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Pedepar. B cratbe paccMaTprBaercst peosorueckoe MoBeieHHe J00aBOK — MPOOKCHIAHTOB, IPEICTABIIIOIIMX COOOH MOMMMEPHYIO MaTPHILY, BKITFOYAIOILYO
KapOOKCHIaThI Kele3a. B kauecTBe 0OBEKTOB MCCIIENOBaHUS HCIIONB30BAIH J100AaBKH TIPOOKCHIAHTOB HA OCHOBE: TTOJIM3THIICHA BHICOKOTO JaBICHHS MapKH
TIBJ{ 158030-020, BTOpHYHOr0 JTHMHEHHOro MoNMMaTHIeHa Bhicokoro aasnenus (JINIB/) n BTopr4HOro moamaTHiIeHa BEICOKOTO TaBieHus (BTopruHsii [1B/1)
¢ coziepykaHueM KapOokcriaToB xenesa 5,0% (mac.). VccnenoBanue MpoBOIMIOCh Ha BEICOKOTOUHOM KarmuisipHoM peomerpe Smart RHEO 1000 ¢upmbr
Ceast npu temrieparype ot 130 1o 190 °C ¢ npumeHenreM 1Byx Kammuisipos quamerpoM d = 1 mm i juiHHOM | = 5 1 | = 30 MM COOTBETCTBEHHO B /iHania3oHe
ckopocreii ciura ot 100 o 300 ¢ ¢ marom 50 ¢ . cenenoBaHue mokasaio, uto s BeeX HCCIIETYeMBIX JOOaBOK-TIPOOKCUIAHTOB HAOMIONACTCS JINHEHHAS
3aBUCHMOCTb KPUBBIX TCUCHHS B JBOMHBIX JTOTapU()MITIECKIX KOOPAUHATAX B IOTHOM CKOPOCTHOM H TeMIepaTypHoM Auanasone. C yBelmdeHneM TeMiepa-
TYpPBI 3aBUCHMOCTH 3((PEKTUBHOI BI3KOCTH OT CKOPOCTH CIIBUTA CHIDKAIOTCS CHHXPOHHO, T. €. B ABOMHBIX JIOTapH(PMUIECKHX KOOpIMHATAX HabOmomaeTcs
TIONIHAS. MTHBAPHAHTHOCTH KPHBBIX TEUCHHUS [0 OTHONICHHIO K KOHCTPYKIMH U TeOMETPUYECKHIM IapaMeTpaM KalliLLIpa He3aBHCUMO OT BHJIA MOIMMEPHOH
MaTpHIlbl. PeskM HEyCTOHUMBOrO TEYEHHsT OTMedancs I J00ABOK MPOOKCHIAHTOB HA OCHOBE HMEPBHYHBIX TEPMOILIACTOB U MPOUCXOIMI IPU CKOPOCTH
c/Bura, npesbiaromieii 250 ¢, u Temmeparype Hwike 150 °C. J{ns Kanuyuispa GoNblieit JTHHB HAGMIONATOCh CHUKEHHE TIOKa3aTes el 3 (EKTHBHOCTH BA3-
KOCTH ¥ HalPsDKCHUS C/IBHUTA, POSBIISUIACH MACHTHYHOCTH C MOBEICHUEM MIEPBHYHOIO TEPMOILIACTA, YTO COINIACYETCS C TEOPETUYECKUMH TIPE/ICTABIICHH- SIMU
0 TIOBEJICHUH MaKPOLICTTH B YCIIOBHSIX MX (hOpMOBaHHsI Ha OoJiee JUIMHHOM (pOPMYIOIIEM HHCTPYMEHTE.

