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MOBBIIIEHUE ®U3NKO-MEXAHUYECKHNX CBOMCTB BYMAI'
N3 BTOPUYHOI'O BOJIOKHA

H.B. ’Kosnepouy, U.B. Hukoiaiiyuk, H.B. Uepnas
Vupeosicoenue — obpaszosanuss  «benopycckuti  20cy0apcmeeHHvill  MEXHOA02UYECKULL
yHugepcumemy, 2. Munck, Pecnybnuxa benapyco

B pabome paccmampusaemcs eiusnue XUMUYECKUX 000ABOK, 0Oecnedusaruux no-
8blUeHUEe (PUUKO-MEXAHUYECKUX CBOUCME MAKYIAMYPHLIX 6U006 Oymacu. Yeenuuenue npou-
Hocmu bymazu 0ocmueaemcs nymem paspabomxu peyenmypsl u yCiosuti Moouguxayuu xap-
OamMudopopmanbOecuOHbIX 01ULOMEPO8.

IMPROVEMENT OF PHYSICAL AND MECHANICAL PROPERTIES
OF PAPER FROM SECONDARY FIBER

N.V. Zholnerovich, I.V. Nikolaichik, N.V. Chernaya
Belarusian State Technological University, Minsk, Belarus

The work deals with the influence of chemical additives that ensure the increase in the
physical and mechanical properties of waste paper. Increase in the strength of paper is
achieved by developing a formulation and conditions for the modification of urea-
formaldehyde oligomers.

[Ipumenenune kapdbamunodopmanbaerugabix oauromepon (KOO) nns no-
BBIIIIEHUS (PU3MKO-MEXaHUYECKUX CBOWCTB OymMaru M3BeCTHO AaBHO [1]. Bax-
HBIMH TIPEUMYIIECTBAMH JAHHBIX OJIMTOMEPOB IO CPaBHEHUIO C JAPYTUMH CHH-
TETUYECKUMH COCAUHEHUSIMU SIBJIIOTCS BBICOKAsk CKOPOCTb OTBEPKIACHUS, HU3-
Kasl BI3KOCTb IPU BBICOKOW KOHILIEHTpPALUHU, CTAOMJIBHOCTh IIPU XpaHEHHUH, Oec-
IIBETHOCTh, HEBBICOKAsi CTOMMOCTh M Oorartas chipbeBasi 06aza. B To ke Bpems
OCHOBHBIM CJICP)KMBAIOMINM (DAKTOPOM TPUMEHEHMs] JAHHOTO Kjacca aMu-
HOQJIBJIETUAHBIX COCAMHEHUI B TEXHOJIOTHH OyMaru siBJISICTCSl HaJu4Kre CBOOO/I-
HOTo (opMalibJIeru/ia, OrpaHUYEHHAasi PaCTBOPUMOCTh B BOJIE, a TAaKXKe Mailas
TMOKOCTh M HAJIMYUE 3HAUYUTEIBHOTO KOJMYECTBA BOJOPOAHBIX CBSI3€l B MaKpo-
MOJIEKYJIaX OTBEPKICHHBIX OJIMTOMEPOB, OOYCIOBIMBAIOIINX WX XPYMKOCTh U
MOHIKEHHYIO 3JIAaCTUYHOCTb.

