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TUESDAY, June 19"
UTORAK, 19.06.2018.
19:00-21:00

NOTIFICATION OF PARTICIPANTS AND
DISTRIBUTION OF MATERIALS (HOTEL CIGOTA
RECEPTION)

PIJAVAU L E S N IlI RODELA MATERIJALA
(RECEPCIJAHOTELAL | GOTA)

WEDNESDAY, June 20"
SREDA, 20.06.2018.
08:00-09:00

NOTIFICATION OF PARTICIPANTS AND
DISTRIBUTION OF MATERIALS (HOTEL CIGOTA
RECEPTION)

PIJAVAU L. E S N || RGDELA MATERIJALA
(RECEPCIJAHOTELAL | GOTA)

09:00-09:15

OPENING OF THE XXllI SYMPOSIUM
OTVARANJE XXIIl SIMPOZIJUMA

09:157 12:30
Chairman 1 Predse(java: )
S.JovanpQGJahkes,B.Jef t @i IBebi

09:15-09:35 Lecture 17 Predavanje 1

ANALIZE | AKTUELNI TRENDOVI PAPIRNE
INDUSTRIJE SRBIJE U 2018. GODINI
ANALYSIS AND ACTUAL TRENDS IN SERBIAN
PAPER INDUSTRY IN YEAR 2018

Nat aGpwedarica

Chamber of Commerce and Industry of Serbia,
Belgrade, SERBIA

09:35-09:55 Lecture 2 - Predavanje 2

CELULOZNO-PAPIRNA INDUSTRIJA U NOVOM
EKONOMSKO-EKOL OGKOM OKR WBBENJ
SRBIJA

PULP AND PAPER INDUSTRY IN NEW ECONOMIC
AND ECOLOGICAL ENVIRONMENT - THE WORLD
AND SERBIA

Petar nukil

Faculty of Technology and Metallurgy, University of
Belgrade, Belgrade, SERBIA

09:55-10:15 Lecture 37 Predavanje 3

NANOCELLULOSE IN PAPERMAKING
NANOCELLULOSA U PROIZVODNJI PAPIRA

Janja Juhant Grkman?, Bojan Borin?, | da Ppl
Matjag Kunaver

Pulp and Paper Institute;2Papi rni gca Vev
SUniversity of Ljubljana, Biotechnical Faculty; “National
Institute of Chemistry; Ljubljana, SLOVENIA

U

10:15-10:35 Lecture 47 Predavanje 4

TRANSITION METAL OXIDE CLUSTERS AS
CATALYSTS FOR BLEACHING OF CELLULOSIC
MATERIALS AND NATURAL FIBERSERROR!
BOOKMARK NOT DEFINED.

KLASTERI OKSIDA PRELAZNIH METALA KAO
KATALIZATORI ZA BELJENJE CELULOZNIH
MATERIJALA | PRIRODNIH VLAKANA

Grigore Craciun, Gheorghe Du Hu

L&G Consulting SRL, Dej, ROMANIA

10:35-10:55 Lecture 57 Predavanje 5

UTICAJ ORIJENTACIJE CELULOZNOG VLAKNA NA
MEHANI L KE OS @B KRAET FARIRA

IMPACT OF FIBER ORIENTATION TO

MECHANICAL PROPERTIES OF SACK KRAFT

PAPER

Husejin Durakovil, Al mir Mufti
Natron-Hayat d.o.0. Maglaj, BOSNIA AND

HERCEGOVINA

10:55-11:15 Lecture 61 Predavanje 6

EFIKASNOST SISTEMA ZA PRANJE NEBIJELJENE
LETI NARSKE CELULOZE

EFFICIENCY OF WASHING SYSTEM FOR

IUNBLEACHED SOFTWOOD CELLULOSE

Armina LLaGrefiki j2a Miorntlomj$tianil
!Natron-Hayat d.o.0. Maglaj; 2Faculty of Metallurgy

and Technology, University of Zenica; BOSNIA AND
HERCEGOVINA

11:15-11:35 Lecture 71 Predavanje 7

ON THE INTERACTION OF MODIFIED
UREAFORMALDEHYDE OLIGOMERS IN FIBROUS
SUSPENSIONS

INTERAKCIJA MODIFIKOVANIH
UREAFORMALDEHIDNIH OLIGOMERA U
SUSPENZIJAMA VLAKANA

Natalia Zholnerovich, Irina Nikolaichik

Belarusian State Technological University, Minsk,
BELARUS

11:35-11:55 Lecture 81 Predavanje 8

COMPARISON OF ANISOTROPY OF
DEFORMATION PROPERTIES OF TOP LINER
BOARD FROM PRIMARY AND RECYCLED FIBER

PORENENJE ANIJEDHFRRMACIONIH
SVOJSTAVA PREMAZNIH KARTONA OD
PRIMARNIH | RECIKLIRANIH VLAKANA
Anastasiia Romanova?, Yakov Kazakov', Roman

7 2
fiRog .

Northern (Arctic) Federal University named after M.V.
Lomonosov, Arkhangelsk; 2L L CSulgonsky B P Mé ,
Sokol, RUSSIA

11:55-12:30

DISKUSIJA | PAUZA ZA KAFU
DISCUSSION AND COFFEE BREAK



Programi Program 7

12:30-16:20 X-Rite GmbH, Martinsried, GERMANY
Chairman i Predsedavaju:
S. brahi meR.6indk §/vMalent 14:30-14:50 Lecture 157 Predavanje 15

. UPRAVLIANJERIZIKOML ELI LNI'H | HLASTI LN
12:30-12:50 Lecture 9 - Predavanje 9 GI CA KORI GLERABUZRORMI RAJULI H |
INDUSTRIJSKA SVAKODNEVNOST, KLIMA | SUGNIH SITA
OBNOVLJIVI IZVORI ENERGIJE RISK MANAGEMENT OF STEEL AND PLASTIC
INDUSTRIAL EVERYDAY LIFE, CLIMATE AND WIRES USED FOR CONSTRUCTION OF
RENEWABLE ENERGY SOURCES FORMATED AND DRIED SIEVES
Vladimir VALENT Nada Bojict, Ninoslav Stojanovic?
University of Belgrade, Faculty of Technology and 1 Woven Wire Cloth and Bearings Factory - FASIL
Metallurgy, Belgrade, SERBIA A.D. Arilje; 2StandCert, Beograd, SERBIA
12:50-13:10 Lecture 10 - Predavanje 10 14:50-15:10 Lecture 16 i Predavanje 16
DEFINING WHITENESS ON DIFFERENT PAPERS REINDUSTRIJALIZACIJA KAO STRATEGIJSKA
WITH THREE SPECTROPHOTOMETERS EYE-ONE OPCIJA OPORAVKA PRIVREDE SRBIJE - SA
PRO POSEBNIM OSVRTOM NA INDUSTRIJU CELULOZE
DEFINISANJEBELINERAZ LI LI TI H P AP UR A PAPHRRK -
TRI SPEKTROFOTOMETRA EYE-ONE PRO REINDUSTRIALIZATION AS A STRATEGIC OPTION
Dejana Javorgek, Sandr a, K Ofa SERBIAN ERONOM¥ RECOMERY -METH
University of Ljubljana, Faculty of Natural Sciences A SPECIAL APPROACH TO INDUSTRY OF PULP
and Engineering, Ljubljana, SLOVENIA AND PAPER -

