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AHHoTaums. CTaTbsg NOCBALLEHa aKTyanbHON NpobaeMe CO3aaHNs Ha OCHOBE TepMOMIACTUYHBIX MOMMMEPOB HUTEI CO CBOM-
CTBaMWU, aHaNor1yHbIMK CBOMCTBAM HUTEN U3 GTOPONOAMMepPOB. MpeanaraeTcs NPocTor 1 aGGEKTUBHBIA CNOco6 NoayYeHus
TEKCTU/IbHBIX MONNMPONMNEHOBBIX HUTEH C YCTORYMBLIM NOKPBITUEM Ha OCHOBE NOAUTETPadTOpaTUiEHa (droponnacta). Cnocob
peannayeTtcsd Ha cTaaun GOPMOBaHNS MOAUMPOMNMIEHOBbIX HUTEN U3 pacnnaBa. OH OCHOBaH Ha 0BPA30BaHNM Ha MOBEPXHO-
CTV KaX[aoro GunameHTa, COCTaBASIOLLEr0 HUTb, MOKPbITUS U3 NoauTeTpadTopaTieHa. Llenbio HacTosLei cTaTby 9BASN0Ch
nccnenosaHne Mopdonori chHOpPMUPOBAHHOTO NOKPLITUA, ONpeaeneHne ocHOBHbIX CBOWCTB MM HUTK ¢ MTM3 nokpbITEM
1 COMOCTABNEHWE MX C XapaKTepuCTUKaMM HUTEH, MONHOCTBIO W3rOTOBNEHHbIX U3 QTOPNOAMMEPOB. MeToaaMmu aTOMHO-CUOo-
BOVI, CKQHMPYIOLLIE/ 3NEKTPOHHOM MUKPOCKOMK, 3HEProaMCnepCoHHOr0 aHanuaa, VK cnekTpockonum nokasaHo, 4to 06paso-
BAHHOE MOKPbITME HOCUT PaBHOMEPHbIV XapaKTep, ABAAETCS YNbTPATOHKUM W CMOLLHbIM. YcTaHoBAeHo, yto MM Hutb ¢ NTO3
MOKPbITUEM MOXET NOABEPraThCs OPUEHTALMOHHOMY BbITAMMBAHMIO NpY TemMnepaTypax, NPeBbILLatoLLnX CTaHaapTHbIe. Takasq
HWTb 0BNafaeT NOBbILLIEHHO MPOYHOCTbIO, 0YEHb HUKIM KO3DOUUMEHTOM TPEHUS 1 YPE3BbIYANHO BbICOKO YCTONYMBOCTbH
K BO3AEMCTBUI0 XMMUYECKM arpeCcCUBHBIX XWAKOCTeN. HaHeCEHHOe MOKPbITe 06nafaeT BbICOKOM YCTONYMBOCTbIO K 3KCMTya-
TaUMOHHbIM Bo3aelicTBuaM. 10 ykasaHHbIM xapaktepuctukam MM Hutr ¢ MTMO3 NoKpbITYEM He YCTYNaKT HUTSM 13 NoAUTeTpa-
{dTOPaTUNEHa, @ CTOUMOCTb HOBbIX MaTepKanoB B IECSTKM Pa3 HUXe.

KniouyeBble cnoea: noAMnponMIeHOBbIE KOMMAEKCHbIE HITK, noauTeTpadTopaTUieH, GToponnact, GopMOBaHMe U3 pacnnaea,
MOKPbITUE, NPOYHbBIE HATU, XEMOCTONKNE HUTU.
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Polypropylene yarns with multifunctional coating based on polytetrafluoroethylene
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Abstract. The article is devoted to the issue of producing yarns based on thermoplastic polymers with properties comparable
to those of yarns made of fluoropolymers. A simple and effective method is proposed for producing textile polypropylene
(PP) yarns with a stable coating based on polytetrafluoroethylene (fluoroplastic). The method is implemented at the stage
of forming polypropylene yarns from the melt. It is based on the formation of a polytetrafluoroethylene (PTFE) coating
on the surface of each filament that makes up the yarns. The purpose of this article is to study the morphology of the
formed coating, determine the main properties of PP yarns with PTFE coating and compare them with the characteristics
of yarns made entirely of fluoropolymers. Using atomic force microscopy, scanning electron microscopy, energy dispersive
analysis, and IR spectroscopy, it was shown that the resulting coating is uniform, ultra-thin, and continuous. It has been
established that PP yarns with PTFE coating can be subjected to orientation drawing at temperatures exceeding standard
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ones. This yarn has increased strength, a very low coefficient of friction and extremely high resistance to the effects of
chemically aggressive liquids. The applied coating has high resistance to operational influences. According to the specified
characteristics, PP yarns with PTFE coating are not inferior to yarns made of polytetrafluoroethylene, and the cost of the

new materials is tens of times lower.
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BeeneHue

I13BECTHO, YTO Hanbonee CNOXHO Noy4aeMbIMI BONOK-
Hamn 9BNAIOTCS BOMOKHA Ha OCHOBE MOAMTETPahTOpaTy-
newa (MTM3). Ux Henb3q chHOPMUPOBATL HI U3 pacTBopa
(1. k. ITO3 HK B YeM He PacTBOPSETCH), HX W3 pacn/iasa
(MTO3 pasnaraetca Ao nnasnexna). MosTomy ans nonyye-
Hus HATK 13 T1TO3 bbin paspaboTaH cheunanbHblil cnocob
(Curan u Koanoposa,1972; Nlasap, Papo 1 Knuman, 1965; Poro-
BWH, 1974; Bapluasckuit, 1972). OH 0cHOBaH Ha (OPMOBAHMN
BOJTOKOH W3 3aryLLEHHON CrneumanbHbIM NoaMMepoM-3ary-
ctuTenem BogHon aucnepcuun NTMI. Takine BONOKHA Nof-
BepratTcs bbICTpOMY Harpesy A0 380-390 °C, B npouecce
KOTOPOro NONUMEP-3aryCTuTeNb paspyLlaeTcs U yaansercs
B BMAE ra3oobpasHbix BellecTs, a [NTMO3I cnekaeTcs [0 Ha-
Yana ero pasnoxeHus. [lNg ynpouHeHNs BOMOKOH U HUTEN
OHW NOMBEPrakTCs A0NOAHUTENBHOMY OPUEHTALMOHHOMY
BbITArMBAHMIO NPU NOBbILLEHHON TeMnepaType. OnucaHHbIi
Cnocob SBNIETC TeXHONMOrMYEeCKN CAOXKHBIM, 3HEProeMm-
KIM, 3KOMI0TMYECKM 0NaCHbIM 11 [IOPOrOCTOSLLMM.

