Becmnuk Tel'Y. Cepus: Xumus. 2018. Ne 2. C. 20 — 26

YK 541.64:539.2:539.3

CBOMCTBA BYJKAHHU3ATOB THJIEH-ITPOIUJIEH-
JUEHOBBIX 9JIACTOMEPOB (CKJIIT), IOJTYYEHHbBIX ITPHU
ITOBBIINEHHBIX TEMIIEPATYPAX
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Uccnenosansr cBoiictBa BynkanuzatoB CKOIIT aByx tumoB (B TOM dYHCIe
MacCJIOHANOIHEHHOr0), monydeHHeIx npu 190 °C ¢ ucnonssoBanmem
cepocolepxaleld M CMOJSHOM ByJIKaHHM3yroUux cucteMm. IIpoBeneH ananus
30JIb-PpaKIUK ByJIKAaHU3AaTOB, ONPEESICHBI 3HAYCHHUS IOTHOCTEH CLIMBOK M MX
MEXaHMUYECKUX XapakTepucTuk. [lokazaHo, 9TO MPUCYTCTBHE Macia MPUBOIUT K
0ojiee paBHOMEPHOMY pacHpE/CICHUIO CIIMBOK 10 00beMy. XapakTep
negopManu W BEJIMYMHBI MEXaHMUYECKMX IIOKazaTellell  OompeaensroTcs
NPUPOIOH KayuyKa U BYJKAHU3YIOIICH CHCTEMBI.
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B Hactosmee BpeMs OoJblIoe BHUMaHHE YAEISIOT Ipoleccam
MIOJIyYE€HUsI MATEpUAIOB METOJIOM PEaKLMOHHOIO CMEIIEHHUs, IIPU KOTOPOM
XUMHUYECKHUE pEeaKklUu MPOTEKaloT B XOJAE AUCIEPrupOBaHUS KOMIIOHEHTOB
Mexay coboit [1]. Cpean momoOHBIX HpoleccoB Hanbosee MnepcreKTUBHBIM
SBJIAETCS METOJ JMHAMUYECKOM BYJIKAaHM3AIMM, IPU KOTOPOM CIIMBAaHUE
3J1acTOMEpPa MPOMCXOAUT OJHOBPEMEHHO IIPH €0 CMEIIEHHH B PACILIaBE C
KaKUM-JIMOO TEPMOIJIaCTUYHBIM TOJIMMEPOM. OTO IO3BOJISIET IOIYYHUTh
YHUKaJIbHYI0O MOP(QOJIOTHI0 CMECH, B KOTOPOH YacCTHIBI KaydyKa TOHKO
JTUCTIEPrUPOBaHbl B TEPMOIUIACTUYHONW MaTpPHUIIE.

OO0pa3ymonecss TakdM CIOCOOOM CMECEBble TEPMOIUIACTUYHBIE
BynkanuzaTel (TIIB) coderaroT MexaHWYECKHE CBOMCTBA pE3WH TIpPH
OOBIYHBIX TEMIIepaTypax €O CHOCOOHOCTBIO K BBICOKOTEMIEpaTypHOMH
nepepaboTKe B U3JENHS CIOKHOTO MPOQUIIS, XapaKTepHOW Ui JTUHEHHBIX
TEPMOILJIACTUYHBIX TMOJIMMEPOB. 3HAUUTEIBHOE BIMSIHHME Ha CTPYKTYpY H
coiictea TIIB oka3piBalOT IUIOTHOCTh CHIMBOK Kay4dyykoBoW (a3el u
MPUCYTCTBUE MJIaCTU(UKATOPOB, HAIPUMEP MapapuHOBOro Macina [2].

OCHOBHBIMU ~ areHTamMH BYJIKaHU3allUUd 3JacTOMEPOB  SIBIISIFOTCS
CepHbIE, CMOJISIHBIE, IEPOKCUIHBIE, TIOJIUTAIOTeHUTHBIE, TOTUCYIb(UIHBIE U
npyrue cucrtemsl [3]. Kunetnueckne 0COOEHHOCTH Pa3IMYHBIX HHUITHATOPOB
BYJIKAHM3allM¥, XUMHUYECKas MpUPOJa U COCTaB OTBEPKIAIOLIEH CHUCTEMBI
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MO3BOJIAIOT BAapbUPOBATH IOJHOTY MPOTEKAaHHs Ipoliecca BYyJIKaHU3AILUH,
IUIOTHOCTh CIIMBOK, MX XHUMHUYECKYIO IpPHPOAY, B pPE3yJbTaTe I0JIydas
pazinunbie Mmapku TIIB.

