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AHHoTauumA. [lepcrnexkTMBHbIM HanpaBAeHMEM B 06AaCTU nepepaboTKM NMOAMMEPHbLIX MaTepuaoB SBASIETCSA paspa-
60TKa caMoapMHPOBaHHbIX MOAMMEPHbBIX KOMIMO3WUTOB, NMPEACTABASIIOLLIMX OTHOCUTEABHO HOBYH TPYIMy KOMMO3U-
LUMOHHbIX mMaTtepnaroB. MeToa camoapMMpoBaHUS MO3BOASIET KOMOWHWPOBaTbL MaTepuasbl OAHOIO MOAMMEpPA C
pasAMYHbIMU MOAEKYASIPHBIMM, CYrpaMOAEKYASIPHBIMU U CTPYKTYPHBIMU 0COBEHHOCTAMM. [1pr 3TOM BbICOKME aAre3u-
OHHbIE U MEXaHMYECKIME CBOHMCTBA CaMOapMUPOBaHHbIX KOMMIO3MTOB 00yCAOBAMBAIOTCS 06pa3oBaHMEM rOMOreHHOM
CHUCTEMbI C OTCYTCTBMEM MEX(Pa3HOM rpaHuLbl. BmecTte ¢ TeM camoapMiupoBaHmMe paccMaTprBaeT BO3MOXHOCTb
MCMOAb30BaHWS MOAMMEPHbIX OTXOAOB AASl CO3AaHMUS BbICOKOMPOYHbLIX KOMMO3MTOB, 4TO obecrneynBaeT CHUXEHNE
3KOAOrMYECKOM Harpy3Kku. LieAbto MpoBEeAEHHOIro MCCAEAOBAHMS IBASIAOCh M3YyYEeHUE $pa30BOro coctaBa M CBOKMCTB
camMoapMMUpPOBaHHbIX MOAUMEPHbIX KOMMIO3MTOB Ha OCHOBE MoAUTeTpadTopaTMAeHa. CaMoapMmupoBaHHbIE KOMMIO3MUTbI
rOTOBUAM CMELLEHMEM MOPOLLKOB MPOMBILUAEHHOI0 M nepepaboTaHHOro NOAMTETPAPTOPITUAEHA, @ 3aTEM MOABEPran
KOMMPeCcCUOHHOMY popMOBaHUKO M CBOBOAHOMY criekaHto. MEeToAOM PEHTreHOPa30BoOro aHaAn3a pacCcyMTbiBam
CTeneHb KPUCTaAAMYHOCTU MOAYYEHHbIX MaTepuanoB (41-68%). Pe3ayabTaTbl AMHAMMUYECKOrO MEXaHMYeCKOro aHaam3a
rokasaAu, 4To Npm BBEAEHMM MOPOLLKA PEreHep1poBaHHOIo NOAMTETPAGTOPITUAEHA B MPOMBbILUAEHHbIN MOAUTETPAP-
TOP3TUAEH MOAYAb YNpPYyrocTy 3HaunuTeAbHO yBeanumBaeTtcs (a0 2,0-3,1 [MTla). UccreaoBaHme AepopMaLMOHHO-MPOY-
HOCTHbIX XapaKTepPUCTUK MOKa3aAo0 BO3MOXHOCTb McrnoAb3oBaHusi A0 30 macc.% nepepaboTaHHOro noanuterpagd-
TOP3TUAEHA, MOAYYEHHOIO NYTEM MEXaHWYECKOIro MCTUPAHUS, AASl CO3AaHMS KOMIMO3MUTOB C XOPOLUMMM SKCIAyaTaLm-
OHHbIMU CBOMCTBaMMU. ITOrv paboThbl TaKXE UAAKOCTPUPYIOT paKT TOro, 4To pas3oBoe COCTOSIHME MaTepHuasa 3aBUCHUT
oT criocoba nepepaboTKu MOAMMEPHbIX OTXOAOB M SIBASIETCS OMPEAEASIIOLLMM AASI TEMTAOCTOMKOCTU M MEXaHUYECKMX
CBOJCTB MOAYYEHHbIX CaMOapMMUPOBAaHHbIX MOAMMEPHbIX KOMMTO3UTOB.