Gordana Kokeza

13:10-13:30- Lecture 117 Predavanje 11 University of Belgrade, Faculty of Technology and

ISPITIVANJE POGODNOST | AMBAL AGNI H| Metallurgy, SERBIA
KARTONA ZA GT ABHRIAOMGESET

GTAMPE 15:10-15:30 Lecture 17 - Predavanje 17

TESTING THE PRINTABILITY OF THE PACKAGING | EFFECT OF DIFFERENT PACKAGING

CARDBOARDS IN OFESET PRINTING CONDITIONS ON SHELF-LIFE OF TRADITIONAL

PROCESS FERMENTED SAUSAGE

Lazar Stanojkovil Predrag Givkovil UTI CAJ RAZLLAVA FAKEBVANJA NA ROK
TRAJANJA TRADICIONALNE FERMENTISANE

University of Belgrade, Faculty of Technology and

Metallurgy, Belgrade, SERBIA KOBASICE - o _ _
Tanja Gugi# | DPreatgraonvai ISt ani savl j e\
13:30-13:50 Lecture 121 Predavanje 12 Predr 4g Dirlaiglan 'VelLjli kjpana Comil
. .
OPTI LKA BJE BRIRNY INDUSTRIIU, 3V Depa_rtment of Food Science and Technology,. College
SIGMA of Agriculture and .Food Technology, Prokuplje;
2Department of Biology and Ecology, Faculty of
OPTICAL BRIGHTENERS FOR PAPER INDUSTRY, Science, University of Kragujevac, Kragujevac,
Semir Dzendzo
3V Sigma S.p.A., Bergamo, ITALIA 15:30-15:50 Lecture 18 - Predavanje 18
. UNAPRENRENJE URRAVAMBALAGNI M
13:50-14:10 Lecture 1371 Predavanje 13 OTPADOM
SISTEMEVIDENCUJEIPRALENJA GRE GAKADVANCEMENT OF PACKAGING WASTE
DETEKTOVANIH U TOKU PROIZVODNJE NA MANAGEMENT
KARTON MAGI NI Vladimir Pavil evil Darko Radosavljevii Novak
TRACKING AND EVIDENTING SYSTEM FOR Kukril
ERRORS OCCURRING IN THE CARDBOARD University of Belgrade, Faculty of Technology and
PRODUCTION ) ) Metallurgy, SERBIA
Garko Sremac, Vasja Bojanil Jrena Sefanovil i
Danijela Ogap 15:50-16:20
Umka Cardboard Mill, Umka SERBIA DISKUSIJA | PAUZA i DISCUSSION AND BREAK
14:10-14:30 Lecture 1471 Predavanje 14 Th d 3 215t
WITH CLOSED LOOP COLOR CONTROL TO A . urts ay,mun% 018
FASTER START-UP AND SHADE CHANGE _e t v r2i.quk 2018,
KONTROLA NANOSA BOJE SA POVRATNOM 08:30 12:00
SPREGOM ZA B RA&WHE GDOBRENOG ' .

OT1 SKA | BRGUNANR O ﬁhawman I Predsedavaju:

_ Kr gm.vidan a,Pklosvkiolk o vi |
Manfred Binder
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08:30-08:50 Lecture 19 - Predavanje 19

PRESSURES FORMATION IN THE OPENING AND
CLOSING NIPS OF CYLINDER DRYERS

USPOSTAVLJANJE PRITISKA U POLETNO
ZAVRGNOM DEL UONTOANKET KX SUGNI
CILINDARA

Juha Leimu

University of Applied Sciences, Turku, FINLAND

08:50-09:10 Lecture 207 Predavanje 20

MOGULNOSTI ZANJEGNERGETSKE
EFIKASNOSTI U PARNO-KONDENZACIONOM
SI STEMU PAPI R MAGI NE

POSSIBILITIES FOR INCREASING ENERGY
EFFICIENCY OF PAPER MACHINE STEAM AND
CONDENSATE SYSTEMS

Ni kol a TaKiasj &nd T@risame ni |
Si mo n'pGoiar Jankes?

1University of Belgrade, Faculty of Mechanical
Engineering;2l nov ac i o ni inskog fakulteta u M
Beogradu, Belgrade, SERBIA

09:10-09:30 Lecture 21 i Predavanje 21

REKONSTRUKCIJA PARTIJE PRESA PAPIR

MAGI NE U FABIRE EEOGRAD U CILJU
POVELANJA KAPACGTEDMJE EN
RECONSTRUCTION OF THE PRESS SECTION OF
THE PAPER MACHINE IN BELGRADE PAPER MILL
FOR INCREASING CAPACITY AND ENERGY
SAVINGS

Mi |l orad? Kmg o waini? MaMikjoovd ri ag
lvan Stevanov?, Mi | o0 g2 | Baij @) Tdfanav
Ml adeAowalri na! Krgi kapa
1Center of pulp, paper, packaging and graphics, ,
University of Belgrade, Faculty of Technology and
Metallurgy; 2Fabrika hartije BEOGRAD, d.o.0.; *Kappa
star group, Belgrade, SERBIA

09:30-09:50 Lecture 221 Predavanje 22

EFEKTI UGRADNJE HARD NIP KALANDERA

EFFECTS OF INSTALLING THE HARD NIP
CALANDER

Saga Dobrii, Rade
Umka Cardboard Mill, Umka SERBIA

Kr smano

09:50-10:10 Lecture 2371 Predavanje 23
PULP AND PAPER TECHNOLOGY APPLICATIONS
APLIKACIJE U TEHNOLOGIJI CELULOZE | PAPIRA
Vassil Valtchev, Matteo Scattolin

