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Aunnomayus. B crathe paccCMOTpPEHBI aKTyaJIbHBIC BOMPOCHI YTHIIM3AIUH TTOJUMEPHBIX
KOMIIO3HMIIMOHHBIX MaTepHaiOB HA OCHOBE YIIIEPOTHOTO BOJIOKHA (ymieruiacTukoB). OcoOeHHOCTH
CBOICTB YIJICIIJIACTUKOB OIrpaHUYMBAIOT BO3MOXHOCTHU HUX YTUIIM3AlMU C IMOJTYYCHHUEM IIOJIC3HBIX
BTOPUYHBIX MPOAYKTOB. B KauecTBE aJIbTEpPHATHUBHI 3aXOPOHCHUIO YIVICIIACTHKOB B HACTOSIIEE
BpeMsi M3BECTHBI TPU OCHOBHBIX HAIPABICHHUS WX YTWIM3ALWU: TEPMHUYCCKAas YTUIIHM3AIINSA,
OCHOBaHHAasT HA TEPMHUYECKOM PpAa3JIOKCHUU MATPUIlbl, TEPMOXUMHYECKAs  yTUJIM3AIIHSA,
MIPEITOJIAraroIas OJJHOBPEMEHHOE BO3ICHCTBHE TEMIEPATyp M XUMHYECKUX PEarcHTOB, a TaKKe
MexaHu4ecKkas o0paboTKa, 3aKIIIOYAIONIAsACS B APOOJICHNU, U3METBUECHUN. Y KaXJI0ro HarpaBJICHUS
€CTh CBOM TPEUMYIIECTBA M HEIOCTATKH, CBOM OTPaHUYCHUS U PEKOMCHIAIMH, aHaJIH3 KOTOPBIX
MPEJICTABJICH B CTAThE.

Abstract. The article deals with important issues of utilization of polymer composite materials
based on carbon fiber (CFRP). Properties of carbon fiber plastics limit possibilities of their
utilization with reception of useful secondary products. As an alternative to CFRP disposal three
main methods of their recycling are currently known: thermal treatment, based on the thermal
decomposition of the polymer matrix, thermochemical treatment, involving simultaneous exposure
to temperatures and chemicals, as well as mechanical processing, consisting in crushing and
grinding. Each method has its advantages and disadvantages, its limitations and recommendations,
the analysis of which is presented in the article.

Kniouesvie cnosa: mNOMMMEpPHBI KOMIIO3MLMOHHBIA MaTrepual, BTOPUYHOE YIIEPOIHOE
BOJIOKHO, YIVIEIIJIACTHK, YTHIIM3ALMsL, CKUTAHUE, [INPOJIN3, COIbBOJIU3.
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Beseoenue
KoMmno3unnoHHble MaTepuaabl — 3TO Marepuajbl, COCTOSIIME W3 JBYX WM OoJjee
KOMIIOHEHTOB, Pa3IMYAlOIIUXCsA 1O CBOEMY COCTaBY M pa3/EiCHHBIX BBIPAKCHHON T'paHUIIEH,
CBOWCTBA KOTOPBIX OIPEIENISIOTCS CBOWCTBAMH KaXKIOrO M3 KOMIIOHEHTOB. Takas JBONCTBEHHAas
MPHUPOAAa KOMITO3MIIMOHHBIX MaTE€pPHajOB IO3BOJSET KOMOWHHPOBAThH JKEIaeMbIe CBOWCTBA JIBYyX
pasHBIX MaTepHagoB M, TEM CaMbIM, MOJIy4aTh MPOAYKT, MIPEBOCXOASIINA MO CBOUM IMapaMeTpaM
MOHOKOMITOHEHTHBIE aHalord. [Ipy 3TOM ¢ JKOJOTHYECKOW TOUKHM 3PCHHS BCSKas KOMOWHAIIMS
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HECKOJIbKMX MAarepuajloB B OAHOM M3ACIUU 3aTPyAHSCT JAJIBHEHIIYH YTUIM3ALUI0 TaKUX
IIPEIMETOB 10CJIE OKOHYaHMSI UX IKCILTyaTallly.

