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PesakcanmoHHble CBOIiCTBA AMOKCH/IHBIX MATEPHAJIOB,
MOAUPUIMPOBAHHBIX MPOU3BOIHBIMH MacJia
KAay4yKOBOIO0 jiepeBa

Pacmumenvusie macna npedcmasnsiiom 60160l uHMepec 8 Kauecmee Moouu-
Kamopog 3MOKCUOHBIX NOAUMEPO8 KAK 80300HOBISeMOe Cbipbe, XapaKmepu3youeecst
buopasznazaeMocmvio U OKaA3bleaIowee NOL0NHCUMENbHOE GIUAHUE HA UX IKCHIYAMA-
yuonnvle ceovicmea. Cpedu HUX 6bIOENAEMC s MACIO KAYYYKOBO20 0epedd, KOmopoe
A615emest NOOOUHBIM NPOOYKMOM, nolyyaemvim uz niodos Hevea brasiliensis.

s bonee noanou oyenxu xapakmepa Moouguyupyrowe2o Oelicmeus @ INOKCUOHbIX
KOMRO3UYUSIX IMO20 MACAA U €20 (DYHKYUOHANUZUPOBAHHBIX NPOU3BOOHBIX C INOKCUO-
HbLMU U YUKTOKAPOOHATMHBIMU 2DYRRAMU ObLIU UCCIE008AHbI MEMOOOM OUHAMUYECKUX
MEXAHUYECKUX NOMEPb UX PENAKCAYUOHHBLE CEOUCME.

Yemanoeneno, wmo Huxkaxux OONOIHUMENbHBIX MAKCUMYMO8 NPU 86EOCHUL MOOU-
urxamopos ne nabmooaemces. B mo gice epemsi umeem Mecmo HeKOmopoe usMeHeHue
BbICOMbL, WIUPUHbL U MEMNEPAMYPHO20 NONOICEHUs. HAONI00AEMbIX PelaKCaAyUOHHIX
npoyeccos. Ilokasano, umo 6ce ucciedosarnHvie MOOUDUKAMOPLL CMEWArom nepexoo
U3 CMeKN000paA3HO20 COCMOAHUSL 8 BbICOKOINACMUYECKoe 8 001acmb 601ee HUBKUX

memnepamyp u 61uUsliom KAK HA 6blCOMY MAKCUMYMA MEXAHUYECKUX nomepsb, maxKk u

Ha enuyuny mMooyas nomeps. Haubonvuuil nracmupuyupyrowuii s¢pgpexm oxasviea-
em YuKIoKapOOHam MOKCUOUPOBAHHO20 MACIA KAY4YKo8020 Oepesa. bonee evicokue
3HaueHuss MO0y OOHAPYIHCEHbl O INOKCUOHBIX NOTUMEPOS, MOOUPUYUPOBAHHBIX
INOKCUOUPOBAHHBIM MACIOM KAYYYKOB020 Oepesd, umo YKazvleaem Ha OOIbULyio
IPDEKMUSHOCIE MEHCMONEKYIAPHBIX 83AUMOOCUCEULl KOMNOHEHMO8 8 SMOU KOM-
nosuyuu. Tepmomexanuueckum memooom noOmeepHcoeH Niacmuguyupyrowui d¢-
hexm uccnedyemuix MoouduyupyIoOuux 006agox.

Kitio4eBble CJI0Ba: Macio KayuyKo6o2o oepesa u e20 (QYHKYUOHATUSUPOBAHbLE
nPoU3B0OHbLE, INOKCUOHAS KOMNO3UYUSL, DelaKCAYUOHHbBIE C8OUCMBA, NIACMUpUYy-

pyrowuil s¢pghexm.

