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This article presents, for the first time, the results and analysis of the effects of both
individual demulsifiers and newly developed compositions on the demulsification of
stable water—oil emulsions under laboratory conditions. Crude oil samples containing
52% water from the Muradkhanli field and 48% from the Umbaki field were used as
model systems. The individual demulsifiers Dissolvan-4411, ND-12, Alkan-415, and Difron-
9426 were tested. In addition, novel formulations, designated as KAB-19, KAB-20, and
KAB-21, were developed based on these demulsifiers and assessed as part of the KAB
series. The experiments were conducted over a two-hour period, with this study focusing
on results obtained at 60°C. The optimal concentration for both individual demulsifiers
and KAB series compositions at this temperature was determined to be 600 g/t. The
KAB series compositions exhibited enhanced demulsification efficiency compared to
the individual demulsifiers for both crude oil samples. Among them, KAB-21 demonstrated
the highest performance.

Keywords: water—oil emulsion, demulsification, composition, demulsifier, residual water,

water content.

DOI: 10.32434/0321-4095-2025-160-3-71-80

Introduction

It is well known that the water content of crude
oil extracted from wells is relatively low in the early
stages of oil production in developed countries.
However, over time, an increase in water content
within the well leads to a rise in the water content of
the hydrocarbons produced from the well.
Consequently, in both our country and other oil-
producing nations, the share of heavy oils with high
water content has been steadily increasing, particularly
in wells at the final stages of production [1—4].

It is important to note that the composition of
both reservoir oils and formation waters varies
significantly. During the rapid mixing of formation
water and crude oil with different physicochemical
properties, water-oil emulsions are formed. The
presence of components such as asphaltenes, resins
and paraffins in the oil, along with mineral salts and

mechanical impurities in the formation water,
contributes to the formation of highly stable and
kinetically resilient water-oil emulsions. Specifically,
the stability of the formed emulsion increases as the
concentration of these components rises. For this
reason, heavy oils typically exhibit highly stable water-
oil emulsions [5—9].

To separate the stable water-oil emulsions found
in heavy oils back into distinct water and oil phases,
the application of more effective chemical reagents is
required. Demulsifiers traditionally used for breaking
water-oil emulsions in lighter oils are often less effective
for the emulsions formed in heavy oils. Therefore,
the use of compositions with high surface activity has
become a critical solution for preparing stable water-
oil emulsions for transportation [10—14].

The purpose of this research is to investigate the
impact of newly developed KAB-series compositions
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on the demulsification process of stable water-oil
emulsions under laboratory conditions.

Experimental

The widely used bottle test method (static settling)
was employed to evaluate the demulsification ability
of reagents and newly prepared compositions. For
this purpose, the reagents or new compositions were
first dissolved in a solvent and then added to the
packaged oil samples under investigation at various
concentrations. After adding the reagents, the mixture
was stirred thoroughly for 1 minute and then kept in
a water bath. Depending on the demulsification
efficiency of the tested demulsifier, the separation of
water was recorded at different time intervals. The
amount of separated water (as a volume percentage)
was calculated using the following equation [15]:

X% =" -100%, 1
Wo

where X is the efficiency of the composition in

percentage (%); w, is the amount of water before

demulsification (%); and w is the amount of ballast

water after demulsification (%).

Additionally, based on the amount of water
separated from the emulsion during a two-hour
demulsification process at various reagent concentrations
and temperatures, as well as the initial water content
of a 100-gram oil sample, the percentage of ballast
water in the oil after demulsification was calculated
using the following empirical formula [15]:
S% =112 .100%, 2)

m; —m,
where S is the percentage of ballast water after
demulsification (%); m, is the amount of water in the
oil before demulsification (g); m, is the amount of

water separated during demulsification (g); and mj is
the weight of the oil sample (g).

The physical and chemical properties of the
crude oil samples used as study objects collected from
the Muradkhanli and Umbaki fields, known for their
stable water-oil emulsion formation characteristics are
presented in Table 1.

Results and discussion

To investigate how the composition of reagents
affects the efficiency of demulsification in stable water-
oil emulsions formed by heavy oils, new compositions
were prepared under laboratory conditions using
different ratios of similar-purpose reagents. The
effectiveness of these compositions in demulsifying
stable water-oil emulsions was then examined.

