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TECHNOLOGICAL PROPERTIES OF URETHANE RUBBER MODIFIED WITH
XYLITANE POLYESTER

Abstract

A method for producing urethane rubbers based on polyester xylitane has been developed. Industrial
peroxide vulcanizates based on urethane rubber SUR-8IG crystallize at room temperature, therefore, agents
forming a more developed spatial structure are used to vulcanize this rubber. The presence of a dense
transverse structure reduces the rate of crystalli-zation of vulcanizates.

Urethane rubbers based on known copolymer polyesters do not crystallize and can be vulcanized with
organic peroxides, diazocyanates, and a mixture of vulcanizing agents.

The nature of the selected vulcanization system largely determines the properties of the obtained
rubbers — their hardness, modulus, residual deformation and other properties, therefore, industrial urethane
rubber SUR-8PG can be used to manufacture parts for various purposes. The significant content of methyl
groups in polyurethane SUR-8PG prevents crystallization and other intermolecular interactions. Rubber
based on SUR-8PG rubber has a good glass transition temperature (Tc), but a relatively low elasticity.

The main task of this work is the synthesis of polyurethane rubber based on xylitane polyesters (SUR
—8TBk), obtained from waste from the hydrolysis and fat-and-oil industries, which has frost resistance and
high elasticity.

Keywords: technological properties, urethane, rubber, glass transition temperature, vis-cosity,
polyester, xylitane.

Introduction

Urethane rubbers of the SUR brand are one of the types of polyurethane — high molecular
weight compounds containing macromolecules in the main chain — repeating urethane groups —O-
CO-NH-.

Urethane rubbers differ from plastics, which have properties closest to polyamides, in their
molecular weight and structure.

Over 150 brands of SUR are produced in the industry, differing in chemical composition (SUR
based on esters are known under the brands SUR -PF, SUR -PFL, based on esters — SUR -8, SUR -8P,
SUR -7, SUR -7L, SUR -7, SUR -7P).

The classification of ICS according to the methods of their processing into products has been
adopted.:

- injection molding (vulcollans) liquid compositions from which products are obtained by
combining molding with the synthesis of a solid "crosslinked"” polymer — rubber;

- rolled, solid linear or branched products;

- thermoelastomers processed into thermoplastics
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SUR is used in mechanical engineering, automotive, aviation, petroleum, coal, and sheet
stamping industries for the manufacture of parts and plates, as well as as an anti-corrosion coating
that is resistant to abrasive and waterjet wear. Products made of urethane formopolymers are
characterized by increased wear resistance, high strength, oil and gas resistance, good shock
absorption properties, and resistance to oxygen and ozone.

Fig.1. Urethane rubber products

Urethane rubbers can be divided into 3 types:

Rolled rubbers are solid linear or branched polymers. Rolled SUR rubbers are used to make
rubbers with high modulus and hardness, which are used for steering rod liners, sealing cuffs and
gaskets.

Low—modulus injection-molded soft low-molecular-weight injection urethane rubbers are
used in the printing industry, friction phthulas, parts in the radio engineering industry, as a sealing
material in radio electronics, etc.

High—-modulus injection molding - high-strength and high-modulus injection molding
machines are used as optically active rubbers, for the manufacture of sealing cuffs to cylinders in
the automotive and other industries, various diaphragms, brake rollers and gears of silent
transmission, wear-resistant coatings. They are used to make screen elements and wear-resistant
coatings, parts for various types of cars, etc.

Materials and methods

Technological properties of rubber produced by different vulcanization systems (hydrogen
peroxide, dimension hydrogen peroxide) were tested to characterize SUR -8TBk raw rubber; its
resistance to the aggressive conditions was also studied (laboratory samples).

The following properties were used to characterize raw rubber samples SUR -8TBk based on
the xylitane polyether:
1. solubility in the ethyl acetate (State Norms 33034-2014)
2. glass casting temperature (State Norms R 57931-2017)
3. viscosity according to Muni (State Norms R 24552-2011)

Results and discussions
SUR -8TB different raw rubber samples technological properties were studied. The main part
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of the raw rubber samples were completely dissolved in the ethyl acetate, this testifies to the fact
that it is of linear structure and there are no cross links. Some dissoluble polymer samples were
obtained, and this may be explained by the fact that the ratio of some starting components has been
changed. SUR -8TBx raw rubber glass casting temperature is in the limits of -40/-43° C. Comparing
SUR -8TBk with SUR -8PG, glass casting temperature of which is in the limits -34, 5/-35,5°C, we
may say, that raw rubber SUR -8TBk has much more low Ts values [5].

