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I'enbau A.A., bonnapues /I.1O., A6aukapumor A.K.

Ka3zanapIk koHe TYPpOMHAIBIK KOHABIPFHLIAP 3JIeMEeHTTePiHiH KanuISpJbl-KeyeKTi jKa0bIHIapbIHIAF bl
JKBLITY JKYKTeMeJIepiH 3epTTey

Tyiiingeme. XXbimyanmacy JaFJapbICHIHBIH KEM KbI3ABIPBUTY )KOHE aFbIH JKbUIIAM/IBIFBIHA, KbI3IBIPY OCTTEepiHiH
KbUTY (PU3UKAIIBIK KACUETTEPIHE JKOHE KEYeKTI KYPhUIBIMHAH CYWBIKTHIK TaMIIbUIAPBIHBIH MIBIFAPbLTYbIHA OalJIaHBICTHI
3epTTeyIIepi Kyprizinai. Kany kamepanapblH KypacTbIpy KaFHAallapbl aHBIKTaJbl. 3epTTeyiep KYHill KeTY/IeH CYbITY apKbLIbI
KOpFaJlaTeiH Oy OHIIpeTiH OCTTiH IIEKTi Ky calacklHIa MPaKTHKAIBIK MaHBI3BI O0ap. KeyekTi KypbutbIMIapaa cy KaiiHaraH
Ke3ZIeri JKbUTy anMacy IaFJapbIChl 3epTTernmi. ToxiprOe 3pIMBIpaHIBIK THIITETI OTTHIKTA JKYpri3uimi. JKaHy kamepamapbl
OpPTYpJI KeyeKTi KypbUIbIMAApMEH CaJKbIHAATBUIABL JKBLTy anMacy IpOLECiHiH MEXaHW3MI CHIIATTaJFaH JKOHE KEYeKTi
KYPBUIBIM YSIIBIKTAPBIHBIH OHTAWIIBI OIIIeM/Iepi aHbIKTANFaH. Kamuuispibl-keyeKTi oHe aFbIHIbI CANKBIHAATY XKyhenepi
JKOFaphl CEHIMALTIK KOpCeTTi, anmaiia OipiHIm jKyle CalKbIHIATKBIITHIH MIBIFBIHBEIH OHmaraH ecere (80 ecere neiin)
KBbICKapTyFa MYMKIiH/iK Oepi. ['MOpuaTi KeyekTi OeTTep/ii KypacThIpy MEH jkacay oJiap/ibl )KOFaphbl ayMaJIbIK XKyKTeMesepi 6ap
OIpiKTipiIreH, KTl (YYHKIUSIIbI XKoHE XKaObIHApIbIH IIEKTI KyiiH OackapyIbiH OHTailIbI mpoueci eresi. Kanuispisl-keyekri
KYPBUIBIM/IAp MeH KaObIHIapbl CaTbICTBIpMAiIbl Oaraiay, oJlapJblH 0acka CalIKbIHAATY KyHeJepiHeH apThIKUIbLIbLIBIFbIH
KOpCeTTi. OPTYpJIi KaMJUIPIIBI-KEYEKTi KaObIHIap IbIH 3epTTENreH eKTi MyMKiHIKTepi kenTipiireH. XKbuty 0epy/ii sxorapbl
KEICNICTY KAlMULIPIIBI JKOHE MACCabIK KYIITEPAiH apajac ocepiMeH KamMTamachi3 eTiiedi. Teopusuiblk ecenTep MeH
TOKIPUOEITIK JAePEKTEP/IiH HOTHIKEIEPI )KAKChI KeITICETIHI KOPCETIITeH.

Tyitinai ce3mep: KaitHay, calKBIHIATY JKy#eci, )kaHy KaMepataphl, KalUBIPIIBI-KeYeKTi KYPBUTBIMIAP.
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THE USE OF COMPUTER-MICROOPTICAL METHOD FOR THE ANALYSIS
OF THE DISPERSING EFFECT OF POLYMER MODIFIERS

Abstract. The effect of polymer surfactants on the dispersion of solid-phase particles of titanium dioxide was
established by changing the fractional composition and the total number of particles in aqueous suspensions.
Modernization of the traditional method was carried out on the basis of rational conjugation of the functional capabilities
of optical analyzers and computer systems.

