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IMPOYHOCTHBIE U JIE@OPMAIIMOHHBIE CBOMCTBA CTPYKTYPBI
®OPMOBAHHBIX U3JIEJUA U3 OTXOJA0B ITPOU3BOICTBA
HEJUIFOJI03bI

A.B. Ilorames, A.B. I'ypbeB
Cesepnulil (Apkmuueckuii) pedepanvuwiii ynusepcumem, 2. Apxaneenvck, Poccus

IIpeocmasnensvt pe3yrbmamvl UCCLEO008AHUL NPOYHOCMU U 0ePOPMUPOBAHUSL NpU
pacmsiceHun 0o6pazyos GopMoBaAHHbIX U30EULl U3 OMX0008 NPOU3BOOCIEA YEILTIOI03bL.

STRENGTH AND DEFORMATION PROPERTIES OF THE STRUCTURE
OF MOLDED PRODUCTS FROM PULP PROCESSING WASTE

A.V. Potashev, A.V. Guriev
Northern (Arctic) Federal University named after M.V. Lomonosov

The result of studies of the strength and deformation properties on tensile structure of
molded products from pulp processing waste.

B Hacrosiee BpeMsi B KauecTBE NMEPBUYHON YIIAKOBKU U BCIIOMOTATEIb-
HBIX YHAKOBOUYHBIX CPEJICTB BCE 0oJiee IIMPOKO HCHOJb3YIOTCS (POPMOBAHHbBIE
U3JIETUS U3 PACTUTENIbHBIX BOJIOKOH, OTJIMYAIOIIKECS 0 COCTaBy, (hopMe U CIio-
coOy u3roroBieHus. JlaHHbIN BUJ U3AEIUIA B OTEYECTBEHHOM MPAKTUKE U HAyY-
HO-TEXHUYECKON JIUTEpaType TPaAMILIMOHHO 00O03HAYaeTCs] TEPMUHOM «OyMax-
Hoe nuTbe», KoTopbid B 'OCT P 53636-2009 [1] onpeneneH Kak <«JIMCThI BO-
JIOKHMCTON Macchl, OTIUTBIE U3 LIEUIIOJ03bl JIJIsl M3roTOBiIEHUs Oymaru». OH
COOTBETCTBYET MEXIAYHAPOJTHOMY TepMUHY — «molded pulp products» vnu npo-
cTo — «molded pulpy.

ChlpbeM a1 U3rOTOBJIEHUS (POPMOBAHHBIX M3JEIUM CIyXkaT LEJUII0I03-
HbI€ BOJIOKHA U3 JPEBECHUHBI U OJHOJIETHUX PACTEHMI, a TaKKE€ BOJOKHA MaKy-
natypbl. BO3MOXXHOCTH HIMPOKOTO HCIIOJIb30BAHUE BTOPUYHOIO ChIPbS 00Y-
CJIOBJIMBAET PACTYILYI0 BOCTPEOOBAHHOCTH (POPMOBAHHBIX M3JIEIUN KAaK pecyp-
cocOeperaroumx 1 3K0JIOTMYHbIX MaTEPUAIIOB.

B kauecTtBe emie 0gHOro NMOTEHIMAIBHOIO UCTOYHHMKA BOJIOKHA /IS MIPO-
U3BOJCTBAa (DOPMOBAHHBIX M3/EIUN B UCCIIEIOBAHUAX aBTOPOB pacCMaTpUBaIOT-
Cs OTXO/Abl IpyOOro cCOpTHUpOBaHUs (TaKk Ha3bIBAEMasl «CYyUKOBasi Macca») OT
IPOU3BOJICTBA CYJIb(PATHON LEUTI0I03bl. JJaHHbIE OTXO/bI SBJISAIOTCS MHOIOTOH-
HaxxubiMU (710 0,5...1,0 % oT OpyTTO-MaCChI LIEIITIO03bI MOCIEe BAPKHU) U MOTYT
IOBTOPHO HAIPABIATHCSA HA BapKy, YTHIU3UPOBATHCS B MHOIOTOIUIMBHBIX KOT-
nax, paUHUPOBATHCS U BO3BPAIIAThCS B OCHOBHOM MOTOK MAacchl JINOO MCIIOJb-
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30BaThCs B KOMIIO3UIIMU TEXHUYECKUX U TAPOYNAKOBOUHBIX KapTOHOB. OJIHAKO
MPEUMYIIECTBEHHO OHM CKJIAJAMPYIOTCA HA IMOJUTOHAX MPOMBIIIJIEHHBIX OTXO-
JoB [2].

