Ivan Aleksandrovich Fomin — Master of Natural Sciences, Senior Lecturer of the Department of
Geography and Ecology; Kozybaev university, Petropaviovsk, Kazakhstan; e-mail: iafomin@mail.ru,
iafomin@ku.edu.kz. ORCID: https://orcid.org/0000-0001-9943-4914.

Ivan Aleksandrovich Zuban — Master of Natural Sciences, Senior Lecturer of the Department of
Biology; Kozybaev university, Petropavlovsk, Kazakhstan; e-mail: zuban_ia@mail.ru. iazuban@ku.edu.kz.
ORCID: https://orcid.org/0000-0003-0839-0085.

lNocmynuna e pedakyuto 05.04.2024
lNMocmynuna nocne dopabomku 14.06.2024
lMpuHama k nybnukayuu 15.06.2024

DOI: 10.53360/2788-7995-2024-2(14)-63

@)ev 40|
IRSTI: 616331

G.N. Kalmatayeva*, G.F. Sagitova, S.A. Sakibayeva, D.D. Asylbekova, Zh.K. Shukhanova
M. Auezov South Kazakhstan University,
160012, Shymkent, Republic of Kazakhstan, Tauke Khan ave., 5
"e-mail: guzalita.f1978@mail.ru

PHYSICO-MECHANICAL PROPERTIES OF VULCANIZATES CONTAINING WASTE FROM
THE FAT AND OIL INDUSTRY

Annotation: For the first time, the possibility of replacing carbon black and stearic acid with waste from
the fat and oil industry (diatomite, bleached clay) is investigated. The value of the conditional tensile strength
for vulcanizates containing stearic acid is 8,26 MPa, and for the studied vulcanizates containing selected clay,
it is in the range of 7,88-8,39 MPa, for those containing diatomite is 7,88-8,43 MPa. The elongation at break
for the studied vulcanizates containing selected clay increases from 280% to 300%, for those containing
diatomite is from 280 to 297%. A hardness according Shore is found for the studied ones containing selected
clay and diatomite in the range of 64-71 conv.units, for the reference rubber of 63 conv.units.

The conducted studies show that the conditional strength and tear resistance decrease when carbon
black is replaced with selected clay, as well as diatomite, but the indicators remain within the permissible limits
for this rubber. The main role in enhancing the regenerate is played by caoutchouc. Therefore, carbon black
and stearic acid can be replaced with less active, but cheaper and environmentally friendly ingredients.
Extended physico-mechanical tests of experimental rubbers led to the conclusion that is most expedient to
use waste from the fat-and-oil industry in the formulation of rubber mixtures for the manufacture of under-rail
laying of railway tracks, since when using waste from the fat-and-oil industry, the properties of rubbers
practically do not change, comply with control standards.

Key words: waste from the oil production, ingredients, regenerate, bleached clay, diatomite, under-rail
gasket.

Introduction. Nowadays, the amount of polymer waste has reached about one and a half
million tons per year. At the same time, the used amount of polymer waste is very small. Therefore,
the problem of polymer waste recycling is in urgent importance currently. It is known that worn tires
can be used as a cheap polymer raw material in the production of regenerate from them. Issues
related to the regeneration and further use of used tires and rubber products are important [1-4].

In previous studies, we received a tire regenerate and a sub-rail gasket [1, 5-7].

The purpose of this work was to compare the physical and mechanical parameters of
vulcanizes.

Research materials and methods.

The objects of the study were considered:

— Diatomite — waste from the fat and oil industry, «Arai» LLP, Shymkent

— Bleach clay — waste of the fat and oil industry, «Aray» LLP, Shymkent

— A recipe for a rubber compound for a sub-rail gasket OP 356, CP328 of «kECO-Tire» LLP;

The research method:
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— IR spectral analysis on the device of the INFRARED Fourier spectrometer
ShimadzulRPrestige-21 with the prefix of the disturbed total internal reflection (DTIR) Miracle of
PikeTechnologie (Figure 1,2).

Experimental rubber mixtures were obtained on rollers (GOST 14333-79E Rubber-processing
rollers).

Results and their discussion.

