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Abstract

The method of express control of the degree of goaketting by surfactants solutions and formatiomdf while
intensification of oil and gas extraction by cofling and regulating the interphase parameterdatformation fluid-rock —
surfactant water solution interface in the proaddsottom hole zone treatment has been sugggested.

The basis of the proposed method is the depend#ribe change in the impedance of the capseitell, which contair
the studied fluids and specimens of the rock, eir tettability properties, which, in turn, determaithe rate of dispersion of
solution on the investigated surface. The mainrinftive parameter of the proposed method ésrétie of impedance chan
which is determined by the angle of inclinatiortled graphic dependences of the change of impedariitee when the solutic
of surfactant is being spread on the solid surfdae.implement the developed impedance controlhodt a device wi
developed and a method of grading the degree dékibity for a comprehensive evaluation of the gyadf surfactants and tl
selection of such surfactants that have the mosimap wetting properties for specifically-taken @ihd ga rocks has be:
developed.
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Due to changes in the structure of the energye dynamics of the process of fluid leakage onhirel
market of Ukraine, the depletion of oil fields,ing surface of the rock. Along with a large number of
energy prices and the growth of competition, od gas methods for determining the surface tension ofidigu
sector enterprises, in particular oil and gas pcida  measurement of this parameter for solids is caroiad
companies, must ensure their own competitiveness. approximately, and the quantitative assessmeneiig v

This can be achieved through the introduction adipproximate, since a significant number of pararsete
modern approaches to production management, &me affected. Measurement of the marginal angle of
particular, WCM systems (world-class production)wetting using existing methods is carried out istatic
which involve application of management, modernmode, which prevents the ability to control the
technology and continuous improvement of the&lynamics of fluid dispersion of the surface of didso
production process through phased quality contmdt that is, to carry out an express control of thetiwet
reduction, optimization of each technological opiera process.
and search for the most functional methods of ieffic Investigation of wettability parameters such as
production at each stage. surface tensions at the interfaces of the contgctin

As far as nowadays due to the depletion of oil anphases of the solid-liquid-gas system, the marginal
gas bearing strata, the problem of intensificatbroil ~ wetting angle, adhesion, and free surface enengyed
and gas production is a pressing issue, then tliee basis of many research papers by a number of
improvement of one of the stages of oil and gascientists, the first of which were: Huck, Zhordnng,
extraction (contouring of the deposit) requires thé&aplace and others. Gibbs suggested thermodynamic
control of the quality of surfactants used to isi§noil approach for describing wettability properties.eTh
and gas extraction. latter in conjunction with Rebinder's work contried

The behavior of the liquid on the solid surfacedo the development of the surfactant production
determines the wetting properties of all the medimdustry. Also, wettability issues have been stddiaed
involved in the interaction. Therefore, in order tgoracticed by such well-known scientists as Frumkin,
control the wetting process, it is expedient tosidar Deryugin, Zikman, Fooks, Neyman.
the surface properties of not every phase in pdatic Spreading rate has been actively studied lately as
but of the entire system in the complex, and totrmbn characteristic of the kinetic regularity of wettinghis
interest is due to the fact that very often thee raf
interaction between a solid and a liquid dependshen
* Corresponding author: rate of spreading.

myrosyachuyko@gmail.com Nowadays the most common oil and gas
production intensification method includes treatiofy
the bottom hole zone of the well with surfactant
solutions (surfactants). In this case, the contrfothe
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efficiency of the treatment — is, first of all, ¢ool of the and the macroscopic surface energy is presented as
process of wetting of rocks with formation fluidada follows [2]:

solutions of surfactants. This process requiresraiped o = 3
control of the degree of wettability of the working — 2N*h SZ(\/E) 4)
solution of oil-bearing rocks for the comprehensive 64/mr2

assessment of the quality of surfactants and th% N is th trati f moleculek: is th
determination of their optimal concentration, which/"€re IS Ine concentration of molecules, IS the

allows maximize the volume of production. Planck's constant h(=6.6262110°'J %), e is the

