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The present paper studies the effect of high frequency electromagnetic
fields on sorption processes. The equation of sorption kinetics describes the
main mechanisms of the above effect. This can serve as the basis for more
effective high frequency electromagnetic field technology to increase oil
recovery by reducing adsorption of oil components on the porous bed skeleton.
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1. INTRODUCTION

It is known that adsorption layers of polar oil components are formed on the
porous channel surfaces at oil filtration in a porous medium. These layers change the
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molecular nature of solid surface and serve as a basis to form oil boundary layers
whose viscosity exceeds that of oil in the bulk by an order of magnitude and whose
thickness is commensurable with porous channel radius in a number of cases. Due to
deposition of oil adsorption layers, the cross-section of filtration channels of porous
medium is reduced, its penetrability decreases and, as a result, oil recovery of the
porous bed drops [1], [2].

One of the promising technologies used to extract film oil adsorbed in the
bed is based on application of high frequency electromagnetic fields (HF EMF).
However, the mechanisms of HF EMF action on sorption processes still remain little
studied. That is why theoretical studies in this area are very topical.

The objective of the present study is the theoretical investigation of the effect
of HF EMF on sorption processes.

2. THE FEATURES OF FILTRATION OF A MONOPHASE SINGLE-
COMPONENT SYSTEM IN POROUS MEDIUM

Let us consider filtration of a monophase single-component system in a porous
medium at HF EMF action (with allowance made for sorption processes) within the
framework of the “impurity” theory presented in [3]-[6]. It is assumed that the system
contains a solute (impurity). Impurity absorption by the porous medium skeleton
will be named sorption, bearing in mind impurity adsorption on the skeleton surface.
The impurity mass concentration will be denoted by ¢;,,, ; the mass concentration of
adsorbate (part of impurities sorbed on the pore surface) will be denoted by a.

We take the system as a solution whose density is a sum of the solvent and
impurity densities:

p:ps +pimp=p(cs+cimp)' (1)

Here p, ,c,, p,,, andc,,, are the densities and mass concentrations of solvent

and impurity (dissolved in solution), respectively; p is the total medium density.
HF EMF acting on the considered system is

E=E,(Fexpliot), H=H,(F)exp(ior). )

Here EO(?) and FIO(F) are amplitudes of the electric and magnetic field
strengths, respectively; @ is the HF EMF angular frequency; i is the imaginary unit;
F is the radius vector of material continuum point.

Let us assume that the system under investigation is a nonmagnetic dielectric
with low conductivity. The considered problem deals with the materials of oil
technology, so the corresponding equations of state are as follows:
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D=¢e,E,  B=pH, 3
g, =(1-m)s, +me “

e =¢'(w,c,,c,,,a.p.T)—i"(wc,, ¢, a,p.T). (5)

Here D and B are vectors of electric and magnetic induction, respectively;
&, and g4, are the electric and magnetic constants, respectively; &, is the medium
dielectric permittivity; m and & are skeleton porosity and dielectric permittivity,
respectively; & is dielectric permittivity of solvent with impurity; &" and &” are the
real and imaginary parts of the above dielectric permittivity.

3. ANALYSIS OF THE HENRY ADSORPTION

Let us obtain the sorption kinetics equation. In this case, the Henry
adsorption will be considered, so we have to determine equilibrium conditions for
the impurity in solution and part of impurity adsorbed on the pore surface. Based
on thermodynamics of irreversible processes, the effect of HF EMF on chemical
reactions in multicomponent media was studied and the Guldberg—Waage equation
generalized to the case of HF EMF action was obtained in [7]-[9]. Considering
adsorption as a variety of chemical reaction, (according to [7]-[9]) the Guldberg—
Waage mass action equation may be presented as follows:

N, .
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Here N, = Mad__ s the mole fraction of adsorbate; n,, = Moo = LJ.,oaafV
n,+n,, M My
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M
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1s the number of adsorbate moles in a selected medium volume; 7, = —> = M_[Pmcimpo av
4
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is an equilibrium number of impurity moles in solution in the selected medium

volume; N, =——"— is an equilibrium mole fraction of impurity solved in solution;
ny +n
0 ad

Cimpo 18 aN equilibrium mass concentration of impurity in solution; M is impurity
mole mass; E’, is activation energy of direct chemical reaction at HF EMF action

(adsorption); E'| is activation energy of back chemical reaction at HF EMF action

desorption; K" is the adsorption equilibrium constant.
Therefore, Eq. (6) can be rewritten as follows:

T -k ©)
mcimpO
from which
o ==L = Lexp| -2/ L (10)
Km vy 7 R\T T
or
_ _ o1 1
a_}/cimpo_ }/Oexp E ?_70 cimpO' (11)

Equation (11) is the Henry law generalized to the case of HF EMF action; 7
is the Henry coefficient equal to

. E —E" Q Q 1 1
y=Km= Komexp(— ARTA) = Komexp(— RTJ =7, exp(R(T —E)]J - (12)

Here y, =K ,mexp i is the Henry constant value at T=T,:
0 0 RT
0

0 =0, +Q"istheadsorptionheat; 9, = E", —E' >0 isadsorptionheatwithout

sEM| o (, & o, o
=— & -0 -——|é& -
4 oc, ow oa ow
P e &5

regard for HF EMF action; 0"

)
is adsorption heat due to HF EMF action.

On the other hand, the rate of adsorbate mass variation in the selected volume
of a porous medium is proportional to the difference (mpoc,,, —mpc,,,):
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i = e, -mpe, &
14 V

where B = B, + " is the adsorption rate; 3, is the adsorption rate independent of
HF EMF; 3" is the adsorption rate dependent on HF EMF.

Thus, after some transformations, we get the sorption kinetics equation:

apa_ emy _ -1 _Q"1+Qem.. l_i
5 =mp(B, + B )[cimp ay, exp{ 2 (T Tojﬂ (14)

4. ANALYSIS OF MECHANISMS OF HF EMF INFLUENCE ON
SORPTION KINETICS

By analysing the sorption kinetics equation (Eq. (14)), the following

mechanisms of HF EMF influence on sorption kinetics can be distinguished:

1.

The heat mechanism of HF EMF action: at this action, the medium is heated due

to dielectric losses. As the Henry coefficient (Eq. (12)) depends on temperature,

this results in displacement of the adsorption equilibrium curve [10]-[13]. The

Henry coefficient decreases as temperature grows; so the desorption processes

prevail. One can exert control over intensity of medium heating by choosing HF

EMF frequency.

The HF EMF influence on sorption kinetics via adsorption heat: an additional

electromagnetic component Q" appears in the expression for adsorption heat

at HF EMF action [14]. There are two special cases that can be implemented

depending on the HF EMF frequency:

2.1. O >0 in this case, adsorption heat increases. This leads to growth of the
Henry coefficient and thus to predominance of adsorption processes.

22. 07 <0 ; in this case, adsorption heat decreases. This leads to reduction
of the Henry coefficient and thus to predominance of desorption processes.

The HF EMF influence on the rate of sorption processes: an electromagnetic

part B" appears in the expression for adsorption rate at HF EMF action. There

are also two special cases that can be implemented depending on the HF EMF

frequency:

3.1. B >0 in this case, the adsorption rate increases and the system goes to
adsorption equilibrium more quickly.

3.2. B <0 in this case, the adsorption rate decreases and the system goes to
adsorption equilibrium more slowly.

5. CONCLUSION

A theoretical study of the effect of HF EMF on sorption processes has been

carried out. It has been established that one can exert control over adsorption-
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desorption processes by selectively choosing HF EMF power and frequency. The
mechanisms of HF EMF action on sorption processes (the heat mechanism of HF
EMF action, the HF EMF influence on sorption kinetics via adsorption heat, the HF
EMF influence on the rate of sorption processes) considered in the present paper can
form the basis of more efficient HF EMF technologies to increase oil recovery of
porous beds by decreasing adsorption of oil components on the rock skeleton.
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AUGSTFREKVENCES ELEKTROMAGNETISKO LAUKU IETEKMES
IZPETE UZ SORBCIJAS PROCESIEM

A. D. Galimbekovs, M. A. Kadirovs, D. A. Drugovs,
G. I. Muratova, M. A. Baizarikova

Kopsavilkums

Saja raksta apskatita augstfrekvences elektromagnétisko lauku ietekme uz
sorbcijas procesiem. Sorbcijas kin€tikas vienadojums apraksta galvenos miné&ta
efekta mehanismus. Tas var kalpot par pamatu efektivakai augstfrekvences
elektromagnétiska lauka tehnologijai, lai palielinatu ellas atgGi§anu, samazinot ellas
komponentu adsorbciju poraina gultnes skeleta.
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