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Introduction

In crude oil reservoirs a stable emulsion of salt
water in crude oil is produced due to: the proximity
of salt water to crude oil, strong mixing and the
presence of natural surface active compounds such
as asphaltene, resin and solid particles [1]. Emulsion
of crude oil causes reduction of crude oil quality,
increased viscosity, corrosion of equipment used in
various sectors of the oil industry, and poisoning of
catalysts in oil refineries. The most common method of
demulsification of crude oil emulsion is the application
of chemical compounds. The most important challenge
of this method is the selection of suitable chemicals
based on different operating conditions, because the
performance of chemical compounds depends on the
structure and compounds present in the crude oil,
especially the structure and amount of asphaltene
and resin [2]. For example, the results of the study
by Anisimov et all [3] show that with the increase in
the ratio of resin to asphaltene, the size of dispersed
asphaltene particles decreases and the dispersion rate
increases drastically. In addition to the ratio of resin
to asphaltene, the amount of asphaltene present in
the continuous phase is also important, because the
amount of asphaltene directly affects the density of
produced chemical surfactant’s composition. The
results of Anisimov and Ramala study shows that the
distribution size of asphaltene particles is directly
related to the performance of commercial demulsifiers

as well as the degree of aromatic nature of crude oil.
On the other hand, it is not possible to determine the
exact structure of asphaltene and resin. In addition
to the importance of crude oil characteristics, the
performance of chemical surfactants is also dependent
on operating conditions. Generally, in industrial units,
the temperature of the emulsion is raised by furnaces
and heat exchangers before entering the desalting unit,
because the performance of electrical desalterrs depends
on the viscosity of the continuous phase and the ionic
strength of the emulsion [4]. The majority of industrial
desalters located in the desalting region of the country
operate with alternative current and perform better
with lower ionic strength and viscosity. The amount of
applied heat is usually limited by considering the time
of the year and the type of crude oil.

Increasing the temperature for the emulsion has
limitations such as the limited heat load capacity of
the furnaces and reduced quality of crude oil in case of
evaporation of light compounds in the oil. In addition
to increasing the temperature, dilution water is used to
increase the diameter of the dispersed particles, which
increases the probability of collisions of the dispersed
phase. Costs incurred by acquiring dilution water are
a challenge for operational units. However, the most
important operational challenge is the costs incurred
by the supply and environmental harm of surfactants,
which means that the consumption concentration
should be optimal. Until now, other methods such as
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the response surface method, machine learning, etc.
have been used to optimize operating conditions. For
example, Dhandhi et al. [5] investigated the effect
of three parameters; the demulsifier concentration,
process temperature and settling time on the
performance of two chemical demulsifiers based on
the efficiency of brine water separation from crude oil
using the response surface method.

The problem with most of the studies done on
predicting the efficiency of chemical demulsifiers in
the operation of separating salt water from crude oil
emulsion is the lack of checking the type of crude oil
in the model. In fact, models that are designed even
with high coefficients of determination, but without
considering the type of crude oil are not practical
because a model that is designed only for a specific
emulsion sample predicts the results for only one
sample with high accuracy. The reason for not paying
attention to the type of crude oil in these studies is
the complexity of the structure of crude oil and the
large number of parameters affecting the stability of
brine water emulsion in crude oil. The most important
parameter affecting the efficiency of an intelligent
model is the ability of the model to predict the results
for the evaluation data [6]. In this study, the preparation
of an intelligent model that has the ability to predict the
performance of commercial demulsifiers in any set of
conditions, especially against the change of crude oil
type, was investigated by a support vector machine. The
most important point for the design of support vector
machine is the tuning of hyperparameters, because
most of the models and methods provided for setting
Hyperparameters cannot have the same performance
as theoretical and practical results. In this research, a
recursive and innovative algorithm was used to adjust
Hyperparameters with the priority of reducing risk and
increasing the correlation coefficient for efficiencies
higher than 85% in predicting the results.

