exploring chemical demulsifiers. However, the
high cost and impossibility of regenerating the latter require the search for new ways to destroy
water-oil emulsions. One of the promising areas is the use of ultrasound. This paper presents
the results of studies on the ultrasonic treatment of four samples of emulsions with different
water content (8.74; 15; 25 and 30 vol.%) based on oil from the Kumkol oilfield (Kazakhstan).
Samples of emulsions were subjected to ultrasonic action at a frequency of 40 kHz for 5-60 min
at a temperature of 70+1°C, followed by settling for 40 min at the indicated temperature. The
influence of the initial water content in the emulsion, the acoustic intensity, as well as the duration
of ultrasonic treatment on the dewatering ratio was investigated. It was found that the residual
water content in the oil was 5.04- 7.82 vol.%. Ultrasonic treatment of crude oil from the Kumkol
oilfield can be used for preliminary dewatering, to subsequently reduce the consumption of
chemical demulsifiers.
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LnKi myHalipgarbl Cy KypamblHbIH TeMeHAeyi MyHaiAbl TacbiMangayfa >KaHe KaiTta
eHAeyre JalblHAAY KesiHAeri KaxeTTi onepauna 6onbin Tabblnagbl. byn macene «myHaiparbl
CY»CUAKTbI TYPaKTbl IMYNbCUANAPAbIH 60NYbIMEH KUbIHAATbINFAH. MyHalAbIH Ae3MyNbCcaLUACch
YWiH €eH Ken KO/NAaHbINATbIH dA4IC - XMMUANBLIK Ae3My/nbratopnapabl KongaHy. Anaipa,
0N1apAblH, KYHbIHbIH, KOfapbl 60nybl KaHe KalTa KannblHa KeJMereHAikTeH MyHail-cynbl
3My/NbraTop/apAabl biAbIPaTYyAblH, ¥KaHa XKoN4apblH i3aecTipyai  Tanan eteai. YnbTpaabiObiCTbl
KONAaHYy nepcnekTuBanblk bafbiTTapablH, 6ipi 6onbin Tabbinagbl. Ocbl XKymbicTa Kymken
(Ka3akCTaH) KeH OpHbIHbIH, MyHalbl HEri3iHAE KypamblHAAFbl Cy menwepi apTypni 6onatbiH
(8,74; 15; 25 kaHe 30 Kenemaik %) amynbCcmanapabiH, TOPT YATICIH yNbTPaablibbICTbIK eHAeYAIH
3epTTey HaTWXkKenepi YCbIHbIAFAaH. dMynbcuanapabiH,  yarinepi  70+1°C  Temnepatypasa
5-60 mMuHYT iwiHge 40 KIy »KuWinikTe ynbTpagblbbICTbIK dcepre yuwbipan, KeliHHEeH ocbl
Temnepatypaga 40 MUHYT TYHAbIPbIAAbLI. IMyNbCUAAAFbl CyAblH, HacTankbl KypamblHbIH,
YAbTPaAbIObICTLIK KapKbIHAbINbIFbIHBIH, COHAAN-aK IMYyNbCUAHBIH, AernapaTauna gapexeciHe
YNbTPaAbIObICTbIK OHAEY Y3aKTbIfblHbIH, acepi 3epTTenai. MyHalnaasbl cyablH, Kanablk Menwepi
5,04-7,82 Kenem %. aHbIKTaNblHAbl. KYMKen KeH OpHbIHbIH, WWKI MyHalblH YAbTPaAblObICTbIK,
eHAey XUMWANBIK AEe3MYyNbraTopnapAblH,  WbIFbIHBIH - @3aiTy MakcaTblHAQ angplH - ana
Aernapatauma ywid nainganaHblaybl MYMKiH.