Veolia Water Technologies, Miano, ITALY

10:10 - 10:30 Lecture 241 Predavanje 24

DEUBLIN FSU PARNE GLAVE SA DELTASINT
STACIONARNIM SIFONSKIM SISTEMIMA

DEUBLIN FSU STEAM HEAD WITH
JOINT/DELTASINT STATIONARY SIPHON SYSTEM

M

Milan Jevt i |
Impex i Technology, Omoljica, SERBIA

1q:30 -10:50 Lecture 251 Predavanje 25

HAUGMENTED OPERATION AND MAINTENANCE OF
PUMPS IN THE PULP AND PAPER INDUSTRY

POBOLJGANIODRRRGAMANJIE PUMPI
INDUSTRIJI CELULOZE | PAPIRA

Lukas Wiesegger
ANDRITZ AG, Graz, AUSTRIA

10:50 -11:10 Lecture 26 1 Predavanje 26

UNAPREnN ENJE POSLOVNIH PROCESA U
INDUSTRIJI PAPIRA,GRAF 1 KE |
PUTEM IZVODJENJA KPI, SA POSEBNIM
FOKUSOM NA PRODAJU

BUSINESS PROCESS IMPROVEMENT IN IN THE

PAPER, GRAPHICS AND PACKAGING INDUSTRY

BY PERFORMING KPI, WITH A SPECIAL FOCUS
N SALE

a

iljana Lazarevil, Veljko
Casa Forte, consultant company, Belgrade, SERBIA

11:10-12:00

DISKUSIJA | PAUZA T DISCUSSION AND BREAK
RGI 1F

12:001 14:00

ROUND TABLE i OKRUGLI STO

Moderators: ) ) )
M.Krgorngl,Janalkovil,P.N.
Mis K @ jk &/wMalgnt

U

AMBALAGE

Davi

Govedar

KRATKO PREDSTAVLJANJE SVI H U LESNI KA

BRIEF INTRODUCTION OF ALL PARTICIPANTS

STANJE U CELULOZNO i PAPIRNOJ,
AMBALAGNOJ | OXRWSTRLIK
SITUATION IN PULP, PAPER, PACKAGING AND
GRAPHIC INDUSTRY

14:0071 14:15
CLOSING OF THE SYMPOSIUM
ZATVARANJE SIMPOZIJUMA

14:30718:30 i ga Luki i
EXCURSION i ACCORDING TO THE CHOICE OF
PARTICIPANTS OF THE SYMPOSIUM:
1 ANDRICGRAD, MOKRA GORA (SARGAN,
MECAVNIK), OR
1 SIROGOJNOi ETHNO VILLAGE.
IZLET i POIZBORU UL E S N | SMPOZIJUMA:
9 ANDRI L GRMORKRAGORA( GARGAN,
ME L AV NILIK)
1 SIROGOJNO i ETNO SELO.

20:307
CEREMONIAL DINNER
SVELANEL ERA
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Predavanjel i Lecturel

ANALIZ A SEKTORA PROIZVODNJE PA PIRA | PROIZVODA OD
PAPIRA U SRBIJI 2018. GODINI

ANALYSIS OF THE PAPER AND PAPER PRODUCT SECTOR
PRODUCTION IN SERBIA IN YEAR 2018

N a tad@gvedarica
Privredna komora Srbije, Beograd, Srbija

Sektor proizvodnje papira i proizvoda od papiraea
gt o su povledkatnrjiel ncee neaneer gi j e i del ovima | anca vre
trgigni udeo u funkciji fluktuaciije USD, EUR i sk
trogkova u EUR valuti nasuPbDovalkwmia,] nk ano cie nvaangn @9 t
industriji kao celine u svetlu globalne tranzicije energije.

Analizirajuli sektor proizvodnje papira i proi z
su rastule potr ebe skiadus# prazvotngom ) skokomtaktivnestirgovine, naovi
trgigni i zvor.i Koj i proizilaze iz rasta srednje |
proizvodi ma, al i i sl abosti k a o dalulaze),prilagodljivesp k a o
suolavanja sa visokim trogkovima ul aganja kako b
konkurenciji sa kartonskim pakovanjima u zavisnos

Proizvodnja papira i proizvoda od papira je u febmu2018. godine u odnosu na drugi mesec 2017.
godine porasla 8,8 odsto, dok je u periodu jaffiuearb r uar 2018. godine zabel edgen

sa prva dva meseca 2017. godine. U preradi drveta i proizvoda od drveta, u februaru 2018. aptrdisa u
na drugi mesec 2017. godine zabel e ¢ebmar 2068. godind od ¢
registrovan rast od 7,5 odsto u porelenju sa prva

Tabela 1.Indeksi industrijske proizvodnje

130.0
120.0
110.0
100.0
90.0
MpepahuWeauka MHOYCTRKM]a
80.0
MNpowzeodHananKpa ¥ NpoUIB0aa o nanvpa
70.0
[} v v Vi VI VIl IX b Xl Al . 12018, 1
2017, 2017. 2017. 2017. 2017. 2017. 2017. 2017. 2017. 2017. 2018,
@2016=100 @2017=100
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Ukoliko seposmatradrugi mesec2018.godineu odnosunaprosek2017.goding zalihesubile vel eza
11,50dstou prerd’ival koj industriji, au okviru njevel eza7,0odstou proizvodnjipapira Ceneu proizvodnji
papirai proizvodaod papirau februaru2018.godineu odnosunadrugi mesec2017.godineporaslesu 3,2
odstq dok sukod preradedrvetai proizvodaod drvetg kaoi u proizvodnjinamefajaopalei to za3,4i 2,0
odstq respektivno

PremapodacimaRZS, u 2017.godini, izvoz proizvodaod papiraiznosioje 383,8min evrg tolgni 2,6
odstoukupnogizvozaRepublikeSrbije U odnosuna2016.godiny zabel@enje rastod 20,4odsta U istom
periody uvoz je dostigao578,8 4min evrg to §ini 4,9 odstoukupnoguvozg te je ostvarendeficit u
spoljnotrgovinskofazmenikoji je iznosio195,0mlIn evra uz pokrivenostuvozaizvozomod 66,3 odsta

Tabela 2. Spoljnotrgovinska razmena u periodu 201:2017.

Cno/bHa TProBuHa - NPOU3BOAH:A Nanuvpa M
NpouW3Bo4a o nanvpa 3a nepuwon 2013-2017

““‘MEEDE

2013. 2014. . 2016. 2017.

600000

400000

200000

Preenting author:

Nataga Govedaricat

Privredna komora Srbije

v: +381 11 33 00 909

f: +381 66 875 1152

[ natasagovedaric@pksrs | sumarstv@pksrs
Resavska 15 | 11000 Beadr| pks.rs kttp://www.pks.rs?
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Predavanje i Lecture2

CELULOZNO -PAPIRNA INDUSTRIJA U NOVOM EKONOMSKO -
EKOLO GKOM OKRUGENJU: SVET | SRBIJA

PULP AND PAPER INDUSTRY IN NEW ECONOMIC AND ECOLOGI CAL
ENVIRONMENT - THE WORLD AND SERBIA

Petar nukil
Tehnomeggabur gki fakul t e$rbijaUni verzitet u

Izvod

Pretpostavke privrednog razvoja u celom danagnjem
menjaju. Ukupnook r ugenj e vige ne |ili ni na jedno prethodn
trogkova poslovanja prema sadagnjim trendovi ma neme
perfor manse odr gi vosti svakog p r oterijalvaoi ceneoggtskap o st u p k a
efikasnost, wugljenil|lni otisak i druge ekologke perfo
industrije celuloze i papira. To moge da bude veliko
i naiug tvmalgkii r azvoj

Kl'jul npretepast avke razvoj a, novi obl i ci konkurentr

sredine, energetska efikasnost, materijalni intenzitet proizvodnje, ekonomija zasnovana na znanju.

Abstract

Suppositios of economic developent intoday's world, in our region and in Serbia, are in rapid and
substantial changes. The whole business environnsewliffierent than any previousdigh level of
competiiveness and diminishing of production costs have no an alternative approactialyisttvends.
Meanwhile, the natural, economic and technological environment performances of every process could be
extremely important. Material and energy efficiency, carbon print and other environmental parameter have
more important role in the dosing pulp and paper manufacture. That could be big limitation, as a
challenge for the structural changes and scientific research and technological development.

Keywords development suppositions, new form of competitiveness, structural changes, environmental
protecting, energy efficiency, material intensity of manufacturing, knowledge based economy.