To achieve the stated objective, crude oil samples
from the heavy oil category were used: Muradkhanli
oil with a water content of 52% and Umbaki oil with
a water content of 48%. Individual reagents, including
demulsifiers Dissolvan-4411, ND-12, Alkan-415 and
Difron-9426, as well as the newly developed
compositions detailed in Table 2, were employed in
the experiments.

This approach enabled a comparative analysis
of the effectiveness of individual demulsifiers and the
newly created compositions in breaking down stable
water-oil emulsions under controlled laboratory
conditions.

As noted, in the present study, experiments were
conducted on the dehydration of water-in-oil
emulsions of Muradkhanli oil (52% water content)
and Umbaki oil (48% water content) under laboratory
conditions. These oils were selected because chemical
reagents are used to increase oil recovery in the existing
fields, which leads to an increase in the stability of
water-oil emulsions. Additionally, these oils contain
both paraffin and resin-asphaltene type stabilizers,
which over time form stable emulsion systems. Four

Table 1
Physical and chemical characteristics of crude oil
.. Value
Characteristic Muradkhanli Umbaki
density at 20°C, kg/m’ 947.3 962.5
viscosity at 20°C, mP-s 2157 2246
water content, wt.% 52 48
chloride salts content, mg/1 534.3 152.1
mechanical mixtures content, wt.% 5.86 1.9
resins content, wt.% 18.1 9.7
asphaltenes content, wt.% 4.5 5.0
paraffins content, wt.% 5.8 6.2
freezing temperature, °C +19.5 +16
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demulsifiers and three compositions based on them
were selected for the experiments. The evaluation of
the demulsification effectiveness of the composition
formulations developed by us is considered the main
parameter for assessing their suitability as reagent-
demulsifiers in breaking down stable water-oil
emulsions.

The main criteria for evaluating the effectiveness
of the compositions developed by us are the dynamics
of dehydration of the oils and the residual water content
in the oils during a certain time interval corresponding
to the oil preparation time in the refinery.

As a result of laboratory tests, the water separation
dynamics and the residual water content in the oil
phase were evaluated. The water separation dynamics
and the initial residual water content at concentrations
of 100 g/t, 200 g/t, 300 g/t, 400 g/t, 500 g/t and
600 g/t of individual reagent-demulsifiers at 60°C are
shown in Tables 3 and for Muradkhanli and Umbaki
oil samples, respectively. The total duration of the
demulsification process was determined to be 120
minutes.

As shown in Table 3, as the concentration of
the demulsifiers increases, their effectiveness in
breaking down the stable water-oil emulsion also
increases, with the highest effect observed at a
concentration of 600 g/t. According to the results of
the demulsification process of Muradkhanli oil samples
with a 52% water content at 60°C, as the concentration
of the demulsifiers increases from 100 to 600 g/t, the
initial water separation in the oil sample is as follows:
45.6—94.2%, 50.7-95.0%, 43.7-91.4%, and
54.9—93.2% of the initial water is separated when
Dissolvan-4411, ND-12, Alkan-415, and Difron-9426
is used, respectively. Analysis of the results shows
that the ND-12 demulsifier has the best effect.

As shown in Table 4, the effect of
Dissolvan-4411, ND-12, Alkan-415 and Difron-9426
demulsifiers on the stable water-oil emulsion of
Umbaki oil with a 48% water content at 60°C can be
characterized as follows:

1. During the demulsification process with the
participation of Dissolvan-4411 at concentrations of
100, 200, 300, 400, 500, and 600 g/t, the residual
water content is 58.2%, 46.8%, 35.2%, 27.2%, 9.6%,
and 8.5%, respectively.

2. During the demulsification process with the
participation of ND-12 at concentrations of 100, 200,
300, 400, 500, and 600 g/t, the residual water content
is 61.3%, 50.6%, 42.8%, 33.7%, 24.1%, and 8.2%,
respectively.

3. During the demulsification process with the
participation of Alkan-415 at concentrations of 100,
200, 300, 400, 500, and 600 g/t, the residual water

content is 58.5%, 49.3%, 38.8%, 29.1%, 19.3%, and
11.4%, respectively.

4. During the demulsification process with the
participation of Difron-9426 at concentrations of 100,
200, 300, 400, 500, and 600 g/t, the residual water
content is 47.7%, 35.9%, 27.5%, 17.6%, 13.8%, and
9.2%, respectively.