Therefore, a methodology for grading the qualitharge of the electronee1.6022110%°C), m is the

of different types of surfactants and selectingirthe _ 31 .
optimal concentration for the treatment of bottoaleh electrone massni=9.1098107kg ), s is the valence,

zones of layers from specific deposits is suggesiee £ S the the number of free electrons, is the
criterion for the gradation is the rate of dispensof the ~Polarization,r is the intermolecular distance.
solution of surfactant and formation fluid in thergs of In its turn, there is a relationship between the
the rock. This physica| quantity depends on severaplarizaﬂon of the moleculead and the dielectric
variables: the wettability of porous rocks, thefsoe Ppermeability of the medium, which is described bg t
tensions of liquids and solids, the viscosity afuldls, ~Clausius-Mosotti formula [3]:
and also the roughness of the surface of poroussroc -1 [_M _ aNp )
Due to the existence of interconnections between th £+2 p 3,
parameters on which the reliability of control degs,
there is a need for the development of a methodafor
comprehensive assessment of the quality of wetifng
rocks by liquids. the Avogadro's numbem, =6.022013° mol 1), &, is
For a_thmprghenzllve tassessr_r:jent (t)r:c a Sﬁhd Wett'ﬂge absolute dielectric permeability
process, it is advisable to consider the change and _ 12
redistribution of charges of liquid and rocks. Hist (& =8.854210 F/n).

where ¢ is the dielectric permeabilityM is the molar
mass of substancey is the density of substanchl, is

case, this system can be considered as a capauitiye From this equation, we can get, which is as
and the process of liquid spreading on the surdtee  follows:

rock should be evaluated by changing the paramefers _ 35M (5—1)

this cell. In the process of surface wetting due to 7" Nap(e+2) ©

changes in the size and shape of the drop, theiteltuf . . . .
the latter is proportional to the change in thealtot Since the characteristics of the |nt_eract|0n betwee
dielectric permittivity of the capacitive cell. Thest € contacting phases are determined by surface

fluid and sample breed are between the covers ef tRroPerties, which are numerically determined byirthe
condenser, forming a capacitive cell surface energy, and the work of adhesion consists i

For the theoretical substantiation of this method?Vercoming this energy for the formation of indied

the processes that take place in the capacitive catrfaces, one can equate equations (1) and (2) and
during the dispersal of the fluid and the surfactarpuPstituting equation (6) for:

. . . 3
solution on the rock formation have been considered 3egM (£-1)
. - . . 2 0
The capacity of the condenser with the dielecsic i 2N“heysZ N 2
determined by the sum of the various polarization _ Ap(‘g )
. o,,(1+cosf [ B= (7)
mechanisms. pe 64/m r2

_ .T_he adhe;ionwa on the interface §olid body- From the above mentioned dependence we obtain
liquid is determined by the parameters of intermolar  equality, which shows the connection between the
interaction and is numerically described by thenarginal angle of wetting and the dielectric

following dependence: permeability € and the surface tension of the liquid
Wa =0y, +Jp2 _Ump ’ (1) Upg :
which, using the Jung equation, can be presented as 3
follows: NZhe sz 3gM (e-1)
W, =0, (1+cosd). 2) Npo(e+2)
It should be noted that at the interface of thédsol cosg = 32Jm rZJpZS -1 ®)

body — the liquid contact area of the liquid withlids In th btained d d |
may be different, so the work performed is found by !N the obtained dependence, some values are

multiplying the work of adhesion to the area ofithe cONStants, and some are constant for a particular
contact [1]. substance, therefore, to establish the relationship

between the surface tension and dielectric pragerti

W =W,S. (3) they can be replaced by such a coefficient:

Also, taking into account that the dispersion farce
determine the polarization properties of dielestrithe
relationship between the microstructure of theetitzlc
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control unit. Impedance measurement is carried out
simultaneously with the application of liquid orsalid
body by a measuring retractor. The transformed and
amplified signal from the converter is transmittedhe
computer, in which signal is processed and the
characteristics of the change of impedance in tisne
built. It should be noted that in each individuate, the
purity of the surface and the dispenser must be

(10) examined.

a 32/mr?
Then the dependence (9) will be as follows:
{ g_lf
T Ne+2
cosf = ————
0p.S

The design of the device involves the rapid

The obtained dependence clearly reflects theeplacement of samples of the studied surfacesjedls
relationship between the marginal angle of wettimg as protection from the influence of external electr

the surface tension of the fluid and
properties, which allows for taking into accoune th

its dielectridields.

