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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

SUR is used in mechanical engineering, automotive, aviation, petroleum, coal, and sheet
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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 -8TByx raw rubber; its
resistance to the aggressive conditions was also studied (laboratory samples).

The following properties were used to characterize raw rubber samples SUR -8TBx 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
of the raw rubber samples were completely dissolved in the ethyl acetate, this testifies to the fact that
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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 -8TBx
with SUR -8PG, glass casting temperature of which is in the limits -34, 5/-35,5°C, we may say, that
raw rubber SUR -8TBx 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 -8TBx 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-8TBx 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 -8TByk 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 -8TBk 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 -8TBx 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

b

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 -8TBkx.

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.

2. The addition of plasticizer to polyurethane rubber based on xylitane polyesters SUR -8tb
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reduces the viscosity index according to Muni, which makes it possible to use the injection molding
method for processing SUR -8TBk 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.
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KCUWJINT NNOJINIPUPIMEH MOAUDPUKALIUAJTAHFAH YPETAH/IbI PEBEHKEHIH
TEXHOJOI'UAJIBIK KACUETTEPI

Tyiiin

Kcunuran monuadupine Herizaenred ypeTanabl Kayuykrapasl any oaici xacanasl. CKY-8I1T" yperanast
Kay4dyK HeTi3iHJeri MepOKCHITI OHEpPKICINTIK ByJIKaHU3aTTap OeJiMe TeMIlepaTypachlHla KPHCTAIaHaIb,
COHBIKTaH OYJI Kay4yKThl BYJIKaHWU3ALMsUIAy YIIIH JaMbIFaH KEHICTIKTIK KYpPBUIBIMIBI KYpPaWTBIH areHTTEp
KoJiaHbiaabl. ThIFbI3 KONJeHEH KYPbUIBIMHBIH OOJTYbl BYJKaHU3ALMSUIAPIbIH KPUCTAJIIAHY >KbIIIAMIBIFbIH
TOMEHJETeI1.

Benrini comonmumepni nmonudupiepre HEri3lelreH ypeTaHIbl KaydyKTap KpHcTaigaHOailnpl KoHe
OpPTaHUKaJbIK  IEPOKCHATEPMEH, IUa30LHaHATTApMEH, BYJIKaHU3alMs AareHTTEPiHiH  KOCIACBIMEH
BYJIKAaHU3ALMATIAHY bl MYMKIH.

Tammanran ByJKaHHW3aIUsA JKYHECIHIH CHITAThl HETI31HCH aJbIHFaH PE3CHKENCPAIH KAacHEeTTepiH
AHBIKTANIBI-0apIbIH KATTBUIBIFBI, MOAYII, KaJABIK AcQOopMalMsAChl >KoHEe Oacka KacHeTTepi, COHABIKTaH
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OpTYPJIi MaKcarTarsl O6JIIEKTep i xKacay YIIiH eHepkacinTik yperan kayuyk CKY-8I1I" kongaHbuTybl MYMKiH.
CKY-8III' monmypeTaHBIHIAFBI METHJI TONTAPBIHBIH €I9yip MeIIIepi KpUCTAIJaHyFa J>KoHE Oacka
MoOJIeKyJIaapaibIK e3apa apekerrecyre kenepri kenripeni. CKY-8 I1I" pe3enke Heri3iHaeri pe3eHKeNep KaKChl
oitHekTey Temneparypacbina (T.) ne, Gipak caabICTBIPMaNbl TYPE TOMEH CEPIIMILTIKKE He.

Byt 5KyMBICTBIH HETi3r1 MiHIETI-CYBIKKA TO3IMIUIITT MEH JKOFAphl UKEMJILIITI Oap TUIPOIIN3 KOHE Maii
OHEPKOCIOIHIH KaIABIKTapel HeETi3iHme anbiaFaH kewaurtad mommdupiepi (CKY-8Tbk) Herisinmeri
MOy PETaH/Ibl KaydyKThl CHHTE3/IEY.

