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BBenenne. ®ynkmuonanu3anus HeNOIIpHBIX noauoieraoB (I[10) mpuBHUBKON MONSPHBIX MOHO-
MEpOB, OCYIIECTBIIIEMAsi B paciijiaBe, IUPOKO HCIOIb3YeTCs ISl XUMHUECKOH MOAH(UKALUNA MaKpO-
monekyan [1; 2]. Hanbomee 4acTo MpUBUBKY OCYIIECTBISIOT METOIOM pEaKIIMOHHOU dKCTpy3uu (PD),
WCTIONIB3Ysl MaTepuajbHBIM IMIMHAP SKCTPYJepa B KaueCTBE peaKkTopa HENpepbIBHOTO AeHCTBUS [2].
K HacTosimemy BpeMeHW HAaKOIUIEH OOMIMPHBIA 3KCIIEPUMEHTAIBHBIH MaTepras B 00JacTH peakiuid
MPHUBHUBKH, OCYIIECTBIISIEMBIX B OKCTPY3MOHHBIX peakTopax. [IpoOiiembl, cBsi3aHHBIE CO crienr(UKoi
WHULUUPOBAHUS U Pa3BUTHsI CBOOOJHOPAIUKAIBHBIX peakuuil npu ¢pynxuuonanuzanuu 110, o0cyx-
JICHBI B psijie GyHIaMEHTaJbHbIX 0030p0B [2—6]. OHaKO HECMOTPS HAa OOLIMPHYO HHPOPMALIMIO O Me-
XaHU3ME U KUHETUKE peaklMi MPUBHUBKHU OTAEIBHBIX MOHOMEPOB K [10, nx cmecsm, 11 paciIupeHus
PBIHKA TPUBHUTHIX MPOAYKTOB TpeOyeTcs MOCTOSHHOE COBEPIICHCTBOBAHUE TEXHOJIOTUH (PyHKIIMOHA-
JIU3aUU, 000CHOBaHHUE BO3MOKHOCTH MPUMEHEHHUS HOBBIX THUIIOB MOHOMEPOB, IMOJUMEPOB U COIOJIU-
MEpOB OJIC(HHUHOB.

Kak mpaBuito, Hapsily ¢ IpUBHUBKOM MOHOMEpA B paciljiaBe BCEraa MpoTeKaloT MOOOYHbIE peaKlny,
BKHEHTITMIMU U3 KOTOPBIX SBIISIIOTCS KOHKY PUPYIOIIHE TPOIECCH CITUBAHUS U JECTPYKIIMH MaKpOMO-
nekysn. HampaBieHHOCTh MOOOYHBIX peakiuil onpenensercs, npexae Bcero, npupoaoi I10: nmoaustu-
JICH U €T0 Pa3lInyHbIe COMOIMMEPHI MPH (HYHKIIHOHAIH3AIUN TPEUMYIIECTBEHHO CITUBAIOTCS, a TOJHU-
MIPOIUJIEH U APYTHE BHICOKOMOJIEKYJISPHBIE TIPOAYKTHI HA OCHOBE MPONUJIEHA — AeCTPyKTUPYIOT. Cy-
IIECTBEHHOE BIIMSTHUE HA XOJ OCHOBHOTO W TOOOYHBIX ITPOIIECCOB OKA3bIBae€T MPHUPOJAa WHHUIIHATOPA
paJMKaIbHBIX PEakMi U COCTAB PEaKIMOHHOW CUCTEMBI B I[eJIoM. B yacTHOCTH, BaskHasi poib B 00e-
CIEYCHUHU BBIXOJA MPHUBHUTOTO MPOAYKTA U MOOOYHBIX PEAKLUH, K YHCIY KOTOPBIX MOYKHO OTHECTH
Y TIPOIIECC OJUTOMEPHU3AIUU MPUBHBAEMOT0 MOHOMEPA, MPUHAJICKNUT B3aNMHON PacCTBOPUMOCTH pPe-
AKTaHTOB B MOJMMEPHOM pacCIlJIaBe.

MOoXHO OXHIaTh, YTO aACOPOIHS MHALMATOPA HA aKTUBHOM HAITOJHUTEINE WIIW APYTOM HOCHUTEIE,
BBEJICHHOM B PEAKLHMOHHYIO CUCTEMY, OKXKET 3aMETHOE BIMSIHUE HAa X0 OCHOBHOI'O M TIOOOYHBIX MPO-
rieccoB nipu GyHkroHanu3anuu [10. AacopOIus HHAITMATOpa MOYKET CHU3HUTH €0 TIPEXAeBPEeMEHHBIH
pacxofi, 00yCJIOBJICHHBIM TepMOpacnaoM Ha CBOOOIHBIE paauKaibl. BemencTsue 00ibLION KOHIEHTpa-
IIUU CBOOOHBIX PAJMKAJIOB IPH STOM MOTYT MHTEHCH(UITMPOBATHCA IOOOYHBIE peakiuu. Muummarop,
cOpOMpPOBaHHBIN M AaKTUBHPOBAHHBIN HA aKTHBHOM HOCHTEJIE, MOXKET IMOCTYTATh B 30HY PEAKIIMU B 103U~
POBaHHBIX KOJHYECTBAX U 00JIee JIINTEIBHOE BPEMS COXPaHAITh PEAKIIMOHHYIO CIIOCOOHOCTb.

K uncny akTHBHBIX HOCHTEJEH CBOOOIHOPAIMKAIBHBIX HHUIIMATOPOB MOTYT OBITH OTHECEHBI OT-
JICJIBHBIE TUIIBI YTIIEPOAHBIX HAHOHAIIOIHUTEIIEH, B YaCTHOCTH, MHOTOCTEHHBIE YTIIEPOAHBIE HAHOTPYO-
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ki (MYHT) — npoTsbkeHHbIE HMJIMHIPUYECKUE CTPYKTYPBl AUAMETPOM OT OJHOT'O O HECKOJBKHUX
JIECSITKOB HAHOMETPOB U JITTMHOW JIO COTeH U Ooyiee MUKpoMeTpoB [7]. [lToMuMo yHUKalIbHBIX MeXa-
HUYECKUX CBOMCTB, 3JEKTPHUUECKON M TepMuueckoil mpoBoxumoctd MYHT oOnanaror BbICOKOM
COpOIMOHHON €MKOCTBIO M MOTYT IOTJIONIATh pa3iudHble HU3KOMOJEKYIspHbIe BemecTBa. OHU XH-
MUYECKH aKTHBHBI B Ps/Ie PEaKLUid, B TOM YHCJE MPOTEKAIOUIMX MO CBOOOIHOPaINKAIbHBIM MeXa-
HHU3MaM [8].