TyliH ce3pep: WMKI MyHal; Cy-MyHall SMyNbCUACHI; AE3MYNbCALMA; YNbTPaAblIBbICTbIK,
eHJey; AedaMybcalna Adpexeci.
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CHUXKEHME CcOAEepXKaHWA BOAbl B Cblpoi HedTu ABnAeTcA Heobxoaumon onepauwueit
npu noArotoBke HedTU K TpPaHCNOPTMPOBKe M nepepaboTke. I3Ta 3ajaya OCNONKHEHA
HannuMem yCTOMUYMBBLIX 3MYNbCUI TUNaA «BoAa B HedpTu». Hanbonee WIMPOKO MCMONb3YEMbIM
NoAXOA40M K Ae3My/nbcaumm HedTU ABNAETCA WUCMONb30BaHWE XUMWUYECKUX AEe3MyNbraTopos.
OfHaKo [0pOroBuM3Ha M HEBO3MOXHOCTb pereHepauuu nocnefHux TpebyeT NOMCKa HOBbIX
nyTei paspylleHna BOAOHEDTAHbIX 3MynbCun. OAHMUM M3 MNEepPCNeKTUBHbLIX HanpasBaeHWUn
npeACcTaBAAETCA UCMOb30BAHME YIbTPa3ByKa. B HacToALel paboTe npeacTaB/ieHbl pe3y/bTaThl
nccnefoBaHUt MO yNbTPa3ByKoOBOM 06paboTKe uyeTbipex 06pPasLOB 3MyNbCUA C pPasHbIM
copepkaHvem Boabl (8,74; 15; 25 n 30 06.%) Ha ocHoBe HedTU MecTopoXAeHUa Kymkonb
(KasaxctaH). O6pasubl 3MynbCUi4 NOABEPraanCh YbTPa3ByKOBOMY BO34eNCTBUIO YacToTon 40
Kl B TeyeHne 5-60 muH npu Temnepatype 70+1°C ¢ nocneayowem oTcTanBaHWeM B TeyeHue
40 MUWH NpU yKasaHHOW TemnepaType. UccnefoBanoch BAMAHUE UCXOAHOTO COAepKaHUA BOAbI
B 3MY/bCUW, MHTEHCUBHOCTU Y/NbTPA3BYKA, a TaKXKe MNPOAOMKMUTENbHOCTU YNbTPa3BYKOBOW
06paboTkM Ha cTeneHb 06e3BOXMBaHUA IMyNbCUK. HaliieHo, 4TO 0CTaTOYHOE coAepKaHve BoabI
B HedTM cocTasuno 5,04-7,82 06.%. YnoTpassykoBas 0b6paboTKa cbipoit HeGTU MecTopoXKAeHUA
KyMKo/ib MOXeT b6biTb Mcnonb3oBaHa ANA NpeABapUTe/IbHOTO 06Ee3BOXMBAHWUA, C Lesblo
nocnesyoLero CHUKEHNA pacxosa XMMUYECKNX Ae3My/1braTopoB.

KnioueBble cnosa: cbipas HedTb; BogoHedTAHAA IMYNbCUA; AEIMY/bCALUA; YAbTPa3By-
KoBasA 06paboTKa; CTeNeHb 4e3IMYIbCaALLUM.
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1. Introduction

The oil obtained from wells (crude oil) always contains
water, as well as salts dissolved in it. These impurities cause
serious difficulties in the processing and transportation of crude
oil and also lead to equipment corrosion. In this sense, before
being transported and used in refining operations, the content
of water (and, consequently, salts) should be significantly
reduced until acceptable values are reached (usually, no more
than 1 vol.% of water). This task is very difficult due to the
presence of so-called stable water-in-oil (W/O) emulsions [1-4].
For the successful separation of water from oil, it is necessary to
destroy the emulsions; while water droplets coalesce, form
larger globules, and are settled by gravity (preferably at elevated
temperatures).

The most common method for crude oil pretreatment is
chemical demulsification [5-10]; the use of commercial chemical
demulsifiers achieves dewatering rates above 90% [5,6].
However, chemical reagents are costly and not recyclable after
adding to the oil. Besides, a part of chemical demulsifiers,
contained in separated water, is added to the wastewater,
thereby polluting it. Therefore, alternative ways of crude oil
dewatering are extremely important. One of the possible
options of crude oil pre-treatment is the use of ultrasound (US)
[11-15]. This approach is considered a good method for crude oil
dewatering/demulsification from the position of environmental
protection.