After the study of individual demulsifiers,
laboratory tests were also conducted for the developed
compositions KAB-19, KAB-20 and KAB-21 under
laboratory conditions at 60°C. The results for both oil
samples are presented in Tables 5 and 6. The
dependence of the residual water content on the optimal
concentration of the compositions is shown in
Figs. 1 and 2.

A comparative analysis of the results in Tables 3
and 5 shows that, at 60°C and concentrations up to
600 g/t, the demulsification efficiency of base block
copolymers (Dissolvan-4411, ND-12, Alkan-415 and
Difron-9426) in the natural stable water-oil emulsions
of the Muradkhanli field is lower compared to that of
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the composition formulations. Analysis of the
demulsification efficiency of the composition
formulations in the natural stable water-oil emulsions
of the Muradkhanli field shows that the maximum
emulsification breaking efficiency of the existing water-
oil emulsions was achieved with the composition
formulation designated as KAB-21 (Fig. 1).

The results of the laboratory experiments
presented in Table 6 show that at 60°C, when the
KAB-19, KAB-20, and KAB-21 compositions
(100—600 g/t) are added to the Umbaki oil samples,

the residual water content is 41.5—7.8%, 23.9—7.5%,
and 14.6—7.0%, respectively. As shown in Fig. 2,
similar to the Muradkhanli oil samples, the KAB-21
composition also shows the highest effect on the stable
water-oil emulsion in Umbaki oil.

After the demulsification of Muradkhanli and
Umbaki oil samples at various temperatures and
concentrations of compositions, the effectiveness of
the reagents during demulsification was calculated based
on the percentage of free water in a 100-gram oil
sample using the following empirical formula [15]:

Table 2
Conventional names of the compositions and their component contents
Conventional name of .
. Component contents Component ratio
compositions
KAB-19 Dissolvan-4411+ND-12 1:1
KAB-20 Dissolvan-4411+Alkan-415 1:1
KAB-21 Dissolvan-4411+Difron-9426 1:1
Table 3
Demulsification of Muradkhanli oil samples with the participation of demulsifiers
Initial Tempe- . Amount of separated water (vol.%) Residual
Reagent water rature, Concentration, water
content, oc g/t 20 min 40 60 90 120 content,
%o min min min min vol.%
100 18.2 23.6 34.1 38.9 45.6 54.4
200 21.6 32.7 38.4 43.7 56.8 43.2
Dissolvan- 300 28.5 392 | 437 | 557 | 674 32.6
4411 400 36.3 413 | 486 | 628 | 769 23.1
500 53.3 58.3 65.6 79.8 92.1 7.9
600 58.2 64.3 70.5 82.7 94.2 5.8
100 14.3 28.7 36.3 42.1 50.7 49.3
200 27.6 34.6 38.6 44.7 53.6 46.4
ND-12 300 38.4 43.7 46.5 51.4 68.1 31.9
400 41.3 46.3 52.0 67.8 78.9 21.1
500 473 56.3 62.4 77.8 88.9 11.1
52 60 600 56.2 61.3 67.0 78.8 95.0 5.0
100 16.3 22.4 31.8 36.3 43.7 56.3
200 18.2 27.3 35.6 42.8 53.6 46.4
300 20.8 28.2 37.8 46.9 62.7 37.3
Alkan-415 400 24.9 31.6 | 397 | 498 | 735 | 26.5
500 334 40.1 48.2 58.3 82.0 18.0
600 42.8 49.5 57.6 67.7 91.4 8.6
100 23.7 30.3 39.7 454 54.9 45.1
200 31.2 39.7 48.5 57.7 66.4 33.6
Difron- 300 39.6 47.3 54.5 62.7 75.9 24.1
9426 400 45.8 56.2 64.9 76.7 89.8 10.2
500 58.1 63.5 69.2 80.3 89.1 10.9
600 65.2 70.6 76.3 83.1 93.2 6.8
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Table 4
Demulsification of Umbaki oil samples with the participation of demulsifiers
Initial Amount of separated water (vol.%) Residual
Reagent water Temp%- ancent- 90 120 water
content, rature, C ration, g/t 20 min 40 min | 60 min . : content
% min min (VO].%)
100 16.2 21.4 32.7 36.8 41.8 58.2
200 20.2 30.9 36.2 41.5 53.2 46.8
Dissolva 300 24.9 37.0 41.4 53.5 64.8 352
n-4411 400 347 40.1 45.4 60.3 72.8 27.2
500 50.2 54.1 60.8 74.2 90.4 9.6
600 52.5 63.3 88.7 90.2 91.5 8.5
100 12.3 16.5 24.1 30.8 38.7 613
200 25.2 30.0 36.4 38.5 49.4 50.6
ND-12 300 352 37.4 44 .4 43.1 57.2 42.8
400 40.3 44.1 50.8 55.7 66.3 33.7
500 50.8 54.1 60.2 65.2 75.9 24.1
48 60 600 54.0 60.1 75.4 81.4 91.8 8.2
100 13.5 20.1 29.4 34.8 41.5 58.5
200 16.2 25.7 33.1 41.3 50.7 49.3
Alkan- 300 18.4 25.2 344 443 61.2 38.8
415 400 22.5 30.2 37.5 46.8 70.9 29.1
500 30.5 37.2 453 56.4 80.7 19.3
600 40.5 47.3 55.1 64.2 88.6 114
100 20.0 27.1 36.2 42.1 52.3 47.7
200 29.1 37.5 44.3 55.1 64.1 359
Difron- 300 36.3 44.2 51.9 60.4 72.5 27.5
9426 400 43.1 52.0 60.3 73.6 82.4 17.6
500 56.2 61.4 65.5 77.4 86.2 13.8
600 62.4 68.1 74.2 80.3 90.8 9.2
sedimentation dynamics compared to the base reagents
7% = Vo -V 100%, (3) and ensures a high rate of breakdown of stable water-