B nocnenHne OecatuneTis Hauato NonyyYeHne BONOKGOH
n3 NTO3 meToaoM TBEpAOGa3HOro GopMOBaHMS, B OCHOBE
KOTOPOro NexuT aBneHue ceepxnnactuyHoctn MTM3, obHa-
PYXEHHOE NMpW UCCNENOBaHUM OPUEHTALMOHHOIO Aedop-
MMPOBAHMS NOVMEPOB NOA TMAPOCTaTUYECKUM AaBNEHUEM
(Mc Gee and Collier, 1986). Hosbiit MeTop gBnseTcs Bonee
npocTbiM 1 BesonacHbIM. OfHAKo, XOT9 CTOMMOCTb BOMO-
KOH Ha ocHoBe [1TM3, nonyYeHHbIX N0 HOBOMY Crocooy,
HECKO/bKO CHIXAEBTCS, OHa BCE Xe 0CTAeTCs Ype3BblyanHo
BbICOKOW, YTO CBSI3@HO C BbICOKOWM CTOMMOCTBHO ChIpbS.

MepcneKkTUBHbIM MyTeM CHKEHWS MaTepuanoeMKocTy
W, KaK CNefcTBUe, CTOMMOCTM BOMOKOH W HUTEN, IBNSeTCs
3aMeHa Hutei n3 NMTO3 Ha BUKOMMNOHEHTHbIE HUTW, Cepf-
LIeBMHa KOTOPbIX COCTOWT U3 [1ELLIEBOr0 TEPMONIACTUYHOMO
BOIOKHOOOPA3ytoLLero noauMepa, Hanpumep, NoAMNPONK-
NeHa, a Ha noBepxHOCTM Haxomutes cnoi MTMO3. OpHako
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pan ceoiicTe MTMO3 aenaet pelleHne Takol 3aaayn 0YeHb
CNOXHbIM.

A3BECTHO, YTO MHOMME BUKOMNOHEHTHbIE NOMMEpHbIE
BOMIOKHA TWNa $Ap0-060/104Ka NOMYYalT METOAOM 3MekK-
TpodopMoBaHms (Sun, Zussman, Yarin et al., 2003; Zhang,
Huang, Xu et al., 2004; Sun, Duan and Yuan, 2006). B yacTHo-
cTw, asTopaM pabotbl (Han and Steckl, 2009) ypanoch ¢
MOMOLLIbO KOAKCWUaNbHOr0 31eKTPOGOPMOBaHNS NONYYUTh
BO/OKHA, AP0 KOTOPbIX COCTOUT W3 MONK-(e-kanponakro-
Ha), a obonoyka - u3 TenoHa A, KoTopbiii NpencTasnaet
coboi cononuMep nepdTOPAMMETUNANOKCONA W TeTpa-
dropatuneHa. 0aoHako, B OTANYME OT MEHEe XWUMUYECKM
crorkoro TednoHa AQ, MTO3, obnagatowuni HynesbiM
OMMOMbHBIM MOMEHTOM, He MPUrofdeH K 31ekTpodopMo-
BaHMIO. B CBA3M C HW3KOW aaresnoHHOW CnocobHOCTbLI0
MTMO3 HeBO3MOXHO Takxe GOPMUPOBAHIE Ha NOBEPXHOCTH
NOAUNPONUAEHOBOM HUTK YCTOMYMBOrO MOKPBITUS MyTEM
HaHeceHus aucnepcin MTO3 0b6bIKHOBEHHON MPOMMTKO
Wiu nynbeepusaumer. HeyCTomumBbIM K 3KCMTyaTalUoH-
HbIM BO3[IBNCTBUAM SBNAETCA TAKXKe W NoKpbiTue 13 MTM3,
HaHECEHHOe Ha CMHTETUYECKME BONOKHUCTbIE MaTepuans
METOAOM MarHeTPOHHOO HaMbINeHus.

B Uuctutyte xumun pactsopos umenn T. A. Kpectosa
Poccuiickoit akageMuy Hayk yaanocb pewwntb npobnemy
Noy4eHus YCTOMYNBOrO MOKPBITUS M3 NONUTETPadTOPaTH-
NIeHa Ha NOBEPXHOCTM TEPMONNACTUYHBIX HUTEH, B YaCTHO-
CTM, NOAUNPONWIEHOBLIX. [N obecneyeHns aaresuu
NTO3 «k nonunponunexy (M) UCMONb30BaNA HaHECeHMe
cycnexsun MTO3 Ha NOBEPXHOCTb NONYOTBEPX/AEHHOI NO-
NMNPONWUIEHOBON HIUTW NPU (OPMOBAHWN €€ U3 pacnnaea
Ha CTaauu 3amacnuBaHus. C NOMOLLBIO BbITIrMBAHWS NpK
MOBbILLEHHbBIX TEMNepaTypax HUTU C HaHeceHHbiM MTO3
obecneynBany opueHTaLMio 1 nepepacnpenenexue MNTO3,
npuBoadLLEe B (GOPMMUPOBAHMIO YNIBTPATOHKOTO, CMOLLHO-
ro, PaBHOMEPHOr0 NoKpPbITS ((Npopokosa 1 Ap. 2014; *Mpo-
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poKoBa u fip. 2014).

