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POJIb JIMT'HUHA B TEXHOJIOI'M MATEPHUAJIOB
JJIA TO®PPOKAPTOHA

A.C. Cmouun,! B.U. Komapos?
ICanxm-Ilemepbypeckuii 2ocyoapcmeenviii. yHugepcumen npoMblUIeHHbIX MEeXHOI02ULl U
ouzatina, e. Cankm-Ilemepoype, Poccus
Cese, 1 (A 1) peo i A P
pHbLU (Aprxmuueckuil) ghedepanvhulil ynugepcumem, 2. Apxaneensck, Poccus

B 0oxnaoe paccmompeno enuanue 1ueHUHA HA NPOYECCbl OYMANCHO-KAPMOHHO20 NPO-
ussoocmaa u 2ogppoobpasosanue. Ilokazano, umo nueHuUH 8 npoyecce NPoU3BOOCM8a 1avHepa
u @uiomunea HaAXOO0UMCsA 8 3ACMEKN08AHHOM COCMOAHUU U He NpUHUMAem y4dacmus 6
MeJHCBOJIOKOHHOM C653e00pazosanuu. B npoyecce cogppoobpaszosanus nueHun Ha 20gposany
nepexooum 8 8blCOKOINACMUYECcKoe COCMOsIHUE, 3ameM NPU CYyulke 0CHO8A 3ACMeKI08bleaen -
¢, umo obecneyugaem NPOYHOCMb 20PPOCIO.

A.S. Smolin,! V.I. Komarov?

ISaint Petersburg State University of Industrial Technologies and Design, Saint Petersburg,
Russia

’The Nothern (Arctic) Federal University, Arkhangelsk, Russia

THE ROLE OF LIGNIN IN THE TECHNOLOGY OF CORRUGATED
MATERIALS

The report considers the influence of lignin on the processes of paper and board pro-
duction and corrugation. It is shown that lignin in the process of the liner and fluting manu-
facturing is in a glass state and does not take part in the interfiber bonding. During the cor-
rugation process the lignin passes into a highly elastic state, then, when dried, the substance
is glassed, which ensures the strength of the corrugating media.

W3 oOmenpuHATON TEXHOJOTHH To(poMaTepuanoB XOpOIIO H3BECTHO,
9TO JUIS JIJaliHepa U, B OOJIBIICH CTETeHH, A1 (PIFOTUHTA UCTIONB3YIOT JIUTHO(DH-
upoBaHHble BOJOKHA. [lomydabpukarel, copep amiyue STH BOJOKHA, UMEIOT
BBICOKME M CBEpPXBBICOKHME NoOKazarenn kectkoctd — 60...100 en. Kanma, To
eCTh, COJEpKAT BeChMa OIIYyTHMBIC KoindecTBa JUTHWHA. [lomydadbpukarsl ¢
BBICOKOM KECTKOCThIO, cojiepkaiue 9...15 % IurauHa, rapaHTUPYIOT BBICOKHE
MO0Ka3aTeNH KECTKOCTH BOJIOKOH, JaifHepa U (hIIOTUHTA U, COOTBETCTBEHHO, BbI-
COKYIO JK€CTKOCTh IIPU U3THOe OOKOBBIX CTEHOK TOQpOosIINKa, 00eCIeUnBaroIIe-
ro €ro KapKacHOCTb U mTadenupyemMocTs [1].

B cooTBeTcTBHM ¢ TpaAMIIMOHHBIMU MTPEACTABICHUSIMH O TUTHUHE, OH SIB-
asieTcst TUApoGOOHBIM MMOJTUMEPOM U MPEMSATCTBYET HaOyXaHUIO U (PUOPHILIH-
poBaHMIO BOJIOKOH. Kpome Toro, mpuCyTCTBYSI Ha MOBEPXHOCTH BOJIOKOH, JIUT-
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HUH caM He 00pa3yeT MEXBOJIOKOHHBIX CBS3€H M MPEMITCTBYET 0Opa30BaHUIO
CBsI3eH IEJIII0I030M M TEMUIICIUIIOI03aMH [2].

OnHako, XOPOIIO M3BECTHO, YTO JUTHUH COAECPKUT 3HAUUTEIIBHOE KOJIU-
4eCTBO (DYHKIMOHAIBHBIX TPYII, MOTCHIIMAIBHO CIIOCOOHBIX K 00pa30BAHHIO
ME>KBOJIOKOHHBIX BOJIOPOJIHBIX CBsi3ed. Tak, B JJUTHUHE COJEPKATCS TUIAPOK-
CUJIBHBIC TPYMIBI IBYX THUIIOB — (PEHOJIbHBIC, CBSI3aHHBIC C OCH30JbHBIM KOJIb-
IIOM, U CIIUPTOBBIC, HaXOJSIIMECS B MporaHoBod nenu. OOIee coaepkaHue
TUAPOKCUIIBHBIX Tpymil o0oux TumoB coctapiser 110...120 rpynm wa 100 de-
HUJITTPOTIAHOBBIX €IMHMUII.