[lepcnexkTuBy npuMeHeHus KapOaMua10(pOpMalIbIETUAHBIX OJUTOMEPOB B
KOMITO3ULIMKM OyMaru U3 BTOPUYHOTO BOJIOKHA PACHIUPSIIOT METO/Ibl XMMUYECKOM
MOAU(PUKALNH, TTO3BOJISIIOLIUE MOTYYaTh MPOAYKTHI, OTIUYAIOIINECS BHICOKUMHU
CBSA3YIOIIMMHU CBOMCTBaAMH, BOJIOPACTBOPUMOCTBIO M HHU3KUM COJEPKaHHEM
cB0O0OOHOTO (hopMasIbaeruia.
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BaxxHol 3amayeil npu XMMUYECKON MOAU(DHUKAIMU TPOJYKTOB HA OCHOBE
KapOaMu10(pOpMaIbICTUIHBIX OJIMTOMEPOB SIBIIAETCS BBIOOP MOIUDHITUPYIO-
IIEr0 areHTa, OOYCJOBJCHHBIH €ro XUMHUYECKOW MPHUPOJION, CIIOCOOHOCTHIO
BCTYIATh B pEeaKIMI0 XUMUYECKOro B3aumojencteusi ¢ KOO, BomopacTBOpuMO-
CTBhIO0, HETOKCUYHOCTBIO M JIOCTYITHOCTBIO ChIpbeBOW 0a3bl. OJHAKO aHAIU3 W3-
BECTHBIX CMOCO00B [2—4] Moaudukanmu kapOamMuaoPpopMalibIeTUIHbIX OJIUTO-
MEpPOB MEJaMUHOM, anu(aTUYEeCKUMHU U IUKIoATU()ATHUECKUMU aMHUHOCIIHP-
TaMU, JTIMTHUHOM M €r0 MPOU3BOJIHBIMH, COJISIMHU MOTU(PYHKIIMOHAIBHBIX KUCIIOT
U JIp. CBUJIETEIILCTBYET, YTO MPOOIeMa CHUKEHUS TOKCUYHOCTH U TOBBIIICHUS
PACTBOPUMOCTHU TaKUX MPOJYKTOB OCTAETCS 10 HACTOSIIIErO BPEMEHU HEpEIIeH-
HOW. MHorue u3 pa3pabOTaHHBIX CIOCOOOB M TEXHOJOTHH, JTUOO SBIISIIOTCS
CJIO)KHBIMHU B TE€XHOJIOTUYECKOM UCIOJHEHHUH, JTUOO0 MPUBOASIT K CYIIECTBEHHO-
My YXYAIIEHUIO (PU3HKO-MEXaHUYECKUX CBOWCTB MAaTEpHAJIOB HA UX OCHOBE, H
HAKOHEII, SIBIIIFOTCS] JOPOTOCTOSAIINUMU [4].

B kadecTBe MCXOJHOTO KOMIIOHEHTA JJisi CUHTE3a MOJIU(DUIIMPOBAHHBIX
KapOaMu10(pOpMaIIbICTUIHBIX OJTMTOMEPOB MCIIOJIb30BaH KapObamugodopmaib-
neruaabii koHIeHTpat (TY 2181-032-00203803—2003), npeacTaBiisitoiero co-
0ol BOJHBIN pacTBOp (hopmasiblieruaa U kapoamuaa, coaepxkamuii 60,0+0,5 %
dbopmanpaeruga u 25,0£0,5 % xapbamuna. Moaudukanus oJIUuroMepoB OcCy-
HIECTBJISUIACh HA MOCIEAHEH CTaAuM CHUHTE3a IOCJE 3aBEpIIeHUs Ipoliecca J10-
KOHJIEHCAIIMU CMOJIbl. B KauecTBe MOAUGMUIUPYIOMIETO areHTa MCIOJIb30BAHO
BOJIOPACTBOPUMOE COECITMHEHUE E-KAIIPOIAKTAM.

OCHOBHBIMH BapbUpyeMbIMU (haKTOPAMH MPOIIECCa, OMPEACISIIONIUMU CO-
CTaB, CTPOCHUE U CBOWCTBA MOJYyYa€MBbIX MPOJYKTOB, SIBJISIFOTCS KOJUYECTBEH-
HOE COOTHOIIIEHHWE KapOamuja u GopMaibaeruaa, TeMieparypa u IpoaoJIKu-
TEJIbHOCTh OTJICJIbHBIX CTaaui, pH peakimoHHON CMECH.

Cunre3 kapOamMu0hOpMalIbIECTHAHBIX OJIUTOMEPOB OCYIIECTBISIIN TMPU
MOCTOSTHHOM MOJILHOM COOTHOIIIeHUE «kapOamuj : popmanbaerun» 1 : 2. Konu-
YECTBEHHOE COOTHOIIICHHUE «KapOaMuJl : e-KarpojaakTam» BapbUpOBaIU B AHUara-
30He OT 1 : 0 (HemoaudunupoBannas cmona) o 1 : 0,5.