[Tonmumepusle xomnosunuoHHble Mmarepuansl (IIKM) Ha ocHOBe ymIepogHOro BOJIOKHA
(ymieractuku) —Onarogapss CBOMM — MCKIIFOYMTEIBHBIM  (PU3MKO—MEXaHMYECKUM CBOMCTBaAM,
IIPEBOCXOAAIMM TPAJULMOHHBIE MaTepUaibl, HAlpUMEP MHOTME METaJUIbl W CIUIABbI, HAXONAT
NPUMEHEHHE TpPU KOHCTPYHUPOBAHUU DPA3HOOOPA3HOTO BBICOKOTEXHOJOTHYHOTO OOOpYIOBaHUE B
KOCMMYECKOH OTpaciu, aBua— U aBTOMOOMJIECTPOEHUH U JPYTUX HarpaBieHuax. OJIHAKO B OTIMYUU
METAJUIOB U CIUIABOB, OKOHYAHUE >XU3HEHHOIO LMKJIA TAKUX MAarepHalloB CBA3aHO C PSAIOM
JKOJIOTHYECKUX IpolneM. B To BpeMs Kak CTaqud WIM aJIOMUHMA — Marepuaibl, KOTOpbIE
OTHOCHUTEJIBHO JIETKO MepepadaThIBAIOTCS, a JIOM YEPHBIX M IBETHBIX METAJUIOB — BOCTPEOOBaHHOE
BTOPUYHOE CBHIpbE, OOpalleHHe C OTXOAaMH YIVICIIACTUKOB JOCTaTOYHO HOBBIM BBI3OB IS
oTXxojionepepadaTbIBaoOIeil MPOMBIIUIEHHOCTH, TaK KaK M3TOTOBJIEHUE TAKMX M3/EIMHA Hayaloch
OTHOCHUTEJIBHO HEIaBHO, @ 00BEMbI IPOU3BOJICTBA OTHOCUTEIbHO HEBENMKH. C Ipyroil CTOpoHSI,
yBEJIMYEHHUE 00BEMOB MPOU3BOJICTBA B TEOMETPHUECKON MPOTPECCUU NMPUBEAET K TOMY, 4TO Macca
€KErolHO OOpPAa3yIOLIUXCS OTXO/IOB CTaHET KPUTHUYECKOM U IMpoliemMa MmoTpedyeT HEOTIONKHOIo
pemienus. [Ipomsoiaer 3TO nake paHbplIe, 4YeM MPOMAYT ACCATUIIETHS CpPOKa SKCILTyaTaluH
U3JIeNUI U3 YIVIEIUIACTUKOB JJIUTENIBHOIO MOJIb30BaHMs, TaK KaK MOMHUMO OTXOJIOB NOTpPEOICHUS
IIPU M3TOTOBJICHUM W3AEIMH M3 YIVIEIJIAaCTUKOB OOpa3yeTcst OoJbIIOe KOJIMYECTBO OTXOI0B. B
YaCTHOCTH, IIPU pacKpoOMKe U BbIKIaAKe Oyaymx usznenuit 1o 30% npenperoB yXoauT B OTXOABI.

[TosTOMy yKe CEeromHs aKTUBHO BBIMOJHSIOTCS HMCCIEIOBAHUS 1O Pa3paboOTKe BapHaHTOB
o0palleHus C 0TX0laMH YIVICIUIACTUKOB 110 OKOHYaHUHU MX KM3HEHHOTO IMKJIA.

OCOOEHHOCTBIO ~ YIVIEIJIACTUKOB, Kak W OOJBIIMHCTBA  JIPYI'MX  KOMIIO3MLIMOHHBIX
KOHCTPYKIIMOHHBIX ~ MaT€puajoB, SBISETCS  HEBO3MOXHOCTb MX  YTUIM3alUU  TaKUMU
TPaJAULIMOHHBIMU METOAMM KaK, HAallpUMeEp, NEepeIiaBKa, IUPOKO UCIOIb3yeMas I METaJIOB U
MHOTHMX [TOJIUMEPOB (MOJUATUIICHA, NOAMATIIeHTepedTanaTa U Ap.). OOBIYHO B KauecTBa MaTPUIIbI
IIpY NPOU3BOJACTBE YNICIUIACTUKOB HCIOJB3YOTCSI PEAKTOIUIACThl — HEIUIABKUE IIOJUMEDHI,
paspyluaromuecs I0jA JACHCTBUEM Temieparypsl 0Oe3 oOpas3oBaHus pacmiaBa. Kpome Toro,
YIVIETIJIACTUKU TIPOU3BOJATCS MPEUMYILIECTBEHHO C HCIIOJIb30BaHUEM HENPEPHIBHBIX BOJIOKOH WM
IUIETEHBIX TKaHEH, NpUYeM HalpaBleHUE BOJIOKHA HMeeT OOJbIlIoe 3HaueHWe, TaK Kak
YIJIEIUIACTUKM — MaTepHalibl ¢ aHU30TPONHBIMU CBOMCTBaMU. COOTBETCTBEHHO, NMPU yTHIIA3ALMH
OTXOJIOB YIVICIUIACTUKOB, HAmpHUMEp, MpPU TEPMHUUECKOM pa3pyLICHHUH MaTpPHIbl, IOJIyYEHHOE
BTOPUYHOE YIVIEPOIHOE BOJIOKHO OyAET JUCKPETHBIM U pPa3HOHANPABICHHBIM.

B Hacrosdmee BpeMs HM3BECTHO M B ONPEAEICHHOW CTENEHH MCCIEN0BAHO HECKOJIBKO
OCHOBHBIX HAIIPABICHUN YTHIN3AIUH MOJIUMEPHBIX KOMIO3UIIMOHHBIX MaTepPHaIoB (IIPEICTABICHbI
Ha Pucynke).

Kaxnoe M3 3THX HampaBiIeHUl MMEET CBOI CHEUU(UKY, B TOM YHUCIE C TOUYKH 3PEHUS
BO3JICMCTBYUS Ha OKPYKAIOLIYIO Cpedy. 3aXOPOHEHHE OTHOCHUTCSA K JIMKBUAALMOHHBIM METOJaM
oOpallleHusi ¢ OTXOJaMU YIVIETIJIACTUKOB M HE I03BOJISIET HCIOJIb30BaTh PECYpPCHBIN MOTEHIHAI
TakuX 0TX0/10B. C)KUraHue B IEMEHTHBIX Meyax MO3BOJISIET MOJIE3HO MUCIOIb30BaTh SHEPTreTUUECKUM
MoTeHUMan oTxon0B. OcTaBlIMecs HANpaBI€HUs OTHOCATCS K YTWIM3AaLHMOHHBIM METoJaM
oOpalieHuss ¢ OTXOJaMH U MO3BOJSIOT IOJYYUTh TOT WM HWHOW TPOAYKT AJIsi MOBTOPHOTO
HCIIOJIb30BaHUSI.
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Pucynok. OcHOBHBIC HAaNPaBIECHUS YTHIN3ALUH YIJICTITIACTUKOB.