KAroueBbie cAoBa: MoAMTETPaPTOPITUAEH, CaMOapMHUPOBaHHbLIE KOMIMO3UTbI, CTPYKTYPA, MOAMMEPHbIE OTXOAbI, TEMAO-
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Abstract. The development of self-reinforced polymer composites, representing a relatively new group of composite
materials, is a promising direction in the field of polymer chemistry. The method of self-reinforcement is used to
combine the materials of a single polymer possessing different molecular, supramolecular, and structural features.
The high adhesion and mechanical properties of such self-reinforced composites are achieved by the formation of
a homogeneous system without an interfacial boundary. In addition, self-reinforcement offers the opportunity of
using polymer waste for manufacturing high-strength composites, thus contributing to environmental load mitigation.
In this work, we investigate the phase composition and properties of self-reinforced polymer composites based on
polytetrafluoroethylene. Self-reinforced composites were prepared by mixing powders of industrial and recycled
polytetrafluoroethylene followed by compression molding and pressureless sintering. The crystallinity degree of the
as-obtained materials calculated by X-ray phase analysis equaled 41-68%. The performed dynamic mechanical analysis
showed that the introduction of a powder of regenerated polytetrafluoroethylene into industrial polytetrafluoroethylene
increases the elastic modulus of the obtained materials significantly (up to 2.0-3.1 GPa). The study of deformation and
strength characteristics confirmed the feasibility of using up to 30 wt% of recycled polytetrafluoroethylene, obtained
by mechanical abrasion, for manufacturing composites with good performance properties. The findings also indicate
that the phase composition of the material depends on the method of polymer waste processing, determining the
heat resistance and mechanical properties of the obtained self-reinforced polymer composites.
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BBEAEHUE

McnoAb3oBaHMe BTOPUUYHOTO ChipbSi B Ka4eCTBE HOBOW
pecypcHoi 6a3bl - OAHO U3 Hanboree AUHAMUYHO pPas-
BMBAMOLLMXCA HaNpaBAEHUI NepepaboTKn NOAUMEPHbIX
maTtepuranoB B mupe [1, 2]. CamoapmurpoBaHne ABAAETCS
OAHUM M3 NEPCNeKTUBHbIX METOAOB NepepaboTkn maTte-
p1anoB, NO3BOASIOLLMM M3rOTaBAMBATb BbICOKOMNPOUHbIE
TEPMONAACTUYHbIE MOAUMEPHbIE KOMMNO3UTbI [3, 4]. Camoap-
MWUPOBaHHbIE MOAMMEPHbIE KOMMO3WUTbl UMEIT MHOXECTBO
NPEeUMyLLLECTB, BKAKOYAs TEPMOPOPMYEMOCTb, BbICOKYHO
NMPOYHOCTb M XECTKOCTb, OTAUYHYIO YAAPOMNPOYHOCTb NPU
HW3KOM NAOTHOCTH, BbICOKYO BUOpa3naraemocTs [3, 5, 6].
OTAMYUTEABHOM 0COBEHHOCTBIO 3TOMO TMNA KOMMO3UTOB
ABASIETCSH BO3MOXHOCTb UX MOAHOW NEPepPadboTKu, MOCKOAbKY
camMOapMMPOBAHHbIA MOAMMEPHbIN KOMMO3WUT U3roTaB-
AMBAETCA U3 OAHOIO MOAMMEPHOr0 Matepuana, KoTopbli

2 |

CAYXWUT OAHOBPEMEHHO W MaTpuuen, U apMUpYOLLUM
9AEMEHTOM, 4YTO MO3BOASIET MOBTOPHO nepepaboTaTb
MCMNOAb30BaHHbIE U3AEAUS U3 CaMOaPMUPOBAHHbBIX KOM-
no3uToB 6e3 HEOOXOAMMOCTU PA3AEAEHUS, KaK B APYTMX
BMAAX KOMMO3ULMOHHbIX MaTtepuanoB [7-9]. Baaropaps
OTHOCUTEABHON OAHOPOAHOCTU B 3TOM OAHOKOMMOHEHTHOM
CUCTEME AOCTUIraeTCA MAEAAbHOE B3aMMOAENCTBME MEXAY
MaTpuuen 1 apMMUPYHOLLMM KOMMOHEHTOM (3TO HEBO3-
MOXHO B reTeporeHHbIX KOMNO3uTax), Uto obecreunBaeTt
AYULLYHO aAre3nto M obaeryaet nepepavy HanpsXxeHus
MeXAY MaTpuuen 1 HanoAHuteneM [3]. AAS NOAyUYEHMSN
CaMOapMMPOBAHHbIX MOAMMEPHbLIX KOMMO3WTOB MOTYT
6bITb MCMOAL30BaAHbI Pa3Hble KpUCTAAAMUYECKME GOPMbI
aMOPPHO-KPUCTAAAMUYECKUX MOAMMEPOB (MOAUMOPDU3M),
pasHble CynpaMOAEKYAAPHbIE CTPYKTYPbl MAM Pa3Hble copTa
OAHOro noAMMepa. Hanpumep, MOHOMOAMMEPHbIA KOMNO3UT
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MOXET CoAepXaTh BoAee XeCTKyto daldy B KauecTBe apMu-
PYIOLLLErO S3AEMEHTa U MEHEE XECTKYIO Gpasy B kKauecTBe
MaTpuLbl. MPOAYKTbI NepepaboTki NOAMMEPHbIX OTXOAOB
TakXe MOXHO paccmaTtpmBaTh B NPOM3BOACTBE camoap-
MWPOBaHHbIX MOAUMEPHbIX KOMMNO3MTOB B 3aBUCMMOCTH
oT TpebyembIx cBOWMCTB komno3suTa [3, 10].