Llenbto HacTodLlei paboTbl SBNSNOCL WCCNEenoBaHWe
MOP®ONOrK NOKPBITUS, ONPEeLeNeHNe OCHOBHBIX CBOMCTB
MM st ¢ NTMO3 NOKpPbLITUEM U CONOCTABNEHME WX C XapakK-
TEPUCTUKAMU HUTEN, MOMHOCTBIO M3rOTOBMEHHbIX 13 (TOP-
NOSMMEPOB.

Matepuanbl U METOAbI UCCNEAO0BAHMS

NT®O3 nokpbiTue Ha MM HATM HAHOCMAW Ha CTaauu
dopmuposarnga MMM HUTEl 13 pacnnaBa. PaboTbl npoBoay-
7 C MCMONb30BaHMEM NabopaTopHbIX CTEHOOB ANg Gop-
MOBaHMg (PUCYHOK 1) M OPUEHTALMOHHOIO BbITATMBAHNA
CUHTETUYECKMX BONOKOH (pUCYHOK 2). CTEeHAbI UMUTUDYIOT
TEMMNepaTypHbIe U CKOPOCTHbIE YCOBWS NOAYYEHUS HUTEN
(BaBunosa, Mpopokos 1 Mukanos, 2011).

B pabote Mcnonb3oBany pasbaBneHHYH CYCMEH3MI0
droponnacta 4f1 (nponssogutens - 0AQ «Tanononumep»,
r. Mepwmb, Poccua). CycneHsins npeacTasnser coboi B3BECH
B BOAE yacTuu ¢proponnacta-4 [l, pasmepom 0,06-04 MkM, B
KOTOPY0 ANg cTabunusalmm 1 cMaunBaHmus BBeaeHo 6-12 %
MAB . CofepxaHue MacCcoBOW 40NN HENETYYNX BELLIECTB CO-
cTaBnseT He Meree 50 % (CTO 05807960-007-2010). Conep-
XaHwe cyxoro MTO3 B cycneHsum cocTaBngeT 65 % Macc.
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PucyHok 1— Cxema cterga COriB-1:
1= Kull; 2 — byHKep,; 3 — akcTpyaep; 4 — 30Ha 3arpy3sku
aKCTpyAepa; 5 — 30Ha nnaBneHsa noammepa; 6 — 30Ha
CTabumsalmm pacnnasa; 7 — GuilbePHbIN KOMIIEKT;
8 — cTpyv pacrnnasa; 9 — GOPMOBOYHbIE ANCKU,
10 — npyemHoe yCTpovicTBO
Figure 1- Diagram of the SFPV~1 stand:
1-KiP; 2 — hopper; 3 - extruder; 4 — extruder loading
zone; 5 — polymer melting zone; 6 — melt stabilization
zone; 7 — die set; 8 — melt jets; 9 — molding discs;
10 - receiving devicen

PucyHok 2 — Cxema cterga OCB-T:
1= HuTeHanpaBuTeslb; 2 — NATaKOLLMV MPnbop;
3 — BepxHuI 0borpeBaembivi AVCK; 4,6 — CBOOOAHbIE
POJSIVIK; 5 — HUXXHUM 060rpeBaemMbIv ANCK;
7 — TEPMO3/IEKTPONIACTUDUKATOP;
8 — KoMneHcupyroLee YCTPOVICTBO;
9 — MpyemMHas 4acTb MaLLyHbI
Figure 2 — Diagram of the OSV-1 stand:
1-thread guide; 2 — feeding device; 3 — upper heated
disc; 4,6 — free rollers; 5 — lower heated disc;
7 — thermoelectroplasticizer; 8 — compensating device;
9 —receiving part of the machine

[INg HaHEeCEHWS Ha HWTU WCMONb30BaNW PasbaBNEHHYIo
CYCNeH3uio ¢ KoHLeHTpaumei NMTO3 1- 16 % Macc.

[ng nonyyeHust MMM HUTER MCNONB30BANN M30TAKTUYE-
CKUi nonunponuned Mapku «banex» 01250 («Yhaopreuk-
Te3», T. Yba, Poccua) ¢ Hpexkcom pacniasa 25 1/ 10 MAH 1
TEMMNepaTypoit nnasneHus 169 °C.

[lns pspa aKCnepuMeHTOB B KayecTse Mogenu 1 Hutu
MCNONb30BaNN NNEHKY U3 N30TAKTUYECKOr0 NoaUnponune-
Ha Mapku «banew» 01250 TonwmHoit 30 MkM («EBponak»,
r. ViBaHoBO, Poccust). Ha nosepxHocTs MM nneHku HaHocun
cycnenanio NMTO3 ¢ KOHUEHTPAUMAMM, aHANOMNYHbBIMM TeM,
KOTOpbIE UCMONMb30BANUCH NPU NOAYYEHUM MOANDUUMPO-
BaHHbIX HUTEW. [TNEHKW C NOKPbITWEM NOMABEPran OpUeH-
TaUMOHHOMY BbITArMBaHmi0 Ha cTenae OCB-1 ¢ KpaTHOCTbIO
5 Npu TeMnepatypax, aHanornyHbIx TEMNepaTypam BbITarii-
BaHUS HATEM.

OLEHKY NOBEPXHOCTHOIO coaepXaHns GTopa NpoBoan-
/N Ha OCHOBAHWM 3HEProAuCnepcuoHHoro cnekrpa. Cka-
HWPOBaHWE MOBEPXHOCTW TEKCTUNBbHOMO MaTepuana ocy-
LLECTBASN HA CKAHMPYIOLLEM 3MIEKTPOHHOM MUKPOCKOMNE
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JSM 6380LA dupmbl JEOL, nocnemytoLwimit aHanus - ¢ noMo-
LLIb) BCTPOBHHOTO PEHTreHOCMEKTPaNbHOrQ aHanusatopa
JED-2300.

OueHky wepoxosatoctu nosepxHocTv M Matepuana
NPOBOAMNIN C MOMOLLbIO aTOMHO-CU0BOMO MUKPOCKONaA
Solver P 47-PRO NT-MDT.