During vulcanization in the presence of sulfur, when heated, double bonds break —-CH=CH-
and polymer chains are «cross—linked» by sulfide bridges -C-S-C-. Due to the formation of a three-
dimensional spatial structure, the thermoplastic polymer passes into a thermosetting state. The
vulcanization scheme is shown below:

(-CHz-CH=CH'CH2')n ('CHZ-CH_CH-CHZ_)n
|\
+nS | — S
|-
(-CH2-CH=CH-CHa-), (-CH2-CH-CH-CHa-),

The change In the IR spectra O Ure regenerate and vuicanizate was determined on the IK
spectrum. IR spectroscopic analysis was performed on the ShimadzulRPrestige-21 infrared Fourier
spectrometer device. Chemical changes and the reaction mechanism during the interaction of rubber
and sulfur were studied using IR spectroscopy.

The IR spectroscopy method makes it possible to monitor changes in the spectral parameters
of functional groups under the influence of temperature, irradiation, and during the storage of polymer
materials.

As is known, the presence of unsaturated compounds confirms the appearance of absorption
bands above 3000 cm-1. However, provided a stronger main band below 3000cm-1, does not
overlap these bands. A double bond can also be confirmed by the appearance of a band of valence
vibrations C = C in the area of 1650cm-1, and the nature of substitution can be determined by the
bands of non-planar deformation vibrations C-N. Overtones and bands of C-H plane deformation
vibrations can also be useful in this case [8].

In the spectra (Fig. 1), intense bands in the range from 450 to 3000 cm-1 are visible. According
to the IR spectrum of the tire regenerate (Fig. 1), the absorption peak in the area of 2954.95, 2912.51,
2846.93 cm-1 of this spectrum belongs to the oscillation of C-H3 bonds in alkanes 2954.95 cm-1 is
overlapped by the absorption of alkanes.

In the spectra (Fig. 2) of the vulcanizate, intense bands are visible in the range from 450 to
3000 cm-1 — bands of valence vibrations of the C-H, 2951.09, 2908.65, 2846.93cm-1 groups are
caused by mixing vibrations of the C-H and C-C groups. 2951.09 cm-1 is overlapped by the
absorption of alkanes -C-H2- it also has bands of true and torsional vibrations of about 1300 [8]. In
our studies, the bands of fan and torsional vibrations are -1307.74 cm-1. The position of the band
1180.44 is more constant. The absorption peak in the area of 698.23 709.80, 798.53cm-1 contains
sulfur-containing functional groups -C-S- sulfoxides. Group S-CH2 band ~ 1415.75cm-1
corresponding to the band C-CH2.

Vulcanizates based on regenerate from tires change slightly with aging. This can be judged by
the absorption bands at 991.41, 960.55, 910.40 cm-1 (deformation and valence vibrations of C-H
bonds in the structures R1ICH=CHR2 and R1R2C=CHR3). Since the intensity of the absorption band
at 1643.35cm-1 (Fig.1), which is characteristic of valence vibrations of the C-C double bond,
increases markedly and therefore at the same time its expansion into the lower frequency range is
observed. The intensity of valence vibrations has a strong dependence on the molecular
environment. It is obvious that when the polymer chain interacts, the symmetry of the molecule
decreases relative to the double bonds, which gives an absorption band of greater intensity [9,10].

Figure 3,4 shows the tire regenerate and the under-rail gasket.

We compared the results of technological and physico-mechanical parameters of rubber
compounds and vulcanizates. Comparative analyses of different formulations are given in Tables
1,2 and in Figures 5-16.
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Figure 1 — The spectrogram of the tire regenerate
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Figure 2 — Spectrogram of the under-rail laying

Figure 3 - Tire regenerate

Figure 4 - Under-rail gasket
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Table 1 — Comparative test results of samples with the replacement of carbon black with

diatomite and selected clay

The Sample number
norm
accordin ye
Name of indicators gto 03
GOSTR | E % 1 2 3 1t 2! 3t
56291- Iz
2014
The content of carbon black, m.p. 10 5 3 0 5 3 0
The content of diatomite, m.p. 0 5 7 10 0 0 0
The content of the selected clay, m.p. 0 0 0 0 5 7 10
The change in elongation at break
after complex climatic ag_ing in terms of +30% | -24% | -26% | -27% | -27% | -24% | -249% | -26%
the actual values determined before -
climatic aging, %
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Mooney viscosity MV 1+4 (100 ° C),
conventional unit
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Figure 5 — Diagram of the dependence of
the viscosity of the rubber compound for
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Figure 6 — Diagram of the dependence of the conditional

on the content of diatomite and bleached clay

Elongation at break, %

345 +
5

¥ Standard, carbon black content, mass p.
B The content of diatomite, in mass p.