BBenenne

OTXon MOJyYeHHUs] HATYPaJIbHOrO Kaydyyka — Maclio KaydyKOBOTO JiepeBa
(MK[I) — 1 ero GpyHKIHOHATM3UPOBAHHBIC MPOM3BOIHBIC SIBISFOTCS MOTEHIIU-
AIbHOM aJbTEPHATHBOM CHIPHEO HCKOMAEMOrO TMPOMCXOMKICHUS, MOCKOIBKY
MMEIOT €XEroJHO BO300HOBIsiEMyIO 0a3y, oOpa3yroTcs B OOJBIIHMX KOJIHYE-
CTBax, MAJIOTOKCHYHBI, TOCTYITHBI B CTpaHax npowuspacranus Hevea brasiliensis,
HUMEIOT HU3KYIO CTOUMOCTb U «Oorathiity xumudeckuii coctas [1]. TToaromy ux
MEePCIEKTUBHO HCIIOJIb30BaTh B KauecTBE MOJIU(PUKATOPOB IMOIMBHHUIXIOPHUI-
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HBIX KOMITO3HIIHIA, PE3UH Ha OCHOBE CHHTETHYECKOTO W HATYPAITHLHOTO KayIyKOB
Y SMOKCH/IHBIX MaTepuaios [2].

Jlist Gostee TIOTHOW OIEHKH XapakTepa MOAU(BHITUPYIOIIETr0 AEHCTBUS B TIOK-
cunnbix kommosunmax MKJ[ u ero (QyHKIMOHATH3UPOBAHHBIX MPOU3BOIHBIX
B)KHO MOJyYeHUE WH(POPMAIMU O PENaKCAMOHHBIX TEPEX0/aX, MPOSBIISIO-
HIAXCS B ITHPOKOM HMHTEPBANIC TEMIIEPATyp. DTO CBS3aHO C TE€M, YTO MOJICKY-
JSIPHAST ¥ TOTIOJIOTHYECKAsT CTPYKTYpa MOAUGPHUITMPOBAHHBIX CETYATHIX MOIHUME-
POB TECHO CBsI3aHAa C UX PEIaKCAIIMOHHBIMU CBOicTBamH [3].

Jlnst uccrenoBanust 0COOCHHOCTEH O-Tepexoja MOJHMMEPHBIX MAaTepPHAIOB
[IAPOKOE PACIPOCTPAHEHUE TMONYIHIT METOJ AWHAMHYIECKOTO MEXAaHHUECKOTO
aramm3a (JIMA) [4]. JocTarouyHO BBICOKHE TOYHOCTH U d(dekTuBHOCTh JJMA
00YCJIOBJIMBAIOT MEPCIIEKTUBHOCTH €r0 MPUMEHEHUS ISl M3YYCHUSI 0COOEHHO-
CTell peaKCAIMOHHBIX MPOIIECCOB B ATIOKCHIHBIX MaTepruaiax B 3aBUCHMOCTH OT
XAMHUYECKOTO CTPOCHHS M (BYHKIIMOHATBHOCTH PUMEHSIEMBIX MOIH(PUKATOPOB.

MeToamnka 3KcnepuMeHTa

Jns nonydeHuss MOTUPHUIIUPOBAHHBIX KOMITO3UIIMN HAMHU HCIIOJIH30BaIach
anokcuaHas auanoBas cmona DJ1-20 (TOCT 10587-84). B kavecTBe ciIMBaro-
IIero areHTa XOJIOJAHOTO OTBEPKICHUS IPUMEHSIICS aMuHOATKWiI(eron (AD-2;
TY 2494-052-00205423-2004). ConepkaHue OTBEPAMTEINS OIPENEIIIOCH
9KBHMOJIBHBIM COOTHOIICHHEM (dnoKcurpymmsbl) : (amuH). OTBepxaeHne AdD-2
MIPOBOJMIIOCH ITPYU KOMHATHOM TemIiiepaType B TeueHue 24 4. ConepxaHue MOIU-
¢$uupyromux 106aBok coctapisuio 10 mac. gactei Ha 100 mac. gacteit D/1-20.

B kaudectBe MOAM(UKATOPOB HCIONB30BAINUCH MAclo KaydyKOBOTO JepeBa
(MK]1) u3 mpoBuHIKu ByHrray, BoeTHaM, MoJrydeHHOE METOJIOM ITPECCOBAHHUS
C MOCTEOYIOMNM IEHTPUPYTUPOBAHNEM U (QHIBTPOBAHUEM, €TO AIIOKCHIUPO-
BaHHas npousBoaHas (OMKJI) u nuknokapOoHaT Ha ero ocHoBe (LIKOMK/).