K10ueBble ¢J10Ba: HOIMITUICH, IPOOKCHAAHT, KAPOOKCHUIIATHI XkKene3a, 9 (eKTHBHAS BSI3KOCTh, KPUBBIC TEUCHUS

Prediction of processing parameters of secondary polyethylene with iron
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Summary. The rheological behavior of additives - pro-oxidants, representing a polymer matrix including iron carboxylates is considered in the article. The
additives of prooxidants based on: high-pressure polyethylene (PVD) of PVD 158030-020, secondary linear high-pressure polyethylene (LDPE) and secondary
PVD with an iron carboxylate content of 5.0% (by weight) were used as the objects of the research. The study was carried out on a high-power capillary rheometer
called Smart RHEO 1000 by the firm Ceast at a temperature of 130 to 190 °C using two capillaries with a diameter d =1 mm and a length | =5 and | = 30 mm,
respectively, in the shear rate range from 100 to 300 s with a step of 50 s*. The study showed that for all investigated pro-oxidant additives, a linear dependence
of the flow curves in double logarithmic coordinates is observed in the full velocity and temperature ranges. With increasing temperature, the dependence of the
effective viscosity on the shear rate decreases synchronously, that is, in the double logarithmic coordinates, the flow curves are completely invariant with respect
to the construction and the geometric parameters of the capillary irrespective of the form of the polymer matrix. The unstable flow regime was noted for the
additives of prooxidants based on primary thermoplastics and occurred at a shear rate exceeding 250 s and a temperature below 150 °C. For a longer capillary,
the viscosity and shear stress efficiency indicators were reduced, the identity with the behavior of the primary thermoplastic was manifested, consistent with
theoretical representations of the behavior of the macrochain under conditions of their formation on a longer forming tool.
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Beenenue
VY1o0cTBO, HM3Kas IIeHa W JKCIUTyaTalOHHAs
0€30I1acCHOCTh M3ENUM U3 CHHTETHYECKHX TEPMO-
IUIACTOB SIBWIKCH IPUYMHOIN pocTa HUCIOIb30BaHUS
WX ISl M3TOTOBJICHHS YIAKOBOYHBIX MaTEpHANIOB.
Co BpemeHeM 000CTprIIach IIpodJIEMa 3aIITHI OKPYKa-
TOILIEH CPEIbI OT HAKOTUIEHHUSI «TIOJIMMEPHOTO MYCOpay.
ITo MHEHHIO COBPEMEHHBIX y4eHbIX [1-4],
Jla’ke TPU YCJIOBUU CHCTEMBI Pa3liesIbHOro coopa
OTXOJIOB, OCOOEHHO OTpPaOOTaHHBIX W3JETHH
KPaTKOCPOYHOTO MCTIONB30BaHKs (MEILKH [T Mycopa,

IlJ'I?I TUTUPOBAHUSA

CUIILHO 3arpsi3HEHHBIC YIIAKOBOYHBIE MaTEpUAIIbL,
U T. [1.), HauOoJIee MPaKTUYHBIM PELICHHEM 3TOH Npo-
OJIeMBI SIBISIETCS TIPOU3BOJICTBO MATEPHAIIOB U3 TIOJIH-
MEpOB, OJIBEPKEHHBIX PA3JIOKEHHUIO MOJT ICHCTBUEM
PpazIMUHBIX (PaKTOPOB OKPYXKAIOIIEH CPEJIbI ¢ 00pa3o-
BaHHEM MPOIYKTOB JICTPAAALIIH, JIETKO YCBAUBACMBIX
MOYBEHHBIMH MHKPOOPTaHU3MaMH.

Uto0pI Mpr/IaTh OIFBTIIIEHY CTIOCOOHOCTB K OHO-
JIerpajaliy, B HACTOsIIIEEe BpeMsl IIPU MPOU3BOICTBE
KOHEYHBIX M3/ICIIMH B pELIeNTypax PUMEHSIFOTCS CTICIH-
aJIbHBIEe 100ABKU-TIPOOKCHAAHTHBI, IPEACTABIISIOIINE
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coboii monmoneuHbI, cofepIKaIyie COOTBETCTBYIO-
e CONMM METAUIOB TEePEeMEHHON BaleHTHOCTH.
Ha poccuiickoM pbIHKE 5TH J0OaBKU TPEACTABICHBI
pa3TMYHBIMHA ~ 3apYOEKHBIMU  TIPOM3BOAUTEISAMHU:
Symphony (d2w) — BemikoOpuranusi, EPl (TDPA) —
Kanama, Tosaf group additives compounds and colors
for the plastic industry (Tosaf) — N3pawis.