The displacement effect underlies the mechanism of
crude oil demulsification using US irradiation [16]. Under the
conditions of US treatment, the water and oil drops move,
gather and collide, forming bigger globules; under the influence
of gravity, water droplets are settled, thereby separating from
the oil.

Despite the promise of this line of research, the reports
about systematic investigations of US demulsification are
limited up to now. In this work, we investigated the applicability
of US treatment of crude oil of Kumkol oilfield (Kazakhstan). To
the best of our knowledge, there are no papers in reputable
journals dealing with US pre-treatment of crude oil of Kumkol
oilfield in order to reduce water content in the W/O emulsion.

2. Experiment

2.1 Preparation and characterization of W/O emulsion

Water-in-oil (W/O) emulsions were prepared using a crude
oil supplied from Kumkol oilfield (Kazakhstan) with the following
characteristics (provided by the supplier): density (20°C)
819 kg/m?; kinematic viscosity (20°C) 9.4 mm?/s; water content
8.74 vol.%; salt content 102 kg/m? asphaltenes content
0.49 wt.%. To prepare W/O emulsions with different water
content, a pre-determined amount of 102 g/L NaCl aqueous
solution was added to the initial sample; the mixture was stirred
using a mechanical stirrer (Mslos18-23) at 2800 rpm for 10 min.
The droplet size distribution (DSD) in as-prepared W/O emulsion
was measured by the light scattering technique (Mastersizer
2000, Malvern). Light microimages were taken using an optical
microscope Levenhuk D 70L.

2.2 Experimental process

For all ultrasound-assisted demulsification experiments,
100 ml of as-prepared W/O emulsion sample was placed in a
graduated glass bottle, and the bottle was introduced into the
centre of the ultrasonic bath («Specos» V-40, Russia). Ultrasound
(US) exposure (frequency of 40 kHz) was applied to the content
of a bottle for 5, 10, 20, 30, 40, 50 and 60 min at 70+1°C. The
acoustic intensity was varied from 0.25 W/cm? (that means US
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power 25 W taking into account the volume of emulsion in our
case) to 1.25 W/cm3. After the US treatment, a bottle was
transferred to a water bath (70+1°C) and was kept there for 40
min. To monitor the process of phases separation, the position
of the water/emulsion interface was used.

The demulsification ratio (D) was calculated from the
following equation:

v,
D (%) = VS—W x 100% (1)

ow

WhereV_ and V_ are the volume of separated water and
the emulsion’s original volume of water, respectively.

In the case of determining the demulsification ratio
without using US irradiation, W/O emulsion was placed water
bath (70°C) and was kept there for 40 min, as in the case of US
treated samples.

The relative demulsification efficiency () was calculated
by using the following equation:

y = Dus @

Where D and D, are the demulsification ratios for US
forced and without US treatment (i.e. caused by gravitational
sedimentation of water droplets), respectively.

Residual water content in the emulsion was determined
by using the Dean-Stark method.

For each case, the experiments were conducted three
times to obtain the mean as well as the standard deviation of
the D. In cases where the D value deviated by more than two
standard deviations from the mean, the corresponding
experiment was repeated. All figures show the means for three
obtained values.

3. Results and Discussion

It is known from the literature that the use of a frequency
of US irradiation above 45kHz is impractical for crude oil
demulsification [17]; therefore this parameter was kept
constant. The influence of the following factors on the process
of dewatering of oil emulsion was investigated: US treatment
duration, initial water content, as well as acoustic intensity.

3.1 The effect of ultrasound exposure duration and initial
water content on the demulsification ratio

Preliminary experiments have shown that the coalescence
of water droplets in the emulsion begins already in the first
minutes of US exposure. Therefore, the duration of US treatment
was varied from 5 to 60 min.

Figure 1 dependence of the
demulsification ratio on the US treatment duration for an

demonstrates the

emulsion with different initial water content (8.74% (initial
emulsion, without adding NaCl aqueous solution); 15%; 25%;
30%). The acoustic intensity was settled at 0.75W/cm?3.
The values of D at time = 0 means demulsification ratio
without US treatment.

100
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Figure 1 —The effect of US exposure duration and initial water
content on demulsification ratio of the W/O emulsion (US
frequency 40 kHz, acoustic intensity 0.75 W/cm?)

