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Abstract

The article indicates the relevance of the problem of controlling the surface properties of solids, analyzes the features
of interaction between porous solids in direct contact with liquids.

The process of adhesive interaction of the system “liquid — porous solid” at the interface of these phases is analyzed
and the dependence of the degree of wetting by a liquid of the surface of a solid on the structure of the porous body and
the surface properties of the liquid is established. The dependence of the contact angle hysteresis of the solid with liquid
on the porosity and roughness of the sample of the controlled body is substantiated.

A method of complex express control of the wetting process, which consists in determining the hysteresis of fluid
flowing in and out from the surface of a solid body, has been proposed. The method consists in determining the rate of
liquid outflow from a tilted sample of a solid. At the same time, the liquid is applied with the same speed to the surface
of a porous body sample. The design of device for realization of the method has been developed.
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1. Introduction

The surface properties of solid materials determine
the course of many natural and artificial technological
processes. The interaction of solids with liquids and
gases is determined primarily by the solids properties
[1]. The study of these properties is necessary both
for the possibility of controlling the oil recovery rocks
processes, and for the creation of artificial biological
tissues, varnishes, paints, lubricants, and others. In this
case, the solid can be either a monolithic solid with
a smooth surface (for example, metals after appro-
priate machining), or a porous body (for example, an
oil and gas layer).

Especially important is the task of studying the
surface properties of solid porous bodies, it depends
not only on the chemical composition of the body sub-
stance, but also on its structure, the pores size. The
solid surface tension is determined by the interaction
of the solid surface with the gas or liquid surface, at
the interface of these phases. Therefore, the study of
the solid surfaces is carried out by wetting this surface
by liquids.

Solids are characterized by irregularity (diffusion
and chemical), the degree of which is usually unknown.
Therefore, in each specific experiment it is a surface
tension of the given sample, instead of substance in
general. Even with perfect purity of the solid, its struc-
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ture contains vacancies and dislocations (“impurities”)
that disrupt the normal structure of the crystal lattice.
The solid surface roughness also has a significant ef-
fect on the surface tension value. In addition, it is for
a solid body that the mechanical vy (which determines
the elastic surface properties) and thermodynamic o
(which determines the energy properties) surface ten-
sions do not coincide [2].

It is especially important to study the oil rocks
surface properties. To increase their oil recovery, hy-
drophilization and oleophobization of the hard rock
surface are required. The directions of these processes
are determined by control the rock surface during its
interaction with the liquid.

In the devices manufacture such as “artifi-
cial heart” and “artificial kidney”, and in solving
other practical problems of medicine (for example,
blood transfusion) must take into account the
physical-chemical phenomena that occur at the
moment blood comes into contact with a solid
surface.

Therefore, the purpose of this work is to develop
a method for measuring the Contact Angle of solid
porous. It is necessary to develop a method that would
allow rapid measurements without complying with the
complex requirements for sample purity, environmental
conditions and to assess the wetting degree of the solid
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Table 1
Contact angle hysteresis at different ratios fP / fs and protrusions heights 4
Ir! s

h, mm

20 40 60 80
0.25 — 3 9 4
0.8 12 20 23 21
1.5 31 41 43 32
2.5 49 53 57 50

by a parameter that is convenient for further processing
and interpretation.

2. Improved method and device

The porous body wetting occurs when the in-
teraction energy of solid and liquid surfaces changes,
thermodynamically inverted, and the free energy of
the system is released in the form of work, which is
completely spent on overcoming internal friction dur-
ing fluid movement in the pores. For the theoretical
substantiation of this process, two conditions are in-
troduced: wetting is carried out at a finite speed; the
pores are completely filled with liquid and after wetting
they do not have air bubbles.

The contact angle of the porous surface can be
determined by the following formula:

cos0p = fycosO— fp, (1)
where f, f, — the area of the parts surface occupied by
the solid material and pores, respectively; 0, 0, — con-
tact angles of the solid surface, occupied respectively
by solid material and pores.

To confirm the formula (1) in [3] were conducted
studies of water wetting of various polymeric surfaces
made of polyethylene, polypropylene and Teflon, as
well as wax. As a porous body, a model consisting of
tubes set, cylinders and prisms arranged in a certain
order with a fixed gap between the individual elements
was proposed. For such a surface were calculated: free
energy as a function of porosity, the contact angle on
a smooth solid surface with a constant volume of the
drop, as well as the actual drop contact angle on the
porous surface and its hysteresis during inflow and

_______________________________________

outflow. The drop volume of water was 0.05 ml, the
marginal contact angle on a solid surface was 95°. The
studies were performed for different protrusions sizes
on the solid surface samples (0.25—2.5 mm) and dif-
ferent ratios of areas fp/ f5 (20, 40, 60, 80). The
hysteresis dependence of the contact angles on the
solid porosity ( f, / f;), is shown in Table 1.