UVODNE NAPOMENE

Promene industrijskih tokova wu svetu i nepostr
kompl eksnije. One pr oi setriel,u au gl asven otrma ki cpéagraégkennoel r oi ggk
klimatskih, ekonomsk@ o | i ti kukuknihpr et post avki Mdlowatlinmgprgo menam
protivrelnih kretanja i veoma rizilnih pojmgeva, al
koju karakterige sledele:
fTbrze tehnol ogakaj pr o mgn g n p okdnkugentnijoniKo de brmod efikagno irev e

prilagolava globalnim trgignim zahtevi ma i konku
teren;

9 uprkostehnbo gk om gl obal i zmu, na globalnom planu stupa
izolacionizmaatiglobalizma i protekcionizma Me Lut i m, wuprkos tim promenart
tehnol ogka melLuzavisnost ost apoeetkk ao dugor ol ni

fubrzanje klimatski h pekmeEpngkl i ae agdledatiogihi t p v h o me
ekologkih zahteva koji se tilu uticaja na givotn
9 prirodniresursipoput vode, mora i 0 k e,pmosiora, postaju avdn avloagj reiejml |
za dugor &klami proalasv djc aj il razvojno ogranilenje;

9 svet postajs v e r ,ilepeizal globalnih rizika raste, uz pretnju da rizici klimatskih promena dobiju

izrazite ekonomsk@ o | i t i | k es t p &a toresgkkaraejkn o

15
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1. SVET GLOBALNE KON KURENTNOSTI | NEIZVE SNIH RIZIKA

To gto se ove 2018. godine olekuje najviga sto
decenije ne znali da isuda eviugd ar d rasge. Onh sevagebaladmoqpc |
pl anu uskoro verfovaltinobinel ak pomagi 6i dol i do usp
aktivnosti u pojedinim regi,)jkama tglieod adajer adlii Il iotl
turbulencije,prirodne katastrofe, socijalni potresi, novi talasi migracija ili terorizché&renutku nastanka
ovog rada funkcionigu ratno ¢agrrilgktie oud n®isrii,j iv,r epgi
interesna igra til e shen odkoojrkoongi jrea ziv og @l iit iikned, u sktaroi
nagem regionu. lako ni jedna geostrategka anali za
koj i se tilu savremeni h industrija nemanglghainase s

ekonomskee e hnol ogka kretanja govore o tome da se stv
vodi proaktivna industrijska politika.

1.1.Imperativ i evolucija konkurentnosti
Otkako je (2005) Svetski amlkdnaimng ki, fporaui, ( WBR)

globalnu nacional nu konkurentnost, ne prestaje i
pojam koj i sadr gi prililno girok "set mer a, kar a
(nukil 2008). Svake godine u izvegtaju (WEF) obj a
rangiraninkompozitnih indeksa, po osnovu 12 stubova konkurentnosti organizovanih u tri grupe. Prvu grupu
| i neOshaxni zahtevk 0 | i u k lbgveu (L) unjstitucijes, (2 Infrastrukturu, (3) Makroekonomsku

stabilnost, (4) Zdravstvo i pr Femmkt oopi opoaebuaanpe
odnosno stubovi: (5) Visoko obrazovanijsa it rah wka,

(8) Razvijenost finansijskog trgigta, Tr(e9)u Tgerhunpo
predstavljaju-aktori inovativnosti i sofisticiranostukupno dva stuba, (11) Sofisticiranost poslovanja i (12)
Inovacije. @ u ki | , tr. 216288, s

Svi faktori konkurentnost i n prvobitoitistiudowa kankurembgtio n o ms
svi sui dalje u igri. Nacionalne privrede seesmanjenomjesti nom trude da povel
efektivnost proizvodnje, u stalnommasj anj u da smanje utrogak mater.i |

kao i ugl j ePritdmeii n vi enst teincziijteeti. zapogl javanje post aj
zemlje razvijaju razne tehnike kako bi se ostvarile model tzv. cirkularn@ekdnj e. Sve to upul
do sada nevdebmmr &ktoimprl eelkrsi h zahteva koji se stavlj
njim. Kako izali na kraj sa svim tim zahtevi ma i

Tabela 1.Rang zemalja prema Indeksu globalne konkurermtosti (20072017.)

2007 | 2008| 2009| 2010| 2011| 2012| 2013| 2014| 2015| 2016| 2017
Srbija 91 85 93 96 95 95| 101 94 94 90 78
Albanija 109| 108 96 88 78 89 95 97 93 80 75
BiH 106| 107| 109| 102| 100 88 87| na.*| 111| 107| 103
Hrvatska 57 61 72 77 76 81 75 77 77 74 74
Makedonija 94 89 84 79 79 80 73 63 60 68| n.a.*
Crna Gora 82 65 62 49 60 72 67 67 70 82 77
Rumunija 74 68 64 67 77 78 76 59 53 62 49
Bugarska 79 76 76 71 74 62 57 57 54 50 49
Slovenija 39 42 37 45 51 56 62 70 59 56 48

Podaci iz razlilitih dokumenata GCI WEF

*Uslednemoglinostizaprikupljanja podataka izostavljee suvrednostiza BiH 2014.kaoi zaMakedoniju2017.

!Stopa rasta ostvarena 2017. oko 3,5% jog uvek nije
( WEC) . |l zuzet no s e aicapsgskadkaza {da $vetskeoberae krgriu sve ad dole) ukoliko bi se
ostvario veliki finansijski potres usled udara kriptov

finansije, krajem aprila 2018.
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Radipojanjenjauporedivihpodatakaaovu priliku trebanavestidaje rangiranjenapravljencmaosnovu
svih podatakasinteti kim rangomkoji pokazujenigi broj ukoliko je zemljakonkurentnija obrnuto Inal e na
globalnojtabelivel nekolikogodinazaredonvodi Grajcarskaizakoje slediSingapuratrel e mestatrenutno
zauzimajuSAD. lzvetaj zaovaj periodobuhvatage razlil it broj zemalja najmanjeza2007. (131);najvige
za2012. (148).

Pregledsrednjordnih tokovai ocenaglobalnekonkurentnostpokazujeda serelativnapozicija Srbije
0od 2007.do 2013.pogoravala(padsa9l. na101.mesto- tabelal.) dabi kasnijelaganonapredovalaSada

Srbija od ukupno od 137 rangiranih zemalja zauzin
uteha , s obzirom SmabijiajienCcoad6Goadaneajvedn dbaliiorg n2a0 Q@
poziciiji. Re |l e v a n tjeakoja j@ se nataela najlGhe g ¢ lu o fp pgliceld (RAOH n

da bi napravila napredak za Vv.iniesto, jedho iZh@d Sroip.sU a , d
neposrednom okrugenj uving iend permanenBaslabijea pokazateliee globaing o
konkurentnosti nego Srbija.

USrbijikri za je samo hbhtomil aeomalkgtedni mi kro ekonoms
zasnovanog na neodr givoj p ot r o @ ihjnvestidija i privatidadijejdo nepo
enormnog porasta javnog duga. Najvige ipak brine
za Srbiju po tradiciij:@ one dugorol ne determinante

tr gi gta dobara. Zal arani knizak glohedékd ro @ ras K inhedfibagnastc p ¢ £t a
trgi gta dobamadaovalrjgantean d ag emiska poslbvmao radmajkiara -j noagp r e d
slabije institucije i dalje nizakdohodak.

1.2. Konkurentnost privrede Srbije u kratkom roku

Kratkorol ni pokazatel i za ©protekle dve godi ni
konkurentnosti Srbije, po "stubovima" | agano popr
kao i efikasnost Torgegtdabdobanbi (skedbaol)no upotr
promene. lzuzetak je samo stanje sofisticiranosti poslovaujkazatelj istovetan za dve protekle godine.