As can be observed in Figure 1, with an increase in the US
treatment duration, the demulsification ratio (D) began also to
increase, up to 40 minutes. Further changes in the D values
depended on the initial water content of the emulsion: for the
initial emulsion (with the lowest water content), with the US
treatment duration exceeding 40 min, the D value dropped and
reached 29% at 60 min (the maximum D value was 41% at 40
min). For emulsions with a higher initial water content (15, 25
and 30 vol.%), the D values practically did not fall over time and
reached a plateau. It took a long time (40 min or more) for water
droplets to aggregate and form larger drops. But an excessively
long time of US exposure raise the temperature of W/O
emulsion and the acoustic cavitation threshold is reduced. In
this case, the formed large water droplets are dispersed again,
which reduces the demulsification ratio. Increasing the initial
water content increases the acoustic cavitation threshold and
the effect of decreasing D becomes weaker.

An increase in the demulsification ratio with an increase in
theinitial water contentin our experimentsisin good agreement
with the literature data [17,18]. The more water droplets are in
the same volume of the emulsion, the easier it is for these
droplets to combine to form larger droplets. Further, under the
influence of gravity, these droplets settle, ensuring the
separation of the emulsion.

Several components of oil, in particular, asphaltenes,
resin, macromolecular paraffins, and other natural emulsifiers
are responsible for the formation of W/O emulsions. These
components, being adsorbed at the water-oil interface,
prevent the coalescence of water droplets. Thus, another
reason for the increase in the demulsification rate is a decrease
in the concentration of natural demulsifiers in artificially
created emulsions upon dilution with water of the original W/O
sample.

BecTHuMK KasHY. Cepua xummyeckana. —2021. — Ne2
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Besides, it was expected that as-prepared model
emulsions (in our case, emulsions with a water content of 15,
25, and 30 vol.%) undergo easier destruction due to less
adsorption of natural demulsifiers at the W/O interface.

However, in [13] the opposite picture was observed: with
an increase in the initial water content in the emulsion, the
demulsification ratio value decreased with the same
characteristics of the US treatment. The authors of this article
gave the following explanation for the observed phenomenon:
the increase of initial water content requires more US waves to
the convergence of water droplets and it is expected that with
constant US exposure parameters, an increase in the initial
water content should reduce the demulsification ratio.

Figure 2 depicts the influence of initial water content and
US treatment duration on relative demulsification efficiency

().

30 -
g 25 L]
g ’ L[] Initial water content
5 ) 20 ¢ ©8.74 vol.%
2815 A . .; ® 415 vol.%
] 4
TE H &
g s 10 25 vol.%
B 05|
&
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0 10 20 30 40 50 60
Time, min

Figure 2 — Influence of initial water content and US treatment
duration on relative demulsification efficiency

For all three of studied emulsion samples, with an increase
in the duration of US irradiation from 5 to 10 min, the value of Y
increased, and this effect was manifested the stronger, the
lower was the initial concentration of water in the emulsion
(increase in Y by 82, 64 and 55% for 8.74, 15 and 25 vol.% of
water, accordingly). A further increase in the duration of US
irradiation to 20 min increased the value of { by a factor of 2.2
for an emulsion containing 8.74 vol.% of water. For the other
two emulsions with higher water content, the value of ¢
decreased; at US irradiation time of 60 min, the relative
demulsification efficiency for all three emulsion samples was
approximately close (1.20-1.25). Since the U value illustrates
the contribution of the ultrasonic component in comparison
with the contribution of gravitational settling (that is, in natural
conditions), it can be concluded that the effect of ultrasonic
exposure is stronger for an emulsion with relatively low water
content. Indeed, the lower the content of water droplets, the
lower the likelihood of their coalescence and subsequent
precipitation. Upon reaching a certain threshold value of the
emulsion processing time US (60 min in our case), the effect of
the initial water content is levelled and the degree of influence
of the ultrasonic component on demulsification efficiency
becomes practically the same for samples with different water
content.