[lenpro MccneqoBaHUM SBISETCA AHAIU3 CTPYKTYPHO-MOP(OIOTHYECKHUX
CBOMCTB BOJIOKOH M3 OTXOJI0OB Ipy0OTr0 COPTUPOBAHUS JTUCTBEHHOU CyJb(paTHOM
LEJUII0JIO3bl M KOMIUIEKCHAsl OLleHKa Ae(OpMallMOHHO-IPOYHOCTHBIX CBOWCTB
71a00paTOPHBIX 00pa3oB (OPMOBAHHBIX U3JICITUH.

Hcxonubie o0pasibl OTXO/I0B IpyOOro COPTUPOBAHMS B BUJE CYYKOBOU
Macchl MPEICTaBISAIOT COOOM JIpEeBECHOE BELIECTBO, HE pa3/eiuBIIEECs IOCIE
BapKH LEJUIIOJIO3bl HA OTAENbHbIE BOJIOKHA. COOTBETCTBEHHO CBOMCTBA JIaHHBIX
BOJIOKOH MOTYT OBITh OLICHEHBI TOJIKO IOCJIE THAPOMEXaHUYECKOW 00paboTKH
OTXO0JIOB, KOTOPas BHINOJIHEHA B JTabopaTopHOii MenbHuIe MoKpo.

Pe3ynbTaThl n3MepeHusi OCHOBHBIX XapaKTEPHUCTHK JIMCTBEHHBIX BOJIOKOH
¢ nomoinbto ananuzatopa Fiber Tester mpeacrtaBiensl B Tabu. 1. Tam xe ais
CONOCTAaBJICHUS MPUBEJICHBI TaHHbIE, TIOJyYEHHbIE JJI1 IPYruX 00pa3noB BOJIO-
KOH: OTXOJIOB, OTJEJSIEMbIX MPU MAIIMHHOM COPTUPOBAHMH JIMCTBEHHOU Oee-
HOM LIEJUIIOJIO3bI Tepe]l CYUIWJIbHOM MallIMHOM; rOTOBOM (TOBApHOi) JIMCTBEH-
HOU OesieHOM Cyb(aTHOM 1ETI0I03BI.

Tabmuua 1. CTpykTypHO-MOpP(]OIOrHUECKre XapaKTEPUCTUKU BOJIOKOH LEJIIFOJIO3bI
Ha pa3jIMyHbIX CTAJUSIX IPOU3BOACTBA

Crenenn Cpennss Cpennsis Cg:s;ﬂﬂ Jois Yucno n3inoMoB
oMora, JUTHHA, HIMpHHA, (bopMIf MEJIOYH, Ha BOJIOKHO,
°HIP MM MKM o, ’ % T
Omxo0vl 2py6020 cOpmMupoB8arUsl TUCMEEHHOU HebeleHO YelN0103bl
14 | 088 | 255 | 929 | 1,70 | 0,17
Omxo0b1 copmuposanusi b6e1eHoU JUCMBEHHOU YeILII0NI03bl
- | 099 | 223 | 905 | 17 | 0,47
Tosapnas nucmeennas beneHas yenrono3d
— | 0,96 | 221 | 910 | 28 | 0,42

VY CcTaHOBJIEHO, YTO MO CPABHEHMIO C BOJOKHAMHU U3 OTXOJIOB COPTHPOBA-
HUs O€JIeHOM LEeJTI003bl U TOBAPHOM LEJUTIOJIO30M, CPEAHs JUIMHA BOJIOKOH U3
OTXO0J/IOB IPy0OOT0 COPTHUPOBAHMSI TUCTBEHHOM 11eJUTI0N103bI HIKE Ha 13 %. Cre-
NeHb MOBPEXKICHHOCTH 00pa3IoB BOJOKOH U3 OTXOJ0B IPyOOro COPTUPOBAHUS
HeOeJICHO! LEJUTI0I03bl, XapaKTepu3yemasi YUCIOM M3JI0MOB Ha BOJIOKHE, TAKXKe
B CpelHeM B 2,5 pasa Huke. [Ipu 3TOM 3HadeHMs cpeHel IHMPHUHBI BOJIOKOH,
cpeanero Qakropa GOpMbI M 107U MeIoud (BOJOKOH JIMHON meHee 0,2 MMm)
COIIOCTaBHUMBI.
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Pacnpenenenne GppakimOHHOTO COCTaBa UCCIEA0OBAHHBIX BOJIOKOH CY4YKO-
BOM MAacChl M aJbTEPHATUBHBIX OOPA3II0OB BOJOKOH IO KjaccaM JIJIMHBI Tpe-