Analysis of the data showed that the dispersion of the pigment is determined by the content of the film-forming in
the system and can be purposefully controlled by the content of surfactants. In the “water-surfactant” system, the
maximum disaggregating effect of the studied modifiers with respect to titanium dioxide was recorded at their content of
1.0 g / dm?®. In this case, Dispers 715 w was characterized by the greatest dispersing effect. Equations are derived that
describe the influence of the additive concentration and the film-forming content on the diameter of the pigment particles,
and nomograms are constructed on their basis.

Keywords: coatings, acrylic composition, surfactants, film-forming, dispersion, water-acrylic dispersion, titanium
dioxide, suspension.

Ka3¥T3Y xaGapmbichl Ne§ 2020 119


mailto:l-a.13@mail.ru

o TexHMKAJLIK FhlIBIMIAD

1. Introduction.

The introduction of superficially active substances (SAS) and coating composition is a promising
direction for the intensification of disaggregation processes (the Rebinder proppant) and stabilization of finely
dispersed states over time [4]. This was established by the work of Academician P.A. Rebinder [5-7] and was
further developed by the employees of his school - Mr. A.B. Taubman and Mr. S.N. Tolstoy, who explored
the interaction of pigments with polymers at the boundary phase. It emerged that the dispersion of pigment
particles combined with the polymer can both improve and deteriorate, in addition, it depends on the chemical
nature of both components [8, 9]. Interacting with each other through layers of surface-active materials, solid
entities form a developed structure, on which, like on a carcass, the secondary structure of an oriented polymer
is formed [10-12]. Despite the large number of studies [13-15] devoted to the research on the effect of
surfactants on the properties of composite materials, the effect of polymer surfactants on the dispersion of
pigments has not yet been adequately studied; therefore, it seemed reasonable to study the effect of ionic
polymer superficially active substances (SAS) of the TEGO brand: Glide 100 brand (polyether siloxane
copolymer), Dispers 715w (sodium polyacrylate), for the development of titanium dioxide disaggregation
processes (brand R02) in compositions based on acrylic film-forming (TU 2316-014-88753220-2006) and a
polar solvent (water).

The main aim of the study was to increase the protective resource of acrylic paint, based on the study of
the influence of polymer surfactants on dispersion of pigment (titanium dioxide) in the aqueous dispersion of
acrylic polymer.

Methods: computer-optical microscopy and mathematical modeling.

For quantitative assessment of the dispersing effect of superficially active substances (SAS), the optical
microscopy method is preferable [13], enabling to directly record the linear sizes and configuration of
individual dispersions, as well as to determine the fractional composition and qualitative-quantitative
regulatory variables in the characteristics of paint and coatings suspensions. The solution of these problems,
within the framework of traditional microoptical analysis are constrained by the essential time commitment,
labor intensity and poor accuracy, what is associated with the predominance of visual evaluations, routine
operations both at the exploration stage and at the stage of the image processing. The foregoing determined
the feasibility of pairing the capabilities of micro-optical analyzers and computer systems at the technical and
methodological level. For the adequate transfer of the image observed in the eyepiece of the microscope, an
electronic conversion nozzle with a magnification of x35 was used, which is equipped with a standard USB
port and software package. The principle of operation of the electronic video eyepiece is similar to the principle
of operation of the photocell and is confined through conversion of light energy into electrical energy. The
system unit of the nozzle with small-scale CCD cameras transforms fixed images in microscope eyepiece into
signals eligible for perception by the WindowsXP system in personal computers.

The electronic nozzles are compatible with traditional microscopes in configuration. In our system that
we developed, we used a microscope CARLZEISS 451422. At the first stage, within the used framework
software package "Differential Distribution Spectrum”, by the method of continuous-contact scanning we
carried out identification of individual solid-phase pigment particles in the microimages of the studied
compositions, followed by their transfer to the computer system unit and saving (documentation). At the
second stage, microimages were processed automatically with obtainment of the quantitative information on
the specific quantity of particles (per unit area), their geometric parameters (linear dimensions, configuration,
area) and finally, on the whole fractional composition.