3axoponenue yenennacmuxos (pazmewenue na nonueonax TKO)

HcTopudeckn CIOXKHIOCh TaK, YTO KOMIIO3UTHBIE KOMIIOHEHTHI OT BBIIIEAIINX U3
SKCIUTyaTallud CaMoJIeTOB U aBTOMOOMIIEH BBHIOpAchIBAIIMCh HAa CBAJKH. B Hacrodiee Bpems Ha
CMEHY HECaHKIMOHHPOBAHHBIM U HEOOOPYIOBAaHHBIM CBAJIKaM MPUXOSAT MOJUTOHBI 3aXOPOHEHUS
OTXOJIOB — TPHPOJOOXPAaHHBIE COOPYKEHHS, NpeAHAa3HAuYeHHBbIE M cKiagupoBanus ThO u
00eCTIeYrBAIOIINE 3aLIUTY OT 3arpsi3HEHUs aTMOC(hEephl, OYB, MOA3EMHBIX U MOBEPXHOCTHBIX BOJI.
J1J1s 5TOT0 OJTUTOHBI 00OPYILYIOTCS TPOTUBOPMIBTPALIMOHHBIM 3KPAaHOM B OCHOBaHHMH, CUCTEMaMU
coopa u ob6e3BpexxuBaHus oOpazyromuxcs (uiabrpaTa U OuUorasa W JIPyruMH ycTtpoiictBamu. B
CPaBHEHHU CO CBAJIKAMH TIOJHMIOHBI OOECHEYMBAIOT 3HAYUTEIHLHOE CHUXCHHE HETaTUBHOTO
BO3/ICHCTBHS OTXOJIOB Ha OKPYIKAIOIIYIO CPEIY, OMHAKO CBS3AaHBI C ONPEeIEHHBIMU (DHHAHCOBBIMU
3arpaTaMu.

XOTs 3aXOpOHEHHE OTXO/OB JlaXke Ha IOJIMTOHAX OCTAeTCs CaMbIM JICHIEBBIM BAapHAHTOM
oOpamieHuss ¢ OTXoJaMHM Kommo3uToB, B 2004 rogy OOJBIIMHCTBO TOCYAapCTB — UYJICHOB
EBponeiickoro coro3a (EC) npunsiin 3ak0oHBI, 3alpeniaoniie 3aX0pOHEHUE OTXO/I0B, B TOM YHUCIIE
koMrio3uToB [1]. B cBs3u ¢ 3TUM, i1 KOMIO3UIIMOHHBIX MarepHalloB HEOOXOAUMO HPUMEHSTH
ApyTue METOAbl YTUIM3AlUU U 00e3BpeKuBaHMs. BBeICHHBIH 3ampeT MOoATONKHY IPOU3BOAUTENEH
U MOTpeduTeNel yIenjJacTUKOB K OUCKY aJbTePHATUBHBIX PEIICHUH POOIEMBbI.

B Poccun B Hacrositiee BpeMs IPAUMEHEHHE YIJICTITIACTUKOB TOJILKO HAYMHACTCS] BHEAPSTCS B
Pa3IMYHBIE OTPACIH MTPOU3BOJICTBA, TIOITOMY 00bEMBI 00pPa30BaHUS TAKMX OTXOJ0B HE3HAUUTEIHHBI
(TOYHAs CTaTHCTUKA OTCYTCTBYET, OIHAKO I10 OLIEHKaM 3TO HE 0OJjbllle HECKOJIBKMX COTEH TOHH B
ron). ITpoMbIIIZIEeHHO BHEAPEHHbIE TEXHOJOTMM UX YTHJIM3ALUU OTCYTCTBYIOT, OTXOIbl B IOJIHOM
o0beMe OTTIPABIISIIOTCS Ha 3aXOPOHEHUE.

Mexanuueckas oopabomxa (Opobrenue, usmenvuerue)

Mexannueckas 00paOoTka (M3MEJIBUYCHUE) 4Yalle BCEro paccMaTpuBacTCs Kak Crocod
YTHJIU3AIHHA CTEKJIIOBOJIOKHA, XOTS OTAEIbHBIC HUCCIICAOBAHHS MO0 MPUMEHCHHIO 3TOM TEXHOJIOTHH
JUIS YIJIIEPOTHOTO BOJIOKHA Takke HMMeroTcs. [lomydaemoe mOpW 3TOM  YIVIEPOTHOE BOJIOKHO
UCITIONB3YeTCs KaK HAMOJHUTEb U KaK apMHUpPYIOIHidi Marepuai. OIHAKO MOTyYeHUE HATIOIHUTEIS
U3 YIJICPOJIHBIX BOJOKOH SKOHOMHYECKH HEIEIeCO00pa3HO, TaKk KaK HECpaBHHUMO OoJiee JCHICBbIC
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aHaJoTu TepBUYHBIX MarepuaioB [2]. K HemocTraTkaM MeXaHWYECKOW yTHIIM3AIMU OyIyT Takke
OTHOCUTBCS BBICOKAsA SHCProCMKOCTh, TPYAHOCTH B PCryJIupoOBaHUN Ppa3sMCpOB IOJTYUYCHHOIO
M3MEJIBYEHHOI0 MaTepuara.

