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CBiTOBHUI 1OCB1 BUPOOHUITBA IETIOJI03HO-TIAIIEPOBOI MPOAYKIIi CBIIYNTH
PO MEepEeBaKHE BUKOPUCTAHHS JIEPEBUHU JJISl OJICP>KaHHS LETI0N03U. Y KpaiHa He
Ma€ 3HAYHUX pECypciB JepeBHHU 1 mpoljieMa BUPOOHUIITBA BOJOKHHUCTHUX
HamiB(haOpUKaTIiB 32 PaxyHOK BUKOPUCTAHHS BJIACHUX PECYpCiB BOJOKHHUCTOI
CUPOBHUHU, 0COOJIMBO BIJIXO/11B MEPEPOOKU 3€PHOBUX KYIBTYD € TyKE aKTYaJIbHOIO.

BupoOHUIITBO 1EMI0I03U MOTpeOye BHKOPUCTAHHS BEJIMKOI KUIBKOCTI
XIMIKaTiB, 3HAYHOI TPHUBAJOCTI TIPOLECIB, XaAPAKTEPUZYETHCA IIKIJTUBUMU
BUKHUJAaMH B aTMOC(epy 1 yTBOPEHHSM BiANPALbOBAaHUX BAPUIBHUX PO3UKHIB. ToMy
HAa CBOTOJHI BaXJIMBUM € CTBOPECHHS €KOJIOTIYHO O€3MEeYHUX IIETF0JIO3HUX
BUPOOHHUIITB.

Mema oucepmayitinoi pobomu TONATa€ y po3poOlll HOBUX EKOJIOTIYHO
Oe3MeyHuX  TEXHOJIOTI  oJepKaHHS 13  MIIEHWYHOI  COJIOMH  OKHUCHO-
OpraHOCOJIBBEHTHUMHU COCOO0amMu AemirHidikamii Henrono3u, i BUKOPUCTAHHS B
KOMITO3MINI TaKyBaJbHUX BHUIIB Tamepy Ta KOMIUIEKCHE BUKOPUCTAHHS
BIIMPAaIbOBAHUX ITOJIOKIB.

J{nst qocsiTHEHHS BKa3aHO1 MeTU OyJIO MOCTaBJICHO HACTYIIHI 3aj1ayi:

1. Jocmautu  BIUIMB  OCHOBHUX  TEXHOJOTIYHUX  TapameTpiB  —
CHIBBIJIHOIIIEHHSI Ta KOHIICHTpAIlli AENirHiQpiKyro4YMX peareHTiB, TPUBAJIOCTI Ta
TeMIepaTypyu BapiHHSA, BMICTY KaTali3aropa Ha MOKa3HUKH SIKOCTI COJIOM STHOL

OCIr0JIO3H.



2. OpepxaTu MaTeMaTU4HI MOJEINI MPOLECY OKHUCHO-OPTaHOCOJbBEHTHUX
BapiHHb TMIIEHUYHOI COJIOMH 3 BHUKOPHUCTAaHHSAM METOJIB MAaT€MaTUYHOTO
MJIaHYBaHHS €KCIIEPUMEHTY.

3. BwusHauutH TOKa3HUKM BUOIPKOBOCTI PO3UYMHEHHS JITHIHY AJIs
JOCITIKEHUX CIIOCOO01B JIeirHigikalii mieHnIHOi COJTOMHU.

4.  Jlocmiautu nanepoTBOPHI BJIACTUBOCTI 0JiepKaHOi OKHCHO-
OpPraHOCOJIBBEHTHOI COJIOMSTHOT LIEJTFOJIO3H.

5. Po3poOutu TexHOJOTii BUKOPUCTAaHHS OKHMCHO-OPTraHOCOJIbBEHTHOI
LEJTI0JIO3U Y BUPOOHUIITBI OOTOPTKOBOTO Narepy, narnepy Uit NaKkyBaHHS XapuyOBHX
NPOAYKTIB Ha aBTOMATax Ta Marepy — OCHOBH JIJISl XapUOBOTO MEPTaMEHTYy.