Kpome Toro, B TUTHUHE cOfepKaTCsd KapOOHUIILHBIE TPYIIIBI IBYX THUIIOB
— anpJerujinpie U ketoHHsle. OOIee coiep’KaHue 3TUX TPYII COCTaBISAET B
cpeaneM 20 rpynmn Ha 100 ¢enunnmponaHoBbix eauHUIl. KapOokcuiibHbBIE TpyT-
bl IPUCYTCTBYIOT B JIMTHUHE B HEOOJIBIIIOM KOJIMYECTBE — B CPEIHEM 5 TPy
Ha 100 dhenunmponanoBbIX equHMII [3].

Takum oOpazoM, Ha KOKIYI0 (EHUIIPONAHOBYIO CIMHUITY JIUTHUHA TIPHU-
xonures 1,3...1,4 rpynmbl, ciocoOHbIE K 00pa30BaHUIO0 MEXBOJIOKOHHBIX BOJIO-
POJIHBIX CBSI3EH.

KoneuHo, B 11e/U110103€ TaKUX TPYII 3 HA OJIHO TIFOKONUPAHOBHOE 3Be-
HO. HOo ruapoKcuiioB, COCOOHBIX K MEKBOJIOKOHHOMY CBS3€00pa30BaHMIO 3HA-
YUTEJIBLHO MEHBIIE, MOCKOJIbKY OOJIbIlIasi 4YacTh U3 HUX CBsI3aHA CUJIBLHOM BOJIO-
POAHON CBSA3BIO B KPUCTAJUIMYECKUX yYaCTKax LEUII0N03bl. OIHAKO, MEXKBOIO-
KOHHOE CBSI13€00pa30BaHKE Mbl COBEPILIEHHO CIPAaBEJIUBO CBSI3bIBAEM C THJIPOK-
CUJIBHBIMHU TPYNIaMU LEJTI003bI.

[IpakThka MOKa3bIBAET, YTO JIMTHUH, HECMOTPS Ha JIOCTAaTOYHOE KOJUYe-
CTBO (D)YHKIIMOHAJBHBIX TPYII, MOTEHIIMAIBHO CIIOCOOHBIX K 00pa30BaHHIO BO-
JIOPOAHBIX CBS3€H, HE Y4aCTBYET B MEKBOJIOKOHHOM CBsI3e00pa3oBaHuu, Oojiee
TOTO, MPETSITCTBYET 00Pa30BaHUIO CBSI3EH C IEIUTIOJI030H.

JleficTBUTEIBLHO, C POCTOM BBIXOJIa BOJIOKHUCTHIX MOTYy()adbpruKaToB u, CO-
OTBETCTBEHHO, POCTOM COJIEp>KaHUsI B HUX JINTHUHA, IPOYHOCTh MOTYYEHHBIX U3
HUX OyMaru v KapToHa 3HAYUTEITLHO YMEHbIIIAETCH.

OpnHako, cieayeT OTMETUTh, UYTO pPEallbHbIE NMPAKTUYECKUE PE3YyJIbTAThI
B CBETEC BBINICU3JIOKEHHOTO HE HAXOAAT yOCIUTEIHHOTO pa3bsiCHEeHUs. HbIMU
CJIOBaMHU, HEMOHSTHO, TOYEMY MPHU HAJUYUU JOCTATOYHOTO KOJWYECTBA B JIWT-
HUHE (PYHKITMOHAIBHBIX TPYMI, CIIOCOOHBIX K 00pa30BaHUIO BOJOPOIHBIX CBSI-
3€il, JINTHUH He 00pa3yeT CBsA3eil MEXIy pacTUTEILHBIMHU BOJIOKHAMH B MPOIIEC-
ce IIPOoM3BOICTBA OyMaru 1 KapToHa.
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Jl7is oTBETa Ha 3TOT BOMPOC HEOOXOTUMO OOPATUTHCA K OCHOBHBIM IOJIO-
KEHUSM TEOpUU (PU3NYECKOro (peraKCcallMOHHOTO) COCTOSIHHS MOJUMEpPOB, CO-
CTaBJISIIOIIMX JIMTHOPUIIMPOBAHHBIE BOJIOKHA — LIEJUTI0JI03a, Te€MUIEIUIIONIO3bI,
JIUTHHUH, Han0oJIee TTOJTHO U3JI0KEHHBIM B MoHOTpaduu D.J1. Akuma [4].