OnokcunupoBanue MKJI ocyliecTBIsIIIOCh IEPOKCUAOM BOAOPOAA B YCIIO-
BHSIX MEK(a3HOTO KaTajn3a B MPHUCYTCTBHU BOIL(PPAMCOAEPKAIINX KaTaI3aTo-
POB TI0 METOJIMKE, OnUcanHoM B padote [5]. [{ukiokapoonar IMK]I momyvand B
aBToKJ1aBe npu Temneparype 140°C u nasnenuu 1 Mlla ¢ ucnonb3oBaHueM yriie-
KHUCJIOTO ra3a u Terpabyrunamonust 6pomuna (3%) B kauectse karaiausaropa [6].

JuHaMuyecKuil MEXaHMUECKUH aHalIN3 SIOKCHUIHBIX MaTEpHAIOB TIPOBOIUIICS
Ha pudope DMA 242 ¢upmer Netzsch npu gacrote 1 'y B atMocdepe aprona co
CKOPOCTBIO MOTOKA Ta3a 50 Mi/MuH B TeMmiepaTypHoM uHTepBaiie oT 20 1o 100°C.

TemrepaTypy CTEKIOBaHUS OMPEACSUTH TEPMOMEXAHUIECKAM METOIIOM Ha
npubope TMA 402 F1 ¢upmsr Netzsch co ckopocteio 5°C/MHH TpH TOCTOSIH-
Holl Harpy3ke 2 H.

Oo6cyxneHue pe3yabTaToOB
Anamu3 meronoMm [IMA TemmepaTypHbIX 3aBUCUMOCTEH JUHAMHUYECKOIO

MOJYJISl OTEPh U TAHTEHCA yIila MEXaHWYECKHUX IOTepb Noka3zai (puc. 1-4), uro
OHH UMEIOT TPAJULIMOHHBIN BH U151 aMOPHBIX OJIUMEPOB [7].
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Bce kpuBBIe, HE3aBHCHMO OT COCTaBa HUCCIIETYEMBIX ATOKCHIHBIX KOMITO3H-
U, XapaKTepU3YIOTCS OJHAM MaKCHMyMOM TaHTEHCA Yriia MEXaHHYECKUX T0-
TEpb U IBYMS MakCHMyMaMH MOXyJs motepb E£. [Ipu aToM MoJnekyispHas 1o-
IBIDKHOCTD B OOJIACTH (-TIEpEeX0[a, SIBIIIOMIASICS CICICTBHEM KOOIIEPATHBHOTO
JBIKEHHs (PPArMEHTOB MEKTY y3JaMH CETKHU [8], B STIOKCHIHBIX KOMITO3HIHSIX
3aBHCHT OT (PYHKIIMOHATHHOCTH MPOU3BoAHEIX MK/,

CpaBHEHHE pellaKCaIlMOHHBIX CBOWCTB (cM. puc. 1-4) mo3BoyiseT cienaTh
3aKJIIOUCHHE, YTO HUKAKHUX JOTIONHUTENFHBIX MAKCHMYMOB TIPH BBEJCHHUHU B pe-
HENTypy MOIU(BHUKATOPOB He HaOMIOmaeTcs. B To je BpeMs: UMeeT MecTo HEeKO-
TOpOE M3MEHEHHE BBICOTHI, ITMPHHBI U TEMIEPATyPHOTO MTOJIOKCHUS HAOII0a-
€MBIX PEeIaKCAIlHOHHBIX MTPOIIECCOB.