Corcucanue yeneniacmukoé 6 YyeMeHmHblX nevax
B coorBercTBUM € €BpONEHCKUMM 3akoHOAarenbcTBOM cxkuranue [IKM Ha ocHoBe
CTEKJIOBOJIOKHA B [IEMEHTHOM I€YM CYUTACTCS B HACTOALLEE BPEMsI ONITUMAIIbHBIM perieHrem. [IIKM
Ha OCHOBE YIIIEPOJHOI'0 BOJIOKHA TAK)KE IIOJBEPralOTCs JaHHOMY METOAY YTHIU3alUU B OTCYTCTBUH
APYTUX albTepHATUB. JTO OoJiee JOpOroil BApUaHT B CPABHEHUH C 3aXOPOHEHUEM, KOTOPOE, OHAKO,
He Be3/e pa3peliieHo [2].

Corcueanue yeneniacmukog 8 nCe8000NCUNCEHHOM CIIOe
[IpoMBILIZIEHHO peanu30BaH €Ille OJWH CIOCO0 TEPMHUYECKOTO pAa3loKeHHUs CMOI U
U3BJICUEHUS YIIEPOJHOIO BOJIOKHA — OKUCJIEHME B Ileyax Kumsuero cios. B mpouecce
HCIIONIB3YeTCsl OOBIUHO KBAPIEBBIM TECOK, TCEBIOOXKUKCHHBIM TOPSYUM BO3AYXOM (TI03TOMY
YCJIOBHSl SIBJISIIOTCS  OKUCIWTEIBHBIMH). OJTO TIO3BOJISIET OBICTPO HarpeBarb MaTepHalibl |
0CBOOOXKIAaTh BOJOKHA OT cMoJibl. Opranuueckas Gpakius CMOJbl YTUIU3UPYETCs] BO BTOPUUHOM
Kamepe cropanus rpu temneparype okoso 1000 °C ¢ BO3BMOXXHOCTBIO MOJIy4eHHs S3HEpruu [2].

Iluponusz yenennacmuros

Cpenu TepMUYECKUX METOOB HaWOOIBIIEEe PACIPOCTPAHEHUE M MPOMBIIIJICHHOE Pa3BUTHE
MOJTyYnJI MHUPOIU3 B OTCYTCTBHUHM KHUCJIOPOAA, C HEOONBIIMM KOJIMYECTBOM KHCIOpOJAa WIH B
MPUCYTCTBUU Mapa. YCJIOBUS NHUPOJIM3a OTHOCHTEIBHO OJMHAKOBBI JUJISI PA3HBIX TEXHOJIOTHM.
Temmepatypa mnpoiiecca nuposn3a 00yciIoBIeHa ONTUMATIBHBIMHU YCIOBUSIMHU PA3JI0KEHUE MATPHIIBI
u coctapinsieT 00byHO 500 1m0 550 °C, uTO MO3BOMSIET C OAHOW CTOPOHBI MAKCUMAJIbHO COXPAHUTH
MeXaHWYEeCKHUEe CBOMCTBA YIIIEPOAHOTO BOJIOKHA, a C APYTrOMl CTOPOHBI 00ECIEYUTh MAKCUMAIbHOE
Pa3NIOKEHHUE TOJIMMEPHBIX KOMIIOHEHTOB M OCBOOOXKICHHE BOJOKHA. [IpucyTcTBHE HEOOJBIIOTO
KOJINYECTBa KHUCIOpoaa TpeOyeTcs Uisi MUHMUMH3allud 00pa30BaHUs Ha MOBEPXHOCTH BTOPUYHOTO
YIJIEPOAHOIO BOJIOKHA MUPOYIIIEPOAA, KOTOPBIM YXYALIAET aAr€3UI0 BOJIOKHA K HOBOM MAaTpHUIle NpU
BTOPUYHOM HMCHOJb30BaHUH [2].

[TomuMo O0OBIYHOTO THPOJU3a B KAu€CTBE BO3MOXKHBIX TexHoJoTui yrtunuzamuu [TKM
MpeiaraeTcsi TUpoau3 ¢ o0paboTkoil MuKpoBodHAMU (OCHOBHBIM NPEUMYIIECTBOM MHUKPOBOJIH
SBIISIETCS TO, UTO MaTepual HarpeBaeTcsl B CBOEU cepJilleBUHE, UTO 00ecleunBaeT O4eHb OBICTPHIN
IIEPEHOC TeIUla, YTO ITO3BOJISIET MUHMMU3UPOBATh TEIUIOBBIE IIOTEPU B OKPYXKAIOIIYIO Cpely HU
SKOHOMMTH 3HEprur0. MUKpOBOIIHOBBIN nHponu3 HarpeBaeT otxoasl [IKM B nnepTHOi armocdepe,
pasnarasi MaTpHILy Ha Ta3bl ¥ MACITHUCTBIA OCTaTOK [2].