KinrTik ce3nep: TEXHOIOTHSIIBIK KaCHETTEpi, YPeTaH, pe3eHKe, MIBIHBI aybICy TeMIIepaTypachl, Vis-
cosity, moaudCcTepP, KCUIIAT.
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TEXHOJIOTUTYECKHE CBOVCTBA YPETAHOBOI'O KAYUVYKA,
MOIUPUITUPOBAHHOT'O KCHJIMTAHOBBIM ITOJIN®UPOM

AHHOTALINA

Pazpaboran criocob noy4eHus ypeTaHOBBIX KaydyKoB Ha OCHOBE nosinddupa keunurasa. [lepekuchsie
MIPOMBILIUIEHHBIE ByJIKaHU3aThl Ha OCHOBE ypeTaHoBoro kayuyka CKY-8III" kpuctamiusyrorcs pu KOMHaTHON
TeMIeparype, Mo3TOMY AJs BYJIKa-HU3AIMH 3TOTO KaydyKa NPUMEHSIOTCS areHThl, oOpasyromme Oonee
Pa3BHTYIO IIPOCTPAH-CTBEHHYIO CTPYKTypy. Hannuue IuioTHOH monepedHod CTPYyKTYpbl CHHUXKAET CKOPOCTb
KpUCTAJ-IU3al1H BYIKaHU3ATOB.

VYperaHoBbIe KaydyyKd Ha OCHOBE M3BECTHBIX COIMOJIMMEPHBIX MOMUI(QUPOB HE KPUCTAN-IU3YIOTCS U
MOTYT BYJIKaHWU30BaTbCi OpPraHUYECKUMHU IEPEKUCSSIMH, IHA30I[MaHaTaMH, CMECHIO BYJIKaHU3HPYIOLINX
areHTOB.

Xapaktep BBIOpaHHOW CHCTEMBI BYJIKAaHW3AllMM B 3HAUYUTEIHHON Mepe OmpeaenseT CBOMCTBa
MOJYYEHHBIX PE3MH — WX TBEPIOCTh, MOJIYJb, OCTATOYHYIO NeQOpPMAaIMI0O M APYIHe CBOMCTBA, MOITOMY
MPOMBIIUIEHHBIN ypeTanoBbli kayayk CKY-8III" MokeT ObITh HPUMEHEH AJIsl U3rOTOBBIICHUS JeTaJel caMoro
pPa3IMYHOIO HAa3HAYECHHA. 3HAYMTEIBHOE COMAECpXKAaHWE METWIbHBIX rpynn B mnomuyperane CKVY-8IIT
MIPEMSITCTBYEeT KPUCTAIUIM3AIMM M JIPYTHUM  MEXMOJEKYJIApHBIM B3auMMOIEHCTBHUSIM. Pe3nHBI Ha OCHOBE
kayuyka CKVY-8III' obmamaror xopomeir Temmeparypoir crtexkioBanusi (T. ), HO CpaBHHMTEIBHO HHU3KOH
JTaCTUYHOCTBIO.

OcHoBHast 33/1a4a HacTOsIIIEH pabOTHI — 3TO CUHTE3 HOJIMYPETAHOBOIO KayuyKa Ha OCHOBE IOIN3(HUPOB
kcmmrana (CKY-8TBx ), momydeHHOro Ha OCHOBE OTXOAOB THAPOIW3HOM W MAaciIOXHpPOBON
MPOMBIIUIEHHOCTH, 00J1a/1atoIIel MOPO30CTORKOCTBIO U BBICOKOM 3JIaCTUU-HOCTBIO.

Kuio4eBble €10Ba: TEXHOIOTHYECKHE CBOWCTBA, YPETaH, Kay4dyK, TEMIIEpPAaTypa CTEKJIOBaHHS, BA3KOCTH,
noau3(up, KCUIUTAH.
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STUDY OF PROTECTIVE PROPERTIES AND CHARACTERISTICS OF MEDICAL
GLOVES

Abstract

In this article, we will analyze the main stages of production of medical gloves, including latex and
nitrile gloves. Acrylonitrile butadiene rubber is an elastomer with a fairly impressive set of properties:
increased resistance to oils and solvents, tensile strength, abrasion resistance, bending resistance, increased
residual deformation under compression and resistance to migration and loss of volatile substances, color
retention, weather resistance, and aging resistance. The article also provides the results of studies of the stages
of the glove production process. The following production stages are defined: preparation of glove molds;
immersion of molds in solution; vulcanization; leaching; formation of a cuff bead; finishing process
(chlorination, polymer coating); removal from molds. The article provides the results of quality tests carried
out in laboratory conditions.

Keywords: medical, latex, nitrile, vinyl, chainmail gloves chlorination, polymer, powder.

Introduction. At the beginning of the process, it is necessary to rid the mechanical hand forms
of any dirt , using soapy water , and then in a chlorine-containing solution. Any foreign substance on
the surface of the form can lead to the formation of tears in the glove. After this, the caramic forms
pass through a series of rotating brushes [1] . This is necessary to clean the hard-to-reach areas
between the fingers. Then the forms are dipped in a container with hot water and then dried a little.
Still slightly damp forms are immersed in a chemical solution, which forms a film on their surface.
After this, the ceramic forms are immersed in a warm solution. To increase chemical To increase the
durability and elasticity of the gloves, the molds are immersed in a tank containing an acrylonitrile
butadiene compound, which may include other additives and colorants. Reacting with the film, it
acquires a gel-like structure. Rotation allows excess drops to be removed from the molds before heat
treatment. Under the influence of heat, the solution dries [2]. The vulcanization process also occurs
in the oven, increasing the strength and elasticity of the glove.