Ilepexon U3 CTEKI000PA3HOTO COCTOSHUS B BHICOKO3IACTUYECKOE HAOMI0a-
eTCs U KOMITO3UIMK Pa3HOTO COCTaBa B JOCTATOYHO Y3KOM TEMIIEPATypHOM
nHTepBane 55-62°C u conmpoBOKAAETCS SKCTPEMATHHBIM BO3PACTAHUEM MOTYJIS
MOTEPh C ABYMSI THKAMH.
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Puc. 1. TemneparypHble 3aBUCUMOCTH MOJYJIsI IOTEPh M TaHIeHCa yIila
MEXaHHYECKHX MOTePh HEMOAN(DHIMPOBAHHBIX STOKCHIHBIX KOMIIO3UIIMU
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Puc. 2. TemneparypHble 3aBUCHMOCTU MOJYJISl TOTEPh U TaHI'€HCa yIiia
MEXaHHYECKUX MMOTEPh AMOKCUAHBIX KOMITO3HIHH, MoanduiupoBanubix MKJ]
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E'/MMNa [4.2] Ed20AF2MKDepox.degh yiig noteps
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Puc. 3. TemneparypHble 3aBUCIMOCTH MOYJIS IOTEPh U TaHTEHCA yTiia
MEXaHMYECKHUX MOTEPh MOKCHUIHBIX KOMIIO3UIHIA, MOTUpHIHpOoBaHHBIX IMK]]
E'/MMNa [3.2] Ed20AF2MKDcikl.dmgan Y3 noTepe
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Puc. 4. TemneparypHble 3aBUCUMOCTH MOAYJIS TIOTEPh U TaHTEHCA yTiia
MeXaHHYECKHX MOTEPh SMOKCUIAHBIX KOMITO3UIHH, MouduupoBanHbx LIKOMK]/]
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Monudukamus MKJ] cHumkaeT TeMiiepatypy o-pelakCalioOHHOTO Tepexoa
SMOKCUIHBIX KoMro3uinii. OTHOBPEMEHHO PAacTET BhICOTA MAKCUMyMa TaHTEH-
ca yrja MeXaHW4YecKHX IOTeph U BEIUYMHA MOAYJIA MOTEPh, YTO YKa3bIBaeT Ha
POCT WMHTCHCHBHOCTH MOJIEKYJIspHBIX ApmxeHui [9]. CnemosarensHo, MK]]
OKa3bIBacT IUIacTU(UIMpYIOIee neiicTBrue. AHATOTHYHBIH 3¢ ¢eKT oO0HapyKeH
TEpPMOMEXaHUYECKUM METOJIOM. Temmneparypa CTEeKJIOBaHMsI MTOJIMMEpa MpU MO-
Ir(UKAUE MaCIIOM KaydyKOBOTO JiepeBa CHIKaeTcs (Tabiua).

BBenenue B coctaB komno3uuu snokcuaupoBanHoro MK/l cHmwxkaeT Benu-
YUHY MaKCHUMyMa TaHI€HCa yrja MEXaHWYECKUX MOTEph MO CPABHEHUIO KaK C
HeMOU(UIIMPOBAHHBIM MaTepualioM, Tak U conepxkammm MKJI. Temnepatypa
O-TIepexo/ia TIPU 3TOM HECKOJIbKO HIDKE, YeM Y HeMOAU(DUIIUPOBAHHON KOMIIO-
3ULIMK, HO BBINIE, YeM y KoMmmo3uluu, conepxaiied MKJI. MakcumanbHas
BEJIMYMHA MOAYJI NOTEPh IIPU ITOM PaCTET.

TemnepaTypa CTEKJIOBaHUs HE3HAYUTEIbHO CHUXKAETCS 10 CPAaBHEHUIO C HC-
XOJHBIM TOJIUMEPOM (CM. TaOJHIly), HO OHA BBILIE, YEM JJIsI KOMIO3HULIMU, MO-
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mudurpoBannoid MKJI. Takum oOpazom, MomupUKAIUS SMOKCHIAPOBAHHBIM
MAacIlIoM Kay4yKOBOTO JepeBa TaKKe OKa3bIBAeT IUIACTH(UIMPYIOIISEe ACHCTBHIE,
HO BEJIMYMHA €r0 MEHbIIIE, YeM B citydae nmpuMeHeHus ucxoanoro MKJI. Kpome
TOrO, pacteT 3pHEKTUBHOCTH MEKMOJICKYIIIPHOTO B3aUMOACHCTBHS KOMIIOHEH-
TOB KOMITO3ULIUH.