Hu3skomemnepamypHuiii conb601u3 yeneniacmukos

OCHOBHOE MPEUMYIIECTBO HU3KOTEMIIEPATYPHOIO COJIbBOJIM3A MO CPABHEHMIO C MHPOJIU30M
COCTOMT B TOM, YTO JJsl Pa3JIOKEHHs] IMOJUMEPOB, B YACTHOCTH SIOKCHIHBIX CMOJ, OOBIYHO
HEOOXouMBl Oojiee HM3KHE TeMmIepaTypbl. HU3KoTeMIiepaTypHbIi CONBbBOIN3 OOBIYHO MPOBOASAT
npu temneparype Hwke 200 °C u npu armochepHoMm aaBieHnu. Tak kak Temreparypa mnpoiecca
JOCTaTOYHO HU3Kas JUIsl Pa3joXKEeHUs CMOJIbI HEOOXOMUMBI KaTalu3aTopbl, pEareHThl U
nepememuBanue. Ilpu HHU3KOTEMIEpaTypHOM MHUPOIN3€ OOBIYHO HCIIONB3yeTCsl KHUcCTas cpena
(a3oTHas, cepHas U YKCyCHas KHMCIIOTbI) IO CPAaBHEHHUIO C BBICOKOTEMIIEPATYPHBIM MMHPOJIU30M, I
OOBIYHO HCIIOJNIB3YIOTCS IIEIIOYHBIE YCIIOBHs. HeKoTopble KHCIOTHBIE PAacTBOPBI OUYEHb €AKHE U
MOTYT OBITh OYEHb OINACHBIMU JJISl 3710pOBbs HAaceleHUs U OKpyskaroueil cpensl. [IpenmyiecTBo
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HU3KOTEMIIEPaTypHOTO COJIbBOJIM3a B TOM, YTO OH OOecreyumBaeT JydllMil KOHTpPOJIb 3a
IIPOUCXOJAIIMMH pEeakUusIMU U MOXeT ucnonb3oBatbesi A IIKM, xoropele HEBO3MOYKHO
YTWIM3UPOBATh JPYTUMHU MeToAaMH [2].

VYcinoBusi HHU3KOTEMIIEPATYpHOTO  COJIBBOJIM3Aa TOpa3lo  pa3HooOpa3Hee, YeM YCIOBHS
MUPOJIN3a, BBUAY MHOr000pa3usi peareHTOB U MX KOMOMHAIIHIA.

UccnenoBarensmu [3] mpeanoXeH METON HW3BICYCHHS YIJIEPOIHOTO BOJIOKHA 0OpabOTKOi
CMEChI0 pa30aBICHHON a30THOW KHCJIOTHI M TMEPEKHCH BOJOPOAa B MPUCYTCTBUH YIBTPa3BYKa.
MaxkcumanbHasi CTENEHb pas3liokeHUus cMoiibl 95% wMokeT OBbITH TONy4YeHa Ui SMOKCUIAHON
MaTpulbl. [Ipu 3TOM OTCYyTCTBYEeT MOTPEOHOCTH B CHJIBHBIX XMMHUKATaX M BBICOKUX TeMIIEpaTypax H
JaBJICHUSX.

Bo3smoxna xumuueckas o0paboTka mnpu aTMOC(HEpPHOM JaBICHUM — IO JaHHBIM
uccnenoBanus [4] nenomumepusanus (6en3unoBsiid criupt/docdar kamus mpu 200 °C) u o6paboTka
ropsiueii Kucaoroit (ykcycHasi kuciota/mepekuch Bogopona npu 110 °C) Obutu 3pdeKTUuBHBI 1S
pacTBOPEHUSI OTBEPKICHHOM aMHHOM YHMCTOM SIOKCHIHOW CMOJBL. Pe3ynbrarsl mokaszana, 4TO
KHCIIOTHOE pachieruieHue 6omnee 3hHEKTHBHO ISl CHITBHO CIIUTBIX aMUH/3TIOKCHIHBIX KOMIIO3UTOB,
yeMm aenonumepusauusa. Kpome Toro, paciienieHue npoucXoauiio MOCPEACTBOM CTaauil peakuuu
MepeHoca aToMa KUCaopoJa K aHUJIMHOBBIM TPYyMIaM U 3aT€M PACIICTICHUS CBS3H, YTO MPUBOIUIO
K HW3BJIICUCHHUIO BOJOKOH MPAKTHYECKH YHCTOrO KayecTBa Mpu 0ojee BBICOKHMX CKOPOCTAX
pacTBopeHHs U Oosiee HU3KUX Temneparypax. OCHOBHBIM (paKTOPOM, OTPaHUUYMBAIOLIUM CKOPOCTb
nepeBapruBaHusl KUCIOTHI, Obls1a ckopocTh Auddy3un, a He CKOPOCTh XUMHUYECKON peakiuu. beutn
OLICHEHBI JIB€ CTpaTeruH MOBBIINICHUS CKOpOCTH auddy3unm — mnpeaBapuTenbHas o0paboTka u
MEXaHWYEeCKOe H3MellbueHne, U 00e Obuin 3(PPEeKTUBHBIMU — TOJMMEPHBIE MAaTPHIIBI B
MPEIBAPUTEIHFHO O0paOOTaHHBIX M W3MENIFYCHHBIX KOMIIO3UTaX OBUTM TOMOT€HHO DPAa3JIOKEHBI B
TeyeHue 1 yaca.

