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METHODS OF ANALYSIS

CONTROL OF INITIAL PHASE-FORMING STAGES IN OIL DISPERSE SYSTEMS

R. Z. Safieva

This article presents a brief comparative overview of the methods for controlling phase formation in
oil disperse systems, of which those that record the initial phase-forming stages and are used for
preventing undesirable complications in oil preparation, production, and transportation processes
are investigated. Switch from static to dynamic methods is of special importance for creating steady
multiphase fluid flow (flow assurance) conditions for further development of underwater hydrocarbons
recovery technologies, including in Russia. The experimental results of determination of the points
of onset of wax and salt formation in model oil systems that illustrate their effectiveness for chemical
inhibition of pertinent undesirable phenomena at the early phase formation stages are presented.

Keywords: initial stages of phase formation, onset point, WAT, salt deposition, oil disperse systems,

flow assurance.

High-molecular-weight compounds (asphaltenes, waxes, etc.) and light hydrocarbons (methane, ethane,
propane, etc.), which tend to form gas hydrates, as well as stratal water salts are commonly considered as the
main problem-creating components because of possible complications in technological oil preparation, recovery,
and transportation processes. Most of the investigative studies of these components are aimed at solving the
problems of preventing their possible deposition on the equipment walls and/or in the stratum pores during

occurrence of the respective technological processes. Because of the need for retaining constancy of properties
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of the multiphase oil fluid in the flow, which is particularly important for further development of underwater
hydrocarbons recovery technologies, including in Russia, switch from static to dynamic methods for control of
deposits in both laboratory practice and for on-line control of fluid properties in the technological process
using various transducers, for example, optical fiber transducers, is inevitable [1].

When static methods are used, technological engineers are focused on forestalling the consequences
of the final stage of phase transformations in the oil disperse systems (ODS) by the known methods and when
dynamic control methods are used, possibility appears for timely adoption of preventive steps at the early
stages of phase transformations, which will help prevent development of undesirable events. Most effective
could be the methods of chemical inhibition and/or physical design by analogy with medical technologies
particularly for early prevention of development of undesirable phenomena in the processes of development of
insult and infarct by using appropriate methods.

Within the scope of “flow assurance” (steady flow) direction the main tasks are the following:
development of analytical methods for predicting and finding effective methods for prevention of formation of
undesirable oil deposits during organization of flow assurance of oil fluid movement in the stratum, pipe,
equipment, etc. The concept “flow assurance” itself is a relatively new term in oil industry and it appeared on
economic considerations for organizing flow of hydrocarbons from storage tanks to selling points. This term
was introduced by Petrobras oil company in the early 1990°s in Portuguese language as Garantia do Escoamento,
meaning Flow assurance.

The specific spheres, which are indicated in Fig. 1, are important for ensuring flow assurance and
deserves separate investigation, because they are dependent on the type of ODS and the stage of the liquefaction
cycle of the whole project. Solution of the problems of ensuring flow assurance is of special importance for
upkeep of the existing technical systems, constancy of properties of the multicomponent media, especially in
harsh climatic conditions. The goal of the assessment of flow assurance is prediction, based on appropriate
mathematical models, of the behavior of ODS during its movement through the pipeline or in technological
equipment so as to preclude in advance the problems that may undermine safety, integrity, and efficiency of the
production cycle.

To solve these problems, materials and design parameters are selected for calibration of the pipes and
strategies are developed for control of the properties of the ODS (commonly emulsions) and use is made of a
whole list of available technologies ranging from mechanical removal, prevention of deposit formation (chemical
inhibition), physical design (implementation of processes far off from the phase transformation conditions),
etc. to formulation of the concept of ODS life cycle in a specific technological process.

The goal of this work is analysis of the methods of control of the initial stages of phase formation in oil
systems.

The mechanism of deposits formation is tied with occurrence of phase transitions that underlie the
physicochemical principle of many oil technological processes. In conformance with the theory of phase
transitions, formation of a new phase occurs via the stage of formation of nanoparticles of critical sizes in the
original mother medium and their subsequent growth. Since the onset of nanoparticle growth precedes the
appearance of deposits in oil technological processes, which are associated with undesirable formation of
macroscopic deposits in the stratum pores and/or on oil technological equipment walls, special attention is
focused on methods of determination of the so-called points of onset of growth of disperse particles of oil
components upon variation of external conditions that imitate changes in phase state of the oil systems.

In this context, in this work we analyzed the known assessment methods and presented the results of

some investigations in the domain of precursors of the first type of phase transformations in oil systems,
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Fig. 1. Block diagram of flow assurance.

namely, the so-called onset points, which include onset of precipitation of asphaltenes, crystallization of waxes
(WAT — wax appearance temperature in English terminology), and formation of salts 4 (by example of Russian
inhibitors). The results of determination of these parameters are important for reliable modeling of the
hydrodynamic behavior of multiphase flows, which ensures steady condition of their movement. Note that the
kinetics of formation of gas hydrates, including its initial stages, is a subject of numerous investigations [2-4].