0

where Z is the efficiency of the composition (%);
V, is the amount of water before demulsification (%);
and V is the amount of ballast water after
demulsification (%).

Based on the given mathematical expression,
the efficiency degree of each individual demulsifier
and the new KAB series compositions at the optimal
concentration was calculated for the Muradkhanli and
Umbaki oil samples (Tables 7 and 8).

Thus, for the first time, new compositions of
the KAB series, consisting of component ingredients
from various brands of demulsifiers, were developed
and their effect on the breakdown of stable water-oil
emulsions from the Muradkhanli and Umbaki fields
was studied. According to the results of the laboratory
tests, the synergistic effect of the components in the
new KAB series composition provides a better

oil emulsions at 60°C. The maximum amount of
water separated during the dehydration of Muradkhanli
and Umbaki oil samples was observed when the
KAB-21 composition was used.

The reason why the KAB series compositions,
particularly KAB-21, show better demulsification
results is related to the high value of hydrophilic-
lipophilic balance (HLB). The HLB value is one of
the key parameters, which determines the interaction
between the oil and water phases of an emulsion.
Based on the research, it has been found that the
HLB value in the presence of individual demulsifiers
ranges between 6—9, while in KAB series compositions,
it ranges between 9—10. Specifically, the HLB value
of the KAB-21 demulsifier increases up to 10.5.

Moreover, since KAB series compositions are
prepared using substances that exhibit activity across
three different phases, the interphase adsorption
characteristic, which is crucial for the demulsification