K BbIBOJAM, MOJYyYEHHBIM Ha OCHOBAaHWU A3TOW TEOPUH W HMEIOLIUM
KpaiiHe BayKHOE 3HAUYEHUE JJIs IPOM3BOJICTBA Oymaru, KapToHa U ropoKkapToHa,
CJelyeT OTHECTH:

- TIOJIO)KEHHE O TOM, YTO IEJUII0JI03a U FEMUIEIUIIONIO3bl MOTYT MEepelTH
U3 CTEKJIOOOpa3HOTO COCTOSHUSI B BBICOKOAIACTUYECKOE MpPHU TeMmIepaType
220 °C, oIHaKO B peaJbHBIX YCIOBUAX 3TOT NEPEXO] MPOUCXOAUT MPHU KOMHAT-
HOM U Ja’ke MUHYCOBOM TeMIIepaType MpHU YCIOBHUH IMIACTU(PUKAIIUN TOCTATOY-
HBIM KOJIMYECTBOM BOJIbL;

- MEepPEeXO0/]l JIMTHUHA U3 CTEKJIO00PA3HOr0 B BBICOKORIACTUYECKOE COCTOS-
HUE POUCXOIUT Ipu Temmeparype cBbime 130 °C, a B yCIOBUSX JOCTATOYHOTO
yBIaxHeHus — npu tremneparype 80...120 °C;

- o0pa3oBaHHME MNPOYHBIX MEXKBOJOKOHHBIX CBS3€Hd BO3MOYKHO JHIIb B
Clly4ae COCTOSIHUS MOJIMMEPOB, 00pa3yroIINX KOHTAKT, B BHICOKOIACTHUECKOM
100 BSI3KOTEKYYEM COCTOSIHUU.

PaccmarpuBasi mpoliecchl pa3mosa, OTJIMBA, MPECCOBAHMS U MEPBOM CTa-
JIUY CYIIKH, CIEAYET OTMETUTH, YTO LIEJUTIOI03HAs U T€MULIEIUTIOI03HAsl COCTaB-
JISIOIIAsl BOJIOKOH IMOCTOSTHHO HAaXOJUTCS B PACCTEKJIOBAHHOM BBICOKOAJIACTHYE-
CKOM COCTOSIHUH, TO €CTh, MOTEHIMAIBHO FOTOBA K CBA3€00pPa30BaHUIO, YTO H
peann3yeTcs Ha MOCIeAYIOMMX CTAIUsIX MPOIEcca CYIIKH.

[Ipu 3TOM JTUTHUH, KOTOPOTO BIIOJIHE IOCTATOYHO B JIMTHO(UIIUPOBAHHBIX
BOJIOKHAX, HAXOAUTCS B CTEKIO00OpPA3HOM COCTOSIHUH, MOCKOJIBbKY TP pa3Molie,
OTJIMBE U MPECCOBAHUM MPU HATUYUHU HEOOXOJAMMOTr0 KOJMYECTBA BOJABI TEMIIE-
paTypa mpolecca HUKouM odpazoMm He aocturaer 80 °C. DTa TemmepaTypa BO3-
MO>KHA B IIPOLIECCE CYIIKH, HO TaM BOJBI IBHO HelocTaTouHO. [Ipu nocTimxkeHnu
cyxoctu 55...60 %, rae HaunmHaeTcs 00pa30BaHUE MPOYHBIX BOJIOPOIHBIX CBS-
3ei, ME’KBOJIOKOHHAS BOJIa MPAKTUYECKH OTCYTCTBYET.

Takum 06pa3zom, MOKHO CENIaTh BHIBOJ, YTO JUTHUH B TEXHOJIOTHYECKOM
poliecce Mpor3BOICTBA OyMaru U KapToHa MOCTOSSHHO HAXOJUTCS B CTEKII000-
Pa3HOM COCTOSIHMM, U 3TO OCHOBHAsl MPUUYMHA HEYy4YacTHsl JIMTHUHA B 00pa3oBa-
HUU MEXBOJIOKOHHBIX BOJIOPOJHBIX CBs3€H, puc. 1.

Hcxons u3 BBIIIEU3I0KEHHOTO, B JUTHO(DUIIMPOBAHHBIX BOJOKHAX, HC-
MOJIb3YyEeMBIX JUIsl TPOU3BOJICTBA JaiiHepa U (IIIOTUHTA, COCTABJISIIOIINE BOJIOKHA

31



‘ IV MexkayHapoaHasi HAy4YHO-TeXHUYeCKas KOH(pepeHuus
«ITPOBJIEMBI MEXAHUKH! HEJJIIOJO3HO-BYMAXKHBIX MATEPUAJIOB»

r. ApxaHreibck, 14-16 centsops 2017 r.

