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1. KoHuenuis uupKyJIsipHOi €EKOHOMIKY Iepedadae 3aMKHYTUM KPYyrooo6ir pe4OBUH Y IPUPOZI i MakCHMasbHe
30€pEeKEeHHSI CUPOBUHMU B [IPOL,€CAaxX BUPOOHUIITBA TOBAPiB MIMPOKOTO CIIOKABAHHS, [0 SKUX BiTHOCUTLCSI, 30KpPEMA,
KapTOHHO-TIANlepoBa NPOAYKIii. Y CBITOBIN LIEJI0JI03HO-TIANIEPOBil IPOMUCIOBOCTI OCHOBHUM [IKEPEJIOM JIJISI
BMPOOHULITBA NANlepy i KAPTOHY 3/IMLIAETHCS LeJII0J103a 13 XBOMHUX 1 JIMCTSHUX NOPif fepeBUHU. Y KOHTEKCTI

CTilIKOTO PO3BUTKY Ta 30€PE>KEHHSI JIICOBUX PECYPCIB aKTyaJIbHOIO IIPOOJIEMOIO 17151 YKpaiHW, SIK KpaiHu 3



PO3BUHYTHUM CiIbCBKMM TOCIIOZAPCTBOM, € PO3POOKa €KOJIOTiYHO 6e3M1eYHUX TeXHOJIOTiN BUPDOGHHUIITBA
11eJII0JI030BMICHUX MaTepiasiB i3 HepepeBHOI pociuHHOI cuposunu (HIPC), sika Mae HU3bKY BapTiCThb Y IIOPiBHSHHI
3 IEPEBUHOIO i IOPIYHO BiJHOBIIIOETHCS. [17151 IOCSATHEHHS HEOOXiAHMX IIOKA3HUKIB SIKOCTi nanepy i KapToHy y
npoleci ix BUpOOHMLTBA, SIK IPABUJIO, NOMAIOTh Pi3Hi XiMiuHI monomMikHi pedoBunH (XIIP) i3 BU4epnHUX AXepest -
HadTH, Tasy, BYTiyijs, o IPU3BOSUTE 10 3a0pyIHEHHS OOBKiNIL. B OCTaHHI pOKU B CBiTOBIi1 TPAKTHULLi aKTUBHO
PO3BUBAIOTHCSI NOCIIiIPKEHHS, CIIPSIMOBAHi Ha IlepepoOKy POCJIMHHOI CUPOBUHM Y 1LI€J110JI030BMIiCHI MaTepiaiu 3
BHICOKOIO JIOJJAaHOIO BapTiCTIO, 30KpeMa y HaHoLeo103y (HL), o Mae yHikaibHi BJaCTUBOCTI: BUCOKi 3HAaUEHHS
MOJYJIIO NIPY>KHOCTI, BUCOKA IIMTOMA [TOBEPXHS, ONITMYHA IIPO30PICTh, XiMiUyHA peakuiiiHa 30aTHICTb, HU3bKU
KoeillieHT TerI0BOro po3MKPEeHHs], 3IaTHICTh 10 6i0JI0riYHOro po3KIafgaHHs i 6iocyMicHiCTb, HU3bKA JIETKICTD i
BapTiCTb BUPOOHUIITBA B IIOPiBHSIHHI i3 CUHTETUYHUMMU T10JIiMepaMU. JIo acCOPTUMEHTY 6araTOTOHHAXHOi KAPTOHHO-
narepoBoi NPOAYKIUii BiTHOCATBCA TaKi TEXHIYHI i BUAK, 4K: €J1eKTPOi30IALiiHNN Namip, nanip-oCHOBA 1714 WIaep,
narmip /s IaKyBaHHSI XapyOBUX MTPOJYKTIiB, KAPTOH 17151 IVIOCKUX 11apiB ToPOKAPTOHY, KAPTOH TapHUI
BOJIOTOCTIMKUH, TOIIO. [Jis1 MOCSTHEHHS nependadyeHux CTaHJapTaMu criendiyHuX TOKa3HUKIB SKOCTi TaKO1
IIpoayKuii HeoOxilHa HasIBHICTb PO3PO6JIEHUX BifITIOBIIHUX PECypPCO30€epiralounx TeXHOJIOTIN iXx BUpOOHUIITBA,
30Kp€eMa 3 BUKOPUCTAHHSIM HaHOLEJIIOJIO3U [171 [TOKPAllleHHS [TOKa3HUKIB SIKOCTi Manepy i KapToHY Ta 3MEHIIEHHS
BUTPATH WKiAINBUX CUHTEeTUYHUX X[IP. ToMy po3po6Ka eKOJIOriyHO 6e3eYHUX Crocob6iB ogep>kanHs i3 HIPC
11€JII0JI031 | HAaHOLeJII0JI031 Ta BUKOPUCTAHHS iX y BUPOOHUIITBI IIaniepy i KApTOHY € aKTyaJIbHOI0 HayKOBO-