¥ The content of the bleached clay, in mass p.

7

360 357 357

353 53
355
350

. - T - T

10

Figure 7 — Diagram of the dependence of the elongation at rupture of rubber for the manufacture of
a sub-rail gasket on the content of diatomite and bleached clay
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Figure 8 — Diagram of the dependence of the tear
resistance of rubber for the manufacture of a sub-rail
gasket on the content of diatomite and bleached clay
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Figure 9 — Diagram of the dependence of the
Shore hardness of rubber for the manufacture of
a sub-rail gasket on the content of diatomite and

bleached clay
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Figure 10 — Diagram of the dependence of the elongation at break after complex climatic aging of
rubber for the manufacture of a sub-rail gasket on the content of diatomite and bleached clay

Table 2 — Comparative test results of samples with replacement of diatomite and bleached

clay with stearic acid

Name of indicators

Sample number

Standard The

standard

51

61

Figure 11 — Diagram of the dependence of the
conditional strength of rubber for the manufacture
of a sub-rail gasket on the content of diatomite and

bleached clay
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Change in conditional strength
after thermal aging in air at a minus
-20,9 -215 | -21,8 | -20,9 | -21,8 | -20,9 | -21,2
temperature of 90 ° C for 72 25%
hours, %, not less
Change in elongation at break
after thermal aging in air at a minus
-20,9 -215 | -21,2 | -214 | -21,2 | -214 | -21,0

temperature of 90 ° C for 72 30%

hours, %, not less
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Figure 12 — Diagram of the dependence of the
relative elongation of rubber for the manufacture
of a sub-rail gasket on the content of diatomite
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residual elongation of rubber for the manufacture
of a sub-rail gasket on the content of diatomite
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Figure 14 — Diagram of the dependence of the
Shore hardness of rubber for the manufacture of
a sub-rail gasket on the content of diatomite and

bleached clay
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Figure 15 — Diagram of the dependence of the Figure 16 — Diagram of the dependence of the
conditional strength of rubber for the manufacture of a elongation at rupture of rubber for the
sub-rail gasket on the content of diatomite and manufacture of a sub-rail gasket on the
bleached clay content of diatomite and bleached clay

For the first time, the possibility of replacing carbon black and stearic acid with waste from the
fat and oil industry (diatomite, bleached clay) was investigated. As can be seen from the analysis of
the diagrams, the Mooney viscosity value for a rubber compound containing carbon black is 44.0
conv.units, and for the studied rubber mixtures containing selected clay, is in the range of 47-52
cont.units, and containing diatomite is in the range of 45-49 conv.units (Figure 5). The value of the
conditional strength for vulcanizates containing carbon black is 11.0 MPa, and for the studied
vulcanizates containing selected clay, it is in the range of 10.4-10.8 MPa, for rubbers containing
diatomite it is in the range of 10.6-10.9 MPa (Figure 6). The elongation at break for the studied
vulcanizates containing chipped clay increases from 350% to 357%, for vulcanizates containing
diatomite from 353% to 357% compared with the reference rubber compound equal to 357% (Figure
7). The tear resistance of the reference rubber is 64.9kN/m, for those containing chipped clay it
increases from 54.4 to 63.99kN/m, for those containing diatomite it increases from 59.2 to 64.4 kN/m
(Figure 8).

A hardness according Shore is found for the studied rubbers containing selected clay in the
range of 79-81 conv.units, for that containing diatomite is 77-79 conv.units, and for the reference
rubber is 79 conv.units (Figure 9). The rubber compound for the overhead rail gaskets is prepared
based on the resulting regenerate. Due to the addition of 10 m.p. of rubber and 10 m.p. of carbon
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black (standard), the performance of rubbers is significantly higher than that of the control from pure
regenerate. The possibility of replacing carbon black with selected clay, as well as diatomite, was
investigated.