[Ipouecc nuHaMUYECKOW BYJIKaHU3alMU MPOBOJAT B OCHOBHOM IIpH
180-210 °C, uTo HAMHOrO MpEBHINIAET TEMIIEPATYpPHI, XapaKTEPHBIC LI
IIOJIy4eHHUSI TPAJULHMOHHBIX KAaydyKoB. TakoW TeMIEepaTypHBIA pPEXKUM
BO3MOXXEH U3-3a MPHUCYTCTBUS B cMmecu BToporo kommoHeHta TIIB, B
Ka4eCTBE KOTOPOro MPEUMYIIECTBEHHO UCIONB3YIOT n3oTtaktuueckuil 1111 ¢
TeMIepaTypoii  mmaBneHms okonmo 165  °C  [2].  Hamnyummmn
SKCIUTyaTallMOHHBIMU cBoMcTBamMu oOnanarotr TIIB na ocHoe wullll u
CKOIIT. Ogpnako xapakrepuctuku CKOIOIIT B 3aBucuMocTH  OT
KOHILIGHTPAllMKd W TPHUPOJAbl CHIMBAIOIIUX AareHTOB TMPU MOBBIIICHHBIX
TeMIepaTypax NpakTH4Yecku He wu3ydeHbl. [loaTomy B manHON pabote
IPOBEJEH aHalu3 30Jb-(QPaKIUH, ONPEACIECHbl 3HAUYEHUS IIJIOTHOCTH
CHIMBOK, HCCJIEAOBaHbl MexaHuuyeckue cBoiicTBa aAByXx BujgoB CKOIIT B
3aBUCHUMOCTH OT KOHIIEHTPALUU U MIPUPO/bI BYJIKAHU3YIOLIEH CUCTEMBI.

B pabore wucnonb3oBaiu CIAEAYIOMIME STUICHIPONNICHIMECHOBBIE
anmacromepbl: a) Dutral TER 4044 (CKDIIT-4044) c cozaepxaHuem
MPOMUICHOBBIX 3BeHbEB 35%, Bs3kocThio mo Mynu 44 (mpu 100 °C),
miotHocTei0  0.865 r/em®; 6) Dutral TER 4535 (CKDIIT-4535) ¢
coJlep’KaHUEeM MPOMUICHOBBIX 3BeHbeB 32% u mapadunoBoro macna 50%,
BA3KOCTHIO 0 Mynu 32 (mpu 125 °C), mnorrocTsio 0.890 r/cm®. JlneHoBBIM
KOMITOHEHTOM SIBJISJICS S-3TUIUCH-2-HOpPOOpHEH B KoyimuecTBe 4—5%.

Bynkanuzanuto CKIIIT npoBoaniu ¢ moMoIibpi0 KOMOMHAIIMUA CEPBI
C yCKOpUTeIsIMH M akTuBatopamu BynkaHuzaimun (CYA) [4], a Taxxke
CMOJITHOM CHCTEMBI, COCTOALIEH W3 N-TpeTOYyTHI(PEHOIPOpMaNIbIETHIHON
cmoutel ¢ gobasinenreM ZnClz B coorHomenunn 2:1 (PDC). BynkaHU3yONIyo
cucreMy BBoguiau B CKOIIT B cmecurene «bpabengep» s ee
IIPEIBAPUTEIBHOTO T'OMOTE€HHOIO JAMCIIEPTHPOBaHMS B BSI3KOM  cpene
smactomepa npu 50 °C B Teuenne 10 MuH. OKOHUATENBHYIO BYIKAHH3AIIHIO
OCYLIECTBIISUIM B THUJPaBIMYECKOM TMpecce B TeueHue 10 MuH 1pu
temneparype 190 °C u naBnennn 10 MITa. Kak 66110 mokasaso B pa6ore [5],
IIPU 3TUX YCIOBUSIX AOCTUIAETCS MaKCUMallbHAsl CTENEHb CIIMBKHU KaydyKOB
pu ucnosib3oBaHuu CY A-cUCTEMBI.