The deviations stated are explained by the fact that poly ethers with larger molecular mass
were used for the synthesis of these raw rubbers. Ratio viscosity according to Muni was used for the
technological evaluation of the raw rubber. It should be noted, that this ratio is in the broad limits
depending on the synthesis temperature and correlation of the starting components. We may state
that poly urethane SUR -8TBx (viscosity limits from 20 to 150 conditional units) is easily processed
in the cold rolls.

Determination of the processing period influence on the SUR -8TBk technological
characteristics was fulfilled by measuring viscosity value according to Muni at different rolling
periods.

Pelt for determining viscosity according to Muni was manufactured in the laboratory rolls of
160 x 320 mm size, friction was 1: 24/ 1, 27; the front roll rotation velocity was 23 — 27,5
revolutions per minute, the gap between the rolls was 1,0 — 0, 05 mm.

Raw rubber was processed in the rolls, where the rolls’ temperature was 25° C; the processing
period varied from 5 to 20 minutes.

Variations of SUR-8TBk viscosity according to Muni depending on the processing period at
25° C were investigated.

The curve testifies that if the processing period is increased, viscosity according to Muni is
lowered; it may be connected with the partial destruction of the polymer. It was also necessary to
clarify the possibility of the SUR -8TBx raw rubber processing by casting under pressure, because
this method turns to be the most productive. This method is possible for using if the viscosity
according to Muni ratio is higher than 70 conditional units [6-7].

To achieve this xylitane poly ether P-6 BA (the amount is 1,5 and 10 mass parts) was added to
the sample of SUR -8TBxk raw rubber with the starting viscosity according to Muni, equal to 113
conditional units. Data of P-6 BA additives influence on the viscosity according to Muni is given in
the table 1.

Table 1 - Influence of xylitane poly ether P-6 BA on the technological properties of SUR -8TBxk raw
rubber

Quantity of P-6 BA, introduced into the raw | Viscosity according to Muni, conditional units
rubber, mass part
0 131
1,0 94,5
5,0 76,7
10,0 70,7

As it is clear from the table, introduction of 5-10 mass parts of the plasticizer leads to the
lowering of the viscosity according to Muni from 131 to 70 conditional units it enables us to use
this method with different values of viscosity according to Muni.

Physical — mechanical indexes of the vulcanizors, filled with the xylitane poly ether up to 10
mass part., meet the requirements of the State Norms for the raw rubber SUR -8TB.

Conclusion
1. The composition of polyurethane rubber based on polyesters of xylitane SUR -8TBK,
obtained from waste from the hydrolysis and fat-and-oil industry, has been developed.
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2. The addition of plasticizer to polyurethane rubber based on xylitane polyesters SUR -8tb
reduces the viscosity index according to Muni, which makes it possible to use the injection molding
method for processing SUR -8TBKk rubber.

3. Polyurethane rubber based on xylitane polyesters SKU-8TBk has good physical and
mechanical properties and can be used in various conditions, which significantly expands the scope
of application of urethane rubber based on xylitane polyesters.

References
1. Kablov V.F., Novopal ceva O.M. Kauchuki i receptury” e lastomerny x kom-pozicij [Rubbers
and formulations of elastomeric compositions]: ucheb.posobie, chast™ 2, VolGTU. Volgograd,
2017g.- rezhim dostupa: http://lib.volpi.ru.
2. Makitra R.G., Pristavskij R.E., Evchuk l.Yu. Nabuxanie poliuretanovy x kauchukov v
organicheskix rastvoritelyax [Swelling of polyurethane rubbers in organic solvents]: //
VW sokomolekulyarny e soedineniya, seriya A, L vov, 2005, tom 47, N11, 5.1987-1992
3. Karpov A.G., Zaikin A.E., Bikmulin R.S. Vliyanie privitogo sopolimera na mezhfaznoe
vzaimodejstvie v smesi polipropilen — nitril'ny’j kauchuk [Effect of grafted copolymer on
interfacial interaction in a polypropylene—nitrile rubber mixture]: //Vestnik Kazanskogo
texnologichcheskogo universiteta — 2008, N4, s.72-76
4. Panfilova O.A.Struktura i svojstva termoplastichny x vulkanizatov na osnove polipropilena i
kombinacii izoprenovogo i butadien — nitril’'nogo kauchuka: [Structure and properties of
thermoplastic vulcanizates based on polypropylene and a combination of isoprene and butadiene—
nitrile rubber]:dis....kand.texn.nauk. Kazan", 2017.-123s.
5. Sagdeeva E'.G. Poluchenie dinamicheskix termoplastov na osnove butadien — nitril'ny x
kauchukov i oliolefinov s ispol zovaniem modificirovannogo texnicheskogo ugleroda: [Production
of dynamic thermoplastics based on butadiene — nitrile rubbers and oliolefins using modified carbon
black]:dis....kand.texn.nauk. Kazan", 2003.-134s.
6. Banerjee, S.S. High-temperature thermoplastic elastomers from rubber-plastic blends:A state-
of-the-art review./ S.S.Banerjee, A.K. Bhowmick, // Rubber Chem. Technol.- 2017.- V. 90 - P. 1-36.
7. Xolden, D. Termoe'lastoplasty” [Thermoplastics]: /D.Xolden, X.R. Kri-xel'dorf, R.P. Kuirk,
per. s angl. 3-go izdaniya pod red. B.L. Smirnova - SPb: Profes-siya. -2011. - 720 s.