KoadduuneHTsl TpeHus MMM HUTER onpefensiu ¢ noMo-
LLbto npubopa cucteMbl B. B. Tanenaposckoit B COOTBET-
CTBUM C METOANKOM, OnucaHHoi B (KykiH, Conosbes, Cafbl-
koBa n ap., 1974) npu 30 napannenbHbIX USMEPEHUAX.

K cnekTpbl nonyyanu ¢ noMoLLbio CNeKTPOMETpa hup-
Mbl «Nicollet» Tuna «Avatar ESP 360» no metomy MHOro-
KPaTHOr0 HapyLUEHHOrO MOHOT0 BHYTPEHHErO OTPaXEeHMs
(MHIBO) ¢ ncnonb3oBaHWeM KpucTania ceneHinaa LMHKa ¢
12-KpaTHbIM OTpaxeHneM B inanasoHe ot 600 oo 1600 cm™.

[MameTpbl  3neMeHTapHbix  HuTeit  (dunamentos)
KOHTPOAMPOBANM ¢ NOMOLLb0 Npubopa «J/laHatectep-2»00
®npMbl «MeTpuMnekc». OCHOBHbIE MeXaHUYeCKne Xapak-
TepucTukn MM HuTeit (paspblBHyio HArpysKky U yaauHeHne)
ONPEAEensn NPy OAHOKPATHOM PACTSHKEHWM UX [10 Pa3pbl-
Ba Ha MOAEPHM3NPOBAHHOW Pa3pbIBHOI MaLlnHe 2099-P-5
dupmbl «Tounpubop» B cootetcTBuM ¢ OCT 6611.2-73
(IS0 2062-72, 1SO 6939-88). [lnuHa 06pasLoB cocTasnana
250 MM, ckopocTb pacTaxeHns 300 MM/MuH.

OLEHKY YCTOMYMBOCTM NOKPbITUS K SKCMTyaTaLMOHHbIM
BO3OENCTBUAM MPOBOAMAM C MCMOMb30BAHWEM CeLnanb-
HOro npubopa OLEHKM YCTOMYMBOCTM OKPACKM K TPEHUI
TN-4 (pen. Banbckuit v Kapnosa 1971). OpueHTUPOBaHHYIO
MM nnexky ¢ NTO3I nokpbITMEM NOABEPrany UCTAPaIoLLIEMY
BO3ENCTBUIO C Harpyskow 1 Kr 3a cyet 50 BO3BpaTHO-Mo-
CTYnaTeNbHbIX ABWXKEHMIA UCTUPAIOLLETO 3N1EMEHTA MO MOo-
BEPXHOCTW 06pa3sLa.

JKCnepuMeHTabHbIe CCNEe0BaHNS
1 aHanu3 pe3ynLTaToB

Kak nokasan sKCnepuMeHT, NPOBEAEHHbI Ha MOoaen

HuTW - T nneHke ¢ NokpbiTMeM Ha ocHose MTM3, B pe-

3y/bTaTe OPUEHTALMOHHOrO BbITdrMBanug [ noanoxku
MOKPbITUE CTAHOBUTCS HOMee PaBHOMEPHBIM W YMOPSAO-
UEHHbIM. 3HEproaMcnepcuonHblid aHanus MM nneHkun ¢
NTM3 nokpbITMEM MOKa3an, YTo Ha MOBEPXHOCTU HEeopW-
EHTMPOBAHHOW MAEHKM copepxaHue @Topa CoCTaBnseT
(472 + 03] % a Ha NOBEPXHOCTU MNEHKM, NOABEPrHYTON
OPWEHTALMOHHOMY  BbITATMBAHMIO, COflepXaHue dTopa
(424 + 0,3) %. 310T haKT NOATBEPXKAAET YMEHbLUEHWE TON-
WyHbl NMTM3 NoKpbITAS B pe3ynsbtate OpUEHTALUMOHHOMO
BbITArUBaHNS.

bonee nonHyt nHdoOpMaLM 06 U3MEHEHUM MOPGONO-
run noBepxHocTw M1 NIeHKM Ha pasHbix CTaausx eé Mo-
andukaumm NTOI nony4mam ¢ NOMOLLbID METOAA aTOMHO-
CWI0BOW MUKPOCKOMUK. [laHHbIE O LLIEPOXOBATOCTM MIEHKM
NpeaCTaB/eHbl B TabauLe 1.

Kak BugHO w3 Tabauubl, MM nneHka 6e3 NoKpbITUS
WMEET T71afKyl0 MOBEPXHOCTb CO CPEHWM 3HAYEHWEM
epoxoBatocTn 9 HM. LLlepoxoBaTtocTb MOAM(ULIMPOBAH-
HOW HEOPWEHTUPOBAHHON MNEHKM COCTaBASET B CPEAHEM
120 HM. Ha ee NOBEPXHOCTY HAbNOAAETCS NOKPbITHE, KOTO-
pOe HOCUT 38PHUCTbIN xapakTep. CpeaHuii AMameTp 3epeH,
NPOCMATPUBAIOLLMXCS B CTPYKTYpE NoKpbiTug (200-300 HM),
COOTBETCTBYET Pa3Mepy YacTuL, CYCMeH3uM, 3asiBNEHHOMY
npoussoautenem (60-400 HM). 370 CBUOETENLCTBYET O TOM,
4TO YXe Ha CTafnn HaHeceHus Ha (111 NoanoxXKy Yactuubl
cycnexaun MTO3I obbeanHaOTCS B eAMHOE Lenoe, 0bpa-
3ys CM/OLLHOE NOKPbITUe. OPUEHTALMOHHOE BbITIMMBaHNE
CMoCcOBCTBYET CrNaXMUBAHWIO U BbIDABHMBAHWIO NOBEPXHO-
CTV NOKPbITUS. YDOBEHD LLEPOXOBATOCTY OPUEHTUPOBAHHON
MIEHKU B 3HAUMTENIbHOW CTEMEHU ONpefensercs Temne-
paTypoil OPUEHTALMOHHOTO BbITATMBAHMS. BbiTArMBaHME
NpuW TPAAMLMOHHBIX ANS NONyYeHnss OpueHTUpoBaHHoM MM
HWTK Temnepatypax 118-125 °C npuBOANT K CHUXEHMIO Lle-
POX0BATOCTK NNeHKM A0 50 HM. LLlepoxoBatoCTb MAEHKM,
BbITAHYTON Npu TeMnepatype 155 °C, CHUXaeTcs 10 YPOBHS
NCXOMHOM W COCTaBASET 9 HM.