B cBsi3u ¢ M3710)KEHHBIM, MOXHO OXHUAaTh, uTo BBeeHHne MYHT B peaknmoHHBIE CHCTEMBI, UC-
moJb3yeMble ipu GpyHKIHoHanu3anuu 110, okakeT BIUSHNE HA X0 OCHOBHOTO M IOOOYHBIX TTPOIIECCOB.

CrnenyeT OTMETUTD, YTO K HACTOAIIEMY BPEMEHH BOIIPOCHI BIMSHUSI HAHOHATIOJIHUTENEH Ha mpoTe-
KaHWe peakIinii, IMEIINX MecTo NpHu ¢pyHKnuoHanmm3anuu [10, B HaydHOU nmuTepaType MpakTHIeCKH
He ocBelleHbl. Ha Hamn B3I, HX U3y4YeHHEe BechMa aKTyajdbHO KaK C HaAy4YHOH, TaK U ¢ MIPAaKTHYECKOM
touek 3penus. [IpoBenenne pynknnonanmuzanuu [10 B mpucyTCTBUU HAHOHAIIOIHUTEIEH, C OHOH CTO-
POHBI, TIO3BOJISIET peasin30BaTh MPOLECC MOTyUYeHNsT HAHOKOMITO3UTOB B OJHY CTaJIMIO, a C IPYTOH — 3a
CUET MPUCYTCTBUSI HAHOHATIONHUTEIIEH ¢ pa3aniHON (PU3NKO-XMMHUECKOH aKTUBHOCTBIO OTKPHIBACTCS
BO3MOXKHOCTbH YIIPABIISATH XOJIOM Ipoliecca (yHKITHOHAIH3AIHH.

HacTosimee coobmienne nocpsieHo ananu3y BiaussHuss MYHT Ha cBoOonHOpanKaibHy 0 TPHUBUB-
Ky TpaHc-3THIIeH-1,2-mukapoonoBoii kucioThl (TOK) k I10 B Xo1e peakMHOHHOMN SKCTPY3UH U U3yUe-
HUIO OTAETBHBIX CBOWCTB (PYHKIIMOHAIN3UPOBAHHBIX MPOIYKTOB.

Matepuauasl 1 MeToAbI HccaeqoBaHusA. OObEeKTaMH HCCISTOBAHII CITYKUIIU COTTOIMMEp TTPOIH-
nena u stunena (cIIll, mapka 8332M, TV 2211-136-05766801-2006, comepxaHue 3BEHBEB ITUIICHA
~7 macc. %; npoussoncto OAO «Huxuekamck Hedrexum», Pocens, 3HaueHne nokasaTens TeKy4ecTH
pacrutaBa (IITP) mpu 7 = 210 °C u P = 21,6 H paBuo 4,6 1/10 MuH), JIMHEHHBIN MONUAITHIICH HU3KOM
motaocTH (JIIIOHII, mapka Exceed 1018 HA, mpousBoacta Exxon Mobil, CHIA, IITP = 1,0 /10 mun
npu 7= 190 °C u P = 21,6 H). [IpuBuBaemsiit Monomep — TO/IK kBanudukanun «a», mocrabumuk — OAO
«Kamtakey (Poccust); cBOOOMHOpaIMKAIBHBIA WHUIIUATOP — TEepOKCH 1,3-0uc(TpeT-0y THInepoKCcH-
nzonpornun)oenson (Perk-14, npousBoncrea Akzo Nobel, Hunepnanasn). B kauectee MYHT ucnons3zo-
BaJIM HAaHOTPYOKH CO cpeqHuM auameTpoM ~5-30 HM u qiuuHOH OoT 1,5 mo 30 MKM, MOTy4YeHHEIE
B U'TMO HAH bemapycn.

Konuentpauus npususaemoit TO/IK B sxcriepuMeHTax Obliia MOCTOSHHOM U cocTaBisiia 1 % (3nech
U Janee KOHIIEHTpanus BeIpaxkeHa B macc. %). Conepxanune Perk-14 mpu npususke k cllI1 mpuanmamm
paBubM 0,12 % u 0,15 % — npu npususke k JIINIOHII. Konnentpauuro MYHT, BBoaMMBIX B peaKkIIMOH-
HYIO cMeCh, u3MeHsn B auamna3one ot 0,01 mo 0,3 %.

Oyukuonanuzanuio [10 B npucytctsuu MYHT MeTogoM peakIiimoOHHON SKCTPY3UH OCYIIECTBIS-
JIW TIPU WCTIOIB30BAaHUHU SKCTPY3UOHHO-TPAHYJIAIIMOHHON TWHUN Ha 0a3e JBYXITHEKOBOTO dKCTpyIepa
TSSK-35/40 (KHP, nuamerp muaekos 35 mwm, L/D = 40, yncno He3aBUCUMBIX 30H 000TpeBa MaTepHalb-
Horo nunuHapa — 10). MarepuanbHBIN UIHHAP SKCTPYAEpa CHa0KEH 30HOH BaKyyMHUPOBAHHUS H IITHE-
KaM¥ CO CIlel[MajbHON KOH(UTypaluei, obecreqnBalonieil BHICOKYIO CTENeHb AUCTIEPTUPOBAHUS KOM-
MOHEHTOB M UX PaBHOMEPHOE pacipefesieHre B 00beMe OIMMEPHOro Marepuaia. TemmepaTypy B 30-
Hax peakIny MaTePHaITHLHOTO MIIHHIPA dKCTpyAepa npuauManu pasaon 210 °C.