MOJMMEPHI HAXOATCSI B MPOIECCEe U3TOTOBIICHUSI OyMaru U KapToHA B pa3iiny-
HBIX peJlaKCAIlMOHHBIX COCTOSHHSIX.

Creknoo0pa3Hoe COCTOSHHE JIMTHUHA MCKIII0YAeT ero ydyacTue B 00paso-
BaHUM BOJOPOJHBIX CBSA3EH, HO, MPEANOJIOKUTEIBLHO, CIIOCOOCTBYET yBEIUYe-
HUIO JIOJW CHUJI TPEHUSI B MHTETPAJIbHBIX CHJIAX CBSI3U, YTO OTMEYAJIOCh B OJHOM
U3  KAHAWJATCKUX  JUCCEpPTAllMii, BBIMOJHEHHBIX TIOJI PYKOBOJCTBOM
B.N. Komaposa [5].
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HanpaBneHI/Ie TCXHOJOTUYCCKOTO ITponecca

Puc. 1. PenakcanuonHnsle nepexo/ipl B IpOM3BOACTBE OyMaru u KapToHa: 1 — nuHus
BJIArocojepKaHus; 2 — JIMHUS TEMIIEpaTypbl; 3 — TeMIepaTypa CTEKJIOBaHMsI LEJITI0-
7036l ¥ TEMHLIEIUIION03; 4 — TeMIepaTypa CTEKJIOBaHHs JUTHUHA

[Tepexos JUTHUHA M3 CTEKIO00PAa3HOTO B BBICOKOAJIACTHYECKOE COCTOS-
HUE OCYIIECTBIIIETCS B IMporiecce rohpoodpa3oBaHusi B MPOU3BOJICTBE TOPpO-
KapToHa.

[Mporiecc roppoodbpazoBaHusi — OJUH U3 OCHOBHBIX B TEXHOJIOTHH TO(PO-
kapToHa. OpraHu3aiys TOro Mpolecca ONMpeaesieT OCHOBHBIC XapaKTEPUCTHKU
roToBOro Marepuana. Hapymrenus mporecca rogpooOpa3oBaHusi MPUBOIUT K
CHI)KCHHIO MPOYHOCTH TO(P M MX YCTOMYUBOCTH, BIUSIIOT Ha IMPOYHOCTH ajre-
3MOHHOTO I11Ba, MOT'YT IIPUBECTH K KOPOOJICHUIO PA3JINYHBIX THITOB.

Marepuaisl 1151 TohpOKapTOHa, YCTaHABIMBACMbIC Ha PacKaThl Todpoar-
perata, HaXOJAATCS B 3aCTCKJIOBAHHOM COCTOSTHUH.
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[Tepen momadeii Ha rodpupoBaHKe JaitHEp W QIIOTUHT MOAOTPEBAIOTCS U
yBIQXHAIOTCA. [lepexo1 TUrHOICIUTIOIO3HBIX BOJIOKOH, COCTABIISIONINX JaitHep
U (QIFOTHUHT, B BBICOKODXJACTUYECKOE COCTOSIHHME MPOMCXOJUT Ha rodposaiax,
rae temneparypa gocturaer 180...190 °C npu 10CTaTOYHOM BIAXKHOCTH JJIs
penaKkcalMoOHHOTO Mepexo/ia eJUTI0JI03bl, TEMULICIUTIONIO3 U JINTHUHA, pUC. 2.

[Tpy MOBBIIIIEHHON BIAXKHOCTH M JIOCTaTOYHO BBICOKOHM TemIlepaType, Xa-
PaKTEpHBIX JJIs Ipoliecca roppoodpa3oBaHusl, HE UCKIIFOUYEH MEPEXO0 ] FeMHUIIEII-
JIF0JI03 ¥ HU3KOMOJIEKYJSIPHBIX (DPAKIUi JTUTHUHA B BS3KOTEKYyYe€ COCTOSHUE
¢ 00pa30BaHUEM TaK HAa3bIBAEMOI'O «JIMTHUHOBOTO TEJIsh».
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Puc. 2. Jluarpamma coCTOSTHUS LEJUTIONO3bI U TUTHUHA B IPUCYTCTBUH BOJIBI:

1 — 30Ha onTUMaIBLHOTO TOPPOOOPA3OBAHNUS; 2 — CTEKIIO00PA3HOE COCTOSIHUE 1IEILTIO-

J103bl; 3 — CTEKI000pa3HOE COCTOSIHUE JIUTHUHA; | — IMHMS pelaKkcaluOHHOIO Mepexo-

J1a TEJUTIOJIO3bL; 2 — IMHUS PEeNIaKCAIlMOHHOTO TIEPEX0/ia JIUTHUHA; — — — JIMHUS JOIy-
CTUMOM BIIQXHOCTU; = = — JIMHUS TEPMUYECKOTO PA3I0KEHHS 1EITI0I03bI

B pesymbrare penakcamuoHHOTO mporiecca aedopMaliis JTUTHOICIITIO-
JIO3HBIX BOJIOKOH TMEPEXOAUT W3 yNPYyrou B Iutactudeckyro. [lmactudukarus
GroTHHTa — BajKHEHUIIIee YCIOBUE yCIemHOro roppoodpa3zoBanus. EcrecTBen-
HO, TTocsie oOpa3oBanus rodp, OGaromapss TEPMUIECKOMY BO3JICUCTBHUIO TO(pO-
BaJIOB, BIAXKHOCTH (DIIOTHHTA CHIKAETCS U BO3MOJKEH MEpexXo B CTeKI000pa3-
HOe cocrosiHue. OAHaKo, MPAaKTUYECKU Cpa3dy HAUYMHAETCS MPOIECC CKICHKH
BEPIIMH rodp U BEPXHETO TUIOCKOTO CJI0sl. B OONBIIMHCTBE CiTydaeB, aAre3uBOM
SBIIIETCS COCTaB Ha OCHOBE Kpaxmalla C COJIEp’KaHuEM CyXOro BEIIeCTBa OKOJIO
20 % wu pacxomom 10-12 r/m? rodpokaprona. HecnoxkHbIe pacdeTsl MOKa3hIBa-
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10T, UTO B MECTE CKJICHKH BIAXHOCTh MatepuasioB coctaBuT 30-35 %. Dtoro no-
CTaTOYHO, YTOOBI MPEIIOJIOKUTh, YTO B MECTE CKJICHKH Kak (DIIOTHHT, TaK U
JaifHep HaXOMATCS B BBICOKOZJIACTUYECKOM COCTOSHHH, YTO 00ECIIEYMBAET XOPO-
1Iee MPOHUKHOBEHHUE aJIre31Ba B IOBEPXHOCTHBIE CIIOM (DIIIOTHHTA U JaiiHepa [6].

Takum 00pa3om, B mpoliecce CKICHKH BeChbMa Ba)KeH pellaKCAIlMOHHBIN
NEPEX0]l U3 CTEKI000Pa30BAHHOTO COCTOSIHHSI B BBICOKORJIACTUYECKOE, IPUUEM
ATOT MEPEXO0/1 MPOUCXOTUT KaK MPH MEPBOM, TaK U MPH BTOpoii ckielike. [locie-
TyIoIIasl CyliKa MPUBOIUT To(ppociioi, Kak M BeCh KapTOH, B CTEKIO0Opa3HOE
COCTOSTHUE, HEOOX0AUMOe Uit (POPMHUPOBAHUS TPEOYEMBIX IKCIUTyaTallHOHHBIX
XapaKTEPUCTHK TOHpOKapTOHA.

B 3aknirodeHue cienyer OTMETUTB:

- Ha BCEX CTaJMIX MpoIiecca MPOU3BOACTBA OyMaru W KapTOHA JIMTHUH,
BXOJISIIAIA B COCTAB JIMTHOIEIUTIONIO3HBIX BOJIOKOH, HAXOJAUTCS B 3aCTCKJIOBAH-
HOM COCTOSIHUH, YTO UCKJIOYAET €ro y4yacTHe B 00pa30BaHUU MEKBOJIOKOHHBIX
BOJIOPOJHBIX CBS3EH;

- B mpoliecce rodpoodpazoBanus Ha rodpoBaniax rodpoarperara Bce mo-
JMMEpPHBIE COCTAaBJISIIOIIME (IFOTHHTA, B TOM YHWCJE JIMTHHUH, MEPEXOMIT W3
CTEKJI000pa3HOTO COCTOSIHUSA B BBICOKODJIACTHYECKOE, Onaronmapst yemy iro-
TUHT TUTacTUduUuupyercs u oOpasyeTr rodpsl, KOTOpbe MPUOOPETaIOT HEO0OXO0-
JTUMYIO KECTKOCTh Oyarojaps mocieayroiemMy oOpaTHOMY Mepexoay B CTEKIIO-
o0pa3Hoe COCTOSIHUE.
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