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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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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 ¢ 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.

Key words: modified polymers, M-PAA (MEA), M-PAA (PV), IR spectra, thermal stability.

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.

—— Y4 ——
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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:

gVi—lOOP./ ciVi

= —Pi/Py=—r, (1
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 n_ (rel.) Specific n (spec), The reduced n_ (red.) Viscosities was
carried out according to the following formulas:

Ti

Nyel. = a; (2

Nspec = Nret." (3)
Nspec.

Nred. = z; 4)

The characteristic viscosity (1) was found from the graphical dependence n.qs (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:

__ btshd

"~ 2(14b)’ )

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 -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 = o0 (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 o = 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 780790 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].

Mo.| Pesk | mntensity | O | Base() [ Base(w) [ Area | Corr.area
1 63285 | 74183 1.297 918.12 821.08 22198 0.248
2| 1045.42 | s0.603 0123 1049.28 92157 4167 0.009
3 [ 11187184806 264 1153.43 1049.28 6.068 1.085
2 |1176.58 | B7.184 1502 122287 1157 29 3605 0232
S 1319.31 | 82.898 5.154 1368.46 122673 8.205 1.527
3 1404.18 | 80.802 441 1427.32 1373.32 4292 0.851
7 | 145047 81298 5208 148133 123118 3602 0579
8 | 155463 |77.284 3312 1570.06 148519 6197 0.371
g 1608.63 | 72.370 2803 1624.06 1573.91 6.372 0.457
10 1851.07 | 63.238 9.981 1782.94 1827 .92 10148 1.958
11_| 1867.09 | 99.142 0180 187481 185552 0.063 0.006
12_| 1890.24 | 99.270 0.062 1897.95 187867 0.058 0.002
13| 1967.39 99.298 0.075 1978.97 195582 0.066 0.003
14 1890.54 | 98.279 0.083 2002.11 1882 .82 0.056 0.003
15 2044.54 | 98.323 0.027 2048.40 203297 0.044 0.001
16| 2067.69 | 99.286 0.025 2071.55 2056.12 0.047 0.001
17_|2137.13|99.128 0.036 2148.70 207155 0269 0.008
18_| 2160.27 | 99.108 0.020 2218.14 2156 42 0235 0.005
18 2314.58 | 88.102 0.261 2337.72 2279.86 0.201 0.034
20 2380.16 | 98.328 0.164 2391.73 238473 0.088 0.012
| 21 _| 279293 | 98.027 0160 2812.21 2580.76 1207 0.039
] 22 | 285079 | 96.833 0.361 2862.36 2816.07 0.500 0.017
23| 2924.08 | 93759 2771 2881.85 288165 23213 0653
24 3190.26 | 84.800 4278 3248.13 288581 11.820 2.002
OOR M MY BN N9 N0 NN T NN MM LN N0 B DN KS M0 UM 1N M% W 9 &) 25 |3336.85|85753 4188 355874 328198 14788 2613
FITR Mepement l=

Figure 1 - The main polymer PAA (Polyacrylamide) powder

No.| Peak | Intensity Inf:;;'ny Base(H) | Base(l) | Area | Corr.Area

T |e0179 |s2895 0543 51336 59793 | 4136 0.039

2 |e4808 52950 | 057 B5580 61722 10380 | 0147

3 101070 (85408 |0.473 105313 |9es2T |35 005

4 |109171]67389  |0.285 112257 108389 | 2190 0.020

5 |113429 (8764  |0.228 119201 | 114572 | 2582 0.020

5 |124216 (6772|0447 125759 121515 | 2382 0.013

7 |140032|79.0%  |6419 144661 126145 | 14420 | 2561

3 |1ss463 (76817 |56%2 155163 | 147747 | 8689 0,950

9 | 164335 72667 | 11637 |184008 | 158549 | 17400 | 4074

\ 0 |192110| 95075 |0.025 19249 190567 | 0419 2.000

27 i T | 212170 (93828 |1.364 %087 192882 10007 |1483

2 T2 |259233|95873 00N %19 |2%53 | 0562 0.001

T3 |334457 (61128 |35473  |374180  |250004 | 10448 |82

b T4 |393093 (97308 |0.083 393864 391550 | 0272 0.003
o NN M0 NS DR SR N0 NS W N9 M D9 L0 1N 10 BN 1IN0 LS 0 NS W N &
FTIR Mensrenent em