The measuring transducer is based on the

peculiarities of the interaction of the contactimgdia microprocessor block type AD 3934.
(the rate of dispersion) and theoretically jussfithe
ability to control the degree of wettability of tearface measuring block, the dispenser and the transmission
rock by dielectric properties of the liquid andidol

Changing the impedance of the capacitive cell i»

time when the fluid is spilled characterizes thaligy

of the interaction of the solid-liquid system. I$ i

proposed to establish the degree of fluid leakagthb

studied rock surface by comparing the changes én tl
impedance changes when the fluid is rolled out, tt

solution of surfactant and reference liquid durthgir
alternate application to the investigated surfandeu
normal ambient conditions.

On the basis of the suggested capacitive contr
method, the device WDM-1 (wettability degree meter

has been developed. Its block diagram is giverign E

Stepper Engine control |¢ Dig.-to-anal.
motor module converter
Transmission
mechanism
E %j i Dispenser
: i Screen
g PG
:___ __f/ Measuring

/ unit
| >yttt Dockafiiathe 2t diuclie el s )
1 I:i, 1

Measuring

transducer

Figure 1 — WDM-1 block diagram

The mechanical block of the device, including the

mechanism, is shown in Fig. 2.

Figure 2 — Mechanical block of the device WDM-1

In the course of experimental studies, the wetting
properties of pure liquids (water, alcohol) and evat
10 % solution of surfactant (BYK LPD 6296) were
tested when they were exposed to glass surfacass gl
fiber glass (PT) and rock pores. For all fluidse th
sequence of the study was as follows: the impedance
was first determined for the solid sample, and ttien

In the course of measurements,the reference aff$t fluid was applied with constant flow.
other controlled liquids are applied with constéatv
to a controlled solid body sample which is locatedneasuring signal, we have defined the characté¢heof
between the plates of the condenser (capacitii. ceddependence of the impedance change upon change in
The application of liquid to the surface of a soigd ! ) \
carried out with the help of a dispenser and asfean Ccondenser by the introduction of a rock sampleuf&@
mechanism, which turns the rotary motions of th&hows the graphs of the dependence of the norrdalize
engine into the translatory displacement of théopi®f
the dispenser. Engine control is carried out by ¥alues: 1, 2, 3, 5, 7.5 and 10 kHz. Norm values are
computer using a digital-analog converter and aginen obtained while assigning absolute values of impedan
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Figure 3 — The character of the change of the impeahce of the capacitive cell when it is applied tde test
sample at different frequencies of the measured sigl
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Figure 4 — Impedance change in time when applyinduids to a glass surface sample

to their mean arithmetic meanings. As it can bense@mpedance change when applied to the indicateddlui
from the figure, at the frequency of the measusigmal on the indicated surfaces. Smoothing of experinienta
of 3 kHz, its character of the change is clear la@sithe dependencies was carried out using a linear fier
smallest spread of its values. 5 points.

Therefore, subsequent studies of wettability were  As it can be seen from the graphs, the curveseof th
carried out at a frequency of 3 kHz. In Figs. 4héré impedance change for a set of controlled liquidserv
are the smoothed graphs of the time dependendée of spreading on the surface of a certain solid bodypéa,

46 ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2017, Vol. 4, Issue 1



Quality control of surfactants for oil and gas extr action intensification

0.86

0.84

0.82

—GT
—— GT-water
GT-BYK LPD 6296
GT-(alcohol+water)
—— GT-alcohol

0.80

0.78

Impedance, mOhm

0.76

0.74

072 . \
0 10 20 30 40

Time, s

Figure 5 — Impedance change in time when applyinduids to a glass fiber sample
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Figure 6 — Impedance change in time when applyingldo rocks samples