CTaBJICHO Ha puc. 1.
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Puc. 1. Pactipesenienrie BOJIOKOH M0 KJIaccam JJIUHBL: | — OTXO/bI TPyOOro COpTUPO-
BaHMUs JINCTBEHHON HEOEIEHOM LIEJITI0NO03bI; 2 — OTXO/Ibl COPTUPOBAHUS OEJICHOM
JUCTBEHHOM LIEJUTIONIO3bI; 3 — TOBapHAas JIMCTBEHHAs OeleHas IeJUTI0N03a

Cpennsisi 0711 BOJIOKOH B JIMCTBEHHOW OEJIEHOM IIEJUTI0NI03€, UMEIOIINUX
nnuny B nuana3one 0,2-0,5 mm, cocraBisier 16 %, npu 3TOM XapakTepHas cpefl-
HEB3BECILICHHAS JJIMHA BOJOKOH HaxoauTcs B auana3oHax 0,2-1,0 mMm. Kak crnen-
CTBHE, IIEHTP CTATUCTHUYECKOIO pacrpeiesieHus] BOJIOKOH MO JJIMHE ISl TOBap-
HOM 1IEJUTI0JI03bI HOPMAJIBHOTO BBIX0J1a, IO CPABHEHUIO C UCCIIEIOBAHHBIMU 00-
pasiiamMu BOJIOKOH CYYKOBOM MAacChl, CMEIIAETCs B CTOPOHY 00Jiee BHICOKUX 3HA-
YeHUW [JIMHBL. BOJIOKHA W3 OTXOJOB MAIIMHHOTO COPTUPOBAHUS 3aHUMAIOT
MPOMEXKYTOUHOE TMOJIOKEHUE, HO MO YPOBHIO CTPYKTYPHO-MOP(OIOTHUYECKUX
XapaKTepUCTUK U MO0 PACHpPECNICHUI0 (PPAKIIMOHHOTO cOCTaBa Oojiee OJMU3KU K
BOJIOKHaM TOBApHOM IEJUTIOJIO3HI.

Takum 00pazoM, MO COBOKYIMHOCTH CTPYKTYPHO-MOP(OJOTUUECKHX Xa-
PAKTEPUCTUK BOJOKHA U3 OTXOJI0OB Ipy0OOr0 COPTUPOBAHUS JIMCTBEHHOM IIEIIITIO-
JI03bI UMEIOT crelupuueckue 0COOEHHOCTH, KOTOPBIE CIEAYET YYUTHIBATH MPHU
WX UCMOJIb30BAHUM B KQUECTBE ChIPhs /11 ((OPMOBAHHBIX U3JICIUN C pEryiupy-
€MBIM YPOBHEM (PU3HKO-MEXaHUYECKHX CBONCTB.

Jlnst onieHKH (PU3UKO-MEXaHHUYECKUX CBOMCTB 00pa3lioB CTPYKTYPHI dop-
MOBAHHBIX U3JIEJIUNA U3 OTXOJ0B IPyOOro COPTUPOBAHUSI JTUCTBEHHOM LIEILTIOJIO-
3bl B AKCHEPUMEHTAX HCIOJIb30BaJIM TPU OCHOBHBIX BHJA UCIIBITAHUN: COMpPO-
TUBJICHUE PACTSKEHUIO, CKATHIO M U3THOY, KOTOPBhIE KOJWYECTBEHHO BbIpaxa-
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IOTCSI COOTBETCTBEHHO Pa3pbIBHOM IJIUHON (L), CONMPOTUBICHHEM TOPILIEBOMY
cxatuto (ECT) n xxecTkocTbio mpu u3rubde (Sp). PesynpraThl manHoi# yactu uc-
CJIeIOBAaHUN aBTOPOB MpeJICTaBIeHBI B padore [3], rae mokazaHo, 4TO MPOY-
HOCTb U KECTKOCTh 00pa3loB (POPMOBAHHBIX U3EIIUA UMEET CYUIECTBEHHO 00-
Jiee HU3KUU YPOBEHb MO CPABHEHUIO C aHAJIOTUYHBIMU MaTepuallaMu U3 TEXHU-
YECKOM LIeJTI0I03bl, YTO OUYEBHUJIHO OO0YCIOBIEHO BBICOKOM MYyXJIOCTHIO U HENO-
CTaTOYHBIM CBs3€00pa30BaHUEM BOJIOKOH B CTPYKTYDE.