UzBectHo [5], 9TO MHPOKO HpHUMEHSEMbIE
METO/TbI KOHTPOJISI TEXHOJIOTMYECKUX CBOWCTB Tep-
MOIUUTAaCTUYHBIX MAaTCPUaAIOB, HAIIPUMEP, U3MEPC-
Hue I[ITP, He MOryT JOCTaTOYHO TOYHO OMUCATH
MOBEICHUST  TepepabaThiBAeMbIX  TTOJIHMEPHBIX
KOMITO3HUIIMK B SKCTPY3UOHHOM 000PYA0BaHUH.

Opranuveckne COJIM METAIDIOB TIEpeMEHHON
BaJICHTHOCTH, B YaCTHOCTH, KapOOKCHIIAT XKeje3a,
1eIecoo0pa3Ho MoNydaTh NPU HCIOJIB30BAaHUH
CMCCHU JKUPHBIX KHUCJIOT, BBIACICHHBIX W3 COITYT-
CTBYIOIIUX TPOAYKTOB MPOU3BOJCTBA PACTUTEIh-
HbIX Macel. [loydaeMbie TakuM 00pa3oM UHUIHU-
aTOpBl OKHUCIICHUS CHHTETHYECKHX ITOJMMEPOB
SABJIAKOTCA TEXHOJIOI'MYHBIMU U 3(b(beKTI/IBHI)IMI/I Cu-
CTEMaMH TIPH U3TOTOBIEHUH JO0ABOK IS OKCOOH-
OPAa3JIOKEHUSI TEPMOILIACTOB [6].

Hean paGoTsl

Pa3paboTka TEXHOJOTHYECKUX pPEKOMEH/a-
I TI0 CO3/IAHUIO JT00aBOK MPOOKCHIAHTOB, CHHTE-
3UPOBAHHBIX TPH KCIOIB30BAHUN CMECH YKUPHBIX
KHUCTIOT, BBIJIGNICHHBIX M3 COAICTOKAa MPOWU3BOJICTBA
PaCTHTEIBLHBIX MACe, C Y4eTOM COBMECTUMOCTH I10-
JIMATUIICHA C KApOOKCUIIATOM JKejle3a.

Hccnenosanust nepepabaThBAEMOCTH B BHICOKO-
CKOPOCTHOM IITHEKOBOM 000PYIOBAaHMH TOOABOK IPOOK-
CHJIAHTOB Ha OCHOBE TIOJIM3TUIICHA, CONICPIKAILICTO Kap-
OOKCHIIATHI JKeJIe3a, CIIOCOOCTBYFOIIHE KATATUTUICCKON
AKTHBHOCTH OKHCIUTEIHLHON JIECTPYKIIUH B ITOJTHONC(H-
HaX IPY MEXaHO-TePMUYCSCKOM BO3/ICHCTBHUN.

W3ydenne peonorndeckoro noezeHus ao0a-
BOK IPOOKCHJIAHTOB B IIMPOKOM TEMIIEPATypPHOM
U CKOPOCTHOM HWHTepBaJie Uil (POPMUPOBAHHUS
0a3bl JaHHBIX MOJUMEPHBIX CHCTEMaX, COJEepKa-
X KaTAJIUTHYCCKUEC arc¢HTbl TCPMOOKHUCIICHUA,
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B YaCTHOCTH, KapOOKCHJIATHI )Keje3a, 4YTO B 3Ha-
YUTENBHON Mepe 00JIErYUT BEIOOP MX TEXHOJIOTHU-
YECKUX IapaMeTpoB TMPOLECCOB MepepadoTKu
B OKCTPY3UOHHOM 00OPYJOBaHHUH.