/- 2016.17h LIOG A NI y 3 A
94 o m2016.17

rao | ® 2017.18 ?BLJOU A ddodsr s

120 + /

100 +

80 |

60 +

40 =

20 |

0 J

Slika 1. Pokazatelji globalneonkurentnosti za Srbiju, od ukupno 137 rangiranih zemalja na osnovu
godignjih izvegtaja WEHEWEGGCPLzE 2056/17 iGa 2017/48& pridzup 317 / 1 8
mart 2018)

Trebaimati u vidu da svih 12 stubovakonkurentnostne donoseisti broj poenau vrednovanjuzbira
konkurentnostiiz razlogago se Srbija svrstavau zemlje srednjerazvijenostipremavrednostiBDP po
stanovnikuKlju| ni pokretai njenekonkurentnostsustuboviiz grupacijel: faldori pove anjaefikasnosti .
Pri obrd unu ukupnevrednostiindeksaglobalne konkurentnosti ovi osnovnizahteviul estvuju sa 40%,
faktori povd anjaefikasnost{ll grupasa50%)dokfaktori "inovativnostii sofisticiranostl ul estvujusa10%
u ukupnomindeksu(Tanaskovi Risti ,  2s0.1)8 ,

1.3. Zahtevi i konkdrendijani @onkorgriknest s f er e

Gl obal ni ekonoms ki ulii nti eolsvefgebstange kglobalpnoetowt, dnadeljiv,
meluzmaayi sskoro po svim dimenzijama. Protiv takve



18 XXII International Symposium in the Fisldf Pulp, Paper, Packaging and Graphics

verovatno nele biti uspegan ni jedan tip savrem
naci onal iAowampireni@idja@ ajse pri sutmokigh Namtdvekazuje i !
zemlje sve vige tege da budu rangirane po nekom
melLunarodnu tik@inknuu entcakmi.c bog nesporazuma oko Kk
ovedvesamo naizgled slilne kategorije. Konkurencij
ciljeva. Takva borba je dobrodogla jer pogoduj e e€
progresu. Zato se tegreobéihelLeéenjguguel,osaobadleondh
odrgivih pravila igre. Podsticanjem konkurenci | e
konkurencij e postal:i spremni ji za nastup na do
Pojednostavljeno releno, konkurencija je utakmica
Konkurentan je onaj ul esni k, takmac koji je na vi
i

za opstanak r ra whku.oKponkureaitnatu rcedini j§ ana ekanondjaikgj& je pripremljena za
melLunarodnu utakmicu

Uslov meunarodne konkurentnosti je unutrgnja konkurentnost odnosno proces slobodne
konkurencijekoji seprotede saekonomskognapolitil ki teren(prekoslobodezborg) i saposebnimakcentom
na tehnolaku sadginu. Naime bez tehnolaki konkurentneekonomije nemanikakve druge suginske
konkurentnosti Srd na okolnostje "princip prelivanjatehnologijé, odnosnosvojstvo grenja pozitivnog
uticaja novih tehnologijal iji se uticaji rasprostirusvetommnogo brge nego o ljudi ol ekuju Jednaod
osnovnih pretpostavkitehnolgke konkurentnostije preduzetrlika orijentacija privrednei industrijske
politike, pri | emuseoslobd’a onal uvenaQumpeterova kreativnadestrukcijd?, kategorijakojaje prvi put
u literaturi pomenutal944.a koju i danaskao zahtevglobalnekonkurentnostpodvld i Svetskiekonomski
forum (WEF 2018,p. 3).

1.4.Zahtevi inkluzivne odrgivosti

Na ovom mestuneophodnge skrenutipagnju na promenekoje su ud ljive u najnovijim izvegtajima
Svetskogekonomskodgoruma Rd je novebitne | injenice koje danasoblikuju globalnukonkurentnosali
istovremen@ostajunoviizazovzasvetu celini:

1 velike disproporcijeu opgoj preraspodelkoristi od globalnogekonomskogapretkaporastdohodnd
drugihnejednakostiposebnai napredninekononijamad. To znal i da sve zemlje n
poboljganje od progresa;

fpovelanj aek mlt ®qizce tckaqar adaci j e isurpaumkosgloamm upotr e
inicijativama i akcijama zaklmu o]l uvanj e prirode;

Sveto ostavljautisakdaindustrijskai razvojnapolitika, poslednjihdecenijau vel ini zemaljanije slugila
gralanimaniti drugtvu u celini, vel odabranimsubjektimadelovimadrugtvai poslovnogsveta

Gta to sve moge da uslovljava? Na to pitanje WE
koji proizvodi diskontinuitet, tako da je budulin
motiv dakejugi drpgtdsemrcpgdg lKomamdbj ti , ebokogkoj . To
obrazovanja, javnog zdravlja, Kul tur e, prevencij
siromagtva, kao i ekol ogkaidgdr giewwd snti, da hda afkr i tpa
To ni u kom slulaju nije lak zadat ak, |l ak ni za
da se u svetlu analize konkurentnosti i ombmsgii vog
rast [ privredni razvao,j u vel oj mer i odr gi v. U
odrgivosti, koji je u svetlu novih analiza Svetsk
(IDI).

U izvegtaju 20td@fionigekugadplksdeadreknteu zsiuv nmonga | ri a z v ¢
multidimenzionalnog razvoja, koji podrazumea ne s amo r ausldo sré&dpjéy, dohaetla | [

domal instava, pr e vremme mejednakastme t mgéneaaci jeklksemapr avd

2" Kreativna destrukcija" je sintagma koju je Jozef
socijalizam, demokratija", naglagavajuli razliku iz
preduzetni gtva pod &wgtiinvnie ipomamekadt varnudinl al ki " por |
prevrie, dezorganizuje" ali pri tome uvek uvodi i novac
promena. Ovu sintagmu je kashiepei tdtal pe oemaffjkogppbme
knjigama "l novapgli aglesa iprediuzeitmi '§tonag prevod, Privre
Post kapital i st i-Prikrednigregled, Beograd 1996.r me |
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ml adi ma, oduzi manje neto gubitaka od zagalLenja il
tokovi prirodnog i humanog kapitala, krkenpezinpe | av
analiza konkurentntipokazalge dasu pojeddl ne ekonomi j e znatno uspegniije

ostvarenonGDP per capita(K a mb o d g a , Legka, No VI Zel and, Republ i
zemlje koje su perc&pigaiowojanhbel zvii gpio k@xRPa |l &s kdeaa,| ekap aan ,giJ
Afrika, Meksiko idr.)

Gta je neophodno da bi se popravi |l aprikreda®Remaent no
preporuci WEF to je "paralelni rad svih faktora"
ostwarila daleko bolja@adh j a donosil aca politil| kih odluka, priv
zajednice, kao i svih socijalnih akter®EF2 01 7) . Ov o i zalj samd wavarijpetina &kagjopsk e
ne poznaje il:@ n e sinengije, a4 kategordd r Ul k v e n @ ribMhdadTA O r N0 S |
ekstremno | iberalnih autora koj iizupeoostvarivangproftao k ak v

i skustva ¢girom $vePtrae ogsotvaoree idrduag asleisjtpdr i mrcd @i dir uga \
sfere, na sferu rada, naul ni h iaspbljopaiwedevSmatjamao,da k u | t
period gireg prodora drugtvene odgovornosti, kao
nije daleko prd nama.

