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PHYSICAL-CHEMICAL AND COLLOID-MECHANICAL METHODS OF
RESEARCH OF MODIFIED POLYMER REAGENTS OF THE M-PAA
SERIES AND THEIR APPLICATION FOR OBTAINING OF OINTMENT

Abstract. This article discusses the surface, bulk and structural properties of polymers. It was determined that
the limit value o for M-PAA (MEA) and M-PAA (PV) is established faster than for individual solutions. It has been
established that in polymers viscosity and electrical conductivity increase with increasing concentration, i.e. M-PAA
(MEA) and M-PAA (PV) are polyfunctional polyelectrolytes, polymers M-PAA (MEA) and M-PAA (PV) are
thermostable. For the study a complex of physicochemical methods were used: potentiometry, spectroturbidimetry,
conductometry, viscometry, IR spectroscopy, elemental analysis, thermogravimetry, measurement of surface tension
by the Wilhelm method.
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Introduction

The preparation of new polymer reagents from their synthesis in the laboratory to their industrial
production as an ointment is relatively long and expensive process. Therefore, the most promising and
justified way is to expand the range of polymer reagents by modifying the already known base samples
[1]. In the [2] work authors synthesized a serial of amino-modified PAN fibers by the reaction of PAN
fiber with TETA in the presence of water. The weight and alkali content, namely, amino grafting degree,
would be improved by prolonging reaction time and increasing reaction temperature.

2 Experimental part

2.1 Preparation of solutions

For deposition, a 1% polymer solution and a 0.15% hydrochloric acid solution were prepared. With
constant stirring, a solution of hydrochloric acid was added to a 1% polymer solution; as a result, the pH
dropped to 4 and a gel-like polymer precipitated out, which was washed 3 times with water. Dioxane was
precipitated. In this case, the remnants of the starting products were dissolved in dioxane, and the polymer
precipitated in the form of a gel. The precipitated, washed samples were dried in a vacuum desiccator.
Dialysis of a 1% polymer solution was carried out in a celluloid packet, periodically changing the water
(within 1-2 days). Next, the precipitated dialyzed samples were dried in a vacuum oven T = 40-450 °C for
8-10 hours. To determine the composition of the polymers, thermal analyzes were performed.

2.2 Research Methods

IR spectroscopy and electron microscopy analyzes.

The IR spectra of polymers were interpreted according to the guidelines [3]. The analysis was carried
out on an IR-20 spectrometer (in vaseline oil in the range of 700-4000 m™).

Device: FTIR-spectrometer Shimadzu IR Prestige-21 with prefixed disturbed total internal reflection
(ATR) Miracle from Pike Technologies.
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Thermogravimetric studies of the polymers were carried out on a derivatogaf in an atmosphere of air
at a rate of temperature rise up to 450 °C per minute, and a sample weight of 150 mg.

For a quantitative comparison of the thermal stability of the polymers under study, the activation
energies of destruction were calculated [4].

The viscosity of solutions of polyelectrolytes was measured in a viscometer of the Ubbelohde type
[5], with a hanging level. For viscometric studies, re-precipitated and thoroughly dried polymers were
used.

The viscometer was placed in a thermostat, the temperature was maintained with an accuracy of +
0.01°C.

The concentration of the solution after dilution was calculated by the formula:

Vi—100 . ciVi
e ) (D)

V(Vi+Vj) Vi+Vj

where g is the polymer weight, g;

V is the volume of the volumetric flask, ml;

V; is the volume of the solution filled in viscometers, ml;

V; is the volume of the added solvent, ml;

P; / Py is the solvent density ratio.

The calculation of the relative m_ (rel.) Specific n (spec), The reduced n_ (red.) Viscosities was
carried out according to the following formulas:

Ti

MNret. = ;; (2)

Nspec = Nret." (3)
Nspec
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The characteristic viscosity (1) was found from the graphical dependence n..s (C) by extrapolating
the straight lines to zero polymer concentration [6].

Measurement of the surface tension was carried out according to the method of Wilhelmy.

When determining the surface tension of the solutions by the method of Wilhelmi, the immersion
force of the plates in the liquid was continuously measured. The magnitude of this force depends on the
wetting of the measuring plate with liquid.

In the present work, a polished glass plate was used as a measuring plate, as well as made from a
plate.

The calculation was carried out as follows:

__ pbtshd
T 2(1+b)’

)

p-weight plate, g; s- cross-sectional area, cm; 1 is the width of the plate, cm; -b is plate thickness (-), cm;
h-immersion depth, cm; d-density of the measured liquid, g / cm; g-acceleration of gravity.