Hnsa nmpurotoBinenust peakiuonHoi cmecu BHauane MYHT moasepranu Y3-nucneprupoBaHuio
B cpene amertona (ycrtanoBka Y3JIH-1YU.2, Poccus, 'OCT 5.687-70, wactota 22 kI, IIUTEIHLHOCTH
15 muHn, HauanbHas Temmeparypa 23 °C). 3aTeM B MOJIyUYSCHHOH JAUCIIEPCHH PACTBOPSLIN TPeOyeMoe KO-
nrdectBo mHUIHaTopa Perk-14. Jlanee rpamynst 110 oOpabaTeiBamm 3THM PacTBOPOM, TIIATEIHHO ITe-
peMermBasi X J0 TOJIHOTO MclapeHus pacTBopuTtels. [locie 3Toro ux omyApuBaiu MOpoUIKooOpas-
Hoit TOJIK. 3arem ocylecTBIsAAN NPUBUBKY KUCIOTHI O TexHonoruu PO [9]. Pacnnas 110 nocine BbI-
xoJ1a 13 GUITbEepBI IKCTPYZEpa OXJIaK A B BOAC U TPAHYIHPOBAIIH.

B kauecTBe mapameTpa, XapaKTEPHU3YIOIIEr0 BBIXOJ IIPUBUTOTO MPOAYKTA, UCIOIB30BaIN P QeK-
TUBHOCTb NPUBHUBKH (0l) — oTHOIIEHHE Macchl mpuBHUTOi TOJK Kk ee o0mmeMy KoIu4ecTBY, BBEJICHHOMY
B PEaKLMOHHYIO CMECh. 3HAYEHMsI O onpenessuin MetogoM MK cnekTpockonuu, OCHOBAaHHOM Ha aHa-
nuze comepkanug TOJK B ucxogaom ¢ynkinonanuzupoBanHoM 10 (PIIO) n OIIO, nogBepruyTOM
SKCTPAarupoOBaHMIO B aleToHe npu Temneparype 45 °C. Abcopounonnsie MK cnekTpel cHUMaiu B UH-
Tepaaie gacToT 500—-5000 cm ! Ha dypre-cnekTpomerpe NICOLET 5700 FT-IR. 3amuch cieKTpoB ocy-
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ecTBIIANM TIpH paspemennn 0,4 cM! u kommdecTBe ckanupoBanuii 60. ITogpo6HO MeTOMKA OTTpee-
neHust 3PPEKTUBHOCTH MPUBUBKH TPH HCIOIH30BAHUN TUICHOYHBIX 00pa3IoB onucana B [9].

O peosornyeckoM MoBeIeHUH MOJUMEPHBIX PacIIaBoB CyAWIH 1o 3HaueHuaM [1TP, koTopsie onpe-
nemsutn Ha ipudope SMPCA ¢upmsr RAY-RAN TEST EQUIPMENT LTD (BennkoOpuTanus) B COOT-
BercTBuM ¢ ['OCT 11645-73 npu temnepatype 230 °C u narpyske 50 H nns JIIIDHII ¢ nmpuuToit
TOAK (JIIBHII-n-TOAK) v mpu 7' = 190 °C, P = 50 H — ms clIII-n-TOAK. Mcmonp30Banu Kammuisp
nuametrpoM 2,095 = 0,005 mm.

O KpHCTaUIMUECKOH CTPYKTYPE MaTepHaJIOB Cy UM 110 JaHHBIM JU(PPepeHIINaIbHON CKaHUPYIO-
uieit kanmopumetpun (JICK). MccnenoBanus BeinoiiHsin Ha Mukpokaiopumetpe Perkin Elmer Diamond
(Shelton, CIIIA) mpu HaBecke 5 MI, CKOPOCTSIX HarpeBa u oxiaxaeHus 16 °C/muH. C neiapo UCKITIoYe-
HUSl BJIMSIHHS TETUIOBOM MPEIBICTOPHH O0PAa3loB Ha CTPYKTYPY M3MEpEHHsI MPOBOAMIN Ha mpolax,
IpEIBAapUTEIIBHO HArPETHIX B siUeHKe KajopuMeTpuuyeckoro Onoka 1o 200 °C, TepMocTaTHPOBaHHBIX
MIpH 3TOH Temiieparype B Teuerue 60 ¢, u 3aTeM MOBTOPHO MCTIOIB30BAaHHBIX JJIsI aHAJIN3A.

[loka3zarenu MexaHUYECKHX CBOMCTB 00Pa3II0B ONPEACISUIM IIPU UCIIBITAHUN METOJIOM PaCTIKECHHS
(I'OCT 11262-76). M3mepenust IPOBOAYIIM MPH UCMOIB30BAHUH JONATOK, MOTYyYEHHBIX METO/IOM JIH-
Ths MOJ AaBJleHHeM Ha TepMmoriactaBTomate EN-30, TaiiBanp (06bem Brpbicka 30 cM?). Onpenensnu
HPOYHOCTH IIPU PACTSDKEHUHU U OTHOCUTENIBHOE YAJMHEHHE NpH pa3pbiBe. McnblTanus npoBoAwIn Ha
yHUBepcalibHOl MammHe Instron 5657 (BenukoOputanus) npyu CKOPOCTH pacTskeHust S0 MM/MHUH.

O BBICOKODITACTHYECKMX CBOWCTBAX PAacCIIaBOB CYyIHWIIH MO MX HMPOYHOCTH (G,,) U KOYPOHUIUEHTY
pa3Oyxanus (B,,) [10]. lns uccienoBanus IPOYHOCTH paciiaBa u Kod(uiuenrta pa30yXaHus UCIOIb-
30BaJjIiM yCTAaHOBKY Ha 0ase 1ab0opaTOPHOM JINTHEBOM MAILIMHBI IIOPILIHEBOrO THIIA, COILIO KOTOPOi cCHAO0-
JKEHO KaluJUIpoM, UMEIOIUM auameTp 1,45 MM u muHy 2 MMm. LIUITUH]Ip ¥ COTIIIO TUTHEBOM MalTUHBI
pacrnonaraiuch BEpTUKanbHO. IIpu onpenenenuu G, K paciaBy MaTepHala, HaXOISAMIErocs B UIHH-
JIpe JINTHEBOW MAIIMHBI, TPUKJIABIBAIN HATPY3KY C TAKUM PacyeTOM, YTOOBI CKOPOCTH MepeMeIIeHU
MOPILIHS, & 3HAYUT U CKOPOCTh UCTEUCHHUS paciijiaBa U3 Kanuiuiiapa, Obliia mocTosiHHOH. OHa cocTaBis-
na =~10,8 r/MuH. JIoCTHTHYB ONpEACTICHHON JIITUHBI, DKCTPY AT 00pbIBaJICS 1O JIeHicTBHEM COOCTBEHHO-
ro Beca. /lins pacyera G,, MCHOIb30Bau Bhipakenue [10]

rae G, — KPUTHYECKUH BEC BBIIABIMBAEMOTrO YEPE3 KaNMJLUIAP PacIiiaBa SKCTPyJaTa, IPH KOTOPOM
IPOUCXOIMT OTPBIB CTPYH OT KaUILIAPA; S, — IIIOAAb IONEPEYHOr0 CEUCHUS KaUILIsApa.