Evaluation of new compositions for the demulsification of stable water—oil emulsions
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Table 5
Demulsification of Muradkhanli oil samples with the participation of compositions
Reagent Initial water Tempe(:)— Concentration, Demulsification rate (vol.%)
content, % | rature, C g/t 20 min 40 min | 60 min 90 min 120 min
100 29.6 36.1 41.7 49.8 58.3
200 37.8 45.4 50.3 61.7 73.6
300 43.1 52.3 60.4 69.8 82.6
KAB-19 400 49.6 58.8 67.9 84.7 89.8
500 51.4 60.6 71.5 87.5 92.6
600 53.6 62.8 71.6 88.7 95.2
100 36.3 43.4 52.8 67.1 77.8
200 45.9 52.1 63.5 72.8 83.6
300 58.7 65.9 71.9 86.2 90.8
KAB-20 52 60 400 67.1 76.6 87.8 93.9 93.4
500 72.0 77.4 89.7 94.7 95.3
600 75.6 79.8 90.1 93.0 96.0
100 46.5 56.2 67.3 78.9 82.6
200 58.7 68.1 72.3 80.9 89.6
300 67.3 79.6 86.9 94.8 92.2
KAB-21 400 74.8 81.6 90.2 93.6 96.6
500 76.8 89.0 93.3 95.2 97.0
600 78.6 85.4 90.8 94.5 97.6
Table 6
Demulsification of Umbaki oil samples with the participation of compositions
Demulsification rate (volume %)
Initial
Reagent water Tempoerature, Concentration,
content, C g/t . 40 . . .
v, 20 min min 60 min | 90 min 120 min
100 26.2 33.9 394 48.2 58.5
200 35.1 42.7 46.2 60.3 73.8
300 40.7 50.2 58.5 74.1 82.8
KAB-19 400 46.5 55.4 60.7 80.4 90.0
500 48.3 58.1 64.3 83.6 91.8
600 50.6 60.3 68.1 86.5 92.2
100 34.8 41.2 51.5 65.7 76.1
200 44.7 47.8 60.5 71.2 81.4
300 55.4 64.5 67.4 81.5 87.2
KAB-20 48 60 400 645 | 724 | 782 | 87.6 90.1
500 69.7 74.6 81.4 89.3 92
600 71.6 78.3 87.4 91.0 92.5
100 43.7 54.6 64.9 76.2 85.4
200 57.3 69.5 73.4 79.2 87.2
KAB-21 300 65.3 74.6 85.2 86.7 88.6
400 72.7 80.2 86.2 89.1 90.5
500 74.5 86.3 89.4 90.8 92.2
600 75.6 83.1 89.2 92.1 93.0
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Table 7
Efficiency of individual demulsifiers and compositions
during demulsification at optimal concentrations
(600 g/t) at 60°C in Muradkhanli oil

Degree of

Reagent effecti%/eness, %
Dissolvan-4411 94.2
ND-12 95.0
Alkan-415 914
Difron-9426 93.2
KAB-19 95.2
KAB-20 96.0
KAB-21 97.6

Table 8

Efficiency of individual demulsifiers and compositions
during demulsification at optimal concentrations
(600 g/t) at 60°C in Umbaki oil

Reagent Degree of effectiveness, %
Dissolvan-4411 91.5
ND-12 90.0
Alkan-415 88.6
Difron-9426 90.8
KAB-19 92.2
KAB-20 92.5
KAB-21 93.0

process, is enhanced. These results indicate a better
performance of the composition compared to individual
demulsifiers. The increase in adsorption properties is
due to the intensification of the C=0 and —OH
groups within the composition. The enhancement of
these properties within the molecular structures of the
composition is directly related to the theory of
synergistic effects.

Figure 3 shows the results of microscopic analysis
obtained after the addition of individual demulsifiers
and compositions to the oil samples from Muradkhanli
and Umbaki.

As can be seen from Fig. 3, although the
demulsification process occurs after the influence of
individual demulsifiers, foam formation also takes place,
which hinders the faster progression of demulsification.
However, after the application of the KAB series
composition, foam formation does not occur, thereby
enhancing the efficiency of the demulsification process.

Based on the microscopic images, the average
size of water droplets within the emulsion before and
after demulsification was detremined (Table 9). As
can be seen, the droplet size has increased after the
addition of demulsifiers and compositions. However,

the most significant increase occurred under the
influence of the KAB series compositions, particularly
the KAB-21 composition. This indicates that the
coalescence process is more intense with the influence
of KAB-21, leading to an acceleration of the
demulsification process.

Conclusions

1. For the first time, the effect of various individual
demulsifiers and new compositions based on them on
the demulsification of stable water-oil emulsions in
Muradkhanli and Umbaki crude oil samples was
investigated at different temperatures. The optimal
concentration of reagents at 60°C is 600 g/t.

2. The effect of individual demulsifiers,
Dissolvan-4411, ND-12, Alkan-415, and Difron-9426,
at the optimal concentration of 600 g/t on Muradkhanli
and Umbaki crude oil samples at 60°C during two
hours resulted in the following percentages of residual
water: 3.8%, 3.5%, 8.6%, and 5.8% for Muradkhanli
and 7.5%, 7.0%, 11.4%, and 7.2% for Umbaki,
respectively.