Depending on the ratio f, » / fs , the contact
angle hysteresis changes. The maximum hysteresis is
observed when the ratio f, / f; becomes equal to 60.
The greater the height of the porous surface protru-
sions, the greater the hysteresis.

In wetting porous solids, it is necessary to take
into account that the contact angle in these conditions
differs significantly from the contact angle in wetting
smooth surfaces. The approximate values of the contact
angle obtained by wetting various porous bodies are as
follows: for water — 67—84°; for kerosene — 65—71°;
for carbon tetrachloride — 55—67° [4].

In directly measuring the contact angle of porous
bodies, it is necessary to use drops commensurate with
the pore size. This is not always possible on practice.
In measuring the wetting of porous bodies, additional
difficulties arise when uneven wetting of the surface ele-
ments of this body is detected. Therefore, porous bodies
wetting is often determined by indirect methods [5].

Therefore, a method that combines the process of
liquid inflow and outflow, i.e. contact angle hysteresis
determination of the porous body surface is proposed.
The liquid is applied dropwise to a sample of a porous
body inclined at a certain angle. The inclination of
the test sample leads to the outflow of liquid from its
surface with partial penetration into its pores. When
studying solids of different structure and chemical
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Fig. 1. Block diagram of the developed device
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composition, the dimensions of their samples and the
liquids volumes applied to them must be the same.

According to this method, the liquid wetting pro-
cess of a porous solid sample is evaluated based on the
change speed determination of the liquid volume, that
flowing out of the inclined sample. This method allows
you to evaluate pure liquids and solutions of different
chemical composition.

The outflow speed is monitored by continuously
recording the change in the test fluid volume that
flows from the inclined sample surface and enters an
optically transparent measuring container. The block
diagram of the device that implements the proposed
method is shown in Fig. 1.

Structurally, the device is made in the form of
three separate, cable-connected modules:

1 — node of precise movement of the batcher pis-
ton (electromechanical block);

2 — node of measurement of filling volume by
the investigated liquid of measuring capacity (measur-
ing block);

3 — node of volume change registration in time
and comparison of the received curves of outflow lig-
uid dynamics and control of the batcher work (the
processing and control block).

Node 1 includes a four-winding stepper motor
SM, it through the transmission mechanism TM dis-
cretely moves up and down the piston of the dispenser
D to apply the test liquid to the sample surface, that
is the testing object TO. The sample is mounted on
a base (table) inclined at an angle of 15°, to the lower
end is attached a glass measuring flask MF. The opera-
tion of the motor is controlled by a Personal Computer
PC using the motor control unit MCU alternately sup-
ply to its windings pulses of voltage 5 V, current 1 A
and a length (pulse duration) of about 10 ms. The
stepper motor used in the device applying one pulse to
the corresponding winding makes it possible to obtain
a minimum angle of rotation on its shaft equal to 108
angular minutes.

The MCU unit on the PC command switches the
motor windings to turn it on, reverse or stop, as well
as prevents the passage of pulse interference to other
device units due to the operation of high current motor
windings. TM is designed to transmit the rotational
motion of the motor shaft in the piston translational
motion (when the shaft rotates 360°, the metering pis-
ton moves by 0.5 mm).

The design of node 1 with the testing object and
the measuring container is presented in Fig. 2.
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Fig. 2. Construction of an electromechanical block with the testing object and the measuring container
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Node 2 consists of an opto-electronic converter
OEC, the signal from it fed to the amplifier Am and
through the matching unit MU is registered in the PC.

Node 3 contains a PC with a matching unit MU.
The MU unit is designed to provide two-way com-
munication between the PC and other device units.
The sample number and the liquid type, as well as
all the necessary commands about the beginning and
end of the measurement are entered via the key-
board. The PC processes the information about the
liquid volume change in time in the MF, compares
the obtained time dependences with stored in its me-
mory and draws a conclusion about the wetting degree
of the porous solid, as well as controls the device
operation.

The developed device allows express control the
wetting degree of the porous body by the test liquid
determining the change speed of the liquid volume that
flowing from the inclined test sample after its drop
application to the sample surface. The higher the flow
liquid speed into the measuring flask, i.e. the greater
the inclination curve angle of the liquid amount change

in time in the measuring contain, the smaller contact
angle, which corresponds to the higher wetting degree.
The graphical dependence of the liquid volume change
in time obtained in the PC is compared with the theo-
retical dependences, the stored in the PC memory, to
select the closest one, which corresponds to a certain
value of the contact angle.