LleAbto NPOBEAEHHOTO UCCAEAOBAHUS ABASIAGCH OLIEHKA
BO3MOXHOCTU MCMOAb30BaHUSI MPOAYKTOB nepepaboTku
OTXOAOB NOAUTETPAPTOPITUAEHA ANSI CO3AAHMS cCamoap-
MWPOBaHHbIX KOMMNO3WUTOB, @ TakXe M3yYeHWe CBOMCTB
NOAYYEHHbIX MaTePUAaN0oB.

OKCNEPUMEHTAABbHAA YUACTb

B kauecTBe MaTpuLbl UICMOAB30BAAK MPOMbILUAEHHbIN
noanteTpadptopatnaeH (MTDI,,,,.) NponssoacTsa 000 TA
«KnpoBo-Yeneukaa xummnyeckaa komnaHusa»)t. B kauectse
apPMMPYIOLLEr0 KOMMOHEHTA — NOPOLLIOK NepepaboTaHHOro
noautetpadtTopatnaeHa (MTD3I,,,,, TOMPAOH), NOAYYEHHbIV
pasHbIMK MeToAaMKU NepepaboTku OTXOAOB NMOAMMEpa.
NT®3,,,,. NpeAcTaBASET COO0M NOPOLLOK NOAUTETPAdTOPS-
TUAEHA, NMOAYUEHHbIN NepepaboTKoN OTXOAOB NoAUMEpaA
nyTEM MEXaHWYECKOro UCTUPaHKUA Ha 0OAMPOYHOM KOPYH-
AOBOM Kpyre (AMHEMHasa CKOPOCTb CKOAbXEHWSt 27 M/C
npw Harpy3ke 1 Mlla Ha cnpoeKTMPOBaHHOM U M3rOTOB-
AeHHOM ycTaHoBKe) [11]. TomdAOH, B CBOIO 04YEpPEAD, 3TO
YABTPAAMCMEPCHbBIN MOAUTETPAdTOPITUAEH TOPrOBOW MapKu
TOMOAOH™, npeACTaBASIIOLLMIM PbIXAbIA paccbinuaThbii
nopoLok 6eAoro LBeTa ¢ pa3aMepoM YacTuL, ~5 MKM?2 npo-
nspoactea 000 «DTOpNOAMMEPHbBIE TEXHOAOTUM» (I. TOMCK,
Poccust), KOTOPbIK NMOAYyYatoT KOMOUHALIMOHHBIM METOAOM
nepepaboTKK OTXOAOB MOAUTETPAGTOPITUAEHA, COUETALOLLUM
paAlaLMOHHYHO U MexaHWJeckyto o6paboTky [12].

CamoapmMupoBaHHblE MOAUMEPHBIE KOMMO3UTbI FOTOBUAK
nyTeM CMeLLEHUA NOPOLLKOB NPOMBbILLIAEHHOrO 1 nepepa-
60TaHHOro noanteTpadTopatnaeHa (MTD3,,,,, TOMAOH) Ha
BbICOKOCKOPOCTHOM AOMACTHON MEAbHULIE NMPU CKOPOCTU
2800 06/MuH. CoaepxxaHue nepepaboTaHHOro NnoAuTe-
TpadpTOP3TUAEHA B MOAMMEPHOM KOMMNO3UTE COCTABASINO
5, 10, 20, 30 macc.%. MoAMmepHy cmecb GopMOoBaAr
METOAOM XOAOAHOTO npeccoBaHusa (27 °C, 50 MMa) ¢ nocae-
AyroLMM cBOBOAHBIM cnekaHnem npu 37045 °C B neun

0,00

B BO3AYLLHOM aTMocdepe (ckopocTb Harpea 100 °C/u,
Bblaepxka 0,5 4 Ha 1 MM TOALMHbI 06pasLa, OXAaXAEHWE
B 3aKpbITOM Neuu).

