Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy. 2023. Ne 2 (22)

VJIK 678.057

CIBELILKH B. 1., COKOJIbCbKUH O. JI.*, MAJTBYUEBCBKHI O. T.
HauioHanbHuii TeXHiYHUH YHiBepcuTeT YKpaiHu
«KuiBcbkuii mosiitexniynuii incturyt imeni Irops Cikopcbkoro»

MOJEJIOBAHHS 3MIIITYBAHHS OJIMEPHOI KOMIOO3UIII B
JANHAMIYHOMY 3MIIIIYBAYI YHEPB’AYHOI'O EKCTPYJIEPA

30ilicheno uucenbre MOOeNOBAHHL NPOYECy 3MIULYBAHHSA NONIMEPHOT KOMRO3UYii 6 OUHAMIYHOMY 3MiuLy8aui,
B8CMAHOBNIEHOMY 8 30HI 003V8AHHS Ueps AuHo2o excmpydepa. Yeps sunuil excmpyoep ocHaujenuti 000amKo8umM
THOICEKYIUHUM  NPUCMPOEM, AKUTL NOO0AE 000AMKOBUN KOMNOHEHM 6 30HY OUHAMIYHO20 3MIWYBAHHS uepe3
IHOICEeKYIUNUL KAHAT, PO3MAWO8AHUL 8 KOPNYCI Yyeps sauHo2o excmpyodepa. Haseoeno pezynbmamu mooenosanmsi, siKi
HOKA3VIOMb OUHAMIKY NPOYeCy 3MIULYB8AHHSA 080X-KOMHOHEHMHO20 NOaiMepHo2o posniasy y smiutyeayi muny CTM
1O BCill 11020 Q0BICUHT MA OAIONb MONCTUBICTING BUSHAYUMU HAUOLIbW ONMUMATbHI MEXHON02IUHI Napamempu 30Hu
OUHAMIYHO20 3MIULYBAHHSL.
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IocranoBka mpodaemu. [Ipoumecu 3millyBaHHS BIAITParOTh BAXJIIMBY pOJb Yy IepepoOIi MOJTiMEpHUX
MarepiaiiB, aJpKe BiJl IKOCTI 3MilllyBaHHsI MOJIMEPHOTIO MaTepially 3aJIeKUTh HOTO piBeHb OAHOPIIHOCTI, IO B CBOIO
Yepry BIUIMBA€ Ha SKICTh KiHIIEBOTO MPOAYKTY. IHIIA cripaBa, KOJW TMOJIMEPHUH MaTepiall CKIAAaeThes 3 IBOX 1
OijplIIe KOMIOHEHTIB, B TAKOMY BHIIaJIKy, IIMTAHHS MIPOLIECY OAEP)KaHHS OJHOPIAHOI MONIMEPHOI KOMIIO3MLii cTae
BKpaii roctpo. Tox aIst MOKpaIleHHs SIKOCTI KIHIIEBOTO IPOJYKTY Ta OOIpYHTYBaHHs KOHCTPYKTHBHO-TEXHOJIOTTYHUX
TapaMeTpiB 30HH 3MIITyBaHHS HEOOX1THO JOCTIIUTH 3aKOHOMIPHICTh SKOCTI 3MIITyBaHHS B IMHAMIYHOMY 3MillIyBadi
Ty CTM [1] 9epB’ssaHOTO €KCTpyIepa.

AHaJi3 momepenHix mociimkens. [lin yac mpoBeACHHS aHANI3y ICHYFOUMX POOIT 1O BH3HAYCHHIO SKOCTI
3MINTyBaHHS MOJiMepHOro Matepiamy [1-5], Oylo BH3HAYEHO, IO OCHOBHI TIOKa3HUKH SIKOCTI 3MillTyBaHHS
MOJIIMEPHOTO0 MaTepially MOKHa BU3HAYUTH 3 PO3B’SI3KYy CHCTEMHU NU(MEPEHIIHHUX PiBHIHB, IO SABISIOTH COOOIO
OCHOBHI CITiBBIJHOILICHHS MeXaHiku cyluIbHUX cepenoBui] (MCC) i BUKOPHUCTOBYIOTHCS AJIst CTalliOHAPHUX NPOLIECIB
B cucteMi koopauHar Eitnepa. Binburicts mpoMHCIIOBHX Ta 1a00paTOPHUX ITPOLECIB 3MIITyBaHHS BiJIOyBalOThHCS 3a
HasBHOCTI JIBOX OJTHAKOBHX 3a TYCTHHOIO Ta OJIM3BKUX 3a B’SA3KICTIO HECTHCIWBUX PiTUH, IO BiAPIZHIIOTHCS MiK
co0010 TiNbKK KOJbOpoM [3]. B sikocTi KpuTepiss OJHOPIIHOCTI 3MilllyBaHHS MO’KHa BHKOPHCTOBYBATH PI3HHIIIO
KOHLICHTpALI 0OJTHOTO 3 KOMITOHEHTIB B Pi3HHX MONIEPEYHUX Iepepi3ax Mo JOBXUHI KaHaiy [4].