Ornecenne G,, K MJIOMAAU TONEPEYHOrO CEYEHUS KAUILIAPA MO3BOJIANIO YCTPAHUTh HETOYHOCTH,
00yCIIOBJIEHHBIE TPYJHOCTBIO OIPE/IEICHUS HCTUHHOIO CEUEHUs KCTPy/JaTa B MOMEHT HayaJla ero pas-
peiBa. B, paccunthiBanu 1o ¢popmyie [10]

rae d,, — Hanbonblee 3HaYCHUE TMaMeTPa KOPOTKOTO OTPE3Ka SKCTPyAaTa; d, — MMaMETP KaluJIsApa.

Ipu onpenenenun B, KOPOTKHME OTPE3KHU IKCTpyaara (IIMHA <15 MM) BBIIABIMBAIIM YE€PE3 KAl
751p co ckopocThio 100 MM/MUH U OTAEIISAIN CKaIbIIENEeM OT KallWJIIspa IPU OTBEICHHOM IOPILIHE JIN-
TheBOI MamuHbL. Cpe3sl SKCTpyJaTa cpasy *ke IMoMeniaiud B Boay, Harpetyto 1o ~70 °C, a 3arem yepe3
X5 MMH M3BJIEKaIM U3 BOIbL 3aMepsl d,, nposoaunu uyepes 10—-12 u. [Ipu onpenenenun 6, u B,, Temie-
patypy pacmiaBa npuauManu pasaoit 175 °C B ciygae clIIT-n-TO/IK u 190 °C st 06pa3noB Ha 0OcHOBE
JIIIBHII-n-TO/AK.

Pesyabrarhl u ux o6cy:kaenue. Ha puc. 1 u 2 mpenctaBiieHbl 3aBUCUMOCTH 3(H(PEKTUBHOCTH TIPH-
BuBku TOJK k makpomonexynam JITIDHII u clIlIll, a Takyxe IITP npuBUTHIX NpORYKTOB OT cofepika-
aust MYHT. Ha xormneHTparmnorHbeiXx 3aBucuMOoCTAX Kak it JITIDHII-n-TOAK, tak u mus clIll-m-
TOAK HabmofaroTcs YeTKO BBIPAKEHHBIE MAaKCUMYyMBbl 3HaueHHH 3(QQPEKTUBHOCTH NPUBUBKU ().
B 06oux cnydasx MakcHMallbHbIE 3HaYeHHS oL JocTuratoTes npu koHnerTpannn MYHT =0,05 %.

Konnentpaunonnsie 3aBucumoct [ITP npusButsix npoaykToB /uis pa3Hbix Tunos 110 umerot cy-
niectBeHHble oTnuus. Tak, npu npuBuske K JITIOHII 3nauenus ITTP JIHISHII-n-T3AK ¢ pocTtoM KoH-

49



o,% TITP, r/10 Mmun
75 - - 3,5

70 o .
65 ¢
60 -

55 1
F 0,5

50 T T T T T T 0
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35

[MYHT], mac.%

Puc. 1. Bnusuue xonnentpaunu MYHT na 3¢ dextuBHocTs npuBnuBku TO/K k JITIDHII u nokas3aTens TeKy4ecTH pacmiiaBa
JIIBHII-n-TOAK
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Puc. 2. Bnusinue xonnentpaunu MYHT na sddextuBHocTs npuBuBku TOJK k cIIIl u nokasaTenb TeKy4ecTH paciiiaBa
cIHI-n-TOAK

neHtpaunuu MYHT u3aMeHstoTcs skcTpeMalibHo ¢ MEHUMYMOM Tipu 0,05 % HaHOHATOTHUTENS, a JJIs
cIIII Brauane npu [MYHT] = 0,01 % naGnronaercs noutu AByKpaTHbIM npupoct 3HaueHuii IITP, a 3a-
TeM 1ocie Hebombiioro Muanumyma ipu [MYHT] = 0,05 % npoucxXoauT IJIaBHOEC CHUIKCHUE 3HAYCHHU I
JAHHOT'O TTOKa3aTels, OOl ypOBeHb 3HAUEHUH KOTOPOT'0 OCTAETCS CYIIECTBEHHO 00Jiee BBICOKUM ITO
cpasHenuio ¢ cllIl-n-TO/IK, cunTesnpoBaHHbIM 6€3 70OABOK HAHOHATIOITHUTEI .

[TonyuenHble JaHHBIE CBUACTEIBCTBYIOT O TOM, UTO XapakTep U crenenb BausHua MYHT na npo-
TEeKaHHe CBOOOJHOpaAMKalnbHbIX peakiuil nmpuBnBku TOJK k makpomonexymam JIIIOHIT u cIlll,
a Tak)ke COMPOBOXKAAIOUINE UX MOOOYHBIE MPOLECCHl 3aBUCAT Kak 0T XuMHuueckoi npuponst I10, tak
Y OT KOHIIGHTpAIlMy HaHOHANoNHuTeNd. B nuamazone konnentpannii ot 0,01 mo 0,05 % MYHT axtu-
BupyeT npusuBky TOJK kax k JITIDHII, tak u cllll, a mpu 60oee BEICOKUX KOHLIEHTPALUSIX HHTHOUPY-
€T €€, UTO IPUBOJIUT K CHUKCHUIO 3HAYCHUH OL.