KonuyectBO 30/b-ppakiiui # 3HAYEHUS IJIOTHOCTU  CIIMBOK
ONpeNesIi 10 METOJAuKe, onucaHHod B [4]. OaHOOCHOE pacTsKEHUe
00pa310B BBHINOJHUIM Ha HUCHbITaTeNbHOM MamuHe «MHcTpoH-1122» mpu
KOMHAaTHOW TeMIIepaType M CKOPOCTH NEpEeMEIIEHUs BEpXHETo Tpasepca S50
MM/MuH [4]. CTpyKTypHBIE HCCIIEIOBAaHUS BYJIKAHU3AaTOB IMPOBOJUIN TIPHU
MOMOIIM METOJ[a aTOMHO-CUJIOBOM MuKpockomuu (ACM) Ha CKaHUPYIOIIEM
30H10BOM MuKpockorne «MultiMode™ Nanoscope 111a™) [6].

Pesynpratel  ananmmuza  3o0db-¢pakmum  BynkanuzatoB  CKOIIT
npenacTaBieHsl B Tabnuie. BuaHo, uyto B ciydae CVYA-BylnkaHH3aTOB
cojepxaHue 30ib-(ppakiuuu Z,, SKCTParupoBaHHON aleTOHOM, Ci1abo
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yMEHBIIAaeTcsi ¢ poctoM KoHueHTpamuu cepbl [S] must CKOIIT-4044 u
MPaKTUYECKH He 3aBUCHUT OT [S] maisa macnonanonHeHHoro CKOIIT-4535. Ho
3Hayenus: Z, CKOIIT-4535 mourn nHa mopsimok Beime, yem CKDOIIT-4044.
Copepxanue 301b-Qppakuuu Z,, SKCTPAarupOBAaHHON TOJIYOJIOM, MOHM)KAETCS
¢ poctom [S] mmsi CYA-BynkaHuzatoB o0oux KaydykoB. CymmapHas
BennunHa 30b-ppakuuii Z st CKOIIT-4044 ymeHbpmiaeTcs, a MIOTHOCTH
CIIMBOK N CYIIECTBEHHO Bo3pacTtaeT ¢ poctoM [S]. s CY A-BynkaHu3aToOB
MmacinoHanojgHeHHoro CKOIIT-4535 HaOmiomaercs HHas 3aBUCHMOCTb —
BeJIMYMHA Z MPAKTUYECKU HE M3MEHsIeTCs, a N BO3pacTaeT He TaK CHIIBHO C
yBenuueHueM [S]. DTO MNPOUCXOAUT, MO-BUAMMOMY, H3-32 CHIIKEHHUS
3G (GEKTUBHON KOHLEHTPAIIMM BYJIKAHU3YIOIIMX AareHTOB BCIEACTBUE HX
YaCTUYHOM PacTBOPUMOCTH B Maclie.

Jnist cpaBHeHUs! OBUI NMPOBEICH aHAIM3 COACPIKAHUS 30JIb-(hpaKIHid
HEBYJIKAHM30BAHHBIX 3JacTOMEpPOB. bbuio momydyeHo, uro oba Tuma CKOIIT
IIpU IOCJIEJIOBATEILHON AKCTPAKIMHM allETOHOM M TOJIyOJIOM HPAKTHYECKU
MOJIHOCTBIO PACTBOPSIOTCS.