MeTo10 O0CTiMKEeHHSI € OTPUMAaHHS 3aJICKHOCTI OJHOPITHOCTI 3MINTYBaHHS TOJIMEPHOI KOMIIO3HINI Bif
TEXHOJIOTIYHHUX Ta KOHCTPYKTHBHHX TapaMeTpiB AMHaMigHOTO 3MinryBada tuiry CTM.

Buxsianx ocHoBHOro Matepiaiy. B naniit po6oTi po3risaaeTbes mpolec 3MilIyBaHHs 110JIiIMEPHOT KOMITO3HLIT B
nuHamigHOMY 3MminryBadi Tuiry CTM depB’s4HOTO eKCTpyaepa i3 JoJaBaHHSAM JOAaTKOBOTO KOMIIOHEHTY, SIKHH 3a
TYCTHHOIO 1 B’SI3KICTIO IICHTHYHHUI 70 OCHOBHOTO TIOJIMEPHOTO Marepiany i MOKe BiIPI3HATHUCS TiJIbKH TIEBHOIO
03HAKOI0, SIKa HE BIUIMBAE Ha BJIACTUBOCTI KOMIOHEHTIB, HAPUKJIAJ KOJILOPOM. B sikocTi oai0HOT 03HAKM 1iJ| 4ac
MO/ICTIFOBAHHSI BHKOPHCTOBYBABCS IEpElNaj TeMIIEpaTypH, WO SBIsiE cOOOI0 PI3HUIIO MK MaKCUMalbHHM Ta
MiHIMaJIbHUM 3HA4eHHSIM TeMIepaTypy B Tepepi3i KaHally 30HM JMHAMIYHOTO 3MIITyBAaHHS 1O BCii i JOBXXHHI B
KOXXHOMY psZli TEXHIYHHUX MOTIUONeHb. [IpudoMy 3allexHICTh BIACTHBOCTEH BiJ TeMIepaTypu HE 3aJlaBajach,
KOC(QIIIEHT TEIUIONPOBIIHOCTI JOPIBHIOBAB HYIIO, JHCUIIATHBHA CKIIQJOBA HE BpaxXxOBYBajach. YMOBHOIO
TEMIIEpPaTyporo MepIioro komrnoHeHTa 3anaBanock 0 °C, a npyroro — 100 °C. 3a Takux yMOB PO3MOJIiT TEMIIEpaTyp
CyMIIlli TIOBHICTIO BU3HAYAETHCS KOHBEKTHBHOIO CKJIQJ0BOIO, TOOTO BHUTIKAE TUIBKH 3 YMOB MEXaHIYHOTO
MepeMilieHHs 00’ €MiB KOMITOHEHTIB.
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MaremMaTi4Ha MOJENb I OIUCYy TPOIECY i30TepPMIYHOTO 3MIITyBaHHS JBOX JIaMiHAPHHUX TIOTOKIB
HEHBIOTOHIBCHKOI piZHM, HaBeleHa B [5] i sBmsge coboro cuctemy nuepeHIIHHUX PiBHSIHb HEPO3PHUBHOCTI,
IMITyJIBCY, €Heprii Ta piBHSIHHS 00’ €MHOI 4aCTKU BTOPUHHOI (a3u.