[Toydyennsie oOpasubl MogudunupoBanueix KOO npeacrasisum coboi
IPO3PAYHBIA MM MYTHO-OENBIA MPOAYKT C MAacCOBOM JOJEH CyXOro ocrarka
58-62 % u pH 7,8-8,1. YBenuuenue cogepxkaHus €-KanpojakTama B KOMIIO3H-
WA OJIMTOMEPOB MPHUBOJUT K CHIDKEHUIO Bs3KOCTH (o B3—4) mosydeHHBIX
npoAyKToB OT 34 10 20-21 ¢, NOBBIIEHUIO CMEIIMBAEMOCTH C BOJIOM B COOTHO-
meHuu o 0obemy 710 1 : 500 B CHIXKEHHIO cojiepKaHus CBOOOIHOTO (hopMaib-
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neruna ot 0,85 mo 0,43 % macc. npu yBEIMYEHUU KOJIMYECTBEHHOTO COOTHOIIE-
Hus moaudukatopa ot 1 : 0,33 no 1:0,5.

Kap6amugopopmanbaeruinpie 0JIUTOMEPBI OTHOCSTCS K TEPMOPEAKTUB-
HBIM MOJUMEpaM, OTBEPKIACHUE KOTOPBIX MPOUCXOAUT 3a CUET CBOOOJHBIX Me-
TUJIOJBHBIX TPYII, YTO MO CYIIECTBY SIBISETCS 3aBEPIICHHEM IIpoliecca MOJu-
KOHJIEHCAlMU C ITOCTENEHHBIM MOBBIILIEHUEM CTEIEHH MOJMMEPU3ALNH 10 00pa-
30BaHUs HEPACTBOPMMOrO M HEIUIABKOIO IMOJUMEpPA C MPOCTPAHCTBEHHOM
CTpyKkTypou. KonmuecTBeHHOM MEPOM OLIEHKU T'YCTOTHI TPOCTPAHCTBEHHOM CET-
KU MOJUMEPOB SIBJSETCS CIIOCOOHOCTh OTBEPKJIEHHBIX IUIEHOK K HAOYXaHUIO B
BoAe [5]. MeTonuka OCHOBaHa OLICHKE M3MEHEHMsI Macchl 00pa3LoB IUIEHOK
kapoamuaodopmanbaerugabix cMoi (KDC), oTBepkKACHHBIX MPHU TEMIIEpaType
135 °C, norpyeHHbBIX B JUCTUJUIMPOBAHHYIO BOAY Npu Temneparype 2312 °C,
C TIOCJIEYIOIIMM PacyeToOM CTeNEeHH HaO0yXaHHUs UCCIEelyeMbIX 00pa3lioB.

[Toy4yeHo, 4TO ¢ yBEIMYEHHEM KOJUYECTBEHHOTO COOTHOLIEHUS «KapOa-
MU]T : E-KampojgakTaM» B KOMIO3UIIMKA MOJAU(GUIIMPOBAHHBIX OJIUTOMEPOB paB-
HOBECHAs CTEIeHb HAOyXaHMs UCCIIEAYEeMbIX 00pa3IloB CMOJ YMEHbIaeTcs. Tak
YCTaHOBJICHO, UTO paBHOBECHas cTeneHb HaOyxaHus mwieHku KOC, moauduim-
pPOBAHHOM MpPU COOTHOLUEHUHM «KapOamuj : e-kamposaktam» 1 : 0,5 Huxe cre-
neHu Ha0yxaHus HemMoauduuupoBaHHoro oopasua Ha 35 % (puc. 1), uro cBue-
TEJIBCTBYET O TMOBBIIIEHUE T'YCTOTHI MPOCTPAHCTBEHHONW CETKHU 3a c4eT o0pazo-
BaHMUS JIOTIOJTHUTEIIbHBIX CBsA3eH (DYHKIIMOHAIBHBIX KAPOOKCHIIBHBIX U @MUHHBIX
IPyII THIPOJIM30BAaHHOW MOJIEKYJIbI €-aMUHOKAPOHOBOM KUCIIOTHI B IMOJTYY€H-
HBIX MTPOJIYKTaX.