6. 3ampomoHyBaTU MUISXHM BHUKOPUCTAHHA BIANPAIlbOBAaHUX IOJIOKIB,
YTBOPEHHX B MPOLIEC] AeTIrHI(pIKaIl] TIIEHUYHOI COJIOMHU.

7. Jocaiautu copOuiiHy 3/1aTHICTh OKUCHO-OPTaHOCOJIBLBEHTHOT'O JIITHIHY.

O0'eKkT AOCHiIKEHHS — TPOIIECH OJEpPKaHHS IENI0JI03U 13 MIIEHUYHOT
COJIOMM, BWJIYYEHHsS TBEpAOrO 3aJMIIKy 3 BIANPAlbOBAaHUX IIOJIOKIB Ta
BUTOTOBJICHHS MTaKyBaJbHUX BUIIB MATIEpy.

IIpenmer pocaigxeHHs1 — BU3HAYEHHS TEXHOJIOTTYHUX ITapaMeTPiB MPOLECIB
OJICp’)KaHHSI  OKHMCHO-OPraHOCOJBBEHTHOI  COJIOM SIHO1 — IIEJIIOJIO3M, YMOB  iX
BUKOPHUCTAHHS B MPOIIECaX BUTOTOBJICHHS MaKyBaJIbHUX BH/IIB MaTepy, mapaMeTpiB
MPOILIECiB MEepepoOKH Ta YTUIII3AIlll BIANpPAIlbOBAHUX IMIOJOKIB, MPOMHUBHUX Ta
M1JICITKOBUX BOJI.

HayxoBa HOBH3HA OTpUMaHUX PE3yIbTaTIB.

Bnepuue:

- BHM3HAYEHO 3aJICKHICTh I[IOKA3HUKIB SIKOCTI OJEP>KAHOI COJIOM SHO1
IEJTI0JI03U BiJl OCHOBHUX TEXHOJIOTIYHUX IMapaMeTpiB Mpollecy aemirHidikarii
NIIEHUYHOI COJIOMU PI3HUMH OKMCHO — OPTaHOCOJIBbBEHTHUMHU CIIOCOOaMU BapiHHS:
CHIBBIJIHOLIEHHS, BUTpPaTH Ta KOHIEHTpalii AeNIrHiQIKyrOUMX pEeareHTis,
TEMIIEpaTypd 1 TPUBAJIOCTI TPOIECYy, BUKOPUCTAHHS KaTali3aTOpiB —

N32WO4'2H20, MOWO4‘2H20 Ta TiOz;



- pO3paxoBaHO BUOIPKOBICTh POZYMHEHHS JITHIHY IS TOCHIPKEHUX OKHUCHO
— OPTaHOCOJBBEHTHUX CIOCOOIB OJIEp>KaHHS COJIOM SHOT LIEITI0I03H;

- po3po0JieHO HOBUH CmoCi0O Ta BHU3HAYEHO 3aKOHOMIPHOCTI IIPOIECY
OTPUMAaHHS LEION03M 13 MIIEHUYHOI COJIOMH B CHCTEMI «OILITOBAa KHUCIOTa —
MEPOKCUJ BOJHIO — €TUJIOBUH CIHUPT — BOAA» 3 BUKOPUCTaHHSIM BOJIb(pamary
HaATPIIO B KOCTI KaTaji3aTopa;

- BU3HAYEHO YMOBHU Ta BCTAHOBJICHO 3aJIEKHOCTI MK ITapaMeTpamHu MpoLeciB
BUJTYYCHHSI 3 BIANPAIlbOBAHUX MIOJIOKIB OKHCHOTO JITHIHY, BU3HAY€HO WOr0
COpOIIiiiHI BIACTUBOCTI;

- BCTAHOBJICHO TMANepOTBOPHI BIACTUBOCTI OKHCHO-OPTaHOCOJIBBEHTHOI
COJIOM’STHOT IIeJIIOJIO3U Ta EKCIEPUMEHTAIbHO OOIPYHTOBAHO KOMITO3UIIIMHUMA
CKJaJa Tamnepy OOTrOpTKOBOTO, Mamepy Jid MaKyBaHHS XapyoOBUX TMPOIYKTIB Ha
aBTOMaTax Ta Tamepy — OCHOBHU JUJISi XapuOBOTO IMEPraMeHTy 3 BUKOPHCTAHHSIM
COJIOMSTHOT 1EJTI0JI03H, MTOKa3HUKU SIKOCTI SIKUX 33/I0BOJIbHAIOTH BUMOTAM YMHHHX
CTaH/JapTIB.