Thedataprocessingalgorithmincludesthefollowingbasicoperations:

1) binarization of a previously saved image - converting the image to black and white;

2) recognition during continuous scanning and sorting of individual dispersions by quantity (N, unit),
size and fractional composition (P, %) by reading their area in pixels (S, px). Transformation of a calculated
measure of particle size, expressed in pixels, to metric units (microns);

3) calculation of the integral and differential characteristics of the distribution of particles (by their
number, linear parameters and area) and their reflection in the form of diagrams, distribution functions, or in
tabular form depending on the specified (in studies) optimization parameters;

4) the output of functional dependencies (in the form of equations or graphs) of the subtractive integral
and differential characteristics measure of distribution of particles (in quantity, linear size or area) depending
on the quantitative content of the film forming and superficially active substances (SAS) in the compositions.

Whereby, the compositions of the suspensions were optimized by the quantitative content of the solid
phase in them, depending on the degree of dispersion of the particles and their distribution according to size
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classes. At the same time, for the formation of homogeneous and time-stable layers (by thickness and density of
dispersion distribution on the surface of a glass slide), the required characteristics of the static load (mass, soaking
period) on the cover glass were defined. This enabled to neutralize the influence of deformation effects caused by
variations in the composition of suspensions (in terms of solid content) and triaxial compression (in height and floor)
due to the development of accompanying processes in time (evaporation of a dispersion phase.

Testing the complex on standardized objects in static and dynamic (in time) modes showed that the
measurement error does not exceed 1.3% (rel.). The total duration of microoptical analysis (from taking
samples until the release of results) was limited to 3-4 minutes.

According to the results of preliminary tests on pigment titanium dioxide it has been found that for a given
multiplicity factor of augmentation of the computer-optical system x350, the best effect from the point of view of
reproducibility and accuracy of the results is achieved when its content in aqueous suspensions is on level 1 %.

The development of disaggregation (aggregation) processes was monitored by changing the average
statistical size of solid-phase dispersions (d, um) and fractional composition (P,%) over a fixed area (S of the
processed image). The above mentioned operating conditions of sample preparation modes were taken into
account during the research. The dispersing effect of surface active polymers was established in aqueous
suspensions with 1% m solids mass content. In suspensions, the quantitative content of the aqueous dispersion
of acrylic polymer were varied from 0 to 30% and polymer surfactants from 0 to 4 g/dm?.

2. Results.

The microimages of dispersions of titanium dioxide in water (Fig. 1, a) and in an aqueous film-forming
solution (Fig. 1, b), as well as their corresponding diagrams indicating the distribution of pigment particles by
fractions, are presented in Fig. 1,2.

a b
Figure 1. Microimages of dispersion of titanium dioxide in water (a) and in 10 % solution of film-forming (b) at
magnification of x350

In the solvent, the fine grained portion (particle size >44 pm) does not exceed 52%. When bringing in
an acrylic polymer into water, the partial failure of large aggregates is taking place (in the interval of 45-63;
64-99 um), accompanied by an increase in the content of fine fractions up to 67%. This process is due to the
generation of proppant pressure due to the diffusion of the film-forming along the boundaries of individual
particles; at this stage, primarily particles are disaggregated, connected mainly by point contacts and only then
by more durable linear and planar contacts.