50
<40 ,,l —& L |
; % 30 A—t + — |
(EL_; é 20 / —o— MoauduuuposanHai KO C
£ —m— Hemoauguuupopansas KOC
10
0
0 50 100 150 200 250

T, MHII

Puc. 1. 3aBucumocTs crenenn Ha0yxaHus oTBepxkAeHHbIX MIeHOK KDC ot Bpemenun

O MOBBILIEHUH TYCTOTHI MPOCTPAHCTBEHHOUN CeTKU OTBepKIAeHHbIX KDC
pu MOJIU(UKAIMK CBHACTEIBCTBYIOT TakKXKe pe3ysbTaThl AudPepeHIuaIbLHo-
tepmorpaBumerpuueckoro (ATI) m tepmorpaBumerpuyeckoro (TI') ananusa

180



IV MexkayHapoaHasi HAy4YHO-TeXHUYeCKas KOH(pepeHuus
«ITPOBJIEMBI MEXAHUKH! HEJJIIOJO3HO-BYMAXKHBIX MATEPUAJIOB» <
= r. ApxaHreibck, 14-16 centsops 2017 r. 2

3

C UCIIOJb30BaHUEM TepMoaHanuTthueckol cuctemel TGA/DSC-1  HT/319
METTLER TOLEDO Instruments. Beinonnenssliii no meroxny bpoiino [6] pac-
YeT BEJIMYMHBI SHEPTHH aKTHUBAIMU TEPMOOKUCIUTEIHLHOU JECTPYKIIMHU HCCIIe-
JyeMbIX MOAUGUIIMPOBAHHBIX MPOYKTOB YKa3bIBAET HA MOBBIIIEHUE UX TEPMHU-
YECKOM CTa0MJIBHOCTU C YBEJIIMYEHUEM COJEPKAHMs €-KalpojaKkTaMa B KOMIIO-
3UIMU. Y CTAHOBJIEHO, YTO AHEprusi aktupanuu oo6pazua KOO, moauduuupo-
BAaHHOTO TIIPM COOTHONIICHHM KapOamuj : e-kamposiaktam» 1 :0,5 BbIme
B 1,9 pa3, uem y HemouduimpoBaHHOT0 o0Opasia u coctaBisieT 43 kJk/MoJb.

N3meHeHnne (pU3MKO-XMMUYECKUX CBOMCTB MOJAU(PHUIMPOBAHHBIX KapOa-
MUJI0(POPMATIBAETHIHBIX OJJUTOMEPOB, @ TAK)XKE YBEJIMUYEHUE I'YyCTOTHI IPOCTPaAH-
CTBEHHOM CETKH OTBEPKIEHHBIX CMOJI TTO3BOJISIIOT IMIPOTHO3UPOBAThH YBEIMUYCHHE
(bU3UKO-MEXaHUYECKHX CBOMCTB Oymaru W3 BTOPUYHOTO BoOJIOKHA. s mop-
TBEPKJIEHUS STOT0 OBUIN TIOJTy4eHbI 00pa3ibl Oymaru Maccoi 80 r/M%, U3roToB-
nennbie u3 100 % makynatypsl Mapku MC-5b co crenensto nomosna 40 °LLIP.
N3rorosnenne 006pa3ioB OyMaru OCyIIECTBIISUIOCH HA JIMCTOOTIIMBHOM arirapa-
te «Rapid-Ketten» (I'epmanusi) B COOTBETCTBHU CO CTAaHJAPTHOW METOJHMKOM.
WcnbiTanue o00pa3noB Oymaru BBIIOJHEHO Ha O0OpyAOBaHUM  (DUPMBI
«Lorentzen & Wettre», (LLIBerus) (Tadm. 1).