3aBHCUMOCTD COJIEPKaHUS 30J1b-(PPAKINH, TUIOTHOCTH CUIMBOK M MEXaHUUECKUX
xapakTepucTuk BynkaHuzatoB CKOIIT

[S]/ [@DC], Za, L, Z, n-10°, E, O, &
Mac.d. % % % | mons/cm® | MIla | MIIa %
CKDIIT-4044

-/ - | 20 [ 92[982] - | 18 | 36 | 3110
CYA-Bynkanuzatel CKOI1T-4044

0.50/ - 58 | 332390 2.4 200 | 91 1050

1.00/ - 46 | 17.0 | 216 12.9 180 | 54 820

1.50/ - 3.2 79 | 110 23.3 1.70 | 20 380

4.00/- 3.9 73 | 112 29.6 120 | 13 250
ODC-pynkanmnzarel CKOIIT-4044

-/3.0 | 10 [450[455] 26 [ 490 [ 41 [ 360

CKOIIT-4535

-/ - | 37.8 | 61.0 | 98.8 | - | 088 | 1.4 | 1500
CYA-Bynkanuzarel CKOIIT-4535

0.50/ - 429 | 169 | 52.5 1.0 085 | 13 850

1.00/ - 40.0 | 19.6 | 51.8 1.9 055 | 1.0 700

150/ - 43.3 | 13.7 | 51.0 2.4 061 | 0.8 520

4.00/ - 42,9 | 13.5 | 50.6 3.5 110 | 05 300
ODC-pynkanmzarel CKOIIT-4535

-/3.0 36.0 | 30.0 | 55.0 5.1 110 | 3.9 870

-16.0 375 | 25.0 | 53.0 7.8 160 | 25 510

-/9.0 40.0 | 28.0 | 57.0 8.9 160 | 2.2 240

[Ipu CVYA-pynkanuzanuu CKOIIT-4044 naOmronaemsblili xapaktep
3aBucuMocTeil N oT [S] 00ycloBIeH HEpaBHOMEPHBIM paclpeieiieHHeM
OTBEP)KIAIOIIUX areHTOB B 00beMe oOpa3ia. DTOT BBIBOJ MOATBEPKAAETCS
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aHAJM30M TaK Ha3bIBaeMbIX «(a3oBbix» ACM-u300pakeHHI MOMEePEYHBIX
cpezoB obOpasuoB CKDIIT-4044, koHTpacT Ha KOTOPBIX OOYCIIOBJICH
n3MeHeHneM (a3pl KoJieOaHWUW 30HJA TPH B3aUMOJEHCTBUHM C 00JIACTSIMH
MOBEPXHOCTH 00pa3iia, UMEIOIUMH Pa3HyI0 >kecTKocTh (puc. 1). I[Ipu sTom
TEMHbIE 00JIaCTH Ha H300paXEHUSAX COOTBETCTBYIOT HamOoJiee MATKUM
y4JacTKaMm (C MEHbLIEH IUIOTHOCTHIO CIIMBKH), @ CBETIIbIE — O0JIee )KEeCTKUM (C
0oJbIIeH TUIOTHOCTHIO CIIMBKH). BUIHO, UTO ¢ POCTOM KOHIEHTPALIUU CEpBI
BYJIKAHH3AIUs TPOTEKAaeT HEOJHOPOIHO B oOBeme obOpasma (puc. 1 a-B).
bonee nperasbHO 3TO MOXKHO HaOMIOJaTh Ha H300paKEHHSIX OOJBIIETO
pazpemenus (puc. 1 r-e).

Puc. 1.ACM-uzobpaxenus CYA-synkaamnzaroB CKOIIT-4044, [S] = 0.5 (a), 1.0
(0), 1.5 mac.u. (B). Pazmep uzodpaxenuii 30x30 (a-B) u 5x5 Mkm (r-¢)

Ananus ACM-u300paxeHuit MOTNEPEYHBIX Cpe30B
MacioHanoaHeHHoro CKOIIT-4535 nemoHcTpUpyeT T0BOJIBHO paBHOMEPHOE
pacripesiefieHle CIIMBOK MO 00pasity (puc. 2). DTO MPOUCXOIUT, OYEBUIHO,
U3-3a MPUCYTCTBUS Macia, CIOCOOCTBYIOIIET0 CHI)KEHHUIO BSI3KOCTU KaydyKa
U, Kak CcleAcTBHe, 00jee TOMOT€HHOMY pacHpellelIeHUI0 WHIPEIUEHTOB
BYJIKaHU3YIOLIEH cucTeMbl B 00beMe oOpasia.