R
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Figure 2. Differential distribution curves for fineness of
fractions of solid-phase pigment particles in water (a) and in 10

0 - % solution of film-forming (b)
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Introduction to Glide 100 and Dispers 715w compositions improves pigment dispersion, fig. 3.
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Figure 3. Changes in the average diameter of titanium dioxide from the concentration of Glide 100 (a) and Dispers
715w (b) in water (1) and in the acrylic film-forming (2).
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Figure 4. Influence of the film-forming agent on the change in the average statistical diameter
(Glide 100 — a; Dispers 715w — b)

In the “water-SAS” system, the maximum disaggregation effect of both modifiers was recorded at their
content at the level of 1.0 g/dm? (Fig. 3, a, b, curve 1). Moreover, Dispers715w was characterized by the
greatest dispersing effect. With an increase in its content from 0 to 1.0 g / dm?3, the particle diameter decreased
by 3.7 times and amounted to 3.5 um. Outside the specified concentration section (SAS>1 g/dm?), aggregation
processes are observed, accompanied by an increase in the diameter of the pigment particles from 4.5 to 11.7
um (Glide 100) and from 3.5 to 6.2 um (Dispers 715w) at Csas = 4 g/dm®. A comparative analysis of the
dispersing effect of the studied additives in binary and ternary systems showed a deeper dispersion in water,
what is obviously due to the lack of competition from the film-forming macromolecules. This fact
demonstrates dependencies d=f(Cs), Ad is the difference of the average diameter in suspensions without
surfactant and its minimum value in the presence of additives (Fig. 4).
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Judging by the decrease in Ad values, with an increase in the film-forming content (from 0 to 20%), the
number of acrylic macromolecules related to a solid surface increases significantly, what complicates the
migration of surfactants introduced into the well mouths of microcracks and, thus, reduces the growth of
deformations and the mechanical separation of aggregates under the influence of modifiers. Due to further
concentration of the film-forming (from 20 to 30%) stabilization of the dispersing effect to the infused
surfactants was recorded (at the level of 1.5-2 um). The latter may be due to the processes of association of
acrylic macromolecules.

Thus, the dispersion of the pigment is determined by the content of the film-forming in the system and
can be purposefully controlled by the content of surfactants.

Based on experimental data, generalized equations (1) and (2) are derived that describe the effect of
surfactant concentration and film-forming content in suspensions on pigment particle diameter (d, pm):

«Acrylic Film-Forming — Glide 100 System — TiO2 system»

iz (7,84 — 27(eCsAs—1)(e—3,6CsAs) — 0’03(:2:/;8 x (7,666_0,019Cff)
5,97

«Acrylic Film-Forming — Dispers715w— TiO2 system»

de (7,84 — 14(eCSAS—1)(e—2CSAs) — Oylcéﬁs X (7,5e_0,02Cff)
5,89

where Csasis the surfactant content in the composition, g/dm3; Cy- the content of acrylic polymer in the
compositiontion,%.

Nomograms (Fig. 5) are obtained based on the generalized equations (1) and (2), allowing to define
estimate values of the above mentioned parameters for the achievement of the fixed values of the diameter of
the pigment particles. So, values of d=4 um with an acrylic polymer content (APC) in the system of 25% can
be achieved at a surfactant concentration 0.19-0.30 g/dm? respectively for Dispers 715w and Glide 100. With
an increase of the film-forming content (30%), the same particle size can be achieved with a lower
concentration of Dispers 715w surfactants (SAS = 0.17 g/dm?®) and Glide 100 (SAS = 0.2 g/dm®).

APC, % APC, %
70
a b
60 70
50 60
1
40 1 50
2 40 2
30 3 3
4 30 451
20 5
6
- 20 2
10 7 10 8
8 )//
0 T T T T 1 O T T T T 1
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d,pm :1-3,0;2-3,5;3-4,0;4-4,5;5-5,0;6-5,5;7-6,0; 8—6,5

Figure 5. Effect of the content of acrylic polymer and additives: Glide 100 (a) and Dispers 715w (b) on the average
diameter of pigment particle
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3. Discussion

1. In the "water-surfactant" system, the maximum disaggregation effect of the studied modifiers with
respect to titanium dioxide was fixed at their content of 1.0 g / dm®. Whereby, Dispers 715w was characterized
with the greatest dispersion effect. With an increase in its content from 0 to 1 g/dm?, the particle diameter
decreased by 3.7 times and amounted to 3.5 um.