Figure 2 - MEA-PAA 1, colorless, viscous, non-flowing solution
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:; __HN\\H No.| Peak| Intensity Inf:;;ny Base (H) | Base (L) Area | Corr. Area
m ] 1 |6017|53.358 0428 61722 557.93 5136 0.014
= 2 |6480]52773 1816 101070 |621.08 63232 1628
3 3| 1068, 38,052 0328 114572 | 105313 | 4884 0.054
LE 4 | 1176 | 86.831 0285 120358 | 114857 | 2743 0.041
1 5 | 140481358 1931 144275 120744 | 14997 1218
ki 6 | 145485743 0506 146590 | 184661 | 1279 0.040
R \ 7 |1ss8| 77707 5328 158163 |148133 | 8291 1029
E 8 | 164772870 12.862 176294 | 158549 | 15317 1731
= 9 | 1890, 84218 0.087 189795 | 137867 | 0493 0.004
: 10| 1921, 34,090 0169 192882 |190181 | 0700 0.010
- 11| 1967 93.962 0.068 197125 195196 | 0513 0.002
1 12 | 1990, 33,763 0.0% 199825 197511 | 0634 0.003
L 13| 2113 92,936 0.082 212556 200211 |3743 0.069
e ¥ 14| 2330, 93,866 0.054 233387 229529 |1.089 0.005
k2 it 15| 3329, 59.424 01477 333298 | 255761 | 6BAIE 1253
- = 16| 3352 59.358 1186 370333 |334071 | 47856 2637
= 17| 3988|9108 0022 400035 398493 |0285 0.001
o ﬂ He HO NN N0 D% W NN M IV N MY 100 BN N0 N 0 NN W W @
FIT Aot lm

Figure 3 - MEA-PAA 2, yellowish, viscous, non-flowing solution

51 No. | Peak | Intensity mfe“"';'ny Base (H) | Base (L} Area Corr. Area
Wt 017 [57618 =3 51536 Se753 2565 eSS
E. 644.2 | 51.623 0.947 659.66 617.22 11.923 0.192
- 1022 | 86.192 0.221 1045.28 1014.56 2205 0.026
: 4 1068. | 86.598 0.383 1095.57 1053.13 2608 0.043
b 1172 | 87.397 0524 1203.58 1149.57 3.001 0.071
i k_‘ 1327. | 81.407 0.zee 1330.88 1218.01 7480 0.027
K i 1357. | 80.352 0214 1381.74 134531 1428 0.007
] 200 | 74240 6.423 144275 1369.46 7.899 7078
1 1554, | 69.800 10.598 1589.34 1481.33 12,115 2.573
i | 1651, | 70.748 13.029 1724.36 1583.20 12411 #5854
2 1867. | 94.105 0.485 1874.81 1855.52 0.484 0.018
1 1590 [ 04.432 0158 129795 27867 0471 0.007
4 1921 94.303 0.264 1928.82 1801.81 0.669 0.018
ﬂ‘..‘" 1967, | 94.251 0121 1875.11 1951.96 0.580 0.004
| 1990. | 94.113 0.169 1998.25 1978.97 0.496 0.006
- | 16| 2017, | 93.991 0.098 2025.26 2002.11 0612 0.004
1 2044 | 53241 0.040 2048 .40 2025.26 0.629 0.002
L 2067 | 93.664 c.038 Z071.55 2048.40 0648 0.002
1 086, |oz.548 0.025 2050.34 207155 0551 0.000
1 20 2121 93.469 0.017 2125.56 2098.55 0.788 0.002
o : 21 2137 [ 93.453 0.022 2142370 212556 0679 0.001
P 32 | z160 |o3.e57 0.020 228372 315642 3408 0.024
s | 23 2330. (93.412 0.291 2345.44 2287.58 1.597 0.046
: 24 2350. | 93.064 0710 248817 2349.30 3205 0044
e | 25 | 2954 [86.586 0.077 2958.80 2519.03 14179 0.003

| 26 3352. | 60.780 29.214 3660.89 2962.66 100.821 67.430

2 27 3734. | 95.268 0.426 3741.90 3718.76 0.448 0.018
| 28 3919. | 96.507 0.278 3534.78 3%11.64 0.307 0.018
29 | 3988 [97.368 0.024 4000.38 3984.93 0.178 0.001

L] 30}0 NG W0 NS NN NG DM ONO 0 N DN LS L0 169 190 L% DN MO M 9 &0
FT8: Mesurment lem

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

Polymer T E, xj/ mol Weight loss Initial weight, kg-10""
M-PAA (MEA) 698,4 96,2 315 552,6
K-9 670,7 78,7 49,8 552,3
M-PAA (PV) 7034 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, —SO;Na,—0OH,

-CONH,, groups.