O0BbeKTBI U METOAbI UCCJICI0BAHUA

B kauecTBe 00BEKTOB HCCIIEIOBAHMS HCTIONB30-
BJIM JI00ABKU TIPOOKCH/IAHTOB Ha OCHOBE: TOJIM3TH-
nieHa BbIcokoro nasnenus mapku [1BJ] 158030-020,
BTOPHYHOTO JMHEHHOTO IMOJHMITHIIEHA BBICOKOTO
nmasinenuss (JIIIB/[) m BropmyHOTrO mMONMMATHIICHA
BbICOKOTO AaBnenus (Bropuunsiii [IB/]) ¢ coxep-
KaHHeM KapOokcmiaToB xenes3a 5,0% (mac.).

J1ist ©3y4eHus: peoIorndeckoro MmoBeICHHs
HCTIOJTF30BAIA BEICOKOTOYHBIN KaTMILIISPHBIA peo-
metp Smart RHEO 1000 ¢upmer Ceast. Peosoru-
YECKHE XapaKTePUCTHKH, B YACTHOCTH, N3MEHEHHE
3aBUCUMOCTH S((EKTHUBHOM BI3KOCTH paciliaBa
OT CKOPOCTH CJBWIa, OIpPEACIsUIM TMPH TeMIepa-
type ot 130 no 190 °C ¢ npuMeHeHHeM JBYX Ka-
nusipoB auamerpoM d = 1 Mm u umHHOM | = 5
1 30 MM COOTBETCTBEHHO B JHMaIa3oHEe CKOPOCTEH
casura ot 100 10 250 ¢ ¢ marom 50 ¢*. TTorpemi-
HOCTb IIPH U3MEPEHUH JAaBICHUS B JAHHBIX HCIIBI-
TaHuax He npesbimaina 0,1 Gap.

Pe3yabTaThl U 00CyKIeHHE

Wzmenenre >((eKTUBHOM BS3KOCTH TEPBUY-
Horo 1B/ 158030-020, coneprkariiero kapOoKCHIaThl
JKenesa, B 3aBUCUMOCTH OT TEMIIEPaTypbl U CKOPOCTH
CIIBUTA MPEJICTABIICHO Ha prUCyHKe 1, a u 0.

Jbtst Beex mccnemyeMbIX KOMITO3HIIME HaOmoa-
€1cs JIMHEWHAsI 3aBUCUMOCTb KPUBBIX TEUEHHS B JIBOMHBIX
Jorapu(hMUUECKIX KOOpPAWHATaX B TOJIHOM CKOPOCT-
HOM W TeMriepaTypHoM juanazoHe. C yBelHYeHreM
TEMIIEpPaTyphbl 3aBUCUMOCTH 3((EKTUBHOM BSI3KOCTH
OT CKOpPOCTH CIIBUTA CHIDKAIOTCS CHHXPOHHO, T. €.
B JIBOWMHBIX JIOTAPU(PMHIECKIX KOOpAMHATAX HAOJIO-
JlaeTcs TOJIHAST MHBAPUAHTHOCTh KPHBBIX TEUCHUS
10 OTHOIICHHIO K KOHCTPYKIIMH U T€OMETPHYECKUM
napaMeTpaM Kamuusipa, a Takke COICpKaHUI0
MoIU(HKAaTOpa B MOJIUMEPE.
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Pucynok 1. Mi3meHenue s¢dexruBHol Bsiskocty nepsuunoro 11BJ] 15803-020, conepaxalero kapOOKCUIATHI JKeje3a OT CKOPOCTU
crpura npu temreparypax: © — 130 °C; ® —150 °C; * —170 °C; * — 190 °C npu ucnons3oBanuu Kammusipos: @) d = 1vmu | =