ISSN 1563-0331
elSSN 2312-7554

3.2 The effect of acoustic intensity on the demulsification
ratio
The dependence of the W/O demulsification ratio on the

acoustic intensity applied to the sample is presented
in Figure 3 (a, b).
20
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Figure 3 — The effect of acoustic intensity on demulsification
rate of the W/O emulsion (US frequency 40 kHz, US exposure
duration 40 min, initial water content 8.74 (a) and 30 (b) vol.%)

As shown in Figure 3, the enhance of acoustic intensity
from 0.25 to 0.75 W/cm? increases the demulsification ratio at
the constant value of US treatment duration (40 min) for both
W/O samples. A further change in the D depended on the initial
water content in the emulsion. For an emulsion containing 8.74
vol.% water, an increase in acoustic intensity negatively affected
the demulsification ratio (Figure 3, a). In the case of a 30 vol.%
water content, the D value increases with acoustic intensity up
to 1.00 W/cm® and then decreases (Figure 3, b). This
circumstance is apparently explained by the following. Under
the influence of US radiation, water droplets move chaotically,
while the probability of collision of water droplets with the
formation of larger globules increases. However, US radiation
can also lead to disaggregation of water droplets and their
dispersion in oil; at the same time, the efficiency of the water-oil
separation process becomes lower.

Chemical Bulletin of Kazakh National University 2021, Issue 2
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3.3 The effect of water content in emulsion and US
irradiation on median drop size of water

The median drop size distribution (DSD, D(0.5)) of water in
initial W/O emulsions was found to be dependent on the water
content of the emulsion (Table 1).

The data presented in Table 1 explain the more than
threefold increase in the demulsification ratio for an emulsion
with 30 vol.% of water compared to that containing 8.74 vol.%
of water (Figure 3). As can be seen from the Table, with an
increase in water content by 3.43 times (from 8.74 to 30 vol.%),
the average diameter of water droplets increases only 1.34
times. If we assume that the water droplets are spherical, the

droplet volume increases 2.43 times. Thus, with an increase in
the water content in the emulsion, the number of water droplets
in the same volume of the emulsion increases; accordingly, the
probability of droplet coalescence grows when exposed to
ultrasound.

After applying US irradiation, the water droplet size
increased for all tested emulsion samples (see Figure 4 in case
of 8.74 vol.% of water and US treatment duration of 40 min).

Figure 4 demonstrates that US irradiation leads to the
coarsening of water droplets in the emulsion, ensuring the
subsequent W/O separation under gravity.

Table 1 — Median drop size distribution (DSD, D(0.5)) of water in initial W/O emulsions

Initial water content, vol.% 8.74

15 25 30

DSD, D(0.5), pm 29

34 38 39

.\0,222 mm

*50,162 mm

%,156mm> '

4\$,322 mm
16,140 mm

Figure 4 — Microscopic images of water droplets in an initial (a) and the US treated (US frequency 40 kHz, US exposure duration 40
min, initial water content 8.74 vol.%, (b)) W/O emulsions

BecTHuMK KasHY. Cepua xummyeckana. —2021. — Ne2
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Table 2 — Residual water content in the US treated W/O emulsions

Initial water content, vol.% US treatment duration, min Acoustic intensity, W/cm? Residual water content, vol.%

8.74 40 0.75 5.04
15 50 0.75 6.53
25 50 1.00 6.87
30 50 1.00 7.82

3.4 Discussion of the applicability of ultrasonic
demulsification of oil from the Kumbkol field without the use of
chemical demulsifiers

The lowest values of the residual water content after US
treatment and settling (70£1°C, 40 min) in each of the four
samples of W/O emulsions are presented in Table 2; the
processing conditions (US treatment duration, acoustic
intensity) under which these residual water contents were
achieved are also given.

It can be seen that the residual water content in all
emulsion samples remained quite high. Therefore, US treatment
alone is not enough to demulsify the crude oil of the Kumkol
oilfield. However, this treatment can be used as a preliminary
stage of dewatering to subsequently reduce the consumption of
chemical demulsifiers.

4. Conclusions
Demulsification of four W/O emulsions with different

water content by using ultrasonic pre-treatment at the
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irradiation reduces the efficiency of the process of separating
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