Pasmepbl uyactuy, nepepabdoTaHHOro noAuTeTpad-
TopatuneHa (MNTPI,,,,) onNpepensiAnm Ha HaHocansepe
SALD-7500nano (Shimadzu, AnoHusA), a Takxxe METOAOM
pPacTPOBOWN SAEKTPOHHOW MUKPOCKOMMUM Ha MUKPOCKOMe
BbICOKOro pa3peleHnusa JEOL JSM-6000.

PeHTreHOodGa30BbIM aHaAn3 06pa3uoB MNPOBOAWUAU
Ha NopoLKOBbIX AndpakTomeTpax D2 PHASER (Bruker,
lepmanus) u1 TDM-20 (Tongda, Kutain) B WHTepBane
20 =4-70° ¢ warom ckaHuposaHus 0,02° (CuKa-usnyuenue,
KOMHaTHas Temnepartypa). 06paboTKy akcnepUMeHTaAbHbIX
A@HHbIX METOAAMM MOAHOMPODUABHOIO aHaAM3a 1 pacuet
CTeNneHn KPUCTAAAMYHOCTH BbIMOAHSAAM C UCMOAB30BaHUEM
nporpammHoro komnaekca TOPAS 4.2 [12].

Tennoduranueckune cBomncTBa (MOAYAb HAKOMAEHMS E/,
MOAYAb NOTePb E//, TaHreHC yraa mexaHuyeckux noteps tg o)
06pasLoB oNpeAeAsiAv Ha AMHAMUYECKOM MEXaHUUYECKOM
aHanmnzatope DMA 242 C (Netzsch, l[epmaHus) B Temne-
patypHom MHTepBane 25-500 °C npu CKOPOCTU Harpesa
5 K-MUH™ B pexunme neHeTpauun, AMaMeTp NpoHUKaIoLLLEro
KOHL@ NyaHCOHa COCTaBASIA 3 MM.

OnpepeneHne NPOYHOCTU M CBOWCTB Aedopmalmu
MaTepuana BNAOTb A0 €ro pa3pyLlleHUs NPOBOAWMAM MO
FOCT 11262-80° Ha wcnbiTaTeAbHOW MaluuHe Instron
3367 (Instron, CLLIA) npun CKOPOCTU ABMXEHUS TPABEPCOB
200 MM/MUH. AAS UCMIbITAHUI UCMOAB30BaAK 06pa3Lbl B
BMAE AONaTKK (Tun 2).

OBCY>XAEHUE PE3YABTATOB

Ha puc. 1 npeacTaBAEHO MUKPOU300paxeHue U3MeAb-
YEHHOro NopoLLIKa 0TXOAOB NOAUTETPAGTOPITUAEHA. Pasmepbl
yactuy nopouwka MNTdI,,,,, NOAYyYaEMOro MexaHMYECKUM
UCTUPAHUEM, UMEIOT BOALLLON Pa3bpPoc U HAXOAATCS B Ana-
nasoHe 0,5-250 mkm. CoranacHo anarpamme (cM. puc. 1, b),
CPeAHMI pasMep YacTuL, COCTaBASET 17 MKM.

PeHTreHorpaduuecknm MeTOAOM ONPEeAEAEHA CTEMEHD
KPUCTAAAMYHOCTHM MOAYUYEHHbIX CAMOaPMUPOBAHHbIX MOAM-
MEPHbIX KOMNO3UTOB. Pe3yAbTaTbl NPOPUABHOIO aHaAM3a
MCCAEAOBaHHbIX 06pa3LOB NPEeACTABAEHbI B TaOAULE.
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Puc. 1. MukpounsobpaxeHue (a) u panarpamma (b) MU3MeAbYEHHOTO MOPOLLKA OTXOAOB NMOAUTETPAGTOPITUAEHA

Fig. 1. Microimage (a) and diagram (b) of the ground polytetrafluoroethylene waste powder

1TOCT 10007-80. droponaact-4. TexHuueckue ycnosusi. M.: CtaHaapTiHdopMm, 2008. 16 c.

2Ty 2213-001-12435252-03. MopoLuok PTFE TomdAOH.