TeMnepaTypa CTCKJI0BAaHUA JMOKCH/IHBIX KOMHOS“HI/Iﬁ,
onpeaejJeHHas TEPMOMEXaHUYE€CKUM METO10M

Tun moaudukaropa Temnepatypa creknoBanus, °C
HemomudunmpoBanHsIit 52
MK/ 48
SMKJ 50
IKOMKI 44

[ukmokapOoHaT AMOKCHIMPOBAHHOTO Maciia KaydyKOBOTO JepeBa erie B 00iIb-
LIeH CTEIEeHH, TT0 CPABHEHHIO C IPYTUMH U3YYSHHBIMU MOIU(DUKATOPAMH, CHIKACT
KaK TeMIIePaTypy O-PENaKCAIlMOHHOIO MPOLECCa, TAK M BEIHMYUHY MOIYJIS ITIOTePh
(cMm. puc. 1-4). 3aech uMeeT MecTo OCIabICHIE MEKMOJIEKYISIPHOTO B3aUMO/ICH-
CTBHSI MEK/ly KHHETUUECKUMU dJIEMEHTaMU cocennux rerneii [8]. Beicora Makcu-
MyMa MEXaHHYECKUX IOTeph IIPU 3TOM PACTET BCICACTBUE YBEIUUYCHHS YPOBHS
MOJIEKYJISIPHOW TOJIBIDKHOCTH 32 CYET BCTpauBaHWs MOAH(HKATOpa B SIOKCH-
HYIO CETKY ¢ 00pa3oBaHHEM B HEW THAPOKCUYPETAHOBBIX (parMeHToB [1].

Temmnepatypa creknoBanus npu Mogudukaruu [IKOMK]] cHmkaercs, oHa
HUIKE, YEM Y BCCX HU3YUYCHHBIX BapI/IaHI/Iﬁ COCTaBOB JITOKCHUIHBIX KOMHO3I/IHI/II>1
(cm. Tabmumy). OTo yKas3piBaeT Ha Oouibliiee MIACTHGHIMPYIOIIEE ACHCTBHE
UKJIOKapOOHATHOTO MoAM(HUKAaTOpa U (POPMHUPOBAHUE B €T0 MPUCYTCTBUH Me-
Hee TUIOTHOW CeTYATOU CTPYKTYPbI STIOKCUIHBIX MATEPHAIIOB.

Cne):[yeT OTMETHUTH XOPOULIYI0 KOPPCIALINIO JAaHHBIX, IMOJYYCHHBIX OUHAMH-
YECKUM MEXaHHMYECKUM U TePMOMEXAHUYECKHM METOIAMU.

3akiouenue

MeTO}IaMI/I JUHAMHUYCCKUX MCXaHUYCCKUX MOTEPb U TCPMOMEXAHUKHU ITOKa-
3aHO, YTO MAaCJI0 KaydyKOBOTO JepeBa M ero (hyHKIMOHATU3MPOBaHHBIE MPOU3-
BOJIHBIE OKa3bIBAIOT ITIACTH(UINpPYIOIIee JeHCTBHE B AITOKCUIHBIX MaTepHanax,
€ro BEJIMYMHA BHIIIE B Cilydae MPUMEHEHHsS MoAu(UKaTopa C IMHUKIOKapOOHAT-
HBIMH TPYNIaMu. JTH J0OaBKU CMEMIAIOT IEPEX0]] U3 CTEKIO0OPa3HOTO COCTO-
SIHUSL B BBICOKOAJIACTHYECKOE B 00JIACTb 0o0Jee HU3KUX TeMIIepaTyp U BIUSIOT
KaK Ha BBICOTY MaKCUMyMa MCXaHHYCCKUX IMOTCPb, TaK U BECIUYHUHY MOIYJIA
TOTEPb. Camble BBICOKME 3HAUYCHHUS MoayJid O6Hapy)KeHBI JUIT DIIOKCHUIHBIX
MOJIMMEPOB, MOAM(MHUIMPOBAHHBIX STOKCHIANPOBAHHBIM MAacliOM KaydyKOBOTO
JiepeBa, 9TO yKa3bIBAaeT Ha OOIBIIYI0 3(PPEKTUBHOCTh MEKMOJICKYISIPHBIX B3a-
UMOJENCTBUN B 3TOU KOMITO3UIIAH.
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Relaxational properties of epoxy materials modified
by rubber seed oil derivatives

Vegetable oils are of great interest as modifiers of epoxy polymers, as renewable
raw materials characterized by biodegradability and having a positive impact on their
performance. Among them stands out the rubber seed oil, which is a by-product ob-
tained from the fruits of Hevea brasiliensis.