Peonorunueckoe noseaenue paciaaBoB onpeaensercs npuponoit I10. [dna cumBatomerocs JITIOHIT
nipu nobasiennn a0 0,05 % MYHT npouncxonut mekotopoe curmkenne [ITP, ceunerenscTBytomee 06
YBEIUYEHUH CTETEeHU CIIMBAHMS MaKpOMOJIEKYJ, a MpH JalbHEHIIeM MOBBIIIEHNH KOHIEHTpaIlu Ha-
HOHaroHuTeN s Habmogaercst 3ameTHbI pocT IITP (ot 2 1/10 mun n0 3,3 1/10 MuH), 4TO yKa3bIBacT Ha
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CHUXEHME cTeneHu ciuBanus MakpoMosekyn JITIOHII [9; 10]. [lns npenMymecTBEeHHO JECTPYKTHPY-
FOIIETO TIPH CBOOOMHOpaauKaIbHON (QyHKIuoHanmm3anuu cllIIl [2] BBemeHHe B COCTaB peaKIIMOHHOMN
cucteMbl MYHT mpuBonut B nenoMm k aktupupoBanuio aectpykumu (IITP Bo3pactaer Gomee, dem
B 2 pa3a c¢ 45 1/10 mun 10 96 1/10 mun ipu [MYHT] = 0,1 %).

Takum oOpaszom, HezaBucuMO OT npupoxasl 110 mansie no6asku MYHT (mo 0,05 %) akTuBupyroT
MPUBUBKY MOHOMEpA, MOBBIIIAS BBEIXOJ IMPUBUTOrO MPOAYKTA, OKAa3bIBas OJHOBPEMEHHO aKTHBHPYIO-
IIee BIMSHUE W Ha XOJ MOOOYHBIX peakuuii: curuBanne Makpomosexy JIIIOHIT n nectpyxkiuto cIlIl.
[Ipruunbl HAOMIOAaEMBIX 3PPEKTOB MOTYT OBITH CBSI3aHBI C COPOLIMOHHOW M XUMHYECKOW aKTHBHO-
cteio MYHT mno orHomeHnto kK cBOOOJHOpaIMKaIbHBIM MpeBpalieHusiM B pacmasax 10 npu ux
(hyHKIHOHATM3aMA. Bo-TIepBHIX, cleayeT OTMETUTh HaIWYHe B XUMHIecKor cTpykTtype MYHT He-
KOTOPOTO KOJIMYECTBA HECOMPITAEMBIX TBOMHBIX cBsized [11], KoTOpIe MOTYT B3aMMOZECHCTBOBAThH CO
CBOOOJHBIMU pajJiMKaaMu, IPUCOCTUHSS paJuKal ¢ 00pa3oBaHHEM HOBOT'O HECIIAPCHHOT'O M HEJeJO-
KaJIM30BaHHOT'O AJIEKTPOHA, OJlarosaps 4eMy K JaHHOMY yTJIEPOAY JIETKO MPUCOETUHSETCS APyToil CBO-
Oomnbrii panukan [7; 11; 13]. Mcxonst u3 3TOro, MOKHO ObLIO Tpeanoiarats, uto MYHT, sBissace ak-
LENTOPOM CBOOOAHBIX PAagUKAJIOB, OyAET NMPOABIATH UCKIIOUUTEIBHO MHIMOUPYIONUIYH aKTHBHOCTb
B peakiuu nNpuBUBKU. OZHAKO, KaK CIEAYET U3 MOJYUYSHHBIX SKCIEPUMEHTAJIbHBIX JTaHHBIX, BIUSHHE
MVYHT Ha xon peakuuii, UMeromux Mecto npu ¢pyHnxuuoHanuzanuu 110, HeonHO3HAYHO U 3aBUCHUT, KaK
y’e YIOMHHAJIOCh, M OT UX KOHIIEHTPALlUH, U OT IPUPOJBI MOJTUMEpA.

OTmeTruMm, 4TO NpU CBOOOAHOPAINKATIBHON TPUBUBKE HEHACBHIIIEHHBIX MOHOMEPOB K MaKpPOMOJICKY-
nam 10 B pacruiaBe MmpH UCMOJIB30BAaHUU B KQUECTBE HHUIIMATOPOB MEPOKCHUIOB, 000X XOPOIIEH
PacTBOPUMOCTBIO B MOJMMEPE U HECOBMECTHMBIX ¢ MOHOMEPOM, BHauasie 00pa3yloTcs MaKpOpa uKaibl
[14]. Ha BTOpoOIi cTanuu MakpopaauKaibl BCTyHalOT BO B3aUMOAECHCTBUE C MOHOMEPOM, YTO COIIPOBOXKIa-
€TCsl IPUBHUBKOM MOCIEIHEr0 K MaKpOMOJIEKYJIaM. BHYTpUIICTIHBIE U MEXXMOJIEKYJISIPHBIC IIPEBPALCHUS
MaKpOpaInKaaoB OTBETCTBEHHBI 32 MIPOTEKaHHUE MOOOUHBIX MTPOIIECCOB MPH MPUBUBKE [ 14].

[IprynH akTUBUpYIOIEro BiIUsSHUS Manbix 100aBok MYHT Ha npuBHBKY M TOOOYHBIE peakuu
B IO mpu ux ¢yHKIMOHANIM3aLMM B pacijaBe MOXKET ObITh HECKOJBbKO. Bo-mepBBIX, Kak clienyeT
n3 JaHHBIX [15], dynnepeHsl U npyrue ammoTponHbie GOpMBI yTiepona CIIOCOOHBI KaTaJlu3upOBaTh
TEPMHUYCCKUN pacmaa MEePOKCHAOB. MOXKHO OXHIaTh, 4TO TpH Manoi kormeHTparnun MYHT (mo
0,05 macc. %) ux BiausHUE 00YCJIOBJICHO KaTajlnu30M pacrnaja rnepokcusa Perk-14 u poctom KoHIEHTpa-
MU cBOOOIHBIX paauKaioB B pacmiasax [10.