3TOCT 11262-80 (CT C3B 1199-80). NMaactmacchl. MeToa UcnbITaHWa Ha pacTaxeHue. M.: U3pateabcTBO ctaHAapToB, 1986. 16 c.
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®a3oBbIN cocTaB NOAYYEHHbIX MOAUMMEPHbLIX MaTeEPUANOB

Phase composition of the obtained polymer materials

Obpasel, ®azoBas obracTb MAowapb
o3 o3 AmopoHas obaacTb | (17,55°26) 6148,2595
noow/ nan: AmopdHas obaacTs Il (38,62°20) 11151,8073
(80/20 macc.%)
KpuncTtanamueckasn obnactb 4410,188
CTeneHb KpUcTanAMuHOCTU = 41,8%
T3, /Tomdron AmopoHas obaacTb | (18,04°26) 8256,87617
npom o
(80/20 macc.%) AmopodHas obaacTs Il (38,76°26) 15611,7727
Kpuctanamyeckasn obaactb 8788,76292
CTteneHb KpUCTanAMyHOCTU = 57,7%
MTo3 T3 AmopoHas obaacTb | (16,27 °26) 1601,54357
npow./ o AmopodHasa obaacTs Il (37,48°20) 9018,54478
(70/30 macc.%)
KpuncTtanamueckasn obnaactb 2185,21767
CteneHb KpUcTanAMUHOCTU = 51,7%
T3,/ Tovdron AmopoHas obaacTs | (9,8°26) 2215,12779
npom o
(70/30 macc.%) AmopoHas obaacts Il (37,13°26) 7116,64923
Kpuctanamyeckasn obaactb 4841,37617
CTeneHb KpUCTaAAMYHOCTH = 68,6%

I'Ipumeanme. CreneHb KPUCTAaAAMYHOCTU PaCCUYUTbIBaAU KaK OTHOLLEHNE AOAU KpVICTaI\/\VILIeCKOVI obAacT K AOASIM

KpUCTaAAMUECKOM 1 amopdHOM obaacty .

Ha ocHOBaHWM MNOAYYEHHbIX A@HHbIX ObIAM PaCCUUTaHbI
KOAMYECTBEHHbIE COOTHOLLEHUSA KPWUCTAAAMUYECKON U
aMopdHbIX 06AaCTEN cCaMOapPMUPOBAHHbIX MOAUMMEPHbIX
KoMno3uToB coctasoB MTO3,,,, /NTO3,,, v MTO3,,,./
TOM®AOH, a TakXe CTENEeHU KPUCTAAAMUYHOCTU B 3aBUCHMOCTH
OT TEXHOAOTUU NepepaboTkn (cM. Tabauuy). Bo MHOrmx
MCCAEAOBaHUAX coobliaetca 06 M3MEHEHUU CTENeHu
KPUCTAAAMYHOCTU MOAMMEPOB B 3aBWCMMOCTW OT ChO-
coboB nepepaboTku [13-15]. Tem He MeHee AaHHbIe O
KPUCTAAAMYHOCTU MOAMMEPHbBIX CMECeW C UCMOAb30BaHUEM
nepepaboTaHHbIX MOAUMEPOB OTCYTCTBYIOT.

McecaepoBaHme TENAODU3UUECKNX CBOMCTB NMOAYUYEHHbIX
CaMOapPMUPOBAHHbIX MOAMMEPHbIX KOMMO3UTOB MO3BOAWUT
onpeAeAvTb TeMnepaTypHble YCAOBUSI epepaboTKu NoAn-
MEpPHbIX MaTePUaNOB B FOTOBbIE M3AEAUS, @ TAKXe TEM-
nepaTypHble PEXUMbI IKCMAyaTaLMK USAEAWHA.