Tabnmya 1 - VI3MeHeH e LLIepoXoBaTOCTH MIEHKU Ha Pas3HbIx CTaavsax HaHeceHWs TS nokpbITUsA

Table 1—- Change in film roughness at different stages of PTFE coating application

MM nnexka c MTO3 MM nnexka c NTO3
Bup MM nnexku ¢ HeopuexTupoBakHas NOKPbITUEM NOKPbITUEM
bes nokpbITus MM nnexka ¢ NTO3 ' '
NTOI nokpbiTHEM HOKDbITHEM OpWEHTUPOBaHHas OpUEeHTUpOBaHHas
p npm 118-125 °C npm 155 °C
Cpenras 9 120 50 9
LLIEPOX0BATOCTb, HM

BULLETIN of Vitebsk State Technological University, 2025, N¢ 1 (51) e




TEXHONOrMa MATEPUAJIOB U U3AENUA

TEKCTUNbHOW U NEFKOM NMPOMBILLJIEHHOCTU

\3mMeHeHne xuMuyeckon Npupoabl 1 penbeda noBepx-
HOCTM HUTW 33 c4eT (hopMnUpoBaHNa Ha Heit ITTM3 nokpbl-
TS HE MOXET He CKa3aTbCsl Ha TPMBONOTrNYECKMX Xapak-
TEPUCTUKAX MOANGUUMPOBAHHBIX HUTEN. KO3ddUUMEHTDI
TPEHMS BONIOKHA MO BOIOKHY OMPeaensnu Ha npubope cne-
LINanbHOM KOHCTPYKLMKM, NPeAHa3HAYeHHOM NS UCCneao-
BaHMS GPUKLIMOHHbBIX CBONCTB TEKCTUAbHbIX BONOKOH. bbino
YCTAHOBNEHO, YTO B pesynbrate Mmoauduumposanusg [N
HUTK cycneHaner NTOI koaddULMEHT TPEHNS CHUXKABTCA
¢ 02 no 0,04. CnenoBatensHo, MOOMPULMPOBAHHA HUTb
NpuobpeTaeT 3HaueHnst KOaQOULMEHTA TPEHNS, BAN3KUE K
koadduumeHTy Tperus NTO3.

0 ToM, KaK MoauduLmpoaHie MM HUTeN BAKGET Ha KX
MPOYHOCTb M YAJMHEHME, CYAUNN MO AaHHbIM, NpencTaB-
NEHHbIM B Tabnuue 2.

13 Tabnuubl cneayet, YTo B pesynsrate MoauduLmMposa-
HWg TN HUTY €€ NPOYHOCTb 3HAYUTENBHO BO3PaCTaeT. Mak-
cuManbHoe nosbllenne npoyHoctn (59 %) Habnopaetcs
npu Hanbonee BbICOKOW TEMMNEpaType OPUEHTALMOHHOMD
BbITArMBaHUS HUTK (155 °C). I3BECTHO, YTO CTENEHb OpUeH-
TalMM MaKpoMOeKyn TepMONAacTMYHOro NOAMMEPa, KOTO-
pas B 3HAUYMTENbHOW CTEMeHM onpeaenseT NPOYHOCTHbIE
CBOWCTBA HUTH, YBENMYMBAETCS C YBEMYEHMEM KPATHOCTH
BbITArVBaHUY (3aBanckuit, Basunosa u Mpopokosa, 2017).
Mpy MOBbILLEHUM TEMNEPATYPbl BbITAMMBAHNS CHUKAETCS
B3aMMOMENCTBAE Mexay MaKPOMOMeKynaMu BOMOKHO-
0bpasytoLLiero nonuMepa. B pesynsrate nosiBNSETCS BO3-
MOXHOCTb NONYYEHNs HUTEN C 60Nee BbICOKOW CTEMEHbH
OpWEHTaLMK, COBEPLLUEHHOM CTPYKTYPON 1 BbICOKOW MPOY-
HOCTbt0. OHaKO MaKCKManbHas TemMnepaTypa BbITAr1BaHNs
NMMWTUPYETCS TeMNepaTypon pasMaryeHus HUTK, Npu KOTo-
POV eé nepepaboTka CUAbHO 3aTpyAHEHa.

B cBA3K C 3TUM MakcuManbHOe 3HaYeHWe Temnepary-
Pbl OPUEHTALMOHHOTO BBITATVBAHNS CTaHaapTHON MM HUTK
coctaenser 123-125 °C. HaHeceHune Ha nosepxHocTb (1M
HUTK nokpbiTua 13 NTMO3 No3BONAET NOBLICUTL TEMMEPa-
TYPY OPUEHTALMOHHOIO BbITATMBaHNS MOLN(UUMPOBAHHON
HUTW. IKCNEPUMEHTANBHO YCTAHOBMEHO, YTO MaKCUMalbHO
BO3MOXHasl TeMMepaTypa BbITATMBAHWS TakoW HUTW Npu-
bnnxaetcs K Temneparype nnaenedus MM u coctaBnget
155 °C (Prorokova, Vavilova and Bouznik, 2017; Mpopokosa
v Basunosa, 2017).