2. In the presence of film-forming, there was established a decrease in the dispersing effect of the studied
additives due to competition from acrylic macromolecules. In the "water-surfactant-film-forming" system, the
maximum dispersing action shifts toward lower concentrations - Glide 100 (C = 0.25 g / dm ®) and Dispers
715w (C = 0.5 g / dm?): while the particle diameter pigment is reduced at most than twofold (from 8.0 to 4.0
+ 4.5 microns).

2. Generalized equations are derived and nomograms are constructed that allow to determine the
concentration of the additive and the film-forming content for achievement of fixed values of the diameter of

the pigment part.
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Hropsaruna A.H., JIynenko A.A., Trokansko B.1O.

Monumep MoaupukaTopIAapbIHBIH JHCHEPCTi dcepiH TajAay YHIIH KOMIBIOTEPJiK-MHKPOONTHKAJIBIK
JnicTi Koy gany

Tyitingeme. TuTaH OHOKCHAIHIH KaTTHl (a3aiblK OOINIIEKTEpiHiH IHCIEPCUSACHIHA TOXHMepii OeiceHmi
3aTTap/blH ocepi (PaKmUSsUIBIK KYpaMIbl )KOHE CYJIBbI CYCIICH3USAFb! OOJIIeKTepIiH JKalllbl CaHBIH ©3TepTy apKbUIbI
aHBIKTAAB.  JlocTyprmi oHmiCTi MOJAEpHM3alMsUIay ONTHKANBIK aHAIM3AaTOpIap MEH KOMIBIOTEPIIK IKYHelepaiH
(YHKIMOHAJIBI MYMKIHIIKTEPiH YTHIMIBI OipiKTipy HETi3iHAe KY3ere achbIpbUIIHL.

Jlepekrtepai Tangay KepceTKeH IeH, MMMEHTTIH JUCIIEPCHSCHI JKYHe e TNICHKaHbIH TY311yiMEH aHbIKTaIabl )KoHe
OeTTik-0esceH 1l 3aTTapAbIH KYpaMbIMEH MaKcaTThl Typ/e Oackapbutybl MyMKiH. «Cy OeTiHzeri OenceH i 3aT» )xylhecine
3epTTeNeTiH MOAM(UKATOPIAP/IBIH TUTAH JMOKCHJIIHE KATBICTBHI MaKcUMal bl Geny acepi onapapiH Kypambl 1,0 1/ am®
6onnbl. by sxarmaiina, 715 W aucnepci eH YIKeH TUCTIEPCTi 9CepiMEH CHIaTTal/ibl. AJJUTUBTI KOHIIEHTPALUSHBIH JKOHEe
IUICHKaHBIH TY3U1y KYpaMbIHBIH MUTMEHT OOJIIEKTepiHIH JUaMeTpiHe 9CepiH CHIATTaWThIH TEHJEYJIEp allbIH/ABI XKHE
OJIap/IbIH HETi31He HOMOTrpaMMaliap >Kacajlibl.

Tyiiin ce3aep: xaObHIAP, aKPIUT KYpaMBbl, OETTIK-OeJICeHII3aTTap, IUICHKA KaJIBIITACTHIPY, IUCIIEPCHs, Cy-aKPHIT
JHCIICPCHSACHI, THTaH JHOKCUJI, CYCIICH3HS.

Hropsruna A.H., Jlyuenko A.A., Trokansko B.1O.

IIpuMeHenne KOMNBbIOTEPHO-MHKPOONTHYECKOI0 MeTOoa [JIsl aHAJIM3a AHCHEPrupymomero neicTBus
MOJIMMEePHBIX MOAU(PUKATOPOB

Pe3tome. YcTaHaBIMBaJIM BIMSHHE MOJMMEPHBIX IOBEPXHOCTHO-aKTHBHBIX BEIECTB HA JUCIEPTUPOBaHHE
TBepA0(a3HbIX YaCTHUIl JUOKCHAA THTaHA MO0 M3MEHEHUIO (PPaKIMOHHOTO cOCTaBa M OOMIEro YMCiIa YAaCTHL[ B BOJHBIX
CycneH3usAX. MoJepHU3aluy TPaJULHUOHHOIO CIOCO0a OCYIIECTBIUIM Ha OCHOBE PAaLMOHAIBHOIO CONPSDKCHUS
(YHKIIMOHAIBHBIX BO3MOXKHOCTEH ONTHYECKUX aHAIN3aTOPOB U KOMIIBIOTEPHBIX CHCTEM.