e Sl 55 %",’I . 4 b 2 %
Puc. 2. ACM-uzobpaxkenus CYA-pynkanuzaroB CKOIIT-4535, [S] = 0.5 (a), 1.0
(0), 1.5 mac.u. (B). Pazmep nzodpaxenuii 10x10 Mxm.
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B Ttabiuime mnpencTaBieHBl TaKKe 3HAYCHUS COJEPXKAHHS 30JIb-
¢dpakuuit  ODC-pynkanmzaroB CKOIIIT. Cnemyer OTMETUTH, UYTO IIpPHU
MOBBIIEHHBIX TemnepaTypax peakuusi ODC-pynkanuzanuun CKIIIT-4044
MIPOUCXOJUT JOCTaTOYHO HHTeHCUBHO. IlosTomy B pabore He ynmaiaoch
nonyunts  BynkaHuzatel  CKOIIT-4044 ¢ ynoBIE€TBOPUTEIbHBIMU
CBOMCTBaMH IpH OOJBITUX KOHICHTpausx [DDC].

Buano, uto coaepxanue 3051b-(OpaKIMiA 3aBUCUT OT TUIA KaydyKa U
pactBopuTtens. BenuwuwHa 30mb-¢paknun Z, i1 ODC-BynkaHU3aTOB
CKOIIT-4044 ne3nauutenvHa (~1%), a ana ODC-synkanuzaros CKIIIT-
4535 3TOT mokazaresb MPAaKTUYECKU OJIMHAKOBBIA U cocTaBisieT 0kojo 40%,
kak ¥ a1 CYA-ByJlKaHM3aTOB MAcJIOHAIOJIHEHHOIO Kayuyka. 3Ha4eHus: Zn
TaKk)Ke MPAKTUYECKU HE 3aBUCAT OT KOHIeHTparuu cuctembl ODC, ogHako
UX 3Ha4YCHUs CylIecTBeHHO Bhilie, yeM CYA-pynkanuzaroB CKOIIT-4535.

U3BecTHO, 4TO OCHOBHBIM MEXaHU3MOM  BYJIKaHHU3alUU
beHonpopmManpIEruIHBIMUA CMOJIAMHU  SIBJISIETCSL 00pa3oBaHUE XPOMAHOBBIX
COCIUHEHMI, a cepHOil — oOpa3oBaHME MOHO-, JU- U TMOJUCYIb(PHUIHBIX
MocTukoB [7]. IloaToMy cCTpyKTypa MEXY3JIOBBIX LENell MNpu CMOJSHOU
CIIMBKE KaydyKOB 0oJjiee CIIOXkHasl 110 CPaBHEHHUIO C CEPHOM BCIEACTBHE HX
XUMHUYECKOro cTtpoeHus. CrenoBaTelbHO, MOXHO MPEANONOKHTb, YTO B
CMOJISIHBIX BYJIKaHHM3aTax GopMHpyeTcst Oosiee phIxiiasi ceTka, KOTopas Jierde
AKCTPArupyeTcs TOIYOIOM.

Haiineno, 4To INIOTHOCTH CHIMBOK MacioHanonHennoro CKOIIT-
4535 Bospacraer ¢ koHueHtpanuedn ODPC. Opnako B orimune ot CYA-
BYJIKAHM3aTOB 3HaueHHE N HamHOro Oosbiue. [To-BuauMOMY, MOTyYEHHBIH
pE3YJIbTAT OMPENENAETCS Pa3INYHON PaCTBOPUMOCTBIO CEPHOM M CMOJITHON
BYJIKQHU3YIOIIUX CUCTEM B NaparHOBOM Macie.

B tabnuie npeacraBieHbl TakKe 3aBUCUMOCTH MOJYJISl yIPYTrocTH E,
MpeieIbHOW MPOYHOCTU Op U YUIMHEHHS TIPU pa3pbiBE & BYJIKAaHU3aTOB
CKOIIT-4044 u CKOIIT-4535 0T KOHLEHTpallUU BYJKaHU3YIOLIUX CUCTEM.