2. PROIZVODNJA PAPIRA | CELULO ZE

2.1. Podsticajiglobalne ekonomske aktivnosti

Pored kljulnih odrednica opgteg ekonomskog kar a

prethodnih godina, a umesto ponavljanja teze da |
trajanje sadadgnje skaoimnie kegjakfupebi vanlojgd on aal
determinanta ekonomskih i tehnolodgkih tokova.
4 4.5 . . h
4
3.5 |
3
25 \ \
5 \ \ \
15 \ \ \
1 \ \ \ \
05 \ \ \ \
hEEd | | |
Srbija Hrvatska BiH Makedonija| Crna Gora| Albanija Bugarska
m 2015 0.8 2.3 3 3.8 34 2.2 3.6
m 2016 2.8 3.2 31 24 2.9 34 3.9
m 2017 19 3 3 1.5 4.2 3.8 3.8
m 2018 3 2.6 2.2 3.2 2.6 3.6 3.9
m 2019 3.2 2.8 34 3.9 2.8 3.5 4
2020 3.5 3 35 3.3 2.3 3.5 3.9
m Prosek 2.53 2.88 3.03 3.01 3.03 3.33 3.85
- J
Sl'ika 2. Srednjorolni tokovi ekonomske aktivnost
20152020.
Svetska ekonomija po definicijimoraima ni §e stope rasta u vremenu
ekonomije, pogotovo one zaostale u pogledu rasta
SMogda | e imejrbalaj igogrovo fantastil|lan projekta koji S €
studije BU, v el nekoli ko godina. Rel je o uzgajanju I
proizvedu dispropor ci on abgronoviived biogoriva,&ojimia setcéna thodizela magla e nc i
smanj i ti |l ak za 20 %. Sponzor onog domal egohaual h&kg 'azel

NATO. Coca Cola je takolLe nosilac dktognihZzadktoil og kgdr mjn
kojim je u Srbiji ostvareno jog jedno retko podrulje b
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privrede bal kanskih zemalj a. Na gr adpérkstarapermd s | i
20152010 svih prikazanih balkanskih zemalja izuzeyv
zabrinjavajule, pogotovo i majul. u vidu prethodnc¢
[ Hrvat skatiogoda gm¢o @eriod i mat. najni ge stope
biti rekorder, sa takolLe skromnom proselnom storg
svetskoj ekonomiji, izuzev Al blain.i jPer esnea spnoadng cuijnea s

i i Hrvat ske se u svetskom BDP pao | e s

udeo Srbi e
2017 b) .

(nuki i

2.3. Industrija celuloze i papira

I ndustrija celuloze i papira u svetu i Srbiiji
meluzavisnosti tako i usl ed uslovljenosti gener al
nivouuNe moge se ol eki vatoinard anpar epdaa ki brielgo oknaajl en en a cnid u
regionu il u okrugenju. Konfederacija evropske
neprekidno od 2010. do 2017. povelavale pr7i zvod
iznosila oko 92 miliona tona. Svetska proizvodnj
i SAD proizvodnja je stabilna, dok je u Kanadi, J

I

rapidno raste oalk ,B,% Ppreth®d@dh.e igoak ne, dok Brazi
2017).
| majuli u vidu izglede za konjukturu u srednjen

industrijski sektor sledi relativho povoljna perspektiva i za naredroget d i gt e .

3. INDUSTRIJA SRBIJE: KRATKOROL NI VITPFERSHEKTIVE ICP

Godine 2008. godine BDP u Srbiji bio je kumul a
17% u odnosu na 2000Me L u tBDPnSrbijej e s a mo z(iadekg %49,6) ddk je indtrijska
proizvodnj a | opgr oucveenkt az an ipgoal Puvrienbe o $ @ Wan2@® e eko
Srbije sa stanjem maksimalted avne 1986. ) jog wmareepr ibmivigaj uSIF
Sadagnj a nivo upor &d/il% wodgnodd BaFonaj od grato decenijs, ok jg iadustrijska
proizvodnja jog uvek na polovini prethodno posti

Razume se da su ovi podaci nedovoljno kvalitativno uporedivi, usled restrukturiranja ekonomske
aktivnog i do koje je doglo u |litavom svetu. "Demater
br gi rast sektora usluga u odnosu na tradicional
ol ekivati da se Uu moderaniizoda@ahujme ush jo& dimaj-epnocs ma
istragivalkom del atnogi u, i novativnim posl ovi ma
rezultate. U srednjem i dugom roku posmatrano, [
stanje se nije bitno promenilo ni u ocenu potpisnika ovog teksta iz prethodnih godina savetovanja CPAG
(nukil 2017a). Pojednostavljena konstatacija gov«
hiperinflacija, tranziciono psgrgavanje, svetsa kr i z a) i ndustrija gSernbai j e
velim ogteli éndji nkaont rda kacstjju , k krajou k tnilrgee udsa dpipvel jr asa
na ulanu ekonomsku aktivnost.

Za nage potrebe val j aindustrgelu bdnasu na bstale sektaenkpoa pogebne r a L
granu statistike obbsti 17.Aproizvodnja, papira i proizvoda od pagira
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4 160 =\
140 T
120 1 EEEEEEEEER
100 + o
80 -
60 -
40 T .
20 -
07
200020012002 2003 2004 20052006 20072008 2009 201020112012 20132014 201520162017
m BDP 100/105.3109.5112.3122.7129.3133.9141.4146.6141.4142.8145.1142.9145.8142.6143.9146.8 147
_ Ind. proizv] 100|100.1101.999.04105.6106.2110.7115.3116.8102.1103.3105.6103.6109.3103.9108.2 112| 116
Sl'i ka 3. Dugorol na makroekonomska k(zoeotlam j a u S
4 140.0 + h
1200 1
e LN
“ it
“ e
“tti
20.0 &
00 T 5
t NRB|a
| Il 1l \Y \% Vi \l VIl 1X X XI Xl .
indeks
B Industija ukupno 92.7 | 96.8 | 112.3| 104.2{ 112.1| 111.4| 107.0| 110.4| 114.6| 117.9| 118.3| 113.9| 109.3
t NENJ S Ay Rdzi|(i8NB [294.8 | 118.1| 108.6| 118.2| 120.1| 111.2| 113.7| 120.0| 122.4| 123.0| 114.6| 112.7
Y m Proizv. papira i proiz. od papire96.1 | 101.1| 123.3| 104.3| 115.2| 118.5| 115.6( 107.7| 117.6| 120.2| 117.7| 119.5 113.1 )
Slika 4. Bazniindeksindusri j ske proizvodnje, preralival ke in
papira tokom 2017 (2015=100lgzvor ZZS
Domal a cephpiomnaoindustrija, sudeli po obimu proi
sudbi nu ost alnedupsrteriglei,v al@ila 4) Ako sekao thazrhi indeks izroepipdele
iz2015, onda | e qievodre papimai proizvodbeod mpipa 0, 6 i ndeksni h p
prelival ke industrije i za dkucelo. 2 i ndeksna poena
4 . ZAKLJ UL CIRUJE PANRIRAJESRRED IZA ZOVIMA SVE BRGI H
PROMENANOVOG TEHNOLOGBAOG DO
Zvani| ne vrednost.i uvoza i izvoza pokazuju da
v r e dwnizvagd dostigla rekord d 8 5 %, gt aod zjae bduodbualrn otsntt e al i sa \