Ha puc. 2 npeactaBAeH BA3KOYMNPYrUiA OTKAUK MOAY-
YeHHbIX CaMOapMUPOBaHHbIX MOAUMMEPHbIX KOMMNO3UTOB
Ha MexaHMYeCcKoe BO3AEMCTBME MPK NOCTOSHHOM YacToTe B
nHtepsane Temnepatyp 25-500 °C. lNoka3aHo, YTo 3Hauu-
TEAbHbIE AMHAMWUYECKWE NOTEPU HAOAIOAAIOTCS B UHTEPBAAAX
Temnepatyp ¢asoBbix (~25-40 n ~325-327 °C) 1 perakca-
umMoHHoro (~150 °C) nepexoaoB (CcM. puc. 2). B MHTepBane
~25-40 °C HabAtopaeTcs B-penakcaLms, CBsi3aHHas ¢ TBep-
Aoda3HbIMKU NpeBpaLleHnamu | u Il poaa, NPOUCXOAALLIMMU
B KPMCTAAAMUYECKOW 0BAACTM NoAMMepa. TBepAOPa3HbIN
nepexop | poaa npu 25-30 °C BbI3BaH U3MEHEHUAMMU
napameTpoB 3AEMEHTAPHOM AYENKM KpUcTanauTa. Teep-
podasHbin nepexoa |l popa npu ~40 °C cBA3aH ¢ notepen
CNUPaAbHON XMPaAbHOCTU AAMHHOLIENOUYEYHOM MOAEKYAbI
KpUCTaAAa NMOAUTETPAGTOPITUAEHA, TO ECTb INEMEHTA CUM-
MeTpUM Kpuctaaaa [16, 17]. B paborte [18] coobuiaercs, uto
npu aTMochePHOM AABAEHUN U TEMNEPATYpe B Npeaenax
HECKOAbKMX AECATKOB rpaaycoB Lieabcus noantetpadptopa-
TUAEH HAXOAMTCA B TPex TBepAodasHbix cocTosHmax (I,
IV ul). B dase Il npu temnepatype Huxe 19 °C noanmep
MMEET XOPOLLO YNOPSAOUEHHYIO TPUKAUHHYHO SAEMEHTAPHYIO
Auenky. MaKpoOMOAEKYAbI UMEIOT CMIMPAAbHYIO KOHHOP-
Maumto 13/6 (eamHuu, Ha BUTOK). Mpn 19 °C npomncxoanTt
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nepexoA «NopsAoK — HecnopsAok», NPEACTaBAAIOLLUIA COOON
nepeopueHTauuio (BpalleHNe) MakKpOMOAEKYA BOKPYT UX
ocelr. MOAEKYAbI CAETKa packpyunBatoTCcs U MPUHUMAKOT
KoHdopMmauuio 15/7. 3ta npomexyTtouHas ¢pasa (IV) umeet
METPUYECKHU-TEKCArOHAABHYIO SAEMEHTAPHYIO SUENKY U
coxpaHnsietcsa po 30 °C. lNpu Temnepatype Bobiwe 30 °C
NMPOUCXOAWT AaAbHEWLLEE BpaLLaTEAbHOE Pa3ynopsAOUEHHE
1 packpyumMBaHuWe cnvpanen (No Mepe yBeAnyeHus Temne-
patypsbl). B atoi dpase | cnupanbHas koHpopmaumusa 15/7
MOCTEMNEHHO YCTynaeT MecTo YCPEAHEHHOW KOHbOPMaLMK
2/1 (nAOCKUi 3uraar). Ha pwuc. 2, ¢ BUAHO, UTO MHTEHCUB-
HOCTb MUKOB B-penakcaLMn NOAMMEPHbLIX KOMMO3WUTOB yBe-
AMUYMBAETCS C MOBbILLEHWEM KPUCTAAAMYHOCTK. MOAOBHbIE
pe3yAbTaTbl NOKa3aHbl B paboTte [16].

AASI NOAYYEHHbBIX CAMOapPMUPOBaHHbIX KOMMO3UTOB C
NOBLILUEHWEM CTENEHU KPUCTAAAMUHOCTM HabAlopaeTcs
yBEAUUYEHUE MOAYAS ynpyrocTu E' B 2-4 pa3a no cpas-
HEHUIO C TMPOMBIWAEHHBIM MOAUTETPAPTOPITUAEHOM
(cM. puc. 2, a). Bo3aMoxHO, 3T0 0b6bsACHAETCA TEM, YTO
06pasyroTCa KPUCTAAAUTbI C HOBOWM Mopdonorner [17]. B
nccaepoBaHum [19] aBTopamu nokasaHo, YTo MOAYAb YNpYy-
rOCTU YBEAMUMBAETCSH C KOHLEHTPALMEN KPUCTAAAMTOB U YEM
MeHbLUE pa3Mep KPUCTAAAUTOB, TeM BOAbLLMM MOAYAEM
ynpyroct obnapaet noanmep. Hanboabluas xecTkocTb (E'),
HabAtopaemas B MHTepBane 25-34 °C, conpoBoXAaeTcs
NAOXOM CMOCOBHOCTLIO MaTEPHANOB paccenBaTh 3Hepruto (E”)
(cMm. puc. 2, b). Ha 3aBUCUMOCTH AN MOAYAS YNIPYTOCTU C
NoBbILLEHWEM TEMMEPATYPbl HABAIOAAETCA NOCTENEHHOE
CHWXEHWE XECTKOCTH, CBA3AHHOE C MepPeXOAOM MaTepuana
M3 CTEKAOOOPA3HOro COCTOSAAHUSI B BbICOKO3AACTUYHOE. B
obnactn ~150 °C noAyyYeHHble NOAUMEPHbIE KOMMO3UThI
XapaKTepmaytoTca OAHUM G-perakcaLMOHHbIM MEPEXOAOM,
CBSI3aHHbIM CO CTEKAOBAHMEM aMOPGHOM 0OAACTU MOAY-
UEHHOr0 KOMMO3WTa, YTO @aHAAOTMYHO NOBEAEHWIO FOMOTrEHHbIX
OAHOPOAHBIX MOAMMEPOB (CM. puc. 2, ¢) [20, 21]. B 10 xe
BPEMS C YBEAUYEHWEM CTENEHU KPUCTAAAMYHOCTU MOAK-
MEPHbIX KOMMO3UTOB (-NEPEXOA PaCLUMPSETCA, CTAaHOBUTCSA
ACUMMETPUYHBIM (CM. pUC. 2, C), @ MIHTEHCMBHOCTb NWKa
yMeHbLLaeTcs. ITO CBUAETEALCTBYET O TOM, YTO B KOMIMO-