Materials and Methods
Materials
Crude Oil

Four samples of crude oil were obtained from the
National Iranian South Oil Company. Normal heptane
and alumina column were used for SARA analysis. In
addition, the percentages of water and salt, viscosity
and specific density of each sample were determined
according to international standards. The stability
index was determined according to Equation 1.

Esr =45 (1)
Ar+Re
Demulsifier

Two samples of widely used demulsifiers were
prepared in the southwestern units of the country.
The prepared demulsifiers used in operational units
are different from each other in terms of structure and

performance.

Dilution Water
Distilled water with pH=7.2 was used.

Methods

At first, to prepare a suitable sample for evaluating
the final model, a new crude oil sample was prepared
from the blending of four initial samples. To prepare
a new sample, the same volume of 4 oil samples was
poured into a container at a temperature of 55 °C and
mixed for 5 minutes to make the new sample uniform.
Experiments were performed on four prototypes at
temperatures of 50 and 60 degrees, concentrations
of 80, 100, and 120 ppm, and the ratios of dilution
water to crude oil emulsion were 3 and 6%. For each
test, 10 ml of each crude oil sample was mixed with
a stirrer for 5 minutes at a speed of 4000 rpm at the
conditions of temperature, dilution water ratio and
the desired demulsifiers concentration. The contents
were transferred into plastic bottles and placed in a
thermal oven for 12 hours. The performance of each
demulsifier was determined according to Equation 2.
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Support Vector Machine
Performance results for each demulsifier were

categorized into two groups of above 85% performance
and below 85% performance. Considering the
advantages that a support vector machine can provide,
this model was used to predict the performance results
of each demulsifier according to four parameters;
Emulsion stability index, temperature, demulsifier
concentration and ratio of dilution water to crud oil
emulsion. The efficiency of the support vector machine
depends on the tuning of hyperparameters in this
method of machine learning. Due to the importance
of selecting the demulsifiers, a recursive algorithm
was used to adjust the hyperparameters. The applied
algorithm is different from the common algorithms
that generally evaluate the coefficient of determination
to tune the hyperparameters. In the applied method,
two parameters of correlation coefficient and risk of
error were used for tuning. To compare the efficiency
of the proposed algorithm, the results of the adjusted
model based on forecasting risk were compared with
the adjusted model with the Bayesian optimization
algorithm. The kernel function of the support vector
machine for both demulsifiers is Gaussian function

Results and Discussion

After tuning the hyperparameters using the heuristic
algorithm based on the risk of error and the algorithm
based on the Bayesian optimization method for both
commercial demulsifiers, the results were categorized
into two classes of efficiency, namely efficiencies
above and below 85%. The results show that the



optimization algorithm based on risk of error and
correlation coefficient predicts the type of efficiency
class for demulsifier A and demulsifier B better than the
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Fig. 1 Confusion matrix for Demulsifier A.
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Fig. 2 Confusion matrix for Demulsifier B.

For a better comparison of the applied algorithm,
the results were fitted between the experimental
data and the prediction of both models for training
data, validation and the total database and for both
demulsifiers. The results of the comparison between
the two optimization methods for demulsifier A show
that the risk of error based algorithm is generally
less accurate than the Bayesian algorithm for total
database, but the accuracy of the risk algorithm for
validation data, which indicates the efficiency of the
model for data outside the training space, is better than
Bayesian algorithm. Examining the model prepared
for this demulsifier and for the evaluation data shows
that the model tune based on the risk of error predicts
the results much better than the model based on the

Petroleum Research, 2024(April-May), Vol. 34, No. 134

Bayesian algorithm by 2 and 4.2 percent, respectively.
Fig. 1 and 2 show the confusion matrixes of the results.
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Bayesian algorithm. Fig. 3 and 4 show the fitting
results for demulsifier A for the initial database and the
evaluation data, respectively.