XMMWYECKYI0 CTOMKOCTb  MOAMGOUUMPOBAHHONA  HUTH
OUEHMBAIM MO W3MEHEHMO €€ pa3pbIBHOM Harpysku
nocne NPOAOMKUTENBHOMO  BO3AENACTBUS  arpeCCUBHbIX
XWAKOCTEN - KOHLEHTPVMPOBAHHOMO pacTBopa rapoKchaa
HaTpPWS 1 KOHLEHTPUPOBAHHOW @30THOW KUCMOTbI, SBNSHO-
LLIECS OOHOBPEMEHHO CUIbHBIM OKMUCAUTENEM. B npouec-
CE 3KCNEPUMEHTA BapbMPOBANN KOHLEHTPALMIO CYCMEH3NN
MTMO3 n TemnepaTypy OPUEHTALMOHHOTO BbITATMBaHMS. [10-
lyYeHHble [JaHHble NPUBE/eHb! B Tabnuuax 3 1 4, cootBer-
CTBEHHO.

JlaHHble Tabnuu, CBUAETENLCTBYIOT, YTO NPOYHOCTL He-
MoANPULUMPOBaHHON 1 HUTW Nof, NEACTBMEM KOHLEHTPU-
POBAHHbIX LLIESIOYEN M KUCNQT yMeHbLUaeTes Ha 8-27 %, co-
OTBETCTBEHHO. BO3ENCTBME arpecCMBHbIX XUOKOCTEN Ha
MOANOULMPOBAHHYIO HUTb HE TONBKO HE MPUBOANT K NOTEPE
MPOYHOCTH, HO M CNOCOBCTBYET €6 BO3PACTAHMIO.

OTCyTCTBME MOTEPU MPOYHOCTM MOAUGULMPOBAHHOK
MM HUTW NpW [EACTBUAM Ha HEe XMMUYECKM arpecCMBHbIX
XMIKOCTEN CBUAETENbCTBYET 0 ToM, Yto MTM3I nokpbiTHe,
3alLMLLaoLIee €€ MOBEPXHOCTb, ABASAETCS CMMOLUHBIM, U
ero CTpykTypa He WMeeT [edekToB. 0BbIlLEHNE MpOY-
HOCTM MOaMdUUMPOBaHHOW [ HATM nocne BO3MeNCTBUS

Ta6/wlua 2 — OCHOBHble PaspbiBHbIE T10/TYLNKIIOBbIE XaPaKTepPUCTUKN ﬂOﬂMﬂpOﬂMﬁeHOBOVI HUTKW C TMOKPbITNEM

n3rTes

Table 2 — Main discontinuous semi-cyclic characteristics of polypropylene yarn coated with PTFE

TemMnepaTtypbl OPUEHTALMOHHOO
BbITArUBaHug, °C

YnenbHas pa3pbiBHas Harpy3ka, Mlla

OTHOCUTENbHOE pa3pbiBHOE
YOJIMHEHKE, %

CrannaptHas MM HATb

T.=18,T,=120,T, =125 395+ 15 343+28
MM HuTb ¢ NTO3 nokpbITHEM

T,=120,T,=125T, =135 439 £ 30 (+ 11 %) 46022

T,=120,T,=135T, =145 484 +16 (+ 22 %) 458 39

T,=120,T, =140, T, = 155 630 + 61 (+ 59 %) 454 =44
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Tabnmya 3 — PaspbiBHas Harpyska v yanvHeHve [ HiTev ¢ MoKpbiTuemM Ha ocHoBe [1TO3 KoHUeHTpaumm 8 %,
rocsie KAna4YeHvs B pacTBOpe rapoKcyaa HaTpusa KOHLEeHTpauum 5 Mosk / 71 B TedeHne 3 Yacos

Table 3 — Breaking load and elongation of PP filaments coated with PTFE at a concentration of 8 %, after boiling in
a solution of sodium hydroxide at a concentration of 5 mol /| for 3 hours

TeMneparypbl OTHOCHTE/bHOE Mocne kunauenus B pacteope NaOH (koHu,)
YnenbHas pa3pbiBHas
OpH1eHTaLMOHHOro Harpy3ka, MMl pa3spbiBHOE YnenbHasg pa3pbiBHas | OTHOcuTENbHOE pa3pbiBHOE
BbITATMBaHMS, °C ' yanuHeue, % Harpyska, Mla YANMHeHue, %
CraHpaptHas MM HATb
T, =118,T, =120, 395 + 15 313+28 365 + 14 (- 8 %) 531+ 36
T,=125
MM HKATb ¢ NoKpbITUEM 13 NTO3I
T,=120.T,=125, 449 + 24 440 + 42 480 + 34 [+ 7 %) 506 + 42
T,=135
f=120.T, =15 1463 + 28 137+ 41 524 2 23 [+ 13 %) 170+ 44
T,= 145
h= 1T20LT125; 0, 630 + 61 454 + 44 636 28 (+ 1%) 46115
=

Tabrmmya 4 — PaspbiBHaa Harpyska v yanvuHerve [ HATen ¢ MokpbiTvem w3 1T nocre BbigepXnBaHa B
KOHLIEHTPUPOBaHHOM a30THOW KMCIIOTe B TeYeHne 24 4acoB rpu Temnepartype 25 °C

Table 4 — Breaking load and elongation of PP filaments coated with PTFE after exposure to concentrated nitric acid
for 24 hours at a temperature of 25 °C

KOHI.I,EHTanMﬂ OTHOCUTENbHOE Mocne BbloepXuBaHug B |'|N03 [KOHLI,.]
YnenbHas pa3pbiBHas
cycnexsun CO-4 Harpyaka, MM paspbiBHOE YnenbHas pa3pbiBHas | OTHocuTeNbHOE pa3pbiBHOE
A% ' YAJIMHEHME, % Harpyska, Ma yanuHenue, %
CraHpaptHag MM HATb
0 395+ 15 343+28 290 + 14 (- 27 %) §2+36
MM HuTb € NokpbITHeM u3 NTMO3
16 459 + 67 406 +52 572 £19 [+ 25 %) 36320
12 47 £ 3 466+ 6,0 485+ 9 (+16 %) 367 +48
6 393+ 30 502 78 445 £ 55 (+13 %) 371916