strukturnim konsekvencama pre svega po kvalitet proizvodnje. Priliv direktnih stranih investicija u zemlju se

povelava

z

godbogkeu20tbdi nd gdesetira fogeosan refativmidobiatyes r

p
k

ali je u pogledu kvaliteta tih investicija, kaho t r ogkova rada odnosvwestcije ene
prililno upitan. Podsticaji stranih investitora
skl onost k a z apao'gdanjekabdoval kko ksaed rtoov anaj | egl e met af or

snagan motiv za

ut abaonj egkGt aadi ga. prskol no

tegkiomn



22 XXII International Symposium in the Fisldf Pulp, Paper, Packaging and Graphics

Penato je da je Evropa stari kontinent sa svim
Ew opa danas nema dovoljno prostora, mi neral nih i
Gumovitost Evrope je oko 27%, dok je za dobru r a:
treba imati u vidudaess pak danagnjjeawa.anypmer posbodegr adaci ji k
industrije,sabr al aj a, i nfa agrtadirkjteu,r ei,z npeolste bn005 i 2015 e

0ko 44000kdd o j e povr gi nBo jzendand Givaa jscvaarksek ey opdd weel pwarm &
za oko 1500 fudbalskih stadiona. To je dobra vest.

Stanje industrije celuloze i papira u svetu da
odr gi vost.i u integralnom smisl umi |Swois t pordorjgeeklteis €
inkluzivnosti u socijalnom i humanom smislu. Svetski ekonomski forum dabrje novi indeksazvojne
inkluzivnost. Pr i | i | no je izvesno da I|e taj indeks usko

konkurentskih prednosti nacionalniheigionalnih ekonomija.

Evropska industrija papira prezentovala je revidiranu verziju svoje stra28gifeRadmap U njoj je
trasiran put Kkojim bi se obezbedile investicije
kreiranje da%eduostiTe ¢@¢opdrazumeva | ak 44 milijarde
povelanja za 40% u odnosu na sadagnji ni vo. Sve |

-

ka niskougljenilnoj bi oekonomi|ji do 2050. (CEDU 2
Srbijainenodnagnj e ekonomsko i tehnologko okrugenj e
unije. Industrije u nas najvelim delom vuku tradi
Tako je i sa industdm papira, pakovanja i celuloze, kojaged posebnom je prismotrokao korisnik
prirodnih resurs&odine 2014. Austrija, Daka , Bel gija, Nemal ka, Hol andi | a
nemaj u odlaganje otpada na deponi j ama, dok Kipar
vigetrad | etvrtine svog komunalnog otpada. Mada |
posl ednjih decenij a, jog uvek manje od polovine
| l ani cama.
Planovisupr i I i | no ambi ci oz miedvodiN el mkiji za Wlimu ij uesvind raerarbaJ
oluvanja res sa Njenegsrtirrad ekmaog eokrmaganjsaasvi m konk
ekonomiij e, t nol ogkDdr giegienjfazvajakbea, b&nl sumaj
s a de. Yjegpve Kl u | naznak e tljveaufansuliirkluzivippg, pagmetzog ieelenog rasta
gt o I(ekdogbths) agbnbhogij a, tzv. "zeleni h"” radnih
(inkluzivno pri vr edenagovajrszasplj aas n oMsatdia o otdo nuev edkt «
odr gi vi raz j, posebnokokmpdaejne irrelodo gnjveogdyv kjaoe k
sektorskim poli i ¢ ddoggetka poJeario enerfetska efikasnost, melérf) materijali
izelenainfast r ukt ura obel egiti decenije koje dol aze.
Regionalna papirna i celulozna industrija pokazuju izvesnu vitalnost koja je na dobrom putu da zadobije
povolinje mesto Ver ovatno najvel.i kna g k b r é netcekoisdmifaiolgirdag st at
t al ni j eedovogna ekrupnjenost praiadnihkapaciteta i isporuka, malesef e za ograni | e
To je istovremeno i hendi ke po rzaal eteohrmOJIeongtklesaltnovk
finansi j s kirojektimaaBalagn micghiim np j e bag omaploadr ekpaomsk.i
objdi njuje bar 50 miliona potrogala. To je zavidar
standarde, kako ekonomske t alsaktoranadugieok.e kol ogke, kc
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NANOCELLULOSE IN PAPE RMAKING
NANOCELLULOSA U PROIZ VODNJI PAPIRA

Janja Juhant GrkmanBojan Borirf, | da PMajjaagékunaver
'Pulp and Paper Institute, Ljubljana, Slovenia
Papi r ni,djabljavae Sidvenia
3University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia
“National Institute of Chemistry, Ljubljan&lovenia

Abdract

Nowadays, théiomass in world usage is undervalued and used mostly for energy recovery. Through
the cascading use of the biomass with modern technologies, new rangebafkéib products can be
obtained and later on used in the papermaking process.

The program Cel.Cycle focuses on development of cellulose fiber based materials with improved or new
functionalities, which can be obtained with environmentally acceptable additives, processeitheérom
biomass, or by using advanced technologies. One opithmising materials in papermaking is also
nanocellulose, obtained from different lignocellulosic biomass. Addition of nanocellulose influences on the
barrier and mechanical properties of the paper and paperboard and consequently on the printability
propeties.

This research is focused on the use of different nanocellulose in fiber suspension and their influence on
the mechanical properties of the paper.

Keywords nanocellulose, paper, mechanical properties

Izvod

U danadgnj e vreme pr ipoteenjena ibohaose agiaenomukoristivza tiabijanjee
energije. Kaskadnom primenom biomase sa modernim tehnologijama mogu se dobiti 4povizviadi,
koji se, zatim, mogu koristiti za proizvodnju papira.

Program Cel.Cycle fkusiran je na razvoj celuloznidaknastih materijala sa novim funkcinalnostima,

koj e s e mo g u dobiti procesiranjem iz bi omase sa e
tehnologijama.J edan od obel avajulih materijala za prozvodn
razlihotehulogni h biomasa. Dodatak nanoceluloze uti/l
kartona i, dalje, na njihovu pogodnost za gtampanje.
Ovo istragivanje fokusirano je na primenu raznih v
uticajname hani | ka svojstva papira.

KI' j ud etlednocelulaa pagr, mehani ksaojstva

1.INTRODUCTION

Chemical structure of wood is very complex. It is composed of cellulose, hemicellulose and lignin,
which present around 80% of wood biomaSsllulose is onefahe mostplentiful polymers on the planet.
Thebasic repeat unit contains two anhydroglucose rings joined viatheglycosidic linkageFurthermore,
30i 40% cellulose polymer chains goegate into microfibrils (alsteferredto as elementary fibrils)Vithin
each of these microfibrilghere are regions, where the cellulose chains are arrandadhly ordered
structureqcrystalline) ard regions that are disordered (amorphoup) [1

Research on micro/nano fibrillated cellulose and nanocrystallindass has increased since 2000. By
definition, nanocellulose has at least one dimension less than 100 nanometers in size, either diameter or
length. Nanocellulose has great potential in composite material, nonwovens, cosmetics, food products and in
paperindustry where it can be used as an additive in papermaking or as an additive in coating color.