https://vuzbiochemi.elpub.ru/jour


https://vuzbiochemi.elpub.ru/jour

AropoBa 0.)K., KopHonoabues B.H., KoBtyHeu E.B. u op. CamoapMupoBaHHbIe NOAUMEPHbIe KOMITO3UTbl Ha OCHOBE...
Ayurova 0.Zh., Kornopoltsev V.N., Kovtunets E.V., et al. Self-reinforced polymer composites based on...

3500 T T T T T T

3000

2500

2000

E', MMa

1500

1000

500

50 100 150
Temnepatypa, °C

a

300 350 40

0.25 T T T

800 T T T T T T

700

600

500

400

E", MNa

300
200

100

0

50 100 150 200 250 300

Temnepartypa, °C
b

0.20

0,15

tgo

0.10

0,05

0,00 :

L L
50 100 150

L
200

L L L
250 300 350 400

Temnepatypa, °C

c

Puc. 2. Tennodusnyeckrne CBOMCTBa: a — MOAYAb YNPYroCTh; b — MOAYAb NOTEPD; C — TAHMEHC YrA@ MeXaHUUYECKMX NoTeEPb
(1-3 - propnoanmepsl: 1 - MTOJ, 0y, 2 - MTOI,,,,, 3 - TOMOAOH; 4-6 - caMOapMUPOBaHHbIE MOAUMEPHbBIE KOMMO3UTbI
pasanuHoro cocrasa: 4 - MTO3,,,,/TomdaoH (80/20 macc.%), 5 - MTO3,50,/MTDI,.,,. (80/20 mace.%),

6 - MTO3,,0/ToMmdAoH (70/30 macc.%))

Fig. 2. Thermophysical properties: a - elastic modulus; b - loss modulus; ¢ - mechanical loss tangent
(1-3 - fluoropolymers: 1 - PTFE,..,, 2 - PTFEg, 3 - Tomflon; 4-6 - self-reinforced polymer composites of the composition:
4 - PTFE./Tomflon (80/20 wt.%), 5 - PTFE,../PTFE, (80/20 wt.%), 6 - PTFE,../Tomflon (70/30 wt.%))