3. Conclusion

Based on the process analysis of liquid inflow and
outflow from the porous solid surface is proposed to
carry out express control of the process liquid wetting
of the porous solid surface by contact angle hysteresis,
i.e. the flow speed of the test fluid. The liquid is dosed
applied with a constant speed on the investigated in-
clined sample surface.

The design of the device is implemented, which
implements the proposed method and allows to study
the influence of the parameters of the system “solid —
liquid” on the wetting process and to make the optimal
choice of pure liquid or solution for wetting of the
specific porous solid body.

MeToa Ta MPUCTPii KOHTPOJII NMOBEPXHEBUX
BJIACTHBOCTEI TBEPAMX MOPUCTHX TiJI HA MexXi
IX KOHTAKTY 3 piIMHAMM i razamu
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AHoTauis

Y cTaTTi BKa3aHO aKTyaJbHiCTh MPOOJEMU KOHTPOJIIO MOBEPXHEBMX BJIACTMBOCTEH TBEpAUX Tij, BU3HAYEHO OCOOJIM-
BOCTi B3a€EMOJIii MOPUCTUX TBEPAUX Tl MPH iX Oe3MocepeTHbOMY KOHTaKTi 3 pinmHaMu i razamu. [IpoaHaiizoBaHO Tpoiiec
anre3iiiHoi B3aeMOJil cUCTeMU “pilMHAa — MOPHUCTE TBEPAE TiJIO” Ha MeXi po3aily HuxX (a3 i BCTAHOBJIEHO OXHO3HAYHY
3aJIEXKHICTh CTYIIEHsI 3MOUYYBaHHSI PiIMHOIO MOBEPXHi TBEPIOro TiJla BiJl CTPYKTYpU IOPUCTOTO Tijlia, MOT0 LIOPCTKOCTI Ta
MOBEPXHEBUX BIACTUBOCTEH pinvHU i rady. [IpoaHasizoBaHO 3HAUEHHS TicTEpe3ucy KyTa 3MOUYBaHHS, TOOTO Pi3HUILI Mix
KyTaMJ HaTiKaHHS Ta BiATiKaHHS YMCTUX PIIMH i PO3YMHIB MOBEPXHEBO-aKTUBHUX PEUYOBMH i3 TMOBEPXOHb TBEPAMX Till
pi3HOI cTpyKTypu. OOGIPYHTOBAHO 3aJICXKHICTh TiCTepe3UCy KyTa 3MOYYBAaHHS TBEPIOIO Tijla PIAMHOIO Bil IOPUCTOCTI Ta
LIOPCTKOCTI 3pa3ka KOHTPOJIbOBAHOIO Tijla. 3alpOIMOHOBAHO METO KOMIUIEKCHOTO €KCITPEC-KOHTPOJIIO MPOLiecy 3MOUyBaHHS,
SIKMI TOJISITa€ Y BM3HAUEHHI TicTepe3ncy HaTiKaHHS i BiATIKAHHS pilMHU 3 MOBEpPXHi TBepAoro Tiia. Meton mnependavyae
BU3HAUCHHS IIBUAKOCTI 3MiHM O0’€MYy piAMHU, IO BiATIiKa€ i3 MOBEPXHi HaXWJIEHOIo 3pa3Ka IOCJiIKyBaHOIO TBEPAOro
TiJla Ta TIC/IS TIPOXOMKEHHS yepe3 ioro mopu. [Ipm 11bOMy pimvHa HAaHOCUTBCS 3 OMHAKOBOIO IIBUIKICTIO Ha TOBEPXHIO
3pa3Ka IMOPUCTOTO Tijla, pO3MipM 3pa3KiB AOCHIIKYBAaHUX TBEPAUX MOPUCTUX TiJl TAa IX KyT HaXWIy € OJHAKOBUMU JIJisSI BCiX
nochimkeHb. Po3po06iieHO KOHCTPYKIiIO MPUCTPOIO JIsd peatizalii MeToay, B SIKOMY MependadyeHo Mnpelu3iiiHe mepeMillieHHs
MOPILHS J03aTopa JJIsi HAaHeCeHHSI PilMHU Ha JOCHiIXyBaHY TOBEPXHIO, HEerepepBHE BUMIPIOBaHHS i peecTpalis 00’eMy
HaINOBHEHHSI MipHOI €EMHOCTI PiIMHO0, 1110 HAaTeKJa i3 MOBEPXHi 3pa3Ka abo Mpoiiliia yepe3 Mopu, Ta MOPIBHSAHHS KPUBUX
NUHAMIKW BiNTIKaHHS PIAMHU [JIS1 BCTAHOBJIEHHS 3HAYEHHS KpaloBOro KyTa 3MOYYBAHHS i ONTUMaJIbHOTO BUOODPY THUITY
YUCTOI PimvMHM ab0 PO3YMHY JIJIT 3MOYYBAHHSI KOHKPETHOTO MOPMCTOrO Tija.