PiBHSIHHSI HEPO3PHUBHOCTI U1l KOMITO3HLLT:
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Iporec 3MinTyBaHHs [BOX-IOJIIMEPHOT KOMIIO3HIIIT PO3TILIAETHCS 32 Pi3HOT MIBUIKOCTI 00EpTaHHs YepB’siKa Ta
Pi3HOT MIBUAKOCTI MOAaYi JOMATKOBOIO KOMIIOHCHTY. PyX KOMITOHEHTIiB CyMIllli 33JJa€ThCS 4epe3 IMIBHAKICTh X
IMOTOKY Ha BXOJli B OCHOBHUI1 KaHaJ Ta Ha BXOJI B JOJAATKOBUI IHXKCKIIIMHNHN KaHan (puc. 1).
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Puc. 1 — Cxema 3aganHsA rpaHu4YHUX YMOB (inlet — BXigHuii nepepi3 kaHaay AJA MoAa4i 0CHOBHOTO
noJjiiMepHoro Mmarepiany; inlet_add — BXinHuii nepepi3 im:kekniiiHOro kaHaJry 1Jsl nogad4i 101aTKOBOI0
KOMIIOHEHTY; outlet — Buxignuii nepepis; wall — moBepxHsi Kopmycy; worm — noBepxHsl 4epB’siKa)

[Ipuiimaemo: niamerp potopa 3MimyBada — 83 MM; niamerp kopmycy — 90 MM; aiamerp A0IaTKOBOTO
IHKEKIIHHOTO OTBOPY — 6 MM; TOBXKHHA 30HHM JAWHAMIYHOTO 3MIITyBaHHA — 145 MM; DIBHIKICTB ITOJa4i OCHOBHOTO
marepiainy — 0,02 m/c (puc. 2).

Peaurizaniist nocrasieHoi 3aaa4i npoBoauiach B nporpamuomy cepegoBuili ANSYS Fluent Ha ocHOBI metony
CKiHYCHHUX €JIEMEHTIB.
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Puc. 2 — KoHCTpYKTHBHA cXeMa 30HH JHHAMIYHOIO 3MillyBaHHA

55



Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy». 2023. No 2 (22)

B pesynbrati gociipKeHHs 3MINTyBaHHS MOJIIMEPHOI KOMITO3UIIIT 3a Pi3HUX IIBUIKOCTEH 0OepTaHHS YepB’sKa
OyJ10 BUSIBIICHO TEHJICHIIIIO 3MEHIIIEHHS MAKCUMATBHOT Pi3HUIN TEMIIEPATYP Ha BUXO/I 3 KaHAIY B 30HI THHAMIYHOTO
3MIlIyBaHHs 32 301IbLICHHS LIBUAKOCTI 00epTanHs yeps’sika Bix 20 1o 50 06/xB. 3a mBuakocti odepranHs 20 06/xB
nepenaa temmeparyp craHoButh 21,53 °C, 3a mBuakocti odepranus 50 06/xB — 2,37 °C. ToOTO 3 miJBUILCHHIM
IBUIKOCTI 00epTanHs depB’ska 3 20 mo 50 006/XB piBeHb OAHOPIAHOCTI MOKpamyeTbes y 9,07 pazu (puc. 3). Ha
npoMiXKY BiJ 14,6 10 28 MM IO JIOBXHHI KaHally CIOCTEPIracThCs IHTEHCHUBHE IiJBUIIECHHS 3HA4€Hb IEepenaay
TEMIIEpaTyp, L€ 3yMOBJICHE I0YAaTKOM KOHTAaKTy JOAATKOBOIO Marepially 3 OCHOBHHUM, IIiCJIS YOTO IOYMHAETHCS
aKTHBHE 3MILIyBaHHS Ta BUPIBHIOBaHHS TEMIIEpaTyp.
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Puc. 3 — I'padik onHopinHocTi MaTepiany no J0BKHHI KaHATY 32 Pi3HOI IIBUIKOCTI 00epTaHHA YepB’AKa

I3 HaBeieHUX pe3ysbTaTIB MO 3MiHI HIBUAKOCTI 0OEpTaHHS YepB’siKa BUILIMBAE, IO 3i 301IbIIEHHSIM IIBHIKOCTI
obepTaHHs YepB’sKa JOIMyCTHMHHA PiBEHb OJHOPITHOCTI KOMIO3MIIII JocATaeThes 3HauHO mBHanie (puc. 4). Tak 3a
mBHIKOCTI 006epTanHs 20 00/XB MiHIMaJIBHHHN MEpenax TeMIepaTyp, M0 JOCATAETHCS Ha KiHIlI 30HH 3MilryBaHHA (145
MM), ctaHoBuTh AT = 21,53 °C, B Toii MOMeHT sk 3a 50 00/XB, Iel piBEHb JAOCATAETHCS BXKE HA TPETHOMY PsIi
TEXHIYHUX TOTJINOJICHB (87 MM), a Ha KiHIl 30HM 3MimmyBaHHsI AT = 2,37 °C.
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Puc. 4 — 3aje:kHicTh OJHOPIAHOCTI Bil IIBUAKOCTI 00epTaHHS YepB’siKa B Pi3HUX psiaX TeXHIYHUX 3arJIHONH