Tabnuua 1. Pu3nKo-MexaHMYECKHUE MOKa3aTeNn 00pa3oB OyMaru B 3aBUCUMOCTHU
ot conepxkanusi KOO B koMno3uimm 6yMmakHOM MaccChl

MoaubunnpoBaHHBIN HemonudummupoaHHbIit
K®dO K®O
Haunmenosanue 3Ha4YeHMS IOKa3aTee B 3aBUCUMOCTH OT coctaBa KOO
MoKa3aTeis IIPH €T0 COJICP)KAaHUM B KOMITO3UIIMHM OYMaXKHBIX Macc, %o
OT a.C.B.

0 0,5 1,0 1,5 0,5 1,0 1,5

Pa3pymaromee ycuiue

68,1 | 733 | 73,5 | 784 64,7 66,5 66,0
B CyXOM cocTosinuu, H

[Tornomenue sHeprun

npu paspeise, Jk/M> 49,2 | 522 1 60,0 | 70,0 | 43,8 | 422 | 42,8

ConpoTHBIICHHUIO 25.8 30,2 30,3 31,4 26,7 26,1 25,0
cxxatnio, H-m/kr

PazpeiBHas qymHa, M 6245 | 6370 | 6555 | 6860 6310 6250 5950

Kak BHIHO U3 mpejcTaBieHHBIX JaHHBIX (Tabi. 1), ¢ yBeIudyeHHeM co-
nepxkanus moauduimpoannoro K®O ot 0,5 mo 1,5% ot a.c.B. Habmomaercs
yBenuyeHue (PU3NKo-MEeXaHUYECKUX CBOMCTB oOpasioB Oymaru. Tak ycraHOB-
JIEHO TOBBIIICHUE Pa3pyIIAIOIIEr0 YCUIUs B CyXOM cOCTOsSHMM Ha 15 %, mo-
IJIOLLEHHS] DHEPTUU IpU paspbiBe Ha 42 %, conmpoTuBieHus cxatuio Ha 22 %,
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pa3pbiBHOU JuMHBI HA 10 %. [losryueHHbIE TaHHBIE TOKA3bIBAOT, YTO IIPU CYII-
Ke o0pa3ioB Oymaru Moau(HUIMPOBAHHBIE OJTMTOMEPHI OTBEPXKIAIOTCS ¢ 0Opa-
30BaHUEM «CIIUTOI» MPOCTPAaHCTBEHHOM CTPYKTYphI, MOBBIIIAsA, TaKUM 00pa-
30M, IPOYHOCTh OyMaru.

Takum o6pazom, Moaupukanus kapOaMuI0POpMaIbIETHAHBIX OJUTOME-
pPOB  €-KalpoJaKkTaMOM CIIOCOOCTBYET CHUKEHHUIO COJEp>KaHHUsl CBOOOIHOIrO
(dopMaibieruia U NOBBILIEHUIO CMEIIMBAEMOCTH C BOJOW MOJYYEHHBIX MpO-
nyktoB. C yBenIMYEHHMEM COJIEp)KaHUsl €-KampoJsiakrama B Kommozuuuu KOO
CHUYKAETCSl paBHOBECHAs CTENEHb HAOYXaHMs U MOBBIIIAETCS TEPMUUECKas CTa-
OMJIBHOCTh MOJM(ULUPOBAHHBIX MPOAYKTOB 3a CUET 0Opa3oBaHUs IPOCTpaH-
CTBEHHOW CETKHU IOBBIIIEHHOM I'yCTOTHI Ha CTAaJUU OTBEPXKJEHUS IMOJIMMEpa B
IpoLEeCcCe CYIIKH Oymaru, 4To MO3BOJISIET MOBBICUTh IOTJIONIEHUE SHEPIHU MIPH
paspeiBe 00pasnoB Oymaru ot 49,2 no 70,0 JIx/M?, pa3sphlBHYIO JUIMHY IO
6860 M u conporuBieHue cxatuto 10 31,4 H-m/kr.
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