B nepwomy po3zoini nucepraiiinoi poOOTH ONMKMCAHO CyYaCHUU CTaH
I[EJII0JIO3HO — TarnepoBoi mpoMuciaoBocTi. [lokazaHo 0coOIMBOCTI aHATOMIYHOT,
MIKPOCKOITIYHOT OYJIOBM Ta XIMIYHOTO CKJIaay POCIUHHOI CHUpOoBHHH. OINHCAHO
OKHCHO — OPTaHOCOJBBEHTHI crmocoOu nemirHidikamii poCIMHHOI CHPOBUHU 3
BUKOPHUCTAHHSAM HAAKUCIOT. OXapaKTepuU30BaHO MUIAXH 3aCTOCYBAHHS OKHUCHO —
OpraHOCOJIBBEHTHOT COJIOM SIHOT 1IEJTI0JI03U Ta OKMCHOTO JIITHIHY Y PI3HUX Taily3siX
pOMHUCIOBOCTI. OOIpYHTOBAHO BUOIp HANPSIMY JOCIIIIKEHb.

Y opyeomy po3oini nuceptaniinoi poOOTH HaBEAEHO XIMIYHUMN CKJIaJl
NIIIEHUYHOI COJIOMH, sIKa BUKOPHCTOBYBAJACS I TMPOBEICHHS TOCIHIJKEHb.
HaBemeHo MeToawku BapiHHA cTeOeNm TIICHWYHOI COJOMH, BHW3HAYEHHS
ManepoTBOPHUX BJIACTUBOCTEH IIETIOJI03U, BUTOTOBJICHHS TAaKyBaJbHUX BHUJIIB
nanepy, JOCHIKEHHS CKJIaay BIAMPAIbOBAHUX PO3YMHIB Ta COPOIIIHOT 3/1aTHOCTI
OKHCHOTO JIirHIHY. HaBeleHo MeToau Ta mpuiiay KOHTPOJIIO MOKAa3HUKIB SKOCTI
IIETI0JI03U 1 KapTOHHO-TIAMEPOBOi MPOMAYKINI, a TaKOX METOAM MaTeMaTHYHOI

00pOOKHU pe3yabTaTIB AOCIIIKEHbD.



Tpemiui po30in IPUCBSIICHO PO3POOICHHIO PEKUMIB OJIEPKAHHS COJIOM STHOT
EJTI0JIO31 OKUCHO-OPTaHOCOJIbBEHTHUMU crioco0aMu AeTirHi(ikarii.

B sxocti cmoco6iB nenirHidikaiii poCIMHHOI CHPOBHHHU JOCIIKEHO
nepokcomypanmuuii cnoci6 (MOK), BapiHHSA B CUCTEMI OLITOBa KUCIOTa — BOJAA —
nepokcua BoAHto (OIl) Ta BapiHHS B CUCTEMI OIITOBA KHCJIOTa — BOJIa — MEPOKCH]T
BoaHto — etwioBui cnupt (OIIC). Jns inTeHcudikamii maHuX CrnocooOiB
nenirHigikamii B SKOCTI Karaji3aTopa BUKOPHCTOBYBAJIM OKCHJ TITaHy,
BOJIb(PpOMAT HATPIIO Ta MOIIOAAT HATPIIO.