J.A. Ad3asoBal”, 3.A. U6parumoBal, M.A. Anmyxanos?, I.O. Anraesal, M. apaxaen’
'1.r.x., nouent, M. Oye3os aregarsl OKY, IlsivkenT, Kazakcran
PhD, nonent, M. Oye30B arbiggarsl OKY, leivkenT, Kazakcran
r.r.X., JoueHT, A. MbIp3axMeToB atbiHgarsl Kekimeray yausepcureri, Kokmeray, Kazakcran
lara oxpITymsl, M. Oye3os areiagarsl OKY, IlsivkenT, KazakcTan
Mmaructp, oxpiTymisl, M. Oyesos areiagarsl OKY, lllsivkenT, Kazakcran
“Koppecnonaent asropsi: dilya0158@mail.ru

KCWINT NOJINDPUPIMEH MOAUDPUKAIIUAJTAHIAH YPETAH/IbI PESBEHKEHIH
TEXHOJIOI'UAJIBIK KACUETTEPI

Tyiiin

Kcwnmran nonuwagupiHe Heri3menreH ypeTaHabl KaydyKrapAsl anmy ofici xacamael. CKY-8IIT
ypeTaHapl KaydyK HETi3iHAerl MepOKCHITI ©HEPKSCINTIK ByJKaHM3aTTap OenMe TeMmIeparypachiHIa
KpUCTaJJIaHaJbl, COHJIBIKTAH OYJ1 Kay4dyKThl BYJIKaHH3AIMsIIdy YIOiH JaMbIFaH KEHICTIKTIK KYPBUIBIMIBI
KYpaHTBhIH areHTTep KOJJIAHBUIAAbl. TBIFBI3 KOJJIEHEH KYPBUIBIMHBIH OONybl BYJIKaHH3ALUSIIAPIbIH
KpHUCTaJIaHy >KbUIaMABIFBIH TOMEHICTE/] .

Benrimi comomumepsti mosMdpUpIiepre HETI3ASINeH ypeTaHAbl KaydyKTap KpHCTajgaHOalabl jkoHE
OpraHUKaIbIK IEPOKCHATEPMEH, Ha30LMaHATTAPMEH, BYJIKAHW3alMs areHTTepiHIH  KOCHAaChIMEH
BYJIKaHU3ALMSIIAHY Bl MYMKIiH.

Tannanran BynKaHM3alMsA >KYHECIHIH CHIAThl HETI3IHEH allbIHFAH PE3CHKENICPHIiH KaCUCTTEpPiH
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AHBIKTANIBI-0apIbIH KATTBUIBIFBI, MOAY/I, KAJIABIK JAeQOpManuschl jkoHe 0acKka KacHeTTepi, COHABIKTaH
OpTYpii MakcaTTarbl OeIIIeKTepi jkacay YIIiH eHepkacinTik yperaH kaydyk CKVY-8III' xommaHbLTyBI
myMKiH. CKY-8III" monmyperaHbHIaFBI METHIT TONITAPBIHBIH €I0Yip MeJIIepi KpucTalanyra xKoHe Oacka
MoJieKylaapaliblK e3apa opekertecyre keaepri kentipeni. CKY-8 III" pezeHke Heri3iHeTi pe3eHKeIep KaKChl
oitHekTey Temneparypacbina (T.) ne, Gipak caabICTBIpMaNbl TYPE TOMEH CEPIIMILTIKKE He.