VYcranoBneHo, 4ro BenmumHa Moxyis ympyroctn CKOIIT-4044
ymeHnbiaercs npu CY A-BynkaHU3alMM, a BeIMYUHA £ MacIOHANOIHEHHBIX
CYA- u ®OC-BynkaHM3aTOB HE3HAUYMUTEIBHO BO3pAcTaeT C YBEIMYEHHEM
KOHILIEHTPALlUX BYJIKAHU3YIOIIMX areéHTOB U IUIOTHOCTH CIIMBOK. [Ipm aTom
npenea NPOYHOCTH Op M yAJIMHEHuEe npu paspeiBe & CYA- u OPC-
BynkaHu3aToB CKOIIT 06oux TUIIOB yMEHBIIAIOTCS C POCTOM .

W3BecTHO, 4YTO TIpU BBICOKOTEMIIEPATYPHOH CEPHOM CHIMBKE B
TE€YEHHE JJIUTEIBHOIO BpPEMEHU O0O0pa3zyloTCs MONHUCYIb(QHUAHBIE MOCTHKH,
KOTOpbIE TEPMUYECKH MEHEE CTaOMJIbHBIE, YeM MOHO- U JUCYIbQUIHBIE [7].
B sToMm cnyyae HauMHAIOT KOHKYpUPOBATh JIBE PEaKLUU: BYJIKAHU3AUHU U
NEBYJIKaHU3ALNH, WIH pEBEPCHUHN. YBenuuenune KOHIIEHTpaluu
MOJIMCYNb(OUI0B HEMZOSKHO MPUBOIUT K OoJiee aKTUBHOM J€BYJIKaHU3AIUN
U, KaK CJIEJICTBUE, K YXYIIIEHUIO MEXaHUYECKUX CBOMCTB MaTepHaia.
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[IpucyrcTBue mMacna B Kaydyke NPUBOJUT K YMEHBIICHUIO MOIYJIEH
YOPYrOCTH U TPEACIbHOM MPOYHOCTH KaK CEpPHBIX, TaK M CMOJISIHBIX
ByikaHuzatoB. Opnako 1 CYA-ByJKaHM3aTOB pa3HUIA B BEJIMYMHAX
JAHHBIX ITOKa3aTeJIcy MEHBIIIE.

Takum oOpa3om, xapakrep AeGopMalui U BEIIMUYNHBI MEXaHHYECKUX
MOKa3aTelIe  ONpENENATCd MPUPOJONM KaydyyKa H©  BYJIKAHU3YIOLIEH
CHCTEMEL.

Paboma evinonnena 3a cuem cybocuouu, evidenenHou HXD PAH na
8biNOIHEHUe 2ocyoapcmeennoeo 3aoanus, mema 0082-2014-0006 «Paspabomka
HAYYHBIX OCHO8 JKONO2UYECKU OE30NACHBIX MEXHONO02Ul NOMYYeHUS XUMUYUECKUX
sewecms U Mamepuanos, 8 MOM YUCLe HAHOMAMEPUALO8, C UCHOAb308AHUEM
HEMPAOUYUOHHBIX ~ CHOCOD08  B030€UCmEUss. HaA  eujecmso  (meepooghaszubie
npoyeccyi, Pomoxumuss, ceepxKkpumuyeckue Quouovl) u ObICMPLIX XUMUYECKUX U
Qusuueckux npoyeccos 8 mypoynenmusix nomoxaxy», 6 2017 .
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PROPERTIES OF VULCANIZATES OF ETHYLENE-PROPYLENE-
DIENE TERPOLYMER OBTAINED AT HIGH TEMPERATURES

T.1. Medintseval, L.A. Zhorinal, O.P. Kuznetsoval, N.A. Erina?, E.V.
Prut!

1Semenov Institute of Chemical Physics RAS, Moscow
2MIPT, Dolgoprudny, Moscow Region

The properties of the vulcanizates of ethylene-propylene-diene terpolymer of two
types (including oil-extended) obtained at 190°C by using of sulfur and phenolic
resin vulcanizing systems were investigated. The analysis of sol fraction of
vulcanizates was carried out, their values of the crosslink densities and
mechanical characteristics were determined. It was shown that presence of oil
leads to a more uniform distribution of crosslinks by volume. The character of
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deformation and mechanical properties determine by terpolymer nature and type
of vulcanizing system.

Keywords:  ethylene-propylene-diene  terpolymer,  crosslinking  density,
mechanical properties, structure, atomic-force microscopy.
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