B pgomonHeHun K yka3aHHOM OIICHKE BBIIIOJHEH aHAIU3 3aBUCUMOCTEU
«HanpsokeHue-aedopmanusy («o—e»), MOJyYSHHBIX MPU UCHBITAHUSAX HA PaCTS-
KEHUE 1abopaTOPHBIX 0OPaA3IOB BOJOKHUCTHIX CTPYKTYp (OPMOBAaHHBIX H37e-
JUH 13 OTXOJ0B COPTHUPOBAHUSA CYIb()ATHOM IEUTI0I03bl. B sKCniepuMeHTe Ba-
PBUPOBAIIMCH CTENEHb MOMOJIA BOJIOKOH CYYKOBOM MAaccChl IMOCJE pPOCIyCKa U
macca 1 M? maGopaTopHbIx 00pa3LoB. Pe3ynbTaTsl IpeacTaBieHbl Ha puc. 2.
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Hedopmarua. % Jledhopmanms, %
8 2
Puc. 2. 3aBucumoctu «G—e» 00pa3noB GOPMOBAHHBIX U3/IEIUI U3 OTXO0JI0B IpyOOro
COPTUPOBAHMS IMCTBEHHOM CYNIb(PAaTHON HeOEIEHOM LEIITI0N03bI Maccoi 1 M2
(a—4001,6—-500T,8—600T, 2— 700 T) IpU CTENEHN pa3pabOTKH BOJIOKOH:
1 —14 °1IP, 2 — 16 °IIP, 3 — 18 °ILIP, 4 — 20 °LLIP
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Ou4eBHIHO, YTO MaKCUMAaJbHBIA YpOBEHb KOMIUIEKCa JePOpMaIlMOHHO-
IIPOYHOCTHBIX CBOMCTB MaTEPHAIOB BHE 3aBUCUMOCTH OT Macchl 1 M? 06pa3ios
CTPYKTYpBI (DOPMOBAHHBIX M3CIIUNA JOCTUTAETCS HA BEPXHEH I'paHMIle TPHUHS-
TOTO JMana3oHa CTENEHU MoMoJia BOJOKOH. [Ipu 3TOM cienyer OTMETUTh, YTO
a0COJIIOTHBIE 3HAYEHUS XAPAKTEPUCTUK B TOUKE pa3pyllICHUs] 0Opa3lOB Jaxe
npu creneHu pa3pabotrku BosiokoH 20 °IIP B amama3oHe M3MEHEHHS MAacChI
1 M?400...7000 r uMeroT KpailiHe HU3KHME 3HAYECHUS: paspyllaroliee HarpskKe-
nue 3,3 — 5,4 MIla, nepopmarnus paspymenus 1,3 — 1,8 %.

Tak:xe Ha ocHOBe MeTOouKH, npeanioxkeHHoi B.U. KomapossiM [4] Obuta
BBITIOJIHEHA OLIEHKA JIUHAMUKH HW3MEHEHUS CTaauil pa3BuTHs Jedopmaiui,
MPENIECTBYIONMX OKOHYATEIBHOMY Pa3pylIEHUI0 B 3aBUCHMOCTH OT CTEICHH
pa3paboTKu BOJIOKOH. J[JIsT ’TOTO KpUBBIE «G—e» 00pa3ioB (HOPMOBAHHBIX H3]IC-
auil ObUIM TIpeoOpa3oBaHbl B 3aBUCUMOCTb MOAYJS oOuwieil aedopmanuu
(Eon, MIIa) ot Texymieit aedopmanuu (¢, %). B xauectBe npumepa Takasi 3aBU-
CUMOCTh MPOWITIOCTPUPOBAHA HA PUC. 3 MPUMEHUTEIHLHO K 00pa3liaM Maccoil
700 r/m2.  Jlna 00pas3LoB, HMEIOIUX OoJiee HHU3KHE 3HAYEHHS MAcChl
1 M?, 3aBHCUMOCTH MMEIOT aHAJIOTUYHEIH XapaKTep.