AHanu3 MOJYYEHHBIX MJAaHHBIX IIOKa3ad, 4YTO, JUCIEPrUpOBaHME IUTMEHTa OINpeneNsieTcsl Cojep KaHueM
IUIEHKOOOPa3yIOLIEro B CUCTEME U MOXKET LIeJICHAIIPaBIEHHO PErylupoBaThes coaepxanueM ITAB. B cucreme «Bona-
ITAB» makcumym ne3arperupyroniero 3¢ Qexra ucciaeqyeMblX MOIU(PUKATOPOB MO OTHOMICHHIO K AMOKCHAY THTaHA
(ukcupoBanu npu ux conepxanuu 1,0 r/am>. [Ipr 5ToM HAKOOIBIINAM JIUCTIEPTUPYIOMIM dPPEKTOM XapaKTEPH30BAIICS
Dispers 715 w. BpiBeneHbl ypaBHEHHS, ONHUCHIBAIOINNE BIUSHUEC KOHLCHTPALWH aJJIUTHBA, COJCPIKAHUS
TUICHKOOOPa3yIOLIero Ha IMaMeTp YacTHUIl IMTMEHTa, X Ha MX OCHOBE IIOCTPOCHBI HOMOTPaMMBI.

KnioueBble  cjoBa:  TOKpPBITHS,  AKpWIOBas  KOMIIO3MLMS,  IOBEPXHOCTHO-aKTHBHBIC  BEIECTBa,
IUIEHKOOOpa30BaHKe, JUCIIEPCHsl, BOAHO-aKPUIIOBasl AUCTIEPCHUs, TUOKCH]] TUTAHA, CYCIIEH3H.

YK 621.316.97

A.E. Haypsi30aes, I'.1. Myxamenpaxumona, I'.C. A6apanmoBa, b.3. KanceiiTtoBa
(L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
alik2310@mail.ru, isatai-07 @mail.ru, abdraimova.gaziza@mail.ru, kanseit.o@gmail.com)

RESEARCH OF FEATURES OF THE LORAWAN TECHNOLOGY

Abstract. Features of the communication network based on LoRaWAN technology-narrow-band networks, have
low radiation power and an extended range with a radius of up to several kilometers. This attracts the attention of
developers who are engaged in improving the technical characteristics of LoRa technology for business models. The
article discusses the features of one of the alternative projects 10T technology LoRaWAN, which attracts not only low
cost but also low power consumption, but also openness to the creation of business models, scope of coverage, the
assumed key benefits of services and technologies LoRaWAN.

Keywords: 10T, wireless technology, LoORaWAN, Internet of things.
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LORAWAN TEXHOJIOTI'USICBIHBIH EPEKIIEJIIKTEPIH 3EPTTEY

Angarna. LoORaWAN TeXHONOTHACHIHBIH HETi31H/Ier! OaiIaHbIC KENICIHIH ePEeKIIeNiri — Tap-)KONAKThIK JKEi,
KOJIIaHATBIH COYJIENIEHY KyaTTaphl a3 )oHE acep €Ty 30Hachl OipHelle KujaoMmerpre JeifiH keHeWTinreH. COHABIKTaH,
Ou3HeC-MOJeIbACPMEH koHe LORa TEXHOJOTHMSACHIHBIH TEXHHKAJBIK CHIIATTAMAJIAPBIH JKCTULAIPYMEH aiHaJIbICATHIH
OHJIpYIIIepAiH Ha3apblH aynapyaa. Makanazna [oT sxo0anapbIHbIH albTepHATHBTI AJIABIHFBI KaTaparsl )K00aHbIH Oipi
— LoRaWAN TeXHONOTHSICH ©31HiH TOMEH OarachIMEH JXOHE JHEPTHUSHBI a3 KOJJIAHATHIH MYMKIHIITIMEH, OM3HeC-
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