Experimental part. Working with various substances and chemical reagents determines the
choice of the appropriate type of gloves [3]. Modern medical gloves differ in the characteristics of
the material from which they are made, its chemical composition, production and processing
technology, as well as the possibilities of their intended use. Figure 1 shows the stages of production
of medical gloves. During the final processing, the gloves undergo special treatment to make them
easier to put on. Traditionally, glove manufacturers used powdering. Nowadays, this technology is
considered obsolete and is used mainly in the production of latex gloves [4] . Modern methods for
making it easier to put on nitrile gloves most often undergo one of two procedures: chlorination and
polymer coating . The technical characteristics of the resulting gloves (length of the gloves and
thickness of the material used to make them) comply with SS 3-88 [5].
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Figure -1. Stages of production of medical gloves

Jlamexchvie <— Xnopuposanue
nepuamxu

nokpuimue
nonumepom

O6pabomka

Results and discussion

Tests, conducted in laboratory conditions , showed good chemical resistance and physical
characteristics of gloves . Resistance to cuts, punctures and abrasion were also taken into account as
a critical factor when using the product. Contact of gloves with aggressive environments always
operates in two cases: permeability and degradation [6] . When a glove comes into contact with a
conditionally aggressive substance, its degradation begins and, as a result, the penetration coefficient
increases. Table 1 lists several chemical substances for medical gloves.

Table -1- Selection of a specific aggressive environment for medical gloves
Chemical substance Latex gloves Vinyl gloves Nitrile gloves

Acetaldehyde
Acetamide

Acetate is a solvent
Acetic acid 80%
Acetic acid 20%
Acetyl chloride (dry)
Acetylene
Acrylonitrile
Acrylic acid

Q| mimIZ I Z

QQZZ M ZMmm
QZQZQ(H ™ ZZ




Oymycmix Kazaxcmanu eviivim Kapuwvicol - Becmuux nayku FOaxcnozo Kazaxcmana - South Kazakhstan Science Herald

Designations accepted in the table:

E (‘excellent ) - absolutely safe work

G ( good ) - safe work

F ( fair ) - can work, conditionally safe work

N ( not recommended ) - it is not recommended to work - no data

Some glove materials may become hard, rigid, brittle, or they may become softer and swell,
increasing in volume to several times their original size. If a chemical significantly affects the physical
properties of the glove material, its resistance to penetration will rapidly deteriorate.

Conclusions

In accordance with the Sanitary Rules " Sanitary and Epidemiological Requirements for
Facilities in the Sphere of Circulation of Medicines and Medical Devices" [6] , the minimum
thickness of smooth examination gloves must be 0.08 mm, and textured 0.11 mm ; the thickness of
smooth surgical gloves is 0.1 mm, textured 0.13 mm. The minimum length of examination gloves is
220 mm, and that of surgical gloves is 255 mm. The size of medical gloves must correspond
alphabetic and numeric glove size designations . Size XS corresponds to sizes 5.5 and 6; S — 6, 6.5
and 7; M —7,7.5 and 8; L — 8 and 8.5. The rules for the use of medical gloves must comply with SS
12.4.307-2016 [7] .
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MEJIALIMHAJBIK KOJFAIITAPIBIH KOPFAHBII KACUETTEPI MEH
CHUIIATTAMAJIAPBIH 3EPTTEY