The conducted studies show that the conditional strength and tear resistance (Figure 6, 8)
decrease when carbon black is replaced with chipped clay, as well as diatomite, but the indicators
remain within the permissible limits for this rubber. The main role in enhancing the regenerate is
played by rubber.

The value of the conditional tensile strength for vulcanizates containing stearic acid is 8.26
MPa, and for the studied vulcanizates containing chipped clay is in the range of 7.88-8.39 MPa, for
those containing diatomite is 7.88-8.43 MPa (Figure 11). The elongation at break for the studied
vulcanizates containing selected clay increases from 280% to 300%, for those containing diatomite
from 280 to 297% (Figure 12). A hardness according Shore is found for the studied ones containing
selected clay and diatomite in the range of 64-71 conv.units, for the reference rubber is 63 conv.units
(Figure 14), which corresponds to the indicators of the control norm. The effect of carbon black and
stearic acid is less noticeable, so it can be replaced with less active, but cheaper and environmentally
friendly ingredients.

According to Table 1, 2 and Figures 5-16, it can be said that the conducted studies show that
the indicators remain within the permissible limits for this rubber. Therefore, carbon black and stearic
acid can be replaced with less active, but cheaper and environmentally friendly ingredients.

Conclusion. Extended physic-mechanical tests of experimental rubbers led to the conclusion
that is most expedient to use waste from the fat-and-oil industry in the formulation of rubber mixtures
for the manufacture of under-rail laying of railway tracks, since when using waste from the fat-and-
oil industry, the properties of rubbers practically do not change, and comply with control standards.
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MAW ©HEPKSCIBIHIH KANOLIKTAPbI BAP BYNIKAHU3ATTAPObIH ®U3UKA-MEXAHUKANbIK
KACUETTEPI

TexHuKasnbIK Kemipmeai MeH cmeapuH KbIWKbIfbIH Mal eHepKacibiHiH KandbikmapbimeH (Quamomum,
arapmkbiw ca3) aybicmbipy MyMKiHOiei anfaw pem 3epmmenyde. KypambiHOa cmeapuH KbilWKbifibl 6ap
s8yrnikaHU3ammap yWwiH wapmmabi co3blily bepikmieiHiH moHi 8,26 Mrlla, an KypambiHOa arapmkbiw ca3 bap
3epmmerniemiH 8ynkaHusammap ywid 7,88-8,39 Mrlla, KypambiHOa Ouamomum 6ap 7,88-8,43 Mrlla.
KypambiHOa arapmkbiw ca3 bap 3epmmeniemid 8ynKkaHu3ammap YWwiH y3inydiH canbicmbipMaribl Y3apybl
280%-0aH 300%-ra OeliH, KypambiHOa duamomum 280%-0aH 297%-ra OeliiH apmadbl. AFapmKbilW ca3 XXoHe
Ouamomumi 6ap 3epmmeyuwinepae apHajiFraH pe3uHa ywiH wopa A 6olibiHwa Kammbinbifbl 64-71 w.6.
aparsbirbiHOa, 3marsoHObl pe3uHa ywiH 63 w.6.

Bepmmeynep kepcemkeHOel, mexHUKasblK KOMipmeKmi arapmkblwl ca3fa, CoHOal-aK duamomumke
aybicmbipraH ke30e wapmmabl 6epikmik neH coiHyra mesimoinik memeHdeldi, bipak kepcemkiwmep bepinzeH
pe3uHa ywiH pykcam emineeH wekmepde kanadbl. PezeHepammbi kywelmyde 6acmbi pendi pe3uHa
amkapadbl. COHObIKMaH Kemipmeai MeH crmeapuH KblWKbIbIH a3 6ericeHdi, bipak ap3aH XXoHe 3K0/102USbIK
ma3sa uHepedueHmmepmeH anmacmbipyra bonadsl. Texipuberni pesuHanapdbiH KeHelminzeH @u3uka-
MexaHuKarsblK CbiHakmapbl memip xondapdbiH pesibC acmbl MeCceMiH xacay yWiH pe3uHa KocranapblHbIH
peuenmiHde wmall ©HepkKacibiHiH KandbikmapbiH natdanaHyOblH €H VYIIKEH OpPbIHObIMbIFbI Mmyparibl
KopbimbiHObIFa okesndi, elimkeHi mal eHepkacibiHiH KandbikmapblH natdanaHraH Ke3de pe3uHasiapObiH
KacuemmepiHiH Kepcemkiwmepi ic Xy3iH0e e32epmelidi, bakbinay HopmanapbiHa calkec kesedi.