change their angle of inclination and the spread wetting and for better wetting and spreading. Tiees
measured values, depending on the surface moisturethe graphic dependences obtained give an opportunit
the contacting media. From the graphs it is sean trassert that alcohol and surfactant solution haeebtst
with the decrease of the surface tension of théralbed  wetting properties while water is the worst one tloe
liquid in the following sequence: water, water 10 %suggested solid body samples. While wetting th&soc
solution of surfactant (BYK LPD 6296), water 50 %by oil, wettability is low, with the addition of a
solution of alcohol, alcohol — the angle of inctioa of surfactant solution, spreading is acceleratingjclvh
the curve and the spread of values decreases, whindicates a reduction of the marginal angle of ingtt
corresponds to reduction of the marginal angle of
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Conclusions References
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The method being suggested is based on thghemistry, Moscow. (in Russian).
dependence between the condenser impedance change [2] Holmes, Curtis F 1973, ‘On the relation between
and the change in the volume and form of the fluidurface tension and Dielectric Constanf,, Amer. Soc.,
under study when it is spat onto the surface oflal,s 1014 p.
filling its interlayer space. This method of cortro [3] Berliner, MA 1973,Measurement of humidity, 2nd
makes it possible to select a liquid with the bestting  ©d-» revised, Energy, Moscow. (in Russian).
properties if compared with a particular solid body
sample, taking into account the peculiarities agirth
interaction. At the same time, both media are
investigated in their direct contact, since theawidr of
the liquid applied to the solid depends on its alctu
physical and chemical parameters, and on the sfate
the solid surface (roughness, heterogeneity, pofijut
Due to the short time of control, the error of
determining the degree of wetting caused by the
evaporation of the fluid decreases and the conbfatste
liquid and solid surface, which is necessary fotiaah
methods, loses its relevance.
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3aIrpornoHOBaHO METOJ EKCIPEC-KOHTPOIIIO CTYIEHSI 3MOYYBaHHs PO3UMHAMH ITOBEPXHEBO-AKTUBHHUX PEUYOBHH
(TTAP) ta nnactoBumE (iroizaMu ripcbKuX MOpia mpu iHTeHcHpikalii HahTOra30BUIIyYEeHHS HUTIXOM KOHTPOJIO 1
peryiroBaHHs MiK(a3HUX MapaMeTpiB Ha MeKi po3ily Iu1acToBui (Iroin — ripcbka nopoja —BogHHUN po3unH [TAP
y mporieci 00poOIeHHS MPUBUOIHHUX 30H TUIACTOBUX EKCILTyaTalliiHUX CBEPIJIOBHH.

B 0CHOBY 3ampomnoHOBaHOTO METOMy TOKJIAIEHO 3aJe)KHICTh 3MIiHH IMIIENAHCYy €MHICHOI KOMIpKH, B SIKil
3HAXOMATHCS JIOCHIJKYBaHI PiIMHU 1 3pa30K TOPOIH, BiJl iX 3MOYYIOUHX BIIACTUBOCTEH, sIKi, B CBOIO HEpTy,
BU3HAYAIOTh IIBUJAKICTh PO3TIKAHHSA PO3YMHY JOCTIDKYBaHOIO MoBepxHeto. OCHOBHMM iH()pOpMATHBHHM
[apaMeTPOM 3alpOIOHOBAHOI'0 METOXY BHCTYIA€ HIBUAKICTH 3MIHM IMIEIAHCY, sSKa BU3HAYAETHCS KyTOM HaXHIy
rpadigHUX 3aJeKHOCTEH 3MIiHHM iMIIeIaHCy B Yaci MpH po3TikaHHsA po3unHy [IAP moBepxHero TBepaoro tinma. Jlms
peadizanii 3anporoHOBaHOIO IMIEJAHCHOTO METOAY KOHTPOJIIO BHUTOTOBJIEHO IIPUCTPIH Ta po3poOIIEHO METOIUKY
rpajamii cTyneHsi 3MOYYBAaHOCTI Ul KOMIUIEKCHOTO OLIHIOBaHHS sKocTi i migdopy Takux ITAP, siki BoJoAmitOTh
HaWOUIbI ONTUMAIBHUMH 3MOYYBAJILHUMH BIACTHBOCTSIMH CTOCOBHO KOHKPETHO B3STHUX Ha()TOra30HOCHUX IIOPi.

KirouoBi cnoBa: smouysanicmo, imneoanc, KOHMpOb AKOCMI, NOBEPXHEBO-AKMUBHI PEYOSUHU, WBUOKICHDb
PO3MIKAHHSA PIOUHU.
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