3a OTpUMaHMMH EKCIIEPUMEHTAILHUMH JaHUMH TMPOBEACHO MaTEMaTHUIHY
0oOpoOKy Il BCTAHOBJICHHS ONTUMAJbHUX YMOB Mpouecy aenirHigikamii. 3a
JIOTIOMOTOI0  METOJMKHM CKAHYIOUOi €JIEKTPOHHOI MIKPOCKOMIi BCTaHOBJICHO
MOpPGOJIOTIYHI 0COOIMBOCTI OTPUMAHOI OKHCHO — OPraHOCOJIbBEHTHOI COJIOM'SIHO1
[ETI0I03U. 3 JITHIH — BYTJIEBOJHOI JlarpaMi BCTAHOBJICHO, 110 3a 30LIBIICHHSIM
¢()EeKTUBHOCTI BUJIAJICHHS JITHIHY 13 MIICHUYHOI COJIOMH JOCHIHKEHI CIIOCOOH
po3TamoByr0ThCA B HacTynHul psia: IIOMK — OIT — OIIC.

[IpoBeneno anani3z npoMuBHUX BOJI, yTBopeHuX micis OIIC Bapinus creben
MIIICHUYHOT COJTIOMH. BCTaHOBIIEHO, 1110 3a IMTOKa3HUKAMU SIKOCTI iX MOKHA MTOBTOPHO
BUKOPUCTOBYBATH JIJI TEXHOJIOTTYHUX TOTPED.

Yemeepmuti po30in TPUCBIUYCHO BHUBUEHHIO HAIPSMKIB BHUKOPHUCTAHHS
BiAmpanboBaHux po3unHiB. I[lokaza MoxnuBicte BukopuctanHs 10 %
BIIMPAIbOBAHOTO IIOJIOKY Y CKJIaji CBIXXKOTO BapUIBLHOTO PO3UYHUHY 0€3 CyTTEBOTO
MOTIPIICHHS] TOKAa3HUKIB SKOCTI cojioM’siHoro BH®. 3ampomnoHoBaHO cxemy
pereHepariii KOMIOHEHTIB BAPUIIBHOTO PO3UYMHY MICs JAeTirHi(iKalii NIeHunYHOl
COJIOMH B CUCTEMI «OIITOBA KUCJIOTA — BO/Ia — IEPOKCH/I BOAHIO — €THJIOBUN CITUPT,
KOO Tiepe10aueHo iX BUKOPUCTAHHS y 3aMKHEHOMY ITUKJI1, 10 3a0e3Mevye CyTTEBE
CKOPOYEHHS BUTPAT XIMIYHHMX PEArcHTIB Ta 00’ €MiB MPOMHUCIOBUX BIIXO/IB.

B n’amomy po3gimi MOCHIIKEHO TanepoTBOPHI BIACTHUBOCTI OJIEP KaHOI
LEII0JI03U B KOMIIO3UIIIT MaKyBaJbHUX BUIIB Marepy: 0OropTKOBOro, manepy Jis
MaKyBaHHS Xap4YOBHX MPOJYKTIB HA aBTOMATaX, Marepy — OCHOBU ISl IEPTaMEHTY.

HaBeneHo 3arajibHy MNPUHLMIIOBY TEXHOJOTIYHY CXEMYy IIPOLECY OJepKaHHS



COJIOM SIHOT IIEJIIOJIO3U B CHUCTEMI «OLITOBA KMCJIOTa — BOJA — MEPOKCU] BOJHIO —
eTiwoBuil ciupT». [IpoBeneHo TeXHIKO-€KOHOMIYHE OOIPYHTYBaHHS MPaKTUYHOI
peanizaiii oTpuMaHuX pe3ynbTariB Bij BrpoBamkeHHs OIIC cnocoOy oxepxaHHs
coJioM’siHOT 1emtono3u. [loka3zaHo, 110 TepMiH MOBEPHEHHS KalliTaJOBKIAACHb HE
NEepPEeBUIILY€ HOPMATHBHI MMOKA3HUKHU ISl TaTy31 Ta CTAHOBUTH 0,4 pOKU, OUIKYBaHUN
€KOHOMIYHMM e(eKT BiJ] BIIPOBAKEHHSI 3alIPOIIOHOBAHOTO CIIOCO0Y JemirHidikarmii
POCIMHHOI CUPOBHUHHU CTAaHOBUTH OJIM3bKO 76,016 MIIH TpH Ha pIK.