OO0K 541.18
H.O. )lmalmrlﬁelconal, J.C. Ememcoz, A.H. l/lcaeBal, E.O. )lmalmrlﬁelconl, A.B. Uca'

1 M.Oye3oB ateiaaarsl OHTYCTiIK Kasakcran memiekeTTik yauBepcureTi, LllsmvkenT, Kasakcran;
2 Benopycust MEMJIEKETTIK TEXHUKAIBIK YHUBEpCUTETI, bemopycus

M-PAA CEPHSIJIBI MOJU®HULIMPJIEHTEH TOJIMMEPJI PEATEHTTEP/IIH ®W3UKA-
XUMHUSUIBIK JKOHE KOJIOMATHI-MEXAHUKAJBIK OJICTEPMEH 3EPTTEY KOHE OJIAP/IbI
MA3BJIEPII AJYJA KOJIAHY

Annotanusi. byn makanana monmumMepiepaiH OCTTIK, KOJIEMAIK XOHE KYPBUIBIMIBIK KAacHETTepl KapacThIPbI-
manel. M-PAA (MEA) xome M-PAA (PV) mexti MoHI jkeke epiTiHIimepre KaparaHnua Te3ipeK OpHBIFaTHIHBI
aHBIKTAIIBL. KOHIIEHTpaMsIapBIHBIH apTybIHAa OalTaHBICTHI IOJTMMEPIIEPIiH TYTKBIPIBIFEI MEH JCKTPOTKI3TIINTIT]
apTaTelHBl aHBIKTAAB, sFHH M-PAA (MEA) m M-PAA (PV) momudyHKIMHANAB TOJIMIICKTPOIUTTEP OOIBIT
tabputagsl, M-PAA (MEA) u M-PAA (PV) mommmepnepi Tepmoctabmibai 0oisin TaObuiagbl. 3epTTey YIIiH
(U3MKa-XMMHMSIBIK ~ ONICTEP  JKMBIHTBIFBI  NAMJajdaHBUIABL  HOTEHIHUOMETPHs,  CIIEKTPOTYpOUIUMETpHS,
KOHAYKTOMETpusi, BUcko3umerpus, WK-crmexTpockommus, 37MeMEHTTIK aHanu3, TepMOTpaBUMETpUs, Buibreasmu
oiciMeH OCTTIK KepiTy i eIiey.

Tyiiin ce3nep: mMoaudunupnenren nonmmepnep, M-PAA (MEA), M-PAA (PV), UK cnekrpuepi, xbuty
TYPaKTBUIBIFbI
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ON3NKO-XUMHNYECKHUE U KOJUVIONJTHO-MEXAHUYECKHUE METOAbI UCCJIIEJOBAHUSA
MOINPUIIUPOBAHHBIX IIOJIMMEPHBIX PEA'EHTOB CEPUN M-PAA
N X NTIPUMEHEHUME /UL TIOJTYYEHUSI MA3EU

AnHoTtanusi. B naHHOH cTarhe paccMaTpHBalOTCS ITOBEPXHOCTHBIE, OOBEMHBIE M CTPYKTYPHBIE CBOMCTBa
noauMepoB. beo onpezneneno, uro npenensHoe 3HaueHue 6 it M-PAA (MEA) u M-PAA (PV) ycranasiuBaercs
ObIcTpee, yeM ISl OTHACNBHBIX PAacTBOPOB. YCTaHOBICHO, YTO B IOJMMEpPAX BSA3KOCTb M JIEKTPOIPOBOIHOCTH
YBEJIMYMBAIOTCS C yBENWYEeHHEM KoHIeHTpamuu, To ectb M-PAA (MEA) m M-PAA (PV) sBmaroorcs momn-
(hYHKIIMOHATFHBIMHU TTONHANIEKTposuTamu, nonnmepsl M-PAA (MEA) u M-PAA (PV) sBistorcss TepMocTaOmib-
HBIMH. 1)1 McclieoBaHUS UCIIOJIB30BAIM KOMIUIEKC (PU3HKO-XMMHYECKHX METOIOB: OTEHIMOMETPHS, CIIEKTPOTYP-
OuauMeTpust, KOHAYKTOMETpusi, BUCKo3uMmeTpus, VIK-criekTpockonusi, 3IE€MEHTHBIN aHallu3, TEpPMOTIPABUMETpPHS,
M3MEPEHUE TOBEPXHOCTHOTO HATSKEHUS] METOAOM Brutbrensmu.

KaroueBble cioBa: momuduuupoBanueie monumepbl, M-IIAA (MDA), M-IIAA (IIB), HK-cnexrpsl,
TEPMOCTAOUIIBHOCTb.
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