KmodoBi ciioBa: kpaiioBuii KyT 3MOUyBaHHsI; TOPUCTiI TBEPAi TiJia; rictepe3uc; 3MOYYBaHHS;, HaTiKaHHs; BiATiKaHHS.
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MeToa U YCTPOICTBO KOHTPOJS MOBEPXHOCTHBIX CBOWMCTB
TBEPABIX MOPUCTBIX TEJ HA IPaHUIE UX KOHTAKTA
C XUIKOCTSIMM U Tra3aMu
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AHHOTAIMSA

B cratbe ykazaHa akTyaJbHOCTb ITPOOJIEMBI KOHTPOJISI ITOBEPXHOCTHBIX CBOMCTB TBEPOBIX TeJ, IIPOAHAIU3MPOBAHBI
OCOOEHHOCTHM B3aMMOJCHCTBUS TOPUCTHIX TBEPABIX TeJl MIPU HEMTOCPEACTBEHHOM KOHTAKTE C KUIKOCTSIMMU.
IIpoananu3upoBaH MpoOLIECC aATre3MOHHOTO B3aMMOACWMCTBUSI CUCTEMbI “KUIKOCTh — IOPUCTOE TBEpAOE TeJio” Ha
TpaHULEe pasesia 3TUX (a3 ¥ yCTaHOBJIEHA 3aBUCUMOCTb CTEIIEHU CMayMBaHUS XMIKOCTBIO TIOBEPXHOCTH TBEPAOrO Tejia OT
CTPYKTYPBI IIOPUCTOIO Tejia U MOBEPXHOCTHBIX CBOMCTB XKUAKOCTH. OOOCHOBaHA 3aBUCUMOCTb TUCTEpe3uca yrjiia CMauyuBaHMUsI
TBEPAOTO Tella XXKUIKOCThIO OT IMOPUCTOCTH U IIEPOXOBATOCTH 00pa3lia KOHTPOJIMPYEMOTO Telia.

IIpennoxkeH MeTOI KOMIUIEKCHOTO 3KCIIPECC-KOHTPOJISI Mpoliecca CMadyMBaHMs, KOTOPBIA 3aKJII04aeTcsi B OIpeesie-
HMM TUCTEPE3MCa HATEKAHUsI M OTTEKAHMS XXMIKOCTU C ITOBEPXHOCTH TBEPIOrO Teja. MeTon 3aK/II0o4aeTcs B OIpee/IcHUN
CKOPOCTH OTTEKAHMS XUJIKOCTU M3 HAKJIOHEHHOTo obpaslia TBepaoro Teja. [Ipu aToM XUIKOCTh HAHOCUTCS ¢ OIMHAKOBOI
CKOPOCTBIO Ha ITOBEPXHOCTh 00pasiia MOPUCTOro Teia. Pa3paboraHa KOHCTPYKLIMS YCTPOMCTBA /IS pealM3alldid METO.A.

KmoueBsbie cioBa: KpaeBoﬁ yroj cMadyvMBaHUA, MOPUCTBIC TBECPABIC TCJa;, TUCTCPE3UC, CMAYMBAHUEC, HATCKAHUE, OTTC-

KaHue.

References

L.

Adam N.K. Fizika i himiya poverhnostej [Physics
and chemistry of surfaces]. Moscow-Leningrad,
Gostekhizdat Publ., 1947. 552 p. (in Russian).
Slobodyan Z.V., Maglatyuk L.A., Kupovich R.B.
Vplyv plastychnoi deformatsii stalei na zmochu-
vannia yikh poverkhni inhibitoramy typu Korsol
[Influence of plastic deformation of steels on wet-
ting of their surface by inhibitors like Korsol].
Physico-chemical mechanics of materials, 2007,
no. 3, pp. 125—126 (in Ukrainian).

. Becky L., Abraham M. The exponential power

law: Partial wetting kinetics and dynamic contact
angles. Colloid Surfaces A: Physicochem. Eng. As-
pects, 2014, vol. 250, pp. 409—414. doi:10.1016/;.
colsurfa.2004.04.079

. Neumann A.W., David Robert, Yi Zuo (Eds). Ap-

plied Surface Thermodynamics. N.Y., CRC Press
Taylor & Francis Group, 2011. 768 p.

. Zengyil E. Fizika poverhnosti [Surface phy-

sics]. Moscow, Mir Publ., 1990. 536 p. (in Rus-
sian).

Ykpaiucokuii memponoeiunuii ucyprnan, 2021, Ne 2, 55-59 59