IIPaKTUYHOIO 3a7ja4elo. MeTa JucepraniiiHoi po60TH NoJIArae B HAyKOBOMY OOI'DYHTYBAaHHi PO3PO0JIEHHS
IHHOBALITHMX TEXHOJIOTTYHUX MiAXOOiB 10 OTPUMAHHS 3 BITYM3HSHOI HEJIEPEBHOI POCIIMHHOI CUPOBMHU
HaHOLIEJIIOJIO3U T4 BU3HAYEHHS ONTMMAJIbHUX ii BUTPAT B KOMIIO3ULil TEXHIYHUX BUIIB MANEpPy i KapTOHY AJIs
IOCSITHEHHS iX eKCILyaTallilHUX XapaKTepPUCTUK. JI71s peasnizalii MeTu 6ys10 cpopMyIbOBAaHO HACTYIIHI 3aBIaHHS: 1.
YIOCKOHaNUTU METOAMKY Ofl€p>KaHHS i3 MOXXHUBHUX PEMITOK KYKYPYA3U, CTE6EJI COHSIIHUKA, OYEPETY, BOJIOKOH
KOHOIIEJIb 1eJII0JI03U, IPUIATHOI 17151 HOAAJIbIIOI €KCTPaKii 3 Hel HaHOLeI0I03K. 2. BUBHAYNTU BIJIUB
TEXHOJIOTIYHUX ITapaMeTPiB MIPOLIECiB Oflep>KaHHS HAaHOLEJII0JI031 METOIAMU T poJli3y pOo3YMHAMU CyJ1b(PaTHO]
KHCJIOTH, OKUCHEHHS B cepeposuli 2,2,6,6-TeTpameruininepuan-1-okcuny (TEMIIO) Ta ramboKyx eBTEeKTUYHUX
pozunHHUKiB (DES) Ha MoKa3HuUKY ii IKOCTi. 3. BCTaHOBUTH BIUIUB [10AABaHHS OTPUMAaHOI HAHOLEJIOJIO3U Y
BOJIOKHUCTY KOMIIO3ULIiIO i Ha IIOBEPXHIO 3pa3KiB Marnepy i KAPTOHY Ha MNOKA3HUKY iX SIKOCTi Ta Ha 3MEHIIEHHS
BUTpAT LWIKiJIMBUX XiMiYHUX JOIIOMDKHUX PEUYOBUH. 4. BUBHAUNTHU TOYKY BBEJIEHHS HAHOLIEJII0JI03U Y TEXHOJIOTIYHI
[IOTOKY BUPOOHUIITBA Ianepy i KapToHy. O6’€KT IOCTiIKeHHS — eKOJIOTIYHO 6e3nevHi mponecu nepepobyieHHs
HIPC y uemnos103y i HAHOLEJII0I03Y Ta BUKOPUCTAHHS iX y BUPOOHULITBI MaCOBUX BUIB ranepy i KapTony. [Ipenmer
IOCJIIPKEHHS — TEXHOJIOTIYHI TapaMeTpy MpoLeciB onepkaHHs 3 BiTunaHaHoi HIPC neso103u i HAaHOLEII0103U Ta
PEKOMEH0BaHUX iX BUTPAT y Npolecax BUPOOHUITBA MACOBUX BUiB KAPTOHHO-TIanepoBoi npoaykuii. Haykosa
HOBM3HA OTPUMAaHMX Pe3yJIbTaTiB: - TEOPETUYHO OOI'PYHTOBAHO Ta €KCIIEPUMEHTAJIBHO MiATBEPIPKEHO JOLIbHICTD
KOMOiIHYyBaHHS CTaf il Jy>KHOI 0OPOOKU Ta IIEPOLITOBOTO BapiHHS 3 METOI0 OTPUMAHHS 11€J110J103U 3 [T0KHUBHUX
PELITOK KyKyPYA3H, CTe6es COHSIIHMKA, OUepPEeTy Ta BOJIOKOH KOHOIIEJb, IPUAATHOI 171 eKCTPaKuii 3 Hei
HAHOLIEJIIOJIO3H; - BCTAHOBJIEHO 3POCTaHHSI IIOKA3HUKIB SIKOCTi HAHOLEJII0JIO3U (ILiJIbHOCTI, MiLIHOCTi Ha PO3PUB,
IIPO30POCTi, IHIEKCY KPUCTATIYHOCTI, TepMiUHOI cTabiNIbHOCTI) y TaKiil IIOCiOBHOCTI 3aJI€XHO Bif, cepenoBULa ii
OJlEp>KaHHsI: TJIMOOKUX €BTEKTUYHUX PO3UMHHUKIB — 2,2,6,6-TeTpaMeTuimninepuaH-1-okcuiy - cyibdaTHoi
KUCJIOTH; - BCTAaHOBJIEHO JIiHIMHY KOPEJIALi0 MK MILJHICTIO HA PO3PUB i IIPO30PICTIO HAHOLIEIIIOJIO3U T WIIJIbHICTIO
HaHOLIEJIOJIO3HUX NJIiBOK. KJTI04OBi €j10Ba: HeJlepEBHA POCJINHHA CUPOBUHA, OPraHOCOJIbBEHTHE BapiHHA,