400

Moy o6meii pedopmargn, Mlla

150

100 S e e - - -
0 0,2 0.4 0.6 0,8 1 1.2 1.4 1.6

JHedopmanus, %

Puc. 3. 3aBucumMocTts «Moaysb ob1e nedopmanun-aedopmarus» o6pas3ion
(hOpMOBaHHBIX U3JIETHUH, TOTYYSHHBIX U3 OTXO/I0B COPTUPOBAHMSI JINCTBEHHOMN
cynbdaTHO HeGeneHo! memmon03s Maccoit 700 r/m?: 1 — 14 °IIP, 2 — 16 °11IP,
3 - 18 °IIP, 4 — 20 °1IIP

Kak crmemyer m3 mpencTaBiICHHBIX JTaHHBIX, MUHUMAJIBHBIM YPOBHEM 00-
el pegopManuu 00J1a1al0T 00pa3ibl U3 BOJIOKOH ¢ MUHUMAJILHON CTEIEHBIO
pa3pabotku (14 °HIP). Ilpu stom ynpyras 3oHa nedpopmupoBanus (ot € =0 110
Touku 1 Ha rpadukax) cocrasiser 50 % ot obmieit nedopmalu, a 3aMeJICHHO-
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ynpyras (y4acTOK OT TOYKHU Mpejiesa ynpyroctd 1 10 TOUKM Hayana IuiacTuye-
ckoro teuenus I1) u mmactudeckas (yyactok oT To4ku I1 10 Touku paspyrieHus
P) — cootBercTBEeHHO JiIb 110 25 %, UTO CBUIETEIBCTBYET O MPEUMYLIECTBEH-
HOM XPYIIKOM XapakTtepe 1ehOopMUPOBAHUS U pa3pylIeHUs 00pa3lioB CTPYKTYPHI
(GbOpMOBaHHBIX W3ETUN U3 HEpa3paOOTaHHBIX BOJOKOH CYYKOBOM Macchl. [Ipu
MOCTETICHHOM YBEJIMUEHUHU CTENeHU pa3paboTku BojiokoH g0 20 °IIP naGmrona-
eTCsl Tiepepacipe/ielieHne COOTHOLICHHUS YIPYTroH, 3aMeJICHHO-YIIPYTol  Iijia-
CTUYECKOM COCTaBIISAIOIMIMX OOIIel AedopMaluy Mpu €€ OAHOBPEMEHHOM YBEJH-
YEHUU TpaKTU4YecKu B 2 paza. [lepepacmnpesenieHre HOCUT CIIEIYIOUTYO Halpas-
JeHHOCTh (puc. 3): ympyras cocCTaBisfwomas aeGopmaiuy MociIeI0BaTeIbHO
CHIKaeTcsl B a0COMOTHOM BhipakeHnH Ha 20 %, B oTHOcHTenbHOM — ¢ 50 % 10
20 %; 3aMensIeHHO-YIIpyTrasi COCTaBIISAIOIIasi CTAHOBUTCS Mpeodiagaromiei, ee J10-
ns1 Bo3pactaer ¢ 25 % 1o 47 %; 1ons miacTUYECKOM COCTaBISIOIIEN COOTBET-
CTBEHHO Bo3pactaet oT 25 % 1o 33 %.

Takum 00pa3omM, ymepeHHasi pa3padoTKa BOJIOKOH MO3BOJISIET MOBHICUTh
AIIACTUYHOCThH CTPYKTYpPHl (DOPMOBAHHBIX M3JEIUN U3 OTXOJIOB IpyOOro COpTH-
pOBaHUsI JIMCTBEHHONW HEOENEHOW LEJUIION03bl 3a CUET Pa3BUTHS MpEUMYyIle-
CTBEHHO 3aMEJIJICHHO-YNPYroil coctapistoniet aedopmanuu. KecTkocTh maTe-
puana Mnpu pacTsHKEHUU, CKATHM U U3TMOE COXPAHSIETCS MPU ATOM Ha J10CTaTOY-
HO BBICOKOM YpPOBHE BCIIEJICTBUE 3HAYUTEIHHON TONIIUHBI (MOMEHTA WHEPIUN)
U TIyXJIOCTU CTPYKTYPbI (POPMOBAHHBIX U3CIIUN.

Ilpu  gvinonmenuu  UCCIEO0B8AHUL  UCNOAL306AHO  0OOpydosanue  Hunosayuonno-
mexHonoeuueckozo yenmpa «Cospemennvie mexunonozuu nepepabomku ouopecypcos Cesepay (Ce-
sepubill (Apkmuueckutl) ghedepanvruiil ynusepcumem umernu M.B. Jlomonocosa), cozoanno2o npu ¢u-
HaHcosot noddepaicke Munobpuayxu Poccuu.
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