To determine the onset points of the above-noted phase transformations, a group of standard and
investigative methods was developed [5, 6]. From a comparative analysis of the various asphaltene onset point
determination methods listed in Table 1 it is evident that methods of optical titration (optical end point
determination) of asphaltene-containing systems could be useful for the purposes of modeling and be promising
for finding effective asphaltene deposition inhibitors. Optical methods can be implemented in static (manual
variant) and dynamic (automatic variant as per ASTM D 6703 method) mode since most other known methods
have considerable limitations generally due to low reproducibility (for example, visual method) and difficulties
of investigating oils having high asphaltene contents.

The dynamic method of asphaltene onset point determination is promising because it allows variation
of measurement pressure and temperature in a wide range, which makes it possible to construct phase diagrams
of asphaltene-containing dispersions, but this method is not as sensitive as optical methods when asphaltene
content is low.

Analysis of WAT determination methods listed in Table 2 shows diversity of principles of their
determination, which additionally underscores the uncertainty of the earliest standard method of pour point
determination in accordance with ASTM-D2500 [16]. Wax microcrystals begin to precipitate from the oil upon

attainment of WAT. In general, the flowability loss temperature is roughly three degrees higher than the pour
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point of an oil. Some oils do not congeal at temperatures down to —70°C. In that case, the difference between
the WAT and pour point could be as much as 15-20 and even 50-60°C. Wax deposits of oil always contain
surfactants (up to 20-40%), water, and mechanical impurities, besides paraffins (20-70%) and the oil
itself (up to 45% and more).

Of these asphalt-resin-wax deposits (ARWD), those with prevalence of waxes or asphaltenes are distinct.
If the oil temperature falls below the WAT, both ceresines and paraffins (waxes) crystallize, the crystals grow
larger, and a 3-D wax network, which consists of variously sized interlinked wax crystals, is formed. This
network “reinforces” the oil: the viscosity of the oil increases and then it becomes gelatinous. At a certain
temperature the oil being sufficiently “reinforced” by the wax network loses its mobility.

There are various WAT determination methods, of which microscopy in polarized light and static cold
finger methods are the main in global research practice even though they are capable of determining appearance
of only large wax crystal particles (0.5 mm and above). The method that uses NIR spectroscopy to determine
WAT from the change of intensity of optical density due to light scattering at 1100 nm wavelength allows
determination of the onset of appearance of wax nanocrystals of 50 nm size.

In investigations of WAT in model systems by NIR spectroscopy in static mode with cooling of a
temperature-controlled optical cell at the fixed wavelength of 1100 nm, the onset of the wax formation process
in the presence of a specified quantity of asphaltenes was determined distinctly (Fig. 2) [30].

Most of the known methods of determination of the onset of formation of a new phase are characterized
by static condition of formation of particles of the new phase (waxes, asphaltenes, salts, etc.) in the bulk of the
original static mother phase, which markedly differ from the real hydrodynamic situation in the pipe or in the
oilfield equipment. The dynamic variants of determination of initial stages of phase transformations in oil
systems implemented in laboratory units, which reproduce laboratory and field conditions, can be considered
as maximally close to real hydrodynamic conditions of flow of a moving fluid [29]. Such units can be used for
measurements in a laboratory loop consisting of two parallel temperature-controlled lines, through one of
which moves the reference fluid with a fixed velocity and through the other, the test fluid. In this case, the start
of pressure rise in the system upon cooling is determined in the case of wax precipitation or when cationic and
anionic solutions are mixed, which leads to formation of a supersaturated salt solution. Laboratory units

reproducing similar conditions are generally called flow loop.
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Fig. 2. Illustration of method of determination of WAT of wax-bearing system in
presence of 0.01 wt. % asphaltenes in conditions of gradual reduction of temperature

at the rate of 15 degrees/min.
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Fig. 3. Comparison of effect of dynamic method of inhibition of salt deposition by
chemical inhibitors: / — reference sample; 2 — Iprodene S-1; 3 — SNPKh-5312T;
4 -FLEK; 5 —L-3002(a); 6 — XPS-005.

Comparative results of analysis of the onset of salt precipitation in the presence of various inhibitors
by the flow loop method under dynamic conditions in the so-called salt loop are plotted in Fig. 3. The essential
feature of the dynamic method of determination of the effectiveness of inhibitors of salt deposition consists in
pumping of model supersaturated solutions of various compositions through a metallic capillary tube with a
diameter of 0.75 mm under set thermobaric conditions. The salt deposits on the capillary tube walls, increasing
thereby the fluid pressure at the system inlet. The WinDSL software is used for control of the unit and data
processing.

In comparison with the static methods, tests under dynamic conditions correspond to field conditions
and can be conducted in a wide range of temperatures and pressures, which makes possible comparison of
effectiveness of the proposed inhibitors of salt deposition [31-32].

Thus, it is possible to acquire initial data for composing a picture of emerging possible complications
at the initial stages of phase transformations in oil systems. The advantages of use of flow loop type of
methods are obvious because they simulate real situations relating to thermobaric characteristics and

hydrodynamic parameters.
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