Byt )KyMBICTBIH HETi3r1 MiHIETI-CYBIKKa TO3IMAUIITT MEH JKOFaphl UKEMILIITI 0ap TUAPOIN3 KOHE Maii
OHEPKACiOIHIH KalAbIKTapel HeriziHze anbiHFaHn kewiutad nommddupnepi (CKY-8TBk) Herizinaeri
MOJMYPETaH/Ibl KaydyKThl CHHTE3ICY.

Kinrrik ce3nep: TEXHOIOTHSIIBIK KaCHETTEpl, YpeTaH, pe3eHKe, IIBIHBI aybICy TeMIIepaTypachl, Vis-
cosity, MoIu3CTEepP, KCUIIHT.
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TEXHOJIOTUYECKHE CBOVCTBA YPETAHOBOI'O KAYUVYKA,
MOIUPUITUPOBAHHOT'O KCHJIMTAHOBBIM ITOJIN®UPOM

AHHOTAUA

Pazpaboran cnoco® mToONy4YeHHsT YPETaHOBBIX KaydyKOB Ha OCHOBE NoOnMd(Hpa KCHIUTAHA.
[lepexucHble MPOMBILIUIEHHBIE BYJIKAHHU3aThl Ha 0CHOBE ypeTaHoBoro kayuyka CKY-8III" kpucrammusyrorcs
pY KOMHATHOM TeMIeparype, IMO3TOMY Ui BYJIKa-HU3ALMM O3TOr0 KaydyKa NPUMEHSIOTCS areHTH,
oOpazyromnie Oosiee pa3BUTYIO NPOCTPAH-CTBEHHYIO CTPYKTYpy. Hanuune mioTHOHM monepedHol CTPyKTyphI
CHIDKAET CKOPOCTh KPUCTAI-TH3AIMH BYITKaHU3aTOB.

VYperaHOBbIE KaydyKd Ha OCHOBE M3BECTHBIX COIMOJMMEPHBIX MOMU3(QHUPOB HE KPUCTANI-IU3YIOTCS U
MOTYT BYJIKAHM30BaTbCs OPTaHUUECKUMH IEPEKHUCSAMH, OHA30LHAHATAMH, CMECBHIO BYJIKaHU3UPYIOLIUX
areHTOB.

XapakTep BBIOpaHHOW CHCTEMBI BYJIKaHW3AIlMM B 3HAUYUTEIHHON Mepe OmpesenseT CBOWCTBa
MOJYYEHHBIX PE3MH — UX TBEPAOCTh, MOAYJb, OCTAaTOYHYIO JeQOpMalMI0O M APYIHE CBOMCTBA, MOATOMY
MPOMBIIUIEHHBIN ypeTaHoBblil Kayuyk CKVY-8III' MoxeT ObITb NpUMEHEH MJisi W3TOTOBBIICHHUS JAeTasei
CaMoOro Pa3IMYHOTO Ha3HauYEHUs. JHAYUTEIBHOE CofiepKaHWe METHIBHBIX rpynn B noiauypetane CKY-8IIT"
MPEISTCTBYET KPUCTAUIM3ALMN M JPYTUM  MEXMOJIEKYISAPHBIM B3aMMOICHCTBUSIM. Pe3nHbl Ha OCHOBE
kayuyka CKVY-8III' obOmamaror xopormreil Temmneparypoid crtexyoBaHust (Tc ), HO CpaBHHMTEIBHO HHU3KOH
3JIACTUYHOCTHIO.

OcHoBHasE 3ajada HacTosmied paboThl — 3TO CHHTE3 TNOJWYPETAHOBOTO KaydyyKa Ha OCHOBE
nonudupoB kcunmutana (CKY-8Th, ), mMoiy4eHHOr0 Ha OCHOBE OTXONOB THUAPOIU3HOW U MAaCIOXKHPOBOU
MIPOMBIIIIEHHOCTH, 00JIa/IatoIiell MOpO30CTOWKOCTBIO M BBICOKOM 3IIACTUY-HOCTBIO.

KiroueBble cj10Ba: TEXHOJIOTHYCCKUC CBOﬁCTBa, YpETaH, Kay4dyK, TEMIEparypa CTCKIOBAaHUA,
BA3KOCTD, HOJ'II/IS(I)I/Ip, KCHUJIMTAaH.
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