TytiH ce30dep: ecimiik Malibl eHOIPICIHIH KaridbIKmapbl, UHepeOUeHmMmep, pe2eHepam, arapmkbil Cas,
Quamomum, pesibC acmbiHOafbl MOCceM.
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®U3UKO-MEXAHUYECKUE CBOUCTBA BYNIKAHU3ATOB, COOEPXALLUX OTXOAbI
MACJIOXXMPOBOW MPOMBbILLNIEHHOCTH

Bniepsbie uccrnedyemcsi B03MOXHOCMb 3aMeHbl MEXHUYECKO20 yaiepoda U cmeapuHo8oU KUC/I0MmbI
Ha omxodbl Mac/oXupoeol MpoMbiwIeHHocmu (Quamomum, ombenbHasi afuHa). SHayeHue ycrioeHoU
poYHOCMU NpuU pacmsixeHuUU 01 8ynkaHu3amos, codepxaulux cmeapuHosyro Kucriomy pasHa 8,26 Mlla, a
Ons uccriedyeMbix 8yrnKaHU3amos, codepxauwux ombernbHyto 2ruHy, Haxodumcsi e uHmepeane 7,88-
8,39Mrla, dns codepxawux Ouamomum 7,88-8,43 Mlla. OmHocumersnibHoe ydnuHeHue rpu paspbiee Oris
uccnedyemMbix 8yriKkaHu3amos, codepxawjux ombenibHyr anuHy eo3pacmaem ¢ 280 % 0o 300%, dOns
codepxawjux Auamomum ¢ 280 0o 297%. Teepdocmb no LllopyA Haxodumcsi Ona uccredyembix,
codepxxauwjux ombesibHyto 2uHy u duamomum 6 uHmepearne 64-71 ycn. ed., 0nsi amarnoHHoU pe3uHbi 63 ycii.
eo.

lMposedeHHbIe ucciedo8aHuUs MOKa3biearom, Ymo yCc08Has MPOYHOCMb U ConpomusneHue pasoupy
CHUXKaromMCs Mpu 3aMeHe MEeXHUYEeCcKo20 yernepoda Ha ombesnibHyr0 e/fluHy, a makxe Ha duamomum, HO
rokasamenu ocmaromcs 8 npedene donycmumbix Ons 0aHHOU pe3uHbl. OCHOBHYHO pofb 8 ycurneHuu
peeeHepama uepaem Kay4dyk. [loamomy mexHu4eckull yarnepold u cmeapuHO8YHo KUCIOMY MOXHO 3aMeHUMb
Ha MeHee akmusHbie, Ho boriee deweabie U 3KONI02UYECKU YuCcmble UHepedueHmbl. PacwupeHHbie ¢hu3uko-
MexaHuU4yeckue UcrbimaHusi OrfbIMHbIX Pe3uH rnpusenu K ebieody O Haubonbwel uyenecoobpasHocmu
UCrosib308aHuUsi 0mxo008 MacsioXupo8ol MPOMbILIEHHOCMU 8 peuenmype pPe3uHoebix cmecel Orns
u320moersieHuUs1 ModpesibCo8oU NMPOoKIadKu Xene3HOO0POXKHbIX ymeli, maK Kak rpu Ucrosib308aHUU 0mxo008
Macroxuposol  MpPOMbIWIIEHHOCMU r1oKasamesiu ceolicme pe3uH MpPakmuyYecku He U3MEHSIIoMCH,
coomeemcmeyem HOpMaM KOHMPOJIS.

Knroyesbie csioga: omxod rnipouzgodcmea pacmumeribHO20 Macra, UHepeOueHmbl, peseHepam,

ombersibHas anuHa, duamomum, nodpesibcosasi rnpokaoka.
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