[Ipu noseimienHo# koHueHTpauuu (>0,05 %) MYHT B peakunoHHOH cHcTeMe MOTYT MPOSIBISTHCS
3 exTrI, 00yCIOBIUBAIOIINE 3aMeJICHIE PEAKIINN TPUBUBKHU M TIOOOYHBIX TTporieccoB. O0amas BbICO-
KOii copOrmonHo criocooHocThio, MYHT moryT akuentuposats Perk-14. Pacnan nocieanero B o0beme
MVYHT MoXeT NprBECTH K JI€3aKTUBALIMH 00pa3yIOIINXCsl CBOOOAHBIX PaJUKaIOB HA HAHOTPYOKax, 4To
HEN30€KHO TOJKHO COMPOBOXKAATHCS CHUIKEHHEM 0L M BBIXOJA IPOAYKTOB MOOOUHBIX PEaKLIHH.

IIpu HU3KO# KoHIIeHTpanud MY HT He crmocoOHBI 1e3aKTHBHPOBATH OONBIIYIO YaCTh MaKpopaIu-
KaJloB ¥ MO3TOMY, BUAMMO, HHTHOMPYIOMUN d((PEKT HE MpOsBIsETCS, a 0ojee SIPKO BBIPAXKEHO UX
aKTHUBHUpYIOLIEE BIHSIHUE, 00yCIOBICHHOE KaTaJIN30M paciaja nepokcua. [Ipu moBbIIIEHHBIX KOHIICH-
Tpanuax MVYHT 3a cdeT akuenTupoBaHUS HU3KOMOJIEKYJISIPHBIX PaJMKAJIOB M B3aUMOAEHCTBHUS C Ma-
KpOpaJuKajaaMH MPOSBIAIOT MOBBIIEHHY0 HHIHOUPYIONIYI0 3G (PEKTUBHOCTh 110 OTHOLICHUIO K PEak-
UM ITPUBUBKU MOHOMEDA.

Heopaunapubsim siBisieTcst 9h¢GexT pe3Koro noBbllieHus Tekyuyectu pacmnasa clIIT-n-T3AK, nomy-
yenHoro B npucytctBud MYHT (puc. 2). Ilpu Bo3neiicTBuN CBOOOAHOrO pajnKaia Ha OCHOBHYIO LiETIb
111, xax u clIIl ¢ HeOONBIIMM KOJWUYECTBOM DITHJICHA, IPOUCXOMHUT OTIICIICHHE aTOMOB BOAOPOIA
1 00pa3oBaHNE TPETUIHOTO yriepogHoro paaukana [2]. [locnennunii sBngercs HeCTAOMIBHBIM U IO~
BEPraeTcsi peakuu -pacuiernIeHus:

~H,C-C*-CH, -CH~ — ~H,C-C=CH, +*CH~

| | | |
CH, CH, CH, CH,

IIporecc mpoTekaeT Mpu OTHOCUTEIHHO HU3KOW YHEPTHH akTHBamu 29,6 kkan/moinsb [2]. [Tpu atom,
KaK BUJHO U3 CXEMBI PEaKIUH, IIEeTHast MOJIEKyJla paciajaeTcs Ha JBE YacTH C JBOMHON CBSA3bIO HA OI-
HOM U TIEpBUYHBIM PaJUKaJIOM Ha BTOPOM KOHIIE LIEMH.
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Pezkuit poct IITP cIII-n-TOAK, noxydennoro B npucyrctsud MY HT, yka3piBaeT Ha kaTaiau3 Ha-
HOTpYOKaMU peakiuii -pacnaja MakpoMOIEKyJ pH (YHKIIMOHAIN3ANWH. B CBsI3U ¢ 9TUM n00aBIie-
Hue manbix konuyectB MYHT B coctaB peakuuoHHOM cmecu npu pyHkunonanuzanuu clIIl moxer
paccMmarpuBaTbea Kak dQQEeKTUBHBIN MMPUEM TIOTyYEHUS BBICOKOMHIEKCHBIX MTPOIYKTOB, KOTOPBIE MO-
I'yT IPUMEHSTBHCS B TEXHOJIOTUHU KJIEEB PACIUIaBOB, Pa3HOOOPA3HBIX aAre3MBOB, KOMIATHOMIN3HPYIO-
IIAX CUCTEM [2].

B 1abn. 1 nmpeacraBiieHbl JaHHBIE O TEMIIEpaType U TEIIOTe TuIaBieHus U kpucTtamnnzanuun OI10,
nony4eHHbIX 0e3 mo6aBok MYHT u B ux npucyrctBun. [lpn ¢pynxnnonannszanuu JIIIOHII BBenenue
MVYHT B cocTaB peaklIMOHHOM CUCTEMbI HE3ABUCUMO OT UX KOHLUEHTPALUU MaJIO BIUAET HA 3HAUCHUS
TEMIIepaTyphl MJIaBJICHUS U KpucTaun3anuu. OnHaKo HaOJII0AaeTCsl 3aMETHOE yBEJIIMUCHHUE 3HAUCHUH
TEIJIOTHI IJIABJICHUS W KpHCTau3anui. HecoMHeHHass MpUYMHA 3TOr0 — HYKJIGHPYIOIee BIHSHHUE
MVYHT na kpuctannuzanuto JIIIOHII-n-T3/IK. Eme 6onee 3ameTHO HyKIenpyouuii 3¢ dext 1o6aBok
MVYHT Breipaxen B ciydae clIII-n-TOAK. Beenenne MYHT B clIII-n-T3AK compoBoxaaeTcst OBBI-
meHuem T «p HA 2,4-4,8 °C (ot 117,1 no 121,9 °C). CTenieHp KpUCTAJLTUYHOCTH, XapaKTepHu3yemMas BeH-
YUHOH AHKp, ompenensercs konmnentTpanueit MYHT: npu ee mosermennu 10 0,05 % AHKp YBEJIMYHBA-
ercs ot 101,2 mo 113,8 Ix/r, a 3arem cHmxkaercs (mpu [MYHT] = 0,3 % AH, = 100,8 JI»x/r). AHano-
ruaHbIi dddext xapakreper u mus JINDHIIT-m-TOAK, nas koToporo Takxe GUKCHPYETCS CHHUKCHHUE
kpuctasnuyHoctd npu [MYHT] = 0,3 % (tabn. 1). DpdexT cHIKeHUS CTENeHN KPUCTAIITUYHOCTH
KPUCTAJIU3YIOIIKXCS TEPMOIUIACTOB IPU J00ABICHNH N30bITKA HYKJICUPYIOIIHUX ar€HTOB HEOHOKPAT-
HO oTMeuasics B auteparype [2]. OH 00ycioBiieH TPOCTPaHCTBEHHBIMU OTPaHUYCHUSIMH POCTa KPUCTAI-
JIUTOB pU 00pa30BaHUU B 00bEME IIOJIMMEPHOTO PACIIaBa YPE3MEPHO OOJIBILOIO KOJTHUYECTBA LICHTPOB
KpPUCTAJIIIN3allMM, B TOM YHCIIE 32 CUET BBEIEHU J00aBOK HAHOMETPOBOTO JUAaNa30Ha pa3MepoB.