W3BrieueHue yriepoaHoro BoJOKHa BO3MOXHO mpu oopadotke [TKM nepykcycHOM KHUCIOTOM,
oOpa3yrolieiicss B pacTBOpE U3 CMECH YKCYCHOM KHUCJIOTHI M TEpPOKCHIAa BOIOPOJA.
Wccnenoparensimu [5] mpeiokeH BO3MOMKHBIM MEXaHM3M PEaKLUM pa3pyLIEHUs 3MOKCHUIHOU
MaTpullbl. Bece ucnosnbp3yeMble pacTBOPUTENN ObUIM U3BJIEUEHBI B YMCTOM BUJE U MPUTOAHBI JJIS
MIOBTOPHOTO HCIMOJIb30BaHUA C 3(()EeKTUBHOCTBIO BoccTaHOBieHUs Ooinee 90%. IlpakTuuecku
[IOJTHOE U3BJICUCHHE TNepepabOTaHHbIX MPOIYKTOB, a TAakKXXe PAcCTBOPUTENS MPH OTCYTCTBUU
ra3o00pa3HbIX BHIOPOCOB U MATKHE YCIIOBHS PEAKIIMU JEJIal0T 3TOT Mpoliecc 00jee SKOJIOTHYHBIM.

JIByX3TanHblii METOJ W3BJIEYEHUS YIVIEPOJHBIX BOJIOKOH K3 KOMIIO3UTOB C SIOKCHIHOMN
CMOJIOI B MATKHX YCJIOBMSIX BKJIIOYaJ B ceOs /1Ba 3Tana [6]. YTOOBI MoydnuTh OOJBIIYIO TUIOMAIb
MOBEPXHOCTH KOMIO3UTHI ObUIM 00paboTaHbl B YKCyCHOH kucnore, npu 3toM [IKM craHoBsTCS
pa30yXIMMU U CIOUCTBIMU. 3aTeM B repmeTHuHoM peakrtope IIKM obpabarbiBatoTcsi pacTBOpOM
nepekucu Bogopona u N, N-numerundpopmamuna B teueHue 30 munyT. [lomydeHHBIH mpu 3TOM
KO03((UIIMEHT pa3oKeHHs MOKCUIHOW CMOJIBI B KOMITO3UTax Obl1 O6osnee 90%, a mMpoYHOCTH Ha
pacTsKeHue YIIIEpOIHBIX BOJIOKOH cocTaBmiia Oonee 95% OT MCXOIHBIX MapaMeTpoB MO JaHHBIM
UCIBITAHUN Ha PacTSHKEHUE OJMHOYHOIO BOJIOKHA.

DddexTuBHAs cTpaTerusi pa3aoKeHus AMOKCHIHON cMoibl [IKM BrirouaeT MCmoiab30BaHME
XJIOpH/JIA AIIOMMHHMSI U YKCYCHOM KHCIIOTBI B KAYECTBE CUCTEMBI pa3iiokeHus [7]. YKcycHas KHCIoTa
OPUBOIUT K HaOyXaHUIO CMOJBI M MPOHHUKHOBEHUIO HOHA allOMUHMS (Karanauzaropa) B
MOJIMMEPHYIO MaTpuily. VIOHBI aJlfOMUHUS B pacTBOPE YKCYCHOM KUCIIOTHI CEJIEKTUBHO PACIIETIISIOT
cBsa3b C—N, octaBiss cBsi3u C—C, C—O HETpOHYThIMH. DTOT IIPOLIECC MO3BOJISIET NOJIy4aTh [ICHHBIE
OJIMTOMEPBI U YIIIEPOIHBIE BOJIOKHA.
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OKuCAUTENbHOE Pa3IOKEHUE AOKCUIHONW CMOJIBI BO3MOXKHO B MSTKHX YCIOBHUSAX C allETOHOM
u nepekuchro Bomopona [8]. CremeHb pas3ioKeHUs 3MOKCUIHOW cMoibl mpesbimaeT 90%, a
MIPOYHOCTH YITIEPOIHOTO BOJIOKHA COCTaBIsIET Oosee 95% OT nepBoHaYaNbHOM.

Cucrema MONMATUICHIIIMKOIL/TUAPOKCU HATPUsl HUCIIONB30Bajach Uil XUMHYECKOMH
nepepaboTKU KOMIIO3UTOB C 3MOKCHIHON cMoutol [9]. [Tocne peakuuu nmpu atMochEepHOM JTaBIICHUH
B Teuerne 4 4 npu 200 °C ¢ 0,1 r NaOH/r xomno3uta Obu1a nomydeHa 3hHeKTHBHOCTD Pa3IoKEeHUS
cMmoJibl Ha ypoBHE 84,1-93,0%.

B0O3MOXXHOCTP MHOTOKpPaTHOTO HCIIOJIb30BaHA alleTOHA B KaueCTBE pPACTBOPUTENS IS
Pa3JIOKEHUsI AMOKCUIAHOW CMOJIBI ISl CHIDKEHHS ero pacxoma Obiia ucciepoBana [10]. bwuio
00HapyKEHO, YTO PEHUPKYITHPYEMBIi PACTBOPHUTEIH CTAHOBHUTCS BCE 00JIee KOHIIEHTPUPOBAHHBIM C
MPOAYKTaMU PA3J0KECHUS SMOKCHIHOW CMOJBI. OTH TPOMYKTHI Pa3lIOKEHHUS CIIOCOOCTBYIOT U
YCHJIMBAIOT Pa3i0KeHNE KOMITO3UTA.

W3BecTHBI TEXHOJIOTUHU COJIBBONIU3A C AOMOIHUTENbHON 00paboTKOM MUKPOBOJIHAMU, KOTOPHIE
MO3BOJISTIOT HHTEHCU(HUITPOBATH MIPOIIECC.