arpecCuBHbIX XWUAKOCTE! MOXET BbITb CBA3AHO C yaaneHu-
eM oA AeNCTBMEM arpecCHBHbIX XMAKOCTEA C NOBEPXHO-
CTV NNOX0 3a(UKCUMPOBAHHBIX MUKPOYACTUL, 11 YIyuLleHue
BCNEACTBME 3TOr0 CTPYKTYpbl M MOPQONOrUA MOKPbITHS.
370 NpeanonoXeHne HbIN0 NOATBEPKAEHO C NOMOLLIbIO UC-
cnenoBaHus MM nnexHku ¢ NTO3 NoKpbITUEM, NOABEPrHYTO
BO3JENCTBUI0 KOHLIEHTPMPOBAHHOW a30THOM KKUCAOTbl. Ha
OCHOBaHWM pe3ynbTaToB aTOMHO-CWIOBOM MUKPOCKOMUM
6bin CAoenaH BbIBOA, YTO MPUPOCT NPOYHOCTU NpU BO3MeN-
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CTBMM XMMUYECKI arpeCCUBHbIX XMOKOCTEN CBS3aH C yaa-
NEHKEM ¢ noBepxHocTy MM NOANOXKM Cnabo CBSI3aHHOMO C
Heil 3bbIToYHoro konnyectsa NTM3. B pesynbrate 3100
LOMOMHMTENBHO MOBbILIAETCS PABHOMEPHOCTb CTPYKTYPb
MOKPbITAS W BbIPABHWUBABTCS €r0 NOBEPXHOCTD.

[Inq OLEHKM YCTOMYMBOCTY K 3KCMNYaTaLMOHHbIM BO3-
[EeACTBUAM NOKPbITUA Ha ocHoBe MTM3, HAHECEHHOro Ha
MM HuTb, Ha MOAENN MOAUGULMPOBAHHON HUTK, KOTOpast
npeacTaBnseT coboit MOAUGULMPOBAHHYK OPUEHTNPOBAH-



TEXHONOrMa MATEPUAJIOB U U3AENUA

TEKCTUNbHOW U NEFKOM NMPOMBILLJIEHHOCTU

HYK0 MNEHKY, Onpeaensny, CoxpaHIercs N NMoKpbITUE no-
CNe MHTEHCWBHOMO MCTUpatoLero Bospenctaug. Mocne 50
LMKNOB UCTUPAKLLEro BO3AENCTBUS Ha 06pasLibl MIEHKK
MeToaoM MHIBO 6binn nonydeHsl MK cnekTpbl 1 noBepx-
HOCTW. llonyyeHHble PesynbTaTbl CBUAETENLCTBYHT, UTO Ha
PE3yNbTMPYIOLLEM CMEKTPE MPUCYTCTBYHOT MONOCHI B 06na-
¢t 1207 1 1150 cM”, KoTopble CBUAETENLCTBYHIT O HAMYMN
NT®O3 Ha NoBEPXHOCTW MOAMMDULIMPOBAHHON MNEHKK faxe
MOCNEe WHTEHCMBHOTQ MCTWUPAIOLLEr0 BO3AENCTBUS Ha HEE
(Dechant, Danz, Kimmer and Schmolke, 1972).

0 TOM, KaK W3MeHseTcs MOpdONorksg MoBepXHOCTH
MOAMULMPOBAHHONM OpWUeHTUPOBaHHOW M NneHKK B pe-
3ynbraTe UCTMPAIOLLIMX BO3AEACTBIA, CyaMIN N0 BU3yanu-
3WpOBaHHbIM MPEACTaBNEeHUIM 0 TOMorpauu MoBEpXHO-
CTU, NOJTYYEHHbIM METOLIOM aTOMHO-CII0BOM MUKPOCKONNK,
pesynbTaTbl KOTOPOW NPEACTaBNEHbI Ha PUCYHKE 3.

ConocraBneHne atux AaHHbIX C NPUBELEHHbIMU B Ta-
6nmue 1 NOKa3bIBAET, YTO XOT NOCNE WHTEHCUBHOTQ UCTU-
PaloLLEro BO3AeMCTBIS LIEPOXOBATOCTb MOKPLITAS CTAHO-
BUTCS HECKOMbKO BbiLLe (Bo3pactaeT ¢ 9 HM [0 19 HM), oHO
0CTaetcs rnagkiM 1 0fHOPOAHbIM. 3T0 CBUAETENbCTBYET 0
XOPOLUEW YCTOWYMBOCTU MOKPbITUS K 3KCMyaTaLMOHHbIM
BO3AENCTBUAM.

B ta6nuue 5 (Prorokova, Vavilova and Bouznik, 2017) co-
nocTtasneHbl cBorcTBa MM HUTel ¢ nokpbituem u3 MTO3,
HIUTEIA, NONMHOCTbIO cocTosWMX U3 MTDO3 (Polifen®) u cono-
numepa NTO3 ¢ suHUAnaeHdTopuaoM (Ftorlon®).

W13 Tabnuubl cnemyet, yto M 1T ¢ NTM3 nokpbITHEM
MO XMMUYECKON CTONKOCTW HE YCTYNAET HUTAM, NONHOCTHI0

PucyHok 3 — Mopgonorus nosepxHoctu [l
rneHku ¢ MTO3 MoKpbITVEM, OPUEHTUPOBAHHOV

npwv Temnepartypax 120-155 °C, nocre 50 ymkios
VCTUparoLLero BO3AeNCTBIA (LuepoxoBaTocTb 19 HM)
Figure 3 — Morphology of the surface of a PTFE coated
PP film oriented at temperatures of 120-155 °C,
after 50 cycles of abrasion (roughness of 19 nm)

COCTOSLLUMM W3 GTOPNoNUMEepoB, 06nafaeT TakuM Xe Hus-
KM K03(DOUUMEHTOM TPEHMS, OTAMYAETCS BbICOKOM NpoY-
HOCTbl0. EE MaKcuManbHas Temnepatypa SKCnyaraumu
HECKombKo Hke, Yem y Polifen®, Ho 6auska K Ftorlon®.
Kpome Toro, MM Hutb ¢ NMTOI nokpbiTeM 9BAFETCS 0YeHb
JIETKOW N UMEET B COTHN Pa3 B0/EE HU3KYHD CTONMOCTb, YEM
HUTb, MONHOCTbIO cocToALas 3 MTO3.