Tab6numa l. Biusuue nodaBok MYHT Ha 3HaueHHs napaMeTPOB, XapaKTePU3yIOIIUX cTPYKTYpy PIIO

MVHT, macc. % T, °C AH, , Tx/r Tkp, °C AHKp, Jx/r
0 122,2 (168,1) 68,3 (65,2) 106,3 (117,1) 69,4 (101,5)
0,01 119,0 (164,0) 71,3 (76,5) 103,3 (119,5) 80,5 (107,5)
0,05 118,0 (163,6) 77,3 (85,5) 105,0 (120) 82,5 (113.8)
0,1 114,0/120,0 (162,8) 78,2 (76,6) 104,6 (120,4) 83,0 (102,6)
0,3 114,0/121,0 (163,6) 76,8 (69,7) 105,5 (121,9) 75,5 (100,8)

MMpumevanus I, AH  —temneparypa u temnora miasnenus; I, AH  — Temneparypa U TEIJIOTa KPUCTAILIN-

3anuu; 6e3 cko0ok — ganubie s JINIDHIT-n-TO/K, B ckobkax — juist cIIIT-n-T3/IK.

[Tokazarenu MexaHHYECKMX CBOMCTB MOJIMMEPHBIX 00Pa3LOB ONPEAeNICHBI IPH UCTILITAHUH METOJIOM
pacTsbkeHus. M3 auarpamm HanpsiKeHHe—yUIMHEHUE HalJIeHbl 3HaYeHUs1 BEJIMYMH IIPOYHOCTH MPH pac-
TAKEHUU (Gp) U OTHOCUTEIIBHOTO YJJIMHEHHUS NIPU Pa3pbIBE (sp).

Kak cnenyer u3 nansbeix taom. 2, ¢ yenumdenuneM [MYHT] npounocts nipu pactsoxennu JITTOHIT-n-
TOAK Maso 3aBUCHT OT CTENCHH HAHOHAIMOIHEHNS, A €, B LEIOM 3aMETHO TOBBIIIACTCS MIPU BBEICHUN
nanoHanonauTens (ot 321 mo 369 % nns [MYHT] = 0,3 %). OcHOBHasI IPUYHHA STOTO — MOIYUYCHUE
MeHee CIIUTHIX CTPYKTYp NnpH $pyHKIHoHanu3auu B npucytcrsur MYHT. Hekotopoe caHmxenue € Xa-
pakreproe s JITOHII-n-TOJIK, nonyyennoro B mpucyrcrBuu 0,05 % MYHT (tabin. 2), 00ycinoBieHo,
KaK BHJIHO Ha pHC. 1, pOCTOM CTENEHH CIIMBaHH MaKpOMOJIEKYJI, TPUBOAALINM K CHHKEHUIO TEKYUECTH
pacriaBa.

Tao6nuua?2. Ioka3areau mexanumueckux ceoiicrs ®IIO

JIIDHIT-n-T3AK cIT-n-TOAK
MVHT, macc. %
Cps MIla & % Cps MIla € %
0 17,6 321 31,6 18
0,01 17,4 329 31,8 15
0,05 17,3 315 33,0 15
0,1 17,3 331 32,3 14
0,3 17,8 369 33,0 15
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st o6pasuos clIII-n-TOAK nabmomaercss HEKOTOPBINA MPUPOCT 3HAYCHUI G, U CHIDKCHHE €. Oue-
BUJHOM NPUYHUHON 3TOMY SIBISIOTCS] CTPYKTYPHBIE H3MEHEHHMS, IIPOUCXOASAIINE TPH (HYHKIMOHAIN3ALUH
cllIT B mpucyrctBun MYHT: pocT KpHCTAIIMYHOCTH OOBIYHO COMPOBOXKIAETCS MOBBIILICHUEM MeXa-
HUYECKOH MPOYHOCTH M CHMKEHUEM Ae()OPMALMOHHBIX XapaKTEPUCTUK KPUCTAJUIM3YIOIIUXCS TEPMO-
TIaCTOB.

Hannpie o Bausaun MYHT Ha pouHOCTH pacniaBos (c,,) u kodGduuuent pasdyxanus (B,,) oKc-
tpyzaaros JIIIDHII-n-TOAK u cllll-n-TOAK npencrasnenst B Tadn. 3. Kak BuaHo U3 Hee, G,, KOppesu-
pyet ¢ nsmenenuem IITP pacnnasos (puc. 1, 2). O1o cnenyer u3 cpaBHenus 3nadenuit [ITP u o, nns
clI-n-TOJAK n JINISHII-n-TO/K. Yewm Bblille BA3KOCTh, TEM BBIIIE MPOYHOCTH pacllylaBa MaTepHalia
1 Ha000POT.