Conveonus y2neniacmurkos 8 C8epXKPUMuU4ecKux HCUOKOCsxX

BricokoTemnepaTrypHbIii  CONBBOIU3 C HCIOIB30BAHUEM CBEPXKPUTHUECKHX IKHUAKOCTEH
paccMarpuBaeTcsl Kak MEepCHEKTUBHBIM METOA W3BJICYEHHS YIIEPOAHOTO BOJIOKHA XOPOIIETO
KauecTBa. [t co3manus CBEpXKPUTHUECKUX YCIOBHUH, HAIIPUMED, JUIS BOJBI, HY>KHBI CIICIIUAIIbHBIC
JOPOTOCTOSIIIIUE PEAKTOPHI, KOTOPBIE JOJDKHBI BBICPKUBATh BBICOKHE TEMIIEPATYPHl U JaBJICHUS, a
TaKke KOPPO3HI0 H3-32 M3MEHEHHBIX CBONCTB pacTBoputeneil. [loMuMo Boabl A COIbBONIM3A
MIPUMEHSIFOTCS] PACTBOPHI CIIUPTOB, PEHOIOB, aMUHOB [2].

B wuccnenopanmm [11] wmcmonb3oBanach CBEpXKpUTHYECKass Boaa Oe3  100aBIeHUS
pacTBopHTelied M OBLIO JAOCTUTHYTO yrajeHue 99,9% sMmoKCHIHBIX CMOJI. YCJIOBHS MPOBEACHHS
npouecca: remneparypa 40542 °C, nasnenue 280 £10 6ap.

Herpanauus a0 98% osmnokcuaHoN cMonbl Oblia gocturHyta mpu obOpabortke I[IKM ¢
HCIIOJIb30BaHUEM CMECH arleToHa M Bojbl npu Temmneparype 320 °C (CBEpXKPUTHUECKHE YCIOBHS)
[12]. VBenuuenue BpemeHu oOpaboTk ¢ 1 70 2 YacoB MOKa3bIBAaET YBEIWYEHUE CTETICHU
pasnoxxeHust Bcero Ha 10%, mosToMy B JanbHEWIIEM NpPOJODKEHHM Ipoliecca HET CMBbICTa.
N3menpuenne oOpasua nepea o0paboTKON TakKe He OKa3bIBaeT CYIECTBEHHOI'O BIMSIHUS.

B03MOXHO WCIIONB30BaHWE BOABI B YCIOBUSX, ONM3KUX K KPUTHUECKHUM, B pEaKTOpe
nepuoauyeckoro nevcteus (1 i) mpu Temmneparypax u gasieHusix no 350 °C u nmaBnenuu 170
6ap [13]. B oOpa3smax »xuakoil ¢as3pl ynanoch HMASHTU(UIUPOBATH pa3IUuHble (EHONbHBIE U
apoMaTHyecKue coenuHeHusa. B oOpasnax, cOOpaHHBIX TpH Pa3JIOKEHUU TMOJUIPHUPHBIX
KOMIIO3UTOB, MOHOMEp (pTajeBoil KUCIOTHI BHIMAJall B OCAAOK MPAKTUYECKH OUYHUINEHHBIM IPHU
TeMmeparypax B quanasone 250-325 °C.

Obwas xapaxmepucmuxa mexHono2uil

XapakTepucTUKa PACCMOTPEHHBIX TEXHOJOTMM C TOYKM 3pEHMsI MOTPEONIIEMBIX PECYpPCOB
(BOABI, DNEKTPOSHEPrUU U JAp.) U TMOIydaeMbIX IPOAYKTOB BOJIOKHA, OJUIOMEpPOB M Jp.
npezcrasieHa B Tabmue.

Y TUIU3alMOHHBIE TEXHOJIOTUU CXKUTaHUSA B I€Yax KUILAIIETO CJIOS, UPOIN3a U COJIbBOJIM3A
MTO3BOJISIFOT TMOJIY4YaTh BTOPUYHOE YITIEPOJAHOE BOJIOKHO JUISl IOBTOPHOIO HCNONb30BaHUA. OT
TEXHOJIOTMM W3BJICYEHUS 3aBUCUT KayeCTBO IOJYyYaeMOIrO BOJIOKHA, B TIEPBYIO O4Yepelb
MeXaHHUYECKHE CBOMCTBA U BO3MOYKHBIE 00JIaCTH PUMEHEHUSI.
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Tabmnuma.
OBIIASI XAPAKTEPUCTHUKA TEXHOJIOT U OBPAIIIEHUS C OTXOAJAMU ITOJIMMEPHBIX
KOMITO3UITMOHHBIX MATEPUAJIOB HA OCHOBE YI'JIEPOJHOI'O BOJIOKHA [14-15]