LIeJII0J1032, TiApOJIi3, HAHOLEeII0J1034, Narip, KapTOH

2. The concept of a circular economy provides for a closed cycle of substances in nature and maximum
conservation of raw materials in the production processes of consumer goods, which include, in particular,
cardboard and paper products. In the global pulp and paper industry, the main source for the production of paper
and cardboard remains cellulose from coniferous and deciduous wood species. In the context of sustainable
development and conservation of forest resources, an urgent problem for Ukraine, as a country with developed
agriculture, is the development of environmentally friendly technologies for the production of cellulose-containing
materials from non-wood plant raw materials (NWRM), which has a low cost compared to wood and is annually



renewed. To achieve the required quality indicators of paper and cardboard, various chemical auxiliaries from
exhaustible sources - 0il, gas, coal - are usually added during their production, which leads to environmental
pollution. In recent years, research has been actively developing in world practice aimed at processing plant raw
materials into cellulose-containing materials with high added value, in particular nanocellulose (NC), which has
unique properties: high values of the elastic modulus, high specific surface area, optical transparency, chemical
reactivity, low coefficient of thermal expansion, biodegradability and biocompatibility, low lightness and cost of
production compared to synthetic polymers. The range of high-tonnage cardboard and paper products includes
such technical types as: electrical insulating paper, wallpaper base paper, food packaging paper, cardboard for flat
layers of corrugated cardboard, moisture-resistant container cardboard, etc. To achieve the specific quality
indicators of such products stipulated by the standards, it is necessary to have developed appropriate resource-
saving technologies for their production, in particular using nanocellulose to improve the quality indicators of
paper and cardboard and reduce the consumption of harmful synthetic chemical auxiliaries. Therefore, the
development of environmentally safe methods for obtaining cellulose and nanocellulose from NWRM and their use
in the production of paper and cardboard is an urgent scientific and practical task. The purpose of the dissertation
work is consists in the scientific substantiation of the development of innovative technological approaches to
obtaining nanocellulose from domestic non-wood plant raw materials and determining its optimal consumption in
the composition of technical types of paper and cardboard to achieve their operational characteristics. To
implement the goal, the following tasks were formulated: 1. To improve the method of obtaining cellulose from
corn crop residues, sunflower stalks, reeds, hemp fibers, suitable for further extraction of nanocellulose from it. 2.
To determine the influence of technological parameters of the processes of obtaining nanocellulose by methods of
hydrolysis with sulfuric acid solutions, oxidation in the environment of 2,2,6,6-tetramethylpiperidine-1-oxyl
(TEMPO) and deep eutectic solvents (DES) on its quality indicators. 3. To establish the influence of adding the
obtained nanocellulose to the fibrous composition and to the surface of paper and cardboard samples on their
quality indicators and on reducing the consumption of harmful chemical auxiliaries. 4. To determine the points of
introduction of nanocellulose into the technological flows of paper and cardboard production. The object of the
study is environmentally safe processes for the processing of NWRM into cellulose and nanocellulose and their use
in the production of mass types of paper and cardboard. The subject of the study is the technological parameters
of the processes for obtaining cellulose and nanocellulose from domestic NWRM and their recommended costs in
the processes of producing mass types of cardboard and paper products. Scientific novelty of the results obtained:
- the feasibility of combining the stages of alkaline treatment and peracetic cooking in order to obtain cellulose
from corn crop residues, sunflower stalks, reeds and hemp fibers, suitable for the extraction of nanocellulose from
it, has been theoretically substantiated and experimentally confirmed; - an increase in the quality indicators of
nanocellulose (density, tensile strength, transparency, crystallinity index, thermal stability) has been established in
the following sequence depending on the environment of its production: deep eutectic solvents - 2,2,6,6-
tetramethylpiperidine-1-oxyl - sulfuric acid; - a linear correlation has been established between the tensile
strength and transparency of nanocellulose and the density of nanocellulose films. Keywords: non-wood plant raw
material, organosolvent cooking, cellulose, hydrolysis, nanocellulose, paper, cardboard.
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