Similar to demulsifier A and according to Fig. 5, the
risk-based model for evaluation data performs much
better than the model based on the Bayesian algorithm.
The results show that by using the support vector
machine, which is tuned based on risk of error and
correlation of coefficient, it is possible to predict
the operating conditions and the type of demulsifier
suitable for each crude oil sample with an accuracy
of more than 85%. Predicting the performance of
demulsifiers is very important in reducing laboratory
and operational costs in the oil industry.
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Fig. 3 Fitted result for Demulsifier A.
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Conclusions

Emulsion of brine water in crude oil is considered
harmful in many ways. Due to the high complexity
of the $tructure of crude oil, especially the active
surface compounds of asphaltene and resin, predicting
the stability of crude oil is a complicated matter.
The selection of commercial demulsifiers and the
determination of optimal operating conditions depend
on the stability of the emulsion. By using the stability
index and modeling with support vector machine,
the performance of commercial demulsifiers can be
predicted. To improve the prediction of the model and
increase the accuracy of the evaluation, a recursive
algorithm based on the risk of error and the coefficient
of determination was used to tune hyperparameters.
By using the above mentioned algorithm, the
prepared model increases the accuracy of predicting,
and increases classification of the performance of
commercial demulsifier into high and low efficiencies.
Also, the model’s evaluation results for the tuned
model based on risk of error are much better than the
model based on the Bayesian algorithm.
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1. Hyperparameters Tuning
2. Particle Swarm Optimization
3. Bayesian Optimization
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1. Ubbelhode viscometer (Type 1C)
2. Required Centrifugal Force



ot s L5
FoVE AFY oyl 0958 IFF o)lods ;‘,&_/jz

s, o

AQL’;..;‘LQ)‘T 30 oalaiul 8,50 (5,8 S udaS 90 Slasin Y Jgus

, ) _ A 595 o

<ol el Jslbonsn! ;o bl | al (e Jldosle | o5 JB (Pasec @20 °C) Wged
Gz]a..awfhx;ﬂﬁ J= LG (BO), - $3 & VY /% &l
J> S e J= S e (EO), -3 m | VV/A <

Cbile oS 38, Of cund Ly pls i aisad
¥ gz jo o (e gls g (5B 3las
g= el L pen gy Fee e mpm e, L O
8,8 1,8 LSl 5 g0 O min Boe a5 ' S
Gg by L3l ) b ol gimme o3 5l Ly
hldasasgly o s Jiie Sz
T sloassk S de sladga ;0 s9250 slws
ARTA Mod.BOS5 5| ,> cygl 09,0 VY hr oo s asy
T3 ool 5l g, VY hr ey o A slaS
Siolesl bl 0 s ce S saslas Ol g g
oSde el A ol B9 T T cls Jou o
Sy g S Jad )3 (illes 1 olie Lo 3llae
ollas laasly o Lagas o as s, Lis L
A mg/L ooga oo 18 8 pae (Sl sda o lale
78 oY ki 4 oosS 33, ol Camud VY mg/L s
v ail o e °C (N0 o3 o led g o>
L Gollas cgadgal 3l oailaz 55 Of oom (s
30 0 Al Heb Ol (glwlas laeadl, Y ala,
Ol y 00 (65l pez Dl oo ;S V, Y ala,
04290 oy e ST We, .ol gy sl o
Cds A0S 58, ol e J

5V, g Ggemdgal (490
by (Seimadly By bl Ginleil e 0 6ls
e o S ale 45 alge o Lal i zjie
=5 ald slasl o gl 5l S (o SLS
IAY o5y (B L (o HeTge (E9) SeS Ay
00 o it i lej] 5l abiged g0 ¥ IS 0 ealiul

Ao oo i |y el Sl 3 (ol

2 ™)

R, = "2
4T0A(We; )

1. Pitch Blade Impeller
2. Disc Impeller
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1. Training Data
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1. Validation Data
2. Multilayer Perceptron (MLP)
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1. Hyperplane
2. Support Vector Regression (SVR)
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1. Basic Sediment and Water (BS&W)
2. Master Loop
3. Bayesian Optimization
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