Pacxoo/npuxoo na 1 ke IIKM na ocrose yenepoonoeo onokna™

3ampauusaemvle
Tonyuaemvle npodyxmul
Memoo pecypcol
noze3nvie NPoOyKmbl
Onepeuu !l  mamepua-  snep- 8b10pO-
MOTILGA 08 st mamepua-  3ameHsiembie ol 0mx00bl
Jibl pecypcul
3axopoHeHHe — — — — — — 1 kr [IKM
HpoGnenwue / 0,075 — — 0,79 kr CTEKJIOBO- — —
M3MeNbUeHUe kBT*4 (huopHI JIOKHO
0,21 xr HaIlOIHHU-
MOPOIIKa TENH
Cxuranue B — — 32 0,08 kr (B  cwIpne 336 xr —
LEMEHTHBIX M/lx  xiImHKEpe) CO;
nmevyax
Coxuranue B 0,95 — — 0,55 xr TIEPBUYHOE 0,9 xr —
TICEBIIOOKHU- kB1*4 BOJIOKHA yraeBosiokHo CO»
YKEHHOM CII0€ 1,1 MIx 0,23 kr
mpup. rasa BOJBI
[uponms 8,33 — — 0,55 xr TIEPBUYHOE 0,9xr —
kBT*4 BOJIOKHA yrineBojokHo  CO-
0,28 xr TOILIMBO
TOPIOYHX
MPOAYKTOB
Huskoremnepa- 1,81 0,45 xr — 0,55 xr MIEPBUYHOC — oTpaboTaH-
TYpHBIA KBT*q YKCYCHOM BOJIOKHA YIJIEBOJIOKHO HBII
COJIBBOIU3 K-TBI COITbBOJTH3-
0,04 xr 0,35 kr CMOJIBI? ** HBIN
NaOH OJIITOMEPO pacTBop?**
1,65 kr B
BOZBI
ConpBomnH3 € 2,78 — 0,65 xr NepBUYHOE — orpaboTan-
MUKPOBOJIHO- kB1*u BOJIOKHA YIJIEBOJIOKHO HBII
BBIM 0,19 xr CMOJTBI?** COJIbBOJIN3-
BO3JICUCTBHEM OJINTOMEPO HBII
B pacTBop?**
ConpBonN3 B 2,61 3,5kr — 0,65 xr NepBUYHOE — orpaboTaHH
cBepxKpuTHuec- KBT*u BOZBI BOJIOKHA YTIIEBOJIOKHO BIif
KHUX KUAKOCTSIX 1.64 18 72 T BOJBI 0,35 kr COJIbBOJIM3H
0% M (oxnaxxaeH OJIMTOMEPO  CMOJIBI?** 317§
1pup- Tasa ne) B pacTBOp?**

*YYTeHbI TOJIbKO 3HAYUTEIbHBIE MM MapKEPHBIE MIOTOKH I 0a30BBIX BAPHAHTOB PEANTM3AIMNA METOOB;
**[Tome3Hoe HWCIONB30BAaHHUE IONYyYaeMbIX CMOJI OTPAHWMYEHO, MOATOMY HMX B Pa3HBIX CIIydasX MOKHO
paccMaTpuBaTh U Kak pecypc U Kak OTXOIBI.

Bobi600wi
Jlis yTUAM3aIui OTXO/I0B YIVICTIIIACTHKOB MCIIONIB3YIOTCS TEPMHUECKHE, TEPMOXUMHUECKHIE U
MeXaHW4YecKkue MeTofbl. [lpu u3BIEUEHUM YIIEPOAHOTO BOJOKHA TEPMUYECKUMHU METOJaMU
MIPOUCXOUT Pa3jIOKECHUE M TIOCIEAYIONee CXKUTAHWE TIPOMYKTOB PA3JIOKEHUS OPraHuYeCKON
MTOJIMMEPHON MAaTPHIIBI, OTHAKO TIPH MPABHIBLHO TOJO00OPAHHON TeMIIepaType BO3MOXKHO IMOJTydeHUE
JIOCTaTOYHO Ka4eCTBEHHOTO BOJIOKHA. Hanmmune HeOONbIIOro KOMMYecTBa KUCIOpOAa B cpefe, B
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KOTOPOH MPOUCXOAUT TEPMHUUECKAs yTUIM3ALMs, KPOME TOr0, MO3BOJIAET MaKCUMaJIbHO U30aBUTHCS
OT OCTaTKOB CMOJIBI M NUpoyruepoaa. s TepMOXMUECKON yTWIM3ALUU OTXOAOB YIVICIUIACTUKOB
UCTIONB3YIOTCSL  OoJiee MSTKHE TeMIlepaTypHble YCJIOBUS, KOTOpPbIC, OIHAKO, JOHOJIHSIOTCS
pa3IUYHBIMKM, MHOIAA JOCTaTOYHO arpecCUBHBIMHU, peareHTamMu. B umrtoro 310 mosposser Oosee
rMOKO yIpaBisITh KadyeCTBOM IOJIY4aeMOro BTOPUYHOIO BOJIOKHA, OJHAKO KOMIIOHEHTHI MaTpHLIbI,
neperie/iue B BUAE MOHOMEPOB U OJUTOMEPOB B PACTBOp, HE BCErJa MOTYT OBITH MOJIE3HO
HCIIOJIB30BaHbl BBUJAY HX KayecTBa, I03TOMY YTWIM3alUsg TaKUX pPacTBOPOB MOXKET CTarb
npobieMoil. MexaHndeckue METOAbl C YYeTOM XapaKTepUCTHK U CTOMMOCTH IOJy4YaeMbIX
BTOPUYHBIX IIPOAYKTOB HE MOIYT pPAacCMarpuUBaThbCs KaK IPAKTUYECKU NPUMEHUMBIE METO/BI
YTUIN3ALHH.

Pesynomamel, npedcmasnennvie 6 cmamve, OblLIU NOTAYYEHbL 6 X00€  BbINOJIHEHUS.
2ocyoapemeennozo 3a0anus Munucmepcmea obpasosanus u Hayku P®D 6 pamkax meponpusmus
«HMnuyuamusnvle nayunvle npoekmoly, k00 3asneku 5.9729.2017/8.9.
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