— 50



Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy. 2023. Ne 2 (22)

ITix gac mocmiKeHHs PiBHS TOMOTEHI3aIii MoJiMepHOi KOMIIO3HIIIT 32 Pi3HOT MBUIKOCTI IMOAaYi T0AaTKOBOTO
KOMIIOHEHTY, OyJI0 BU3HAUYEHO TEHICHIIO0 30iIbIIeHHS MaKCHMAIbHOI PI3HHII TEMIIepaTyp Ha BHXOJI 3 KaHAIy B
30HI TUHAMIYHOTO 3MIITyBaHHS 31 301IBIICHHAM IIBUIKOCTI MMOJadi JOAATKOBOTO KOMIOHEHTY Bij 50 10 300 mwm/c
(puc. 5). 3a mBuakocTi momadi 50 MM/c Tiepenaj TemMrepaTyp Ha BUXO/1 3 KaHaTy CTaHOBHTH 9,49 °C, 3a MIBUAKOCTI
nogagi 300 mm/c — 25,75 °C. ToOTO 3 IiABUIIEHHSAM IIBUAKOCTI MOJIa4i T0AaTKOBOTO KOMIOHEHTY 3 50 mo 300 mm/c
piBeHb TOMOTeHi3awil noripuryerscs y 2,71 pasu. Ha npomixky Bin 14,6 10 28 MM 10 IOBXHHI CIIOCTEPIra€ThCs
IHTEHCHMBHE Mi/IBUILCHHS 3HaY€Hb [Iepernajay TeMIeparyp, NpUuoMy 3i 30UIbIICHHSM LIBUIKOCTI 110/1a4i 10JaTKOBOT'O
KOMIIOHCHTY MPOLIEC MiBUINCHHS 3HAYCHb MEPeaay TeMIepaTyp HabyBae OLIbIIOl iIHTCHCHBHOCTI, 116 3yMOBIICHE 3
TUM, 110 OUIBII MOBUTBHA MIBUAKICTH MOJAdi JOJATKOBOIO KOMITOHEHTY CIIPHsIE€ OUIbII aKTHBHOMY 3aXOILUICHHIO
3MIIIyBaYeM J0JATKOBOIO KOMIIOHEHTY.
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Puc. 5 — I'padik ogHopinHOCTi MaTepiaay 1o JOBKHHI KaHATY 32 Pi3HOI HIBHAKOCTI N0Ja4i 10AaTKOBOI0
KOMIIOHEHTY

I3 oTpuMaHOi 3aeKHOCTI MOKHA 3pOOUTH BHCHOBOK, IO 3i 30UTBLICHHSAM INBHIKOCTI TMOAAYi TOJATKOBOIO
KOMIIOHEHTY JIOITyCTUMHUI PiBEHb OJHOPIAHOCTI KOMIIO3HIII] TOCATA€THCS Ha 3HAYHO MOBUIBHIIIE (pHC. 6).

Tak nipu Viex = 300 Mm/c MiHIMATBEHUHN Tiepenaa TeMIepaTyp, IO JOCATAEThCS Ha KiHIl 30HU 3MIilTyBaHHSI
(145 mm), ctanoButs AT = 25,75 °C, B TO# MOMEHT K TIPH Vigx = 50 MM/C, TIel piBEHb TOCATAETHCS MiXK TPETIM Ta

YETBEPTUM PSIaMU TEXHIYHUX MOTAHOIeHb (= 100 MM), a HanpuKiHIi 30HU 3MinTyBaHas AT = 9,49 °C.