3a pe3ynbTaTaMu JOCIIIKEHb OMyOIiKOBaHO 16 HayKOBUX Mpallb, 3 HUX 6
cTatel. 3 AKuxX 1 CTaTTs B XKypHaIi, M0 BXOJUTH 10 MI>KHAPOAHOI HAYKOMETPHUYHOT
6a3m SCOpus, 2 cTaTTi y BUAAHHSX, K1 BKIIFOUEHO J0 HAYKOMETPUYHHUX 0a3 TaHUX
(3 Hux 1 cTarTs y nepiolMyHOMY 1HO3€MHOMY HAyKOBOMY BHJIaHHI, IO BXOAUTH JI0
€poneiicekoro Coro3y), 3 crarti y (paxoBux xypHayiax kareropii b. Bugano 1
naTeHT YKpaiHU Ha KOPUCHY MOJIeNb Ta 9 Te3 nmonoBiaeit koHndepeniiil. PesynsraTu
JIOCITIJIKEHB JIOMOBIJAINCS HA HAYKOBO-TEXHIYHUX KOH(MEPEHIIsX, B TOMY YUCHl 2

3aKOpJOHHI (Kpainu: bosrapis, ABcTpis).

Kuo4oBi ciioBa: mimeHnYHA COJI0Ma, OKMCHO — OPTaHOCOJIBBEHTHI CTIOCOOH
nenirHidikaiii, BUXiJ, BMICT 3aJHMIIKOBOIO JITHIHY, IEII0JI03a, CEICKTHBHICTD,
KaTaji3aTop, PIBHSIHHS perpecii, onTuUMizailis, BIANPaIbOBAHUNA MIOJIOK, COpPOITis,

NaKyBaJIbHUM Marip



ABSTRACT

Semenenko Nina - Oxidative - organosolvent technologies of processed wheat
straw stems. - Qualifying scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 161 «
Chemical technology and engineering » - National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2020.

World experience in the production of pulp and paper products indicates the
predominant use of wood for pulp. Ukraine does not have significant wood resources
and the problem of production of fibrous semi-finished products through the use of
its own resources of fibrous raw materials, especially waste from grain processing
IS very relevant,

Cellulose production requires the use of a large number of chemicals, a
significant duration of processes, is characterized by harmful emissions into the
atmosphere and the formation of spent cooking solutions. Therefore, today it is
important to create environmentally friendly pulp mills.

To achieve this goal, the following tasks were set:

1. Investigate the influence of the main technological parameters - the ratio
and concentration of delignifying reagents, duration and temperature of cooking, the
catalyst content on the quality of straw cellulose.

2. To obtain mathematical models of the process of oxidative-organosolvent
variations of wheat straw using the methods of mathematical planning of the
experiment.

3. To determine the selectivity of lignin dissolution for the studied methods of
delignification of wheat straw.

4. Investigate the paper-forming properties of the obtained oxidative-
organosolvent straw cellulose.

5. To develop technologies for the use of oxidative-organosolvent cellulose in
the production of wrapping paper, paper for packaging food products on machines

and paper - the basis for food parchment.



6. Suggest ways to use waste liquors formed in the process of delignification
of wheat straw.

7. Investigate the sorption capacity of oxidative-organosolvent lignin.

The object of research - the processes of obtaining cellulose from wheat straw,
extraction of solid residue from waste liquor and production of packaging paper.

The subject of research is to determine the technological parameters of the
processes of obtaining oxidative-organosolvent straw cellulose, the conditions of
their use in the production of packaging paper, the parameters of the processing and
disposal of waste liquids, washing and sieve water.

Scientific novelty of the obtained results.

For the first time:

- the dependence of quality indicators of the obtained straw cellulose on the
main technological parameters of the process of delignification of wheat straw by
different oxidative - organosolvent methods of cooking: ratio, consumption and
concentration of delignificating reagents, temperature and duration of the process,
use of catalysts - Na,WO,4-2H,0, MoWO,-2H,0 Ta TiO; ;

- the selectivity of lignin dissolution for the studied oxidative-organosolvent
methods of straw cellulose production is calculated;

- developed a new method and determined the patterns of the process of
obtaining cellulose from wheat straw in the system "acetic acid - hydrogen peroxide

- ethyl alcohol - water" using sodium tungstate as a catalyst;

- the conditions are determined and the dependences between the parameters
of the processes of extraction of oxidized lignin from the spent liquids are
established, its sorption properties are determined;

- the paper-forming properties of oxidative-organosolvent straw cellulose
were established and the compositional composition of wrapping paper, paper for
packing food on vending machines and paper - bases for food parchment using straw
cellulose, the quality indicators of which meet the requirements of current standards,

was experimentally substantiated.