3UTax NPOMCXOAMT YAaCTUUHOE YNOPAAOUYEHME aMOPHHOM
¢dasbl [21]. CyliecTBEHHOE M3MEHEHME CBOMCTB CaMoap-
MWUPOBAHHbIX MOAMMEPHbLIX KOMMO3UTOB HabAOAGETCS B
obAacTi Temnepatypbl naaBaeHus 325-327 °C. OHO cBA3aHO
C TEM, YTO KPUCTaAAMUeCKas pasa maTtepuana ucuesaet
M yNpyroctb obpasLia pe3ko yMeHbLIaeTcs (CM. puc. 2).
PaccmoTpeHo BAVAHME apMUPOBaHUS MPOMbILLIAEHHOTO
NOAMTETPAdTOPITUAEHA NepepaboTaHHbIM MOAUMEPOM Ha
MexaHU4YeCKMe CBOWCTBA. YCTAHOBAEHO, YTO MPOYHOCTb NP
paspbiBe 0, U OTHOCUTEABHOE YAAMHEHWE NPU pa3pblBe &,
NMOAYYEHHbIX CAMOaPMMUPOBAHHbIX KOMMO3MTOB AAA BCEMO
AManasoHa COCTaBOB OTAMYAOTCH OT COOTBETCTBYHOLLMX
BEAUYUH MPOMBILLAEHHOIO NOAUTETPAdTOPITUAEHA (pUC. 3),
YMEHbLLAACh C YBEAMUEHUEM COAEPXKAHUA PEreHepupo-
BaHHOro noAumMepa. Tak, npu HanoAHeHUK 5 Macc.% AAs
CaM0OapMMUPOBAHHOr0 MOAMMEPHOrO KOMMO3WTa CoCcTaBa
NTO3, o/ MTDI,,,,. MEXAHUUECKME CBOMCTBA HAXOAATCA Ha
YPOBHE CBOMCTB MPOMbILLAEHHOTO MOAUTETPAPTOPITUAEHA
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(0,= 23,5 MIa; £,= 418%), TorAa Kak npu UCNoAbL30BaHUK
nopowka TOMOAOH yxe NpYU MaAOM HaNOAHEHWW NMPOUC-
XOAWT PE3KOE CHUXEHME AEPOPMALMOHHO-MPOUYHOCTHbIX
cBOMCTB. Mpu HanoAHeHUW nopowkom MNTOI,,,, HabAto-
AAETCH YXYALLEHWE MEXaHWUYECKMX CBOMCTB B MEHbLLIEN
CTEMEHU, HEXEAU NPU NPUMEHEHUU NOPOoLLKa TOMOAOH,
UTO CBSI3@aHO C TEXHOAOTMEN NepepaboTKn NOAMMEPHBIX
0oTx0A0B. Mpu nepepaboTke OTXOAOB MOAUTETPADTOPI-
TUAEHA NPOCTbIM WUCTUPAHWEM BO3MOXHa 4YacTUYHasA
MEXaHOAECTPYKLIMA NMOAMMEPA, UTO CONPOBOXAAETCS HE3HA-
UYUTEAbHBIM YMEHbLLIEHWEM MOAEKYASIPDHOW Macchl. Mpu
paalauMoHHOM crnocobe NoAyyeHus nopotka TOMOAOH,
AECTPYKLMA NOAMMEPA MPOMUCXOAWT B pe3yAbTaTe paspbiBa
MaKpPOMOAEKYA MOA AEMCTBMEM MOTOKA SAEKTPOHOB MAK
Y-KBAHTOB, UTO NMPUBOAUT K YMEHbLLEHUIO MOAEKYASIPHOM
Macchbl npumepHo B 10-30 pas 1, kak CAEACTBUE, K CHU-
XEHUIO PUINKO-MEXAaHUUYECKMX CBOMCTB [12].
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Fig. 3. Tensile strength (a) and relative elongation at break (b) of self-reinforced polymer composites

SAKAKOYEHUE

B pe3syAbTate NpoBEAEHHOTO MCCAEAOBAHUS MOAYUEHDI
camMoapMHpPOBaHHbIE NOAVMEPHbIE KOMMNO3WUTbI HA OCHOBE
NOAMUTETPadTOPITUAEHA U NPOAYKTOB NepepaboTku ero
OTXOAOB. CpaBHVITel\bHoe nccaepoBaHMe KOMNO3UTOB
NMOKa3ano, 4To Ten/\oq)msmqecme U MexXxaHun4deckue
CBOWCTBa 3aBUCAT OT cnocoba nepepaboTku U copep-
XaHUA apMUpYOLLEro HanoAHUTEAS. C MOBbIWEHUEM
CTENEeHU KPWUCTAAAMUYHOCTU HAOAIOAAETCS yBEAUYEeHUE
MOAYAS yNPYyroctu MmaTepuanoB B 2-4 pa3a, BEPOSATHO,
06ycAoBAeHHOE 06pa3oBaHNEM MEAKMUX KPUCTAAAUTOB.

PesynbTaTbl AedOPMaLMOHHO-NMPOYHOCTHBIX XapaKTe-
PUCTMK NOKa3aAM BO3MOXHOCTb MCMOAb30BaHMKA nepe-
paboTaHHOro NOAUTETPAGTOPITUAEHA, MOAYUEHHOTO MyTEM
MeXaHWYeCKOro UCTUPaHUS, B AMana3oHe HanoAHEeHUS
0T 5 A0 30 macc.% AN CO3AAHMA KOMMO3UTOB C XOPOLIMMM
3KCNAyaTaunoHHbIMK cBOMCTBaMKU (0, = 17-24 Mlla;
€,= 370-410%). AedopMaLMOHHO-NPOYHOCTHbIE CBOWCTBA
NPOMbILLUAEHHOIO MOAUTETPAdTOPITUAEHA, APMUPOBAHHOIO
NOPOLKOM TOM®AOH, YMEHbLUAKTCA MPaAKTUYECKU B
2 pa3sa, UTo CBSI3aHO C HU3KON MOAEKYASIPHOM Maccom
nepepaboTaHHOro NoAMmepa.
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