BucHoBkH. 3 pe3yabTaTiB AOCITIHKEHHS OJHOPIAHOCTI 3MIITyBaHHsI Bil Pi3HOT MBHIKOCTI 0OEPTaHHS POTOpa
3MillyBaya, HAMIINIIKUH 1T piBEHb CIIOCTEpIiraBcs 3a MBUAKOCTI 00epTaHHs uepB’sika 50 00/XB.

B pesynbrati aHai3y BIUIMBY IIBHJKOCTI 110/1a4i JOJaTKOBOTO KOMIIOHEHTY Ha OJHOPIIHICTH Martepiaiy, 0yIio
BUSIBJICHO, 110 31 30LIBIIEHHAM IIBUJAKOCTI 110J1adi APYroro KOMIIOHEHTY, OJHOPIIHICTh MaTepially MOTipIIy€eThCs.
AuJte Tl MO’KHa KOMIIEHCYBATH 32 paXyHOK 30UIbIICHHS IBHIKOCTI 00EpTaHHS POTOpa 3MilllyBaya.

3a poBeACHUMH PO3paxyHKaMH MOXKHa BUAUIMTH HaWOUIBII ONTHMAalbHI TEXHIYHI XapaKTEPUCTUKH 3 METOIO
JIOCATHEHHS! HaWTIMIIOTO PiBHSA PIBHOMIPHOCTI, a caMe: HIBHIKICTh MIOTOKY OCHOBHOTO Matepiaiy Voen = 0,02 m/c;

MIBUAKICTH 00epTaHHs 4epB’sika Vos = 50 00/XB; MBUAKICTH MOAAYi JOJATKOBOTO MaTepiany Viu = 0,05 m/c.
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Puc. 6 — 3ajieskHicTh OJHOPIAHOCTI Bil MBUAKOCTI Moxa4i 701aTKOBOT0 KOMIIOHEHTY B Pi3HUX psaaax
TeXHIiYHUX 3arIu0UH

IlepcneKTHBH NOJAJBIIUX JOCHIIKeHb., Y MOJANBIIOMY MAOIJILHE BHBYCHHS MPOLECY 3MIIyBaHHS
0araTOKOMITOHCHTHHX IOJIMEPHUX PO3ILIABIB.
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Volodymyr Sivetskyi, Oleksandr Sokolskyi, Oleksiy Malchevskyi

MODELING OF MIXING PROCESS OF THE POLYMER COMPOSITION IN THE DYNAMIC MIXER
OF THE WORM EXTRUDER

Mixing processes play an important role in the processing of polymer materials, because the quality of the mixing of
the polymer material depends on its level of homogeneity, which in turn affects the quality of the final product. It is
another matter when the polymer material consists of two or more components, in this case, the issue of the process
of obtaining a homogeneous polymer composition becomes extremely acute. In order to improve the quality of the
final product and justify the design and technological parameters of the mixing zone, it is necessary to investigate the

regularity of the quality of mixing in a dynamic mixer of the CTM worm extruder type.
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According to existing works on determining the quality of mixing of polymeric material, the difference in
concentrations of one of the components in different cross-sections along the length of the channel can be used as a
criterion for homogeneity of mixing.

Numerical modeling of the process of mixing the polymer composition in the dynamic mixer installed in the dosing
zone of the worm extruder, which is equipped with an additional injection device that supplies the additional
component to the dynamic mixing zone through the injection channel located in the body of the worm extruder, was
carried out. Calculations were carried out on the basis of the finite element method (FEM) using the ANSYS software
complex.

A mathematical model of the process of mixing the polymer composition in a dynamic mixer of the CTM type of a
worm extruder with the addition of an additional component, which is identical in density and viscosity to the main
polymer material and can differ only in a certain feature that does not affect the properties of the components, such
as color, has been developed. Moreover, the properties were set in such a way that the temperature distribution of
the mixture was completely determined by the convective component, that is, it resulted only from the conditions of
the mechanical movement of the volumes of the components.

The dependence of the homogeneity of the polymer composition as a result of mixing on the technological and design
parameters of the dynamic mixer of the CTM type was obtained. The research was carried out at different speeds of
rotation of the mixer rotor and at different speeds of supplying the additional component. The movement of the
components of the mixture was determined by their flow rate at the entrance to the main channel and at the entrance
to the additional injection channel.

The most optimal technical characteristics were selected in order to achieve the best level of uniformity.
Key words: worm extruder, dosing zone, dynamic mixer, modeling.
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