5mm,b)d=1mmul =30 mm

Figure 1. The change in effective viscosity of the primary LDPE 15803-020 modified by iron carboxylate of shear rate at temperature:
* -130°C; ® —150°C; * =170 °C; * —190 °C when using capillaries: a)d=1vmmu | =5mm,b)d =1 mm u | =30 mm
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Jlist kanuuisipa OOJbIIeH JTHHBL HA0JTr0 18-
JIOCh CHW)KEHHE TMoKa3aTenei 3()PeKTHBHOCTU
BSI3KOCTH W HAIPSHKCHUS CABUTA, MPOSBILIACH
WUJCHTUYHOCTH C IOBEJICHHEM IIEPBUYHOTO TEPMO-
miacrta, 4TO COTJIACyeTcsl € TEeOPEeTUYECKHMHU
MPEJCTABICHUSIMU O TOBEACHUU MAaKpOICTH
B yCJHOBHSX MX (hOpMOBaHHS Ha Oojiee NITUHHOM
(hopmyroIeM HHCTPYMEHTE.

MuHuMaTbHBIC 3HAYCHUS BSI3KOCTH
Y HaNpsDKCHUH CABHUTa HAOJIFOIAINCh IIPH TeMIIepa-
type 190 °C, omgHako mepepaboTKa MPU BBICOKUX
TeMIlepaTypax 3aTpyJHEHa IMPOILECCaMH TEPMO-
OKHCIIUTEJIBHOW JIECTPYKLMM B MPUCYTCTBUHU
AKTHBHBIX KATATUTHYECKUX CUCTEM.

Hapymenne namMmuHapHOTO XapakTepa Tede-
HUS U, KaK CJIEJICTBUE, IEpeXoia K HEPETYIIPHOMY
peXHUMy Te4YeHHsS OBUIO BBISBICHO IS JOOABOK

Ha OCHOBE MEPBUYHBIX TEPMOIUIACTOB IIPH CKOPO-
CTH CJIBUTa, TIpeBblnatomeii 250 ¢ u Temneparype
Hmxke 150 °C.

J1st CHIDKeHUsI CTOMMOCTH J00aBOK, HHUITHAH-
PYIOIINX OKCOOHOpa3oKeHre, KOTOpble MPUMEHS-
FOTCS TIPH M3TOTOBJICHNUH W3/IENTUA, HE KOHTaKTHUPYIO-
IIMX € MUIIEBBIMU IPOAYKTAMH, B KAUECTBE MaTPHULIbI
1enecoo0pazHo UCHOb30BaTh BTOPUYHBIE TEPMOILIA-
CTbI, @ UIMEHHO BTOPUYHBINA JIMHEHHBIA MOIMATHICH
BbIcokoro aasneHus (JI[IB/I) u BTopuaHbIi OIUATH-
nieH Beicokoro mapienus (I1B/1), momydeHHbIe myTeM
niepepabOoTKH TICHOYHBIX MaTePHAJIOB.

Uzmenenne 3QdeKkTUBHON BSI3KOCTH BTO-
puudoro JIIIBJl, conepkamiero KapOOKCHIATHI
JKene3a, B 3aBUCUMOCTH OT TEMIIEpaTypbl U CKOPO-
CTH C/BHIa MIPEACTABICHO Ha PUCYHKE 2, a U 0.
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Pucynox 2. Uzmenenue addexruBHoil Bsskoctu Bropuynoro JIIIBJI, coxepxamnero kapookcunatsl Fe, oT ckopoctu

casura npu temneparypax: * — 130 °C; ® — 150 °C;
Imvul=5mm,b)d=1mmul=30mMm

—170 °C; * =190 °C npu KCTIOIb30BaHUH KaNWIUBIPOB: a) d =

Figure 2. The change in effective viscosity of the secondaryLLDPE modified by iron carboxylate of shear rate at temperature:
+ —130°C; = —150°C; * —170°C; * —190 °C when using capillaries: a)d =1 mmu |l =5mm, b)d =1 mm u | =30 Mmm