To more fully assessment of the modifying action character in epoxy compositions
of rubber seed oil and its functionalized derivatives with epoxy and cyclocarbonate
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groups, their relaxational properties were investigated by the dynamic mechanical
analysis.

It is established that no additional maxima are observed when modifiers are in-
troduced. At the same time, there is some change in the height, width and temperature
position of the observed relaxation processes. It is shown that all the studied modifies
shift the transition from a glassy state to a highly elastic one in the region of lower
temperatures and affect both the height of the maximum mechanical losses and the
loss modulus value. Higher modulus values are detected for epoxy polymers modified
with epoxidized rubber seed oil, indicating greater efficiency of intermolecular inter-
actions of the components in this composition. The cyclocarbonate of epoxidized rub-
ber seed oil has the greatest plasticizing effect. Thermomechanical method confirmed
the plasticizing effect of the studied modifying additives

Key words: rubber seed oil and its functionalized derivatives, epoxy composition,
relaxational properties, plasticizing effect.

References

1. Meier M.A.R., Metzger J.0., Schubert U.S.. Plant oil renewable resources as green alterna-
tives in polymer science. Chem. Soc. Rev. 2007, 36, 1788-1802.

2. Gottlieb E.M., Rakhmatullina A.P., An Nguyen, Chan H.T., Phuong Ha. Agricultural waste
is a promising raw material for the chemical industry. Lambert Academic Publishing,
2019; 209 p.

3. Startsev O.V., Makhonkov A.Yu., Molokov M.V., Erofeev V.T., Gudozhnikov S.S. Inves-
tigation of molecular mobility and glass transition temperature of wood-based polymer
composites by dynamic mechanical spectrometry. Basic research. 2014, 5 (part 6), 1177—
1182.

4. Startsev 0.V., Makhonkov A.A. Patterns of the alpha transition of epoxy binder composite
materials according to DMA. Herald of the Moscow State Technical University. Series
"Engineering". 2011, 2, 104-113.

5. Akhmedyanova R.A., Turmanov R.A., Kochnev A.M., Harlampidi H.E., Vu Minh Duc,
Nguyen Thi Thuy, Nguyen Thanh Liem, Miloslavsky D. G. Influence of the nature
of vegetable oils on their process method of epoxidation with hydrogen peroxide in
the presence of peroxophosphate-water-catalytic system. Bulletin of the Technological
University. 2015, 18, 25-28.

6. Gottlieb E.M., Miloslavsky D.G. [et al.] Cyclocarbonates based on epoxidized vegetable oils.
Bulletin of Kazan. technol. Un-ty. 2013, 16, 9, 138-141.

7. Zhavoronok E.S., Senchikhin I.N., Khlebnikova O.A., Lomovskaya N.Yu., Lomovskoy
V.A., Roldugin V.I. Relaxation transitions in mixed nets based on diane and aliphatic
epoxy oligomers. Journal of Physical Chemistry. 2015, 4, 713-721.

8. Magomedov G.M., Yakhyaeva H.Sh. Relaxation properties of polymer composite and
nanocomposite materials. M .: Perot, 2015, 304 p.

9. Pchelintsev I.E., Senchikhin I.N., Zhavoronok E.S. The curing mode of epoxy-amine com-
positions and thermomechanical properties of spatially cross-linked polymers based on
them. Uspekhi Khimii. 2016, 30, 1, 46-48.

Information about the authors:

Gotlib Elena, Doctor of Engineering, Professor, Professor of the chair of artificial rubber technology,
Kazan National Research Technological University (Kazan, Russia). E-mail: egotlib@yandex.ru

Nguyen Anh, Postgraduate student of the chair of artificial rubber technology, Kazan National Research
Technological University (Kazan, Russia). E-mail: nguyen.lan.anh@mail.ru

Yamaleeva Ekaterina, PhD in Medical Science, Associate Professor, Associate Professor of the chair of
medical engineering, Kazan National Research Technological University (Kazan, Russia). E-mail:
roserabily@gmail.com

12