The first section of the dissertation describes the current state of the pulp and
paper industry. Features of anatomical, microscopic structure and chemical
composition of plant raw materials are shown. Oxidative - solvent methods of
delignification of vegetable raw materials with the use of peracids are described. The
ways of application of oxidative - organosolvent straw cellulose and oxidative lignin
in various industries are described. The choice of research direction is substantiated.

The second section of the dissertation presents the chemical composition of
wheat straw, which was used for research. Methods of cooking wheat straw stalks,
determination of paper-forming properties of cellulose, production of packaging
types of paper, research of composition of spent solutions and sorption capacity of
oxidative lignin are given. Methods and devices for quality control of cellulose and
cardboard and paper products, as well as methods of mathematical processing of
research results are presented. The third section is devoted to the development of
modes of producing straw cellulose by oxidative-organosolvent methods of
delignification.

The third section is devoted to the development of modes for obtaining straw
cellulose by oxidative-organosolvent methods of delignification.

Peroxoformic method (POF), cooking in the system acetic acid - water -
hydrogen peroxide (AP) and cooking in the system acetic acid - water - hydrogen
peroxide - alcohol (APA) were studied as methods of delignification of vegetable
raw materials. Titanium oxide, sodium tungstate and sodium molybdate were used
as catalysts for their intensification.

According to the obtained experimental data, mathematical processing was
performed to establish the optimal conditions of the delignification process. The
morphological features of the obtained oxidative - organosolvent straw cellulose
were established by the method of scanning electron microscopy. From the lignin -
carbohydrate diagram it is established that by increasing the efficiency of lignin
removal from wheat straw, the studied methods are located in the following row:
POF - AP - APA.



The analysis of the washing waters formed after APA of cooking of stalks of
wheat straw is carried out. It is established that according to quality indicators they
can be reused for technological needs.

The fourth section is devoted to the study of the use of waste solutions.
Showed the possibility of using 10% of spent lye in the composition of fresh cooking
solution without significant deterioration of the quality of straw pulp. A scheme for
regeneration of cooking solution components after delignification of wheat straw in
the system "acetic acid - water - hydrogen peroxide - ethyl alcohol™ is proposed,
which provides for their use in a closed cycle, which significantly reduces the
consumption of chemical reagents and industrial waste.

The fifth section examines the paper-forming properties of the obtained
cellulose in the composition of packaging types of paper: wrapping paper, paper for
packaging food on vending machines, paper - bases for parchment. The general basic
technological scheme of the process of obtaining straw cellulose in the system
"acetic acid - water - hydrogen peroxide - ethyl alcohol" is given. Feasibility study
of the practical implementation of the results obtained from the introduction of OPS
method of obtaining straw pulp. It is shown that the payback period does not exceed
the normative indicators for the industry and is 6.4 years, the expected economic
effect from the introduction of the proposed method of delignification of vegetable
raw materials is about 76.016 million UAH.

According to the research results, 16 scientific works have been published,
including 6 articles. Of which 1 article in the journal, which is part of the
international scientometric database Scopus, 2 articles in publications that are
included in scientometric databases (including 1 article in a foreign periodical,
which is part of the European Union), 3 articles in professional journals B. 1 patent
of Ukraine for a utility model and 9 abstracts of conference reports were issued. The
research results were presented at scientific and technical conferences, including 2

foreign ones (countries: Bulgaria, Austria).



Keywords: wheat straw, oxidative - organosolvent methods of
delignification, yield, residual lignin content, cellulose, selectivity, catalyst,

regression equation, optimization, spent liquor, sorption, packing paper
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