The surface tension was measured with a thermostatically controlled glass cell with a lid at a
temperature of 25 °C; the temperature was kept constant using an I-2 ultra thermostat with an accuracy of
+/- 0.02. The reading of the values of P_x was carried out using toroidal weights of the type VT-500 with
an accuracy of +/-1 mg.

The pH of polymer solutions was measured on a pH-340 potentiometer with an accuracy of +/- 0.05.
The pH in a thermostatically controlled cell, in which the temperature was maintained with an accuracy of
25 +/- 0.01. Further, the formula determined the conductivity (y):

a

X =50 (6)
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where - a is the cell constant: o. = 0.000147m-1cm-1, at T = 250

Turbidity was determined on a calorimeter of the type FEK-56 with a = 434Nm. Solutions of the
corresponding fractions of polymers were used as reference solutions.

3 Results and discussions

The study of the structural properties of the polymers M-PAA (MEA), M-PAA (PV).

The IR spectra of polymers, whose interpretation was carried out according to the guidelines [7],
contain absorption bands in the range of 3200-3500 cm™', which can be attributed to hydroxyl groups of an
alcoholic nature, both free and hydrogen bonded. Bands with frequencies of 1405-1410 and also 1610-
1630 cm™ characterize the presence of -NO,, -COO™ groups. According to some authors [8], the
pictogroup included in the core contributes to the stability of the first to destruction.

Absorption bands in the range of 16001630 cm ' can be attributed to skeletal vibrations of -C = C —
bonds, rather distinct bands of stretching vibrations — CH * groups are observed in the short-wave part of
the spectra (2940-2970) cm ~'. Characteristic for -CH groups are peaks at frequencies of 780-790 cm ~ ',
and a maximum at a frequency of 1370 cm ' can be attributed to deformational vibrations of —CH groups.
In the spectrum of the studied samples, new bands are noted at frequencies of 1480 and 1690 cm™', which

can be identified as -COONH, and - (CO),NH (Figure 1-5) [9].
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Figure 1 - The main polymer PAA (Polyacrylamide) powder
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Figure 2 - MEA-PAA 1, colorless, viscous, non-flowing solution
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Figure 3 - MEA-PAA 2, yellowish, viscous, non-flowing solution
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Figure 4 - PAA-H,0,, colorless, viscous, weakly flowing solution
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Figure 5 - PAA-H,0,, yellowish, viscous, non-flowing solution

Thus, the IR spectra of the studied samples contain: -NO,, -COOH, - (CO),NH, -CONH,, -OH
groups.

The stability of the obtained polymer to thermo-oxidative degradation was studied on a derivatograph
of the Paulik-Paulik-Erdey system using the method of “dynamical thermogravimetry”. The heating rate is
6 deg/min., The interval is 293-870 K. (Table 1).

— 47




News of the Academy of sciences of the Republic of Kazakhstan

Table 1 - Characteristics of thermal stability of polymers M-PAA (MEA), M-PAA (PV), K-9

Polymer T E, kj/ mol Weight loss Initial weight, kg-10"'
M-PAA (MEA) 698,4 96,2 31,5 552,6
K-9 670,7 78,7 49,8 552,3
M-PAA (PV) 703.,4 94,3 39,4 550,8

From the data in the table it can be seen that the weight loss in thermogravimetry K-9 is 48.3%, and
the polymer M-PAA (MEA) obtained on its basis is 30%, which is 1.5 times less. The weight loss of the
polymer M-PAA compared with K-9 is also lower. In addition, the temperature of the onset of active
decomposition in new samples increases markedly compared with the baseline ones. Thus, a qualitative
assessment of the thermal stability of the process is obtained.

A quantitative comparison of the thermal stability of the samples under study will allow the
calculation of the activation energy of destruction [3].

So, for thermo-oxidative destruction of K-9, 78.5 kJ / mol is required, while for the destruction of the
polymer M-PAA (PV) - 85.3 kJ / mol, polymer M-PAA (MEA) - 84.1 kJ / mole. This gives grounds to
attribute them to thermostable polymers [7].

Conclusion. Summarizing the above, we can draw the following conclusions:

a) Surface properties:

- The limiting value of o for M-PAA (MEA) and M-PAA (PV) is established faster than for
individual solutions;

- adsorption in these polymers is mainly determined by the diffusion of the macromolecule;

¢) Bulk properties:

- in the polymers, with increasing concentration, viscosity and electrical conductivity increases, i.e.
M-PAA (MEA) and M-PAA (PV) are polyfunctional polyelectrolytes.

¢) Structural properties:

- polymers M-PAA (MEA) and M-PAA (PV) are thermostable;

- IR spectra of samples contain -NO,, -COOH, -CN, —SO3;Na,—0H,

-CONH, groups.