Tyiiin
By Makanana 6i3 MeIUITMHATIBIK KOJIFAIITAP/Ibl, COHBIH iITIH/IE JIATEKC MIeH HUTPHJIII KOJIFATapIbl OHIIPYIIiH
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HETI3rl Ke3CHICPIH TalfaiMbI3. AKPWIOHUTPWIAI OyTaaueHNi KaydyK-OyJl eTe ocepii Kacuerrepi Oap
J/IacTOMEp: Maliap MEH epiTKIimTepre TO3IMIUTIKTIH JKOFapbUIaybl, CO3BITY OEpIKTIiri, TO3yFa TO3IMALIITi,
WiTyre Te3IMIUIr, CHIFBIMAAY Ke3iHAe KajAblK aeOpMAIMsIHBIH >KOFAphUIaybl JKOHE YIIIa 3aTTap.IblH
MUTPaLUsCHl MEH JKOFaTyblHA TO3IMILIITI., TYCTI caKTay, aya pailblHa TO3IMITIK KoHEe KapTalora Te3IMALTIK.
Makanana KOJFal eHAIpY NPOIECIHIH Ke3CHICPIH 3epTTey HOTHXKENepi Ne OepinreH. OHAIpICTIH Keneci
Ke3eHJIepl aHBIKTAJIFaH: KOJFall KaNBINTAPBIH AaWbIHAAY; KaJBIITapasl epiTiHAire O0aTepy; BYJIKaHWU3AILUS;
cinTiney; MaH)XeTTI MOHILIAK KaJBIITACTHIPY; 9piiey Mpoleci (XJiopnay, HOTUMEpIi Ka0blH); KalbllTapAaH
weFapy. Makanazna 3epTxaHajiblK JKaFIaia >Kypri3iireH cana CbIHaKTapbIHBIH HOTHIKEJIEP1 KeNTipijireH.

Kinarrik ce3nep: MenuIMHANGIK, TATEKC, HUTPWII, BUHII, IIBIHXKBIPITBI KOJFANTap XJIOpiay, TOJuMep, YHTAK.

JI. Aiiko3oBa“, A. Bekaynosa, M. Epmaxanos, H.Y. AcbLi0ex
KaHJ.TeXH.HayK, JAoleHT, FOxxHo-Kazaxcranckuii yausepcurer uM. M. AyazoBa, LlIsivmkent, Kazaxcran
BbINMYCKHUK, FOxHO0-Ka3zaxcranckuii yausepcuret uM. M. Ayazosa, llIsivkent, Kazaxcran
K.T.H., 1oUeHT, FOxxHo-Ka3zaxcranckuil yuuepcureT uM. M. Ayazosa, [lleimkeHT, Kazaxcran
MAarucTp XMMUYECKHX HayK TEXHOJIOTrus, Mpenoaasarens, FOxHo-Kazaxcranckuil yHuBepcuteT uM. M.
Ayn30Ba, llIsimMkenT, Kazaxcran
“ABTOp M5 Koppecnonaenuuu: laura.aykozova@mail.ru

HCCJEJOBAHME 3AIIIUTHBIX CBOMCTB U XAPAKTEPUCTHUK MEJIUIIMHCKHAX
ITEPYATOK

AHHOTALINA

B 3710i1 cTarbe MBI TpoaHAIM3UPYEM OCHOBHEIE ATAITBI TPOU3BOJICTBA MEAUIIMHCKUX TIEPYATOK, BKITFOUYAs
JIATCGKCHBIC U HUTPWJIOBBIC NMEPUYATKH. aKPUIOHUTPUIOYTaJUCHOBBIA Kay4yK - 3TO 3JIaCTOMEP C JOBOJBHO
BIICYATIISIONIUM HAOOPOM CBOMCTB: MOBBIIICHHONW CTOMKOCTBIO K MacjaM U PacTBOPUTEIISM, TPOYHOCTHIO Ha
pacTsbKeHHe, WCTHPAHUIO, W3TUOY, MOBBIMIEHHOW OCTAaTOYHOH nedopMaiil MpH CXKaTHH, CTOWKOCTBIO K
MUTPAIUN U TOTEpEe JIETyYNX BEIIECTB, COXPAHEHUIO 1[BETA, aTMOC(HEPOCTOMKOCTH W CTapeHuto. B crarbe
TaKXe TPUBOMITCS PE3YJIBTaThl WCCIIEIOBAHUI 3TAlOB IpoIecca MPOU3BOACTBA mepdarok. OmpeneracHsb
CJIEYIOIUE JTalbl TPOW3BOJCTBA: TOATOTOBKA (OpPM il TEpYaToK; MOrpykeHue (opM B PpacTBOP;
ByJIKaHHM3AIlMs, BbIIIeNaunBanne; (popMupoBaHHMe OOpTHKAa MAaHXKETHl; 3aBEPIIAIOIIMIA  IPOIECC
(x7opupoBaHHe, TMOJUMEPHOE MOKPHITHE); H3BJIeUeHHEe H3 (opM. B crarbe mpeacTaBieHBI Pe3yibTaThl
WCIIBITAHUHN KaueCTBa, MMPOBEICHHBIX B 1aOOPATOPHBIX YCIOBUSIX.

KiioueBble ciioBa: MCAULHUHCKUEC, JIATCKC, HUTPWUJI, BUHWJI, KOJIBYYXXHBIC IICPUATKH, XJIOPHUPOBAHHC,
IMOJIMMED, MOPOIIOK.

VJIK 687.1 681.3
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