3. The effect of the new compositions KAB-19,
KAB-20, and KAB-21 at the optimal concentration
of 600 g/t on Muradkhanli and Umbaki crude oil
samples at 60°C during two hours resulted in the
following percentages of residual water: 2.5%, 2.08%,
and 1.25% for Muradkhanli and 3.8%, 3.6%, and
3.3% for Umbaki, respectively.

4. Laboratory tests have shown that the new
KAB series compositions, due to the formation of
synergism, exhibit better effectiveness compared to
base reagents and the maximum amount of separated
water during the dehydration of Muradkhanli and
Umbaki oils was observed with the participation of
the KAB-21 composition.
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ONIHIOBAHHA HOBUX KOMIIO3UIII JJISA
PYUHYBAHHS CTABUIBHUX BOJHO-OJINMHUX
EMYJbCIU

E.X. Ickanoapos, I.P. Iypoanos, A.B. lacimsade

VY cratTi Breplie HaJaHO Pe3yJbTaTW Ta aHaji3 BILIUMBY
SIK OKPEMUX JeMYJIbraTopiB, TaK i HOBMX KOMITO3MIIii Ha MPO-
Hec pyMHYBaHHSI CTaOLIBHUX BOTHO-OJIMHMX €MYJbCili B Jia-
OopatopHUX yMoBax. SIK MomeiabHi cHUCTeMU OYJIU BUKOPU-
craHi 3pasku Hadtu 3 BMicToM Bomu 52% i3 pomoBuina My-
patxanau ta 48% i3 pomoBuiia YmOaku. JlociiaxeHo
e(eKTUBHICTh OKpEeMHUX memyabratopiB Dissolvan-4411,
ND-12, Alkan-415 i Difron-9426. Kpim Toro, Oyiu po3-
pobseHi HOBi peuentypu, no3HaueHi sik KAB-19, KAB-20 i
KAB-21, Ha OCHOBi LIMX IEMYJbIraToOpiB, SIKi JOCIIIKYyBaJIuCh
y Mexax cepii KAB. ExcriepyMeHTH TPOBOMWIIMCS ITPOTSITOM
NBOX TOAMH, a Ls pobOoTa 30CepeKYEThCSI Ha pe3ysibTarax,
orpuMaHux 1pu temmneparypi 60°C. OnrumanbHa KOHLEHTpa-
LisT SIK OKpeMMX OeMYJIbraTopiB, Tak i Komrmo3uiii cepii KAB
3a niei remnepatypu cranoBuia 600 r/T. Kommnosuii cepii KAB
BUSIBWIN MiABUIICHY €(PEKTUBHICTb NEeMYJBbIYBaHHS TTOPiBHSI-
HO 3 IHAWBIOAYaAJILHUMHU AeMYJIbraTropaMu IJisg 000X 3pa3KiB
HapTtu. Cepen HUX HaiiBUILYy €(EKTUBHICTH ITOKa3ajia KOMIIO-
sumist KAB-21.

Knwovosi cJaoBa: BOJIIHO-OJIiliHA eMYJIbCis;
JEMYJIbTYBaHHSI; KOMITO3MIIisl; AEMYJIbraTop; 3aJMIIKOBA BOJA;
BMICT BOAM.
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DEMULSIFICATION OF STABLE WATER—-OIL
EMULSIONS
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This article presents, for the first time, the results and
analysis of the effects of both individual demulsifiers and newly
developed compositions on the demulsification of stable water—
oil emulsions under laboratory conditions. Crude oil samples
containing 52% water from the Muradkhanli field and 48% from
the Umbaki field were used as model systems. The individual
demulsifiers Dissolvan-4411, ND-12, Alkan-415, and
Difron-9426 were tested. In addition, novel formulations,
designated as KAB-19, KAB-20, and KAB-21, were developed
based on these demulsifiers and assessed as part of the KAB
series. The experiments were conducted over a two-hour period,
with this study focusing on results obtained at 60°C. The optimal
concentration for both individual demulsifiers and KAB series
compositions at this temperature was determined to be 600 g/t.
The KAB series compositions exhibited enhanced demulsification
efficiency compared to the individual demulsifiers for both crude
oil samples. Among them, KAB-21 demonstrated the highest
performance.

Keywords: water—oil emulsion; demulsification;
composition; demulsifier; residual water; water content.
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