O0K 541.18
H.O. ixakun6exosa', JI.C. Emenko’, A.H. Hcaepa', E.O. xxakunéexos’, A.B. Hca'

1 M.Oye30B ateianarsl OHTYCTIK KazakcTan MmemiiekeTtik yHuBepcureTi, LIlbivkenT, Kazakcran;
2 Benopycusi MEMJICKETTIK TEXHUKAIBIK YHUBEPCUTETI, bemopycus

M-PAA CEPHUSLIBI MOJU®UIIUPJIEHTEH OJUMEPJII PEATEHTTEPIIH ®U3UKA-
XUMUSLTBIK JKOHE KOJLIONATBI-MEXAHUKAJIBIK OJICTEPMEH 3EPTTEY KOHE OJIAP/IbI
MA3BJIEPI AJTYIA KOJJAHY

AnHoTanus. by makanama mosmMepiiepaiH OeTTiK, KOJeMIIK JKOHE KYPBUIBIMIBIK KAaCHETTepi KapacThIPbI-
nagel. M-PAA (MEA) xone M-PAA (PV) mekri MoHI Keke epiTiHIilepre KaparaHaa Te31peK OPHBIFaThIHbI
aHbBIKTa1Ibl. KOHIIEHTpausUIapbIHBIH apTybIHA OalIaHBICTHI TIOJIUMEPIIEPAIH TYTKBIPJIBIFBI MEH AJIEKTPOTKI3TIIITIT
aprateiHbl aHelKTaAbl, ssFHU M-PAA (MEA) u M-PAA (PV) nomudyHKIMHANIIBI ITOJUDICKTPOIUTTEP OOJIBII
tabbmagsl, M-PAA (MEA) u M-PAA (PV) nommmepnepi Tepmoctadbuibii Oombn TaObUIambl. 3epTTey YIIiH
(U3UKa-XUMUSIIBIK ~ SAICTep  JKMBIHTBIFBI  TAaliJaNaHbUIABI:  HOTCHIMOMETPHUS,  CIIEKTPOTYypOMaAnMeTpus,
KOHIYKTOMETpUsi, BUCKo3uMeTpusi, WK-crieKTpockomusi, 3JIEMEHTTIK aHallU3, TePMOIPaBUMETpHs, Buibrensmu
omiciMeH OeTTIK Kepimyi emey.

Tyitin ce3gep: momudurmprenren momumepiep, M-PAA (MEA), M-PAA (PV), UK cmekrpuepi, XKbury
TYPaKTBUIBIFbI
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OU3UKO-XUMHNYECKHUE U KOJVIOUWJHO-MEXAHUYECKHUE METO/JbI UCCJIEJOBAHUSA
MOINPULNPOBAHHBIX IIOJIUMEPHBIX PEATEHTOB CEPUHU M-PAA
M UX IPUMEHEHME JIJIS1 IOJIYUYEHUA MA3ER

AnHoTanusi. B naHHOW craThe paccMaTpuBaIOTCS IOBEPXHOCTHBIE, OOBEMHBIE M CTPYKTYpHBIE CBOICTBa
noJjuMepoB. beiio onpezaesneHo, uro npeaeiabHoe 3HaueHue ¢ st M-PAA (MEA) u M-PAA (PV) ycranaBiuBaercst
ObIcTpee, 4eM ISl OTJIENBHBIX PAacTBOPOB. YCTAHOBJIEHO, YTO B MOJHMMEpax BSI3KOCTh M AIICKTPOIPOBOJHOCTD
YBEIMUYMBAIOTCSL C YBEIMYCHHEM KOHIEHTpanuu, 1o ectb M-PAA (MEA) m M-PAA (PV) sBustrorcss monm-
(DYyHKIMOHATIBHBIMU TTONMAJIEKTposuTamu, nosmmepsl M-PAA (MEA) u M-PAA (PV) sBisitoTess TepmMocTabmiib-
HbIMH. JJ151 MicciIeI0BaHMS UCTIONB30BAIN KOMIUIEKC (PU3UKO-XUMUYECKUX METOJIOB: TOTEHIMOMETPHS, CIIEKTPOTYP-
OuauMeTpus, KOHAYKTOMETpus, BHUcKozumeTpusi, MK-creKTpocKomusl, 3J€MEHTHBIN aHaln3, TepMOTPaBUMETpUS,
M3MEPEHNE TOBEPXHOCTHOTO HATSKEHUSI METOIOM Buitbrensmu.

KaroueBble cioBa: MmomudunupoBanueie monumepbl, M-ITAA (MDA), M-ITAA (IIB), HK-cnextpsl,
TEPMOCTAOUIILHOCTD.
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