Tabnvya 5 — CpaBHuTenbHas xapaktepuctiika [l Huteri ¢ [TTO3 nokpbiTnem, Polifen® v Ftorlon®

Table 5 — Comparative characteristics of PP filaments with PTFE coating, Polifen® and Ftorlon®

YnenbHas OTHocuTenbHoe MakcumanbHas
MnotHocTb, Xumnyeckas | KoadpduumeHt
Bup, Hutn s pa3pbIBHas paspbiBHOE ; Temneparypa
r/cMm CTOWKOCTb TpeHus
Harpy3ka, MMa | ynnuHeHue, % akcnnyataumu, °C
fin ¢ @3 09 630 = b1 454+ b4 Ouerto 004 120-140
NOKpbITUEM BblCOKas
Polifen® Ouets
(cocTouT 13 22 100-180 Bb1COKAS 0,04 260-280
nT03)
Ftorlon®
(cocTouT 13 Ouets
cononumepa TO3 21 300-600 0,04 110-120
BbICOKas
C BUHWUIMOEH-
Gropraom)
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B KayecTBe OCHOBbI HUTW, KpPOME NOAMMPOMUIEH],
MOTYT 6biTb UCMOMb30BaHbI APYTUE TEPMONIACTUYHbIE BO-
NOKHOO6pAa3ytoLLMe NOAMMEPbI, CNONb3YeMble NS Noay-
YEHMS HUTEI M3 pacnnaea, Takue Kak noauamui u nonu-
3TuneHTepedTanar.

BbiBoapb!

[pOBELIEHHOE UCCNEA0BaHE NOKa3aro, YTo HaHeCEeH!e
CycneHsun nonutetpadTopsTuneHa Ha NONWUMPONUIEHO-
BYIO HWTb MpW e€ NoMyyeHun U3 pacnnasa, NPOBOANMOE
ons npugadus MM HATY CBOWCTB, NOAOOHBIX CBOWCTBAM
hTOPONNACcTOBOM HMTK, 0becneynBaeT (GOPMUPOBaHME
(hTOPNOAMMEPHOrO MOKPbLITUA HA MOBEPXHOCTM Kaxaoro
COCTaBNAIOLLEr0 HATb QunaMeHTa. HaHeceHue cycneHsuu
MTO3 Ha NoBEPXHOCTb MONYOTBEPKAEHHOM HWUTU 0becre-
unBaeT aareanto NMTMO3I K NogNoXKe U NPUBOANT K 06pa3o-
BaHWKO CMOLLIHOIO, J0BOIbHO TONCTOTO MOKPbITUS 3EPHM-
CTOI CTPYKTYpbl. OpWeHTaUMOHHOE BbITAMVBAHWE HUTW C
HaHeCeHHbIM Ha eé nosepxHocTb MTM3 obecneunBaeT
YMEHbLLEHWE TONLLMHbI NOKPbITAS NpuMepHO B 10 pas, npu-
BOAWT K CIMaXWUBaHMIO 1 BbIPABHUBAHMIO €r0 NOBEPXHOCTM.
CTpyKTypa MOKPbITAS W OCHOBHbIE XapaKTePUCTUKM HUTK
C MOKPbITUEM 3aBUCSAT OT KOHLIGHTPALMM HAHOCKUMOW Ha
HUTb cycneHsun MNTMO3I 1 TeMnepaTypbl OPUEHTALMOHHOMD
BbITArMBaHMA. Hanbonee paBHOMepHas 1 besnedekTHas

CTPYKTYpa MOKpbITUS CO3AAETCS NpU OpUEHTALMOHHOM
BbITATMBAHUM HWTU NPW TeMNepatype, npubamxatoLencs
K Temnepartype nnasnexus nonunponunexa (155 °C). B pe-
3ynbTaTe HaHECEHUS MOKPbITUS 3HAYUTENbHO BO3pacTaeT
npoyHocTb MMM HATK. EE KOSDOUUMEHT TPEHWS CHUXAETCS
[0 YPOBHS KO3 GULMEHTA TPEHUS NONUTETPA(TOPSTUNEHA.
MM Hutb ¢ NTO3 nokpbITMEM NPUOBPETAET 3KCTPEMabHO
BbICOKYH) XMMWUYECKYIO CTONKOCTb, O YeM CBUAETENbCTBYET
70T (akT, yto MTMO3I NOKPbITME OCTAETCA HEenoBPEeX/eH-
HbIM MOCNe AJUTENbHOMO BO3AEWCTBUS arpecCUBHbIX CPef
(KunaueHun B TeYeHME [1BYX YaCOB B PACTBOPE MMAPOKCKA
HaTpua KoHLeHTPaLumn 200 r/n, BbINEPXMBAHUN B TeYeHUe
24 4aCcoB B KOHLI@HTPUPOBAHHON HNOS]. CchopMupoBaHHoe
MNOKPbITHE ABNSETCS YCTOMUMBBIM K MHTEHCUBHOMY UCTUPa-
toLLIEMY BO3AENCTBMIO.

Takum 06pa3oM, HOBbI cnocob HaHeceHus MTO3 no-
KpbiTus Ha 1 HATY 9BASIETCS NEPCNEeKTUBHLIM AN NOAY-
YeHMsl BOMOKHWUCTbIX MaTepuancs, 06MafalolLMX HU3KUM
KOS OULMEHTOM TPEHUS U SKCTPEMAIbHO BbICOKOM YCTOMN-
UMBOCTbK) K [AEMCTBMIO XMMUYECKMX peareHTos. M0 yka-
33HHbIM XapaKTEpUCTUKaM OHW He YCTYNakT BOIOKHaM U3
nonuTeTpadToOPaTUIEH], @ CTOUMOCTb HOBbIX MATEPUANoB B
LECSTKI Pas HuXe.
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