Ta6nuua3. Pe3yrsTaTsl aHAIN3a BRICOKOYJIACTHYHBIX CBOiCTB pacniasos IO

MVYHT, JHIDHII-n-TOAK cII-n-TOAK
mace. % G, klla B,,, oTH. el. G, klla B, oTH. en.
0 2,3 3,2 0,48 2,4
0,01 2,3 2,7 0,33 2,6
0,05 2,3 3,0 0,40 2,8
0,1 1.5 2,6 0,30 2.8
0,3 1,5 2,6 0,35 3,0

CKJIOHHOCTB K pa30yXaHHIO SKCTpy/laTa TIOJIMMEPa 3aBUCHT OT BSI3KOCTH paciijiaBa U MOJIEKYJISPHO-
MaccoBoro pacnpenenenus [12]. O6mum nis JIIIOHII--TO/IK sBiisiercst TOT ¢akT, 4T0 3aBUCUMOCTH
B, ot xonnentpanun MYHT umeer skcTpemanbHblil XapakTep. MakcumanbHOe pa3OyXaHue Xapak-
tepuo st JINIOHII-n-TOAK, momyuennoro npu konuentpauuna MYHT 0,05 %, a nna cIIIT-o0-TOAK
MakcumyM B, Habmoznaerca npu [MYHT] = 0,3 % (tabn. 3). Buaumo, npu JaHHBIX KOHLEHTpPaLUIX
MVYHT B cuny KOHKYypHUPYIOLIUX NOOOYHBIX peakluil (CIIMBaHUE M AECTPYKLUS MaKpPOMOJEKYN)
00pa3yroTca HanboJiee MOTUIUCIIEPCHBIE MaTEPHAJIbl, YTO ¥ BBI3BIBACT MOBBIIICHHOE pa30yxaHue
IKCTpyAaTa.

[lonyueHHble JaHHBIE CBUAETEILCTBYIOT O TOM, YTO HAOJIIONAaeMble U3MEHEHHUs BBICOKORIACTHYE-
CKHX CBOMCTB pacruiaBoB (QyHKIHOHaIU3upoBaHHBIX [10 o0ycioBnuBaroTcs, raBHBIM 00pa3oM, Xo-
JIOM KOHKYPHUPYIOLIIUX NOOOYHBIX PEAKLUil NEeCTPYKLUHU U CIIMBAHUS MAKPOMOJIEKYJI, IIPOTEKAIOIIUX
npu GYHKIUOHAIHU3AIHMH COMIOJIMMEpa, Ha KOTOPBIE 3aMETHOE BIHMsIHIE OKa3biBatoT 006aBku MYHT.

3akJrouenue. V3 oydeHHBIX 9KCIIEPUMEHTANIBHBIX TAHHBIX CIIEyeT, YTO Malble 1o0aBku MY HT
(0,01-0,3 %) oka3pIBaIOT 3aMETHOE BIMSHHE HA XOJI OCHOBHOT'O Ipoliecca (IPUBUBKY MOHOMEPA) K Ma-
kpomozexkynam JITIDHIT u cllll, a Takxe cTpyKTypy, MEXaHHUECKHE CBOMCTBA (PYHKIIMOHAIN3UPOBaH-
HBIX TPOJYKTOB, TPOYHOCTh U BHICOKOAIACTUYECKHE CBOMUCTBA UX paciiaBoB. CTerneHb BIHSHUS J100a-
BoKk MYHT onpenensiercss ux koHuentpanueid u npupogpoi I110. Yeranosneno nossienue 3¢dexrus-
HOCTH MPUBUBKHN MOHOMepa npu kKoHIeHTpaunn MYHT B peakimonnoii cucteme ~0,05 %.

Jliis cummBarorerocs npu cBoboaHopaaukanbHoil npususke JINIDHIT no6asku MYHT, BBOAHMBIE
B KommuecTBe 20,1 %, THruOupyroT MOOOYHBIH MpoliecC CIIMBAaHU MakpoMoJieKyd, a ;uig clIl, mpenmy-
IIECTBEHHO JECTPYKTUPYIOLIETro npu (yHKIMOHAIN3aKK, HaOmonaercs 3Qdekr karaausa moO0IHbBIX
peaxuii yxxe npu [MYHT] = 0,01 %.

Jo6aBkr MYHT oka3pIBatoT BIUSIHAE HA KPUCTAIUIMIESCKYIO CTPYKTYPY (DYHKIIMOHAIN3UPOBAHHBIX
JITIDHIT m cIIIl. D10 BRIpakaeTCs B YBEIWUCHUH TEIUIOTHI TUTABIICHUS U KPUCTAJUIA3AINH, HYKJICHPOBa-
HUH KpUCTAIDIM3alnU MarepuanoB. Hykneupyrommuit adppexr MYHT B cinyuae pynkumonanmuzanuu cl1l1
BBIpaXXeH 0oJiee SpKo.

Habnronaemble n3MEHEHUsI MEXaHUYECKUX U BBICOKOIACTHUYECKUX CBOUCTB paciiaBoB PIIO o0y-
CJIOBJIMBAIOTCS, IJIaBHBIM 00Pa30M, X0JJOM KOHKYPHUPYIOIIKUX OOOUHBIX peakUuil JeCTPYKIUHN U CIIH-
BaHUsI MaKpPOMOJIEKYJI, TPOTEKAIOMMX NMPpH (QYHKIUOHAIHU3AINH, Ha KOTOPbIE 3aMETHOE BIUSHUE OKa-
3p1BatoT 1o0aBku MYHT.
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EFFECT OF MULTIWALLED NANOTUBES ON GRAFTING OF TRANS-ETHYLENE-1,2-DICARBOXYLIC
ACID ONTO POLYOLEFIN MACROMOLECULES

Summary

A study was conducted on the effect of multiwalled carbon nanotubes (MWNT) on the course of free-radical grafting of
trans-ethylene-1,2-dicarboxylic acid (TEDA) onto linear low-density polyethylene (LLDPE) and ethylene-propylene copoly-
mer (cPP), containing ethylene units = 7 wt%, using the reactive extrusion process. The extrusion reactor was the material
cylinder of the twin-screw extruder TSSK-35/40 (screw diameter = 35 mm; L/D = 40; 10 independent heating zones).

It was found that small amounts of MWNT (0.01-0.3 wt%) influence noticeably the monomer grafting onto macromole-
cules of LLDPE and cPP, as well as the structure, functionalized products’ mechanical properties, strength and high elasticity
properties of their melts. The extent of MWNT influence depends on their concentration and PO-structure. It is shown that
the monomer’s grafting efficiency can be raised with MWNT > 0.1 wt% inhibit the secondary process of macromolecular
cross-linking; in the case of cPP which mostly undergoes degradation during functionalization, the secondary reactions ac-
celerate catalytically.
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