Peonorndeckoe MoBeleHUE HCCICAYEMbBIX
00pas3IoB COOTBETCTBYET aHAIIOTHYHBIM KOMITO3H-
UM Ha OCHOBE NEPBHYHOIO TOJMITUIICHA,
HaOJIoaeTcsl IMOJNHAss MHBAPUAHTHOCTh KPUBBIX
TEYCHHs; C POCTOM TEMIIEPaTypbl BSI3KOCTh
U HalpsDKCHUE CIBUTA B JIBOIHBIX JIorapudMuye-
CKMX KOOPJIMHATAX CHIKAIOTCS JIMHEHHO, OJJHAKO
CIIeNyeT OTMETUTh OOJiee BBICOKHE 3HAYCHUS
BSI3KOCTU TIPH HMJICHTHYHBIX CKOPOCTSX CJBHUra
U TEMIIepaTypax 1o CPAaBHEHUIO C KOMITO3UIIUSIMU
Ha OCHOBE NEPBUYHOTO TepMmoruiacta. Hampumep,
nipu Ig(y) = 2 ¢! 3HaYenue BAZKOCTH TS KOMITO3UIK

234

B/ 15803-020, MmoauduimpoBaHHOT0 KapOOKCH-
JaToOM >Kejie3a, NPU HCIONb30BaHUHM KalWJUIsipa
uHOK 5 MM u Temneparype 150 °C coctaBmusier
lg(x#) = 2,61 Tla:c, a y KOMIIO3UIMK HA OCHOBE
JIIB 1g(n) = 2,8 TTa-c.

M3menenune 3 dexTuBHOMH BSI3KOCTH
BropuuyHoro [IBJl, comepxkaimero kapOOKCHIAThI
JKelle3a, B 3aBUCMOCTHU OT TeMIIepaTyphl U CKOPO-
CTH CABHTa MPEJCTaBICHO HA PUCYHKaxX 3, a u 0.
Komno3nmmy xapakTepu3oBaIich CaMBIMH BBICO-
KUMH TIOKa3aTelasIMu  Jd(PGEKTHBHOM BSI3KOCTH
Y HaIllPSDKEHUSMU CIIBUTA.
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Pucynok 3. 3meHenune 3G dexTuBHO#M Bsi3kocTr BropuuHoro 1B/, comeprkaiiero kapOOKCHIATHI JKejie3a, OT CKOPOCTH

caBura npu temneparypax: * — 130 °C; ® — 150 °C;
Ivmul=5mm,b)d=1mmul=30Mm

— 170 °C; * =190 °C npu UCIoab30BaHUH KamWLIsApoB: a) d =

Figure 3. The change in effective viscosity of the secondary LDPE modified by iron carboxylate of shear rate at temperature: * —
130°C; = —150°C; + —170°C; * — 190 °C when using capillaries: a) d =1 mmul =5 mm, b) d = 1 mmul =30 Mmm

Ilpn Temmeparype 130 °C Habmroganoch
HEYCTOMYIHMBOE TCUCHHE, KOTOPOE COMPOBOXKIAIOCH
HCKaKEHHEM TIOBEPXHOCTH 3KCTpyaata. JIuHus Tperna
M3MEHCHHUS BSI3KOCTH OT CKOPOCTH CIBHTa PacIojia-
raeTcsi HENpPOIOPIIMOHAILHO BBIIMIE  OCTATBHBIX
3aBUCUMOCTed. BenencTrue 3Toro pekoMeHayeMbli
TeMIIepaTypHbIi HHTepBal repepadorku 150190 °C.

3akiouenue

IIpencraBneHHbIe 9KCTICPUMEHTAIILHBIC
JIaHHBIE O3BOJISIOT MO100paTh ONTUMAITLHBIE TEX-
HOJIOTHUYECKHE PEKUMBI MTOJYYCHHUS TOOABOK, MHH-
IUUPYIOIUX OKCOOMOAECTPYKIIUIO TEPMOILIACTOB,
Ha COBPEMEHHOM JKCTPY3MOHHOM O0OPYJOBaHUH
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