This work was focused on testing commercial nanocellulose and nanocellulose produced in Slovenia
(University of Ljubljana, Biotechnical Faculty and at Natiomastitute of Chemistry) obtained from
Slovenian biomass as an additive in papermaking to improve mechanical properties of the paper.

25
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2. EXPERIMENTAL

Production of nanocrystalline cellulose

._‘/.—/. /.

Figure 1: Production of nanocrystalline cellulose, preparediational Institute of Chemistry

Production of nanofibrillated cellulose

Figure 2: Production of nanofibrillated cellulose, isolated at University of Ljubljana, Biotechnical Faculty

The goal of the research was to improve mechanical properties of thewtpdifferent amount of
commercial or Slovenian produced nanocellulose.

Research was divided in to four parts:
1 laboratory sheets made from fibevith differentamount of commercialanocellulose
9 laboratory sheets made from fibsvith differentamourt of commercial nanockllose and filler
1 laboratory sheets made from fibevith differentamountof Slovenian nanocellulose afitler

1 influence on paper with different amount of cationic and anionic retentionsagditier suspension with
3% of nanocdulose

Laboratory sheets made from fibers with different amount of commercial nanocellulose

The goal of the first research was to improve mechanical properties of the paper with different amount

of commercial nanocrystalline cellulose from Blue Goose @ioers (NCCBGB) and nanofibrillated
cellulose from Paperlogic (NFE15).

In fiber suspensio (eucalyptus/conifers in ratio 80/20, milled3cR B A 3% and 5% of NFG15
and NCGBGB was added together with cationic retention agent Percol 3035 (@r@fb)Allied Solutions.
Mechanical and optical properties were measorethboratory sheets.

Laboratory sheets made from fibers with different amount of commercial nanocellulose and
filler

The goal of the second research was also to improve mechanipaftf@e of the paper with addition
amount of commercial nanocrystalline and nanofibrillated cellulose.

In fibersuspensio ( eucal yptus/ conifers in ratio 805 20,

NCC-BGB was added together with 20% of calciumbcarate as filler, amount of cationic retention agent
(0,05%) and anionic retention agent Hydrobent¥X0,5%) from Allied Solutions. Mechanical and optical
properties were measured laboratory sheets.

I
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Laboratory sheets made from fibers with amount of ®venian nanocellulose and filler

The goal of the third research was also to improve mechanical properties of the paper with different
amount of Slovenian nanocrystalline cellulose, produce at National Institute of ChemistryKiNad
nanofibrillated clulose, isolated at University of Ljubljana, Biotechnical Faculty (NB).

In fibersuspensio (eucal yptus/ conifers in ratio 8BF/ 20,
NCC-KI was added together with 20% of calcium carbonate, amount of cat@erdtion agent (0,05%) and
anionic retention agent (0,5%). Mechanical and optical propevées measuredn laboratory sheets.

Influence on paper with different amount of cationic and anionic retention agents in fiber
suspension

This goal of this resednavas study of adding different amount of anionic and cationic retention agents
in fiber suspension and their influence on mechanical properties of the paper.

In fiber suspensio (eucalyptus/conifers in ratio 80/20, millediR 3 BANCGBGB was added
together with 20% of calcium carbonate, different amount of cationic retention agent (0,05%, 0,013%) and
different anionic retention agent (0,05%, 0,2%, 0,5%,). Mechanical and optical properéeseasuredn
laboratory sheets.

3. RESULTS AND DISCUSSION

Laboratory sheets made from fibers with different amount of commercial nanocellulose

Table 1: Mechanical and optical properties of laboratory sheets, prepared with different amount of
NFC-515 and NCCBGB

Reference | NFC- NEC- NFC- NCC- NCC- NCC-
515-1% [ 515-3% | 515-5% | BGB-1% | BGB-3% | BGB-5%

Whiteness (%) | 84.2 852 85.0 846 83.0 854 84.0
Opacity (%) 829 873 823 82.0 80,9 86,5 87.1
Tear index 6,56 6.54 6,61 6.51 7.15 6,82 6.63
(mNm*/g)
Burst index 3,01 2,77 3,06 3,18 3,02 314 2,93
(kPam?/g)
Tensile index 459 4430 47.90 49 86 4320 46,03 41,41
(Nm/g)
stretch (%) 273 2,25 267 2,78 2,06 241 1.83
Breaking length | 4,679 4516 4 883 5,083 4.404 4,692 4221
(km)

Addition of NFG515 results in igher whitenesgrepared from fibrs with amount of 1%, 3% and 5%
meanwhile addition of NCBGB-3% results in higher optical properties.
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Laboratory sheets made from fibers with different amount of commercial nanocellulose and
filler

Table 2: Mechanical and optial properties of laboratory sheets, prepared with different amount of
NFC-515 and NCCBGB

Reference | NFC- |NFC- |NFC- |NCC- | NCC- NCC-
515-1% | 515-3% | 515-5% | BGB-1% | BGB-3% | BGB-5%

Whiteness (%) | 85,2 85.0 84.6 83,0 85.4 84,0 8.6

Opacity (%) 87.3 823 82.0 80.9 86.5 87.1 85.9

Tear index 4.82 5.12 517 [ 4,67 5.60 5.22 5.11

(mNm'/g)

Burst index 1.00 1.44 1.65 1.45 1,78 1.91 2,15

(kPam’/g)

Tensile index | 22.60 3156 [3253 [28.05 [32.78 33.91 35.67

(Nm/g)

Stretch (%) 1.19 154 [2.06 1,73 1,92 2,17 2,29

Breaking length | 2,304 3217 [3316 |2.839 [3.342 3,457 3.636

(km)

Ash content (%) | 13.67 1390 [13.16 [16.16 [10.40 12,62 8.65

Results shows better mechanical properties when adding minimum amount-&fl8FChe opacity of
laboratory sheets was lower compared to reference sample. Addfitd@C-BGB increased mechanical
properties and gave the same optical properties, even the opacity.

Laboratory sheets made from fibers with different amount of Slovenian nanocellulose and
filler
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Figure 4: Optical properties of laboratory sheets, prepanath different amount of NFBF and NCCKI
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Figure 5a: Ash content of laboratory sheets, prepared with different amount 6BRRDd NCCKI
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07 reference NFC-BF-1% NFC-BF-3% NFC-BF-5% NCC-K-1% NCC-K 3% NCC-KI-5%
m Burst index (kPam 2/g) 1,7 0,64 0,84 1,28 1,04 1,37 1,67
M Tearindex (mNm/g) 4,85 3,57 3,96 4,65 4,12 5,06 5,52
mstrech (%) 1,61 11 1,36 1,75 1,44 1,43 1,51
m Breaking length (km) 3,217 1,762 1,914 2,487 2,289 3,161 3,373

Figure 5b: Mechanical properties of laboratory sheets, prepared with different amount eBRE@d

NCGCKI
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30 A

25 -

20

15 4

0 4

reference |WFC-BF-1% | NFC-BF-3% |NFC-BF-5% | NCC-KI-1% | NCC-KI3% | NCC-KI5%
| B Tensile index (Nm/g) 31,56 17,28 18,78 24,4 22,46 31,01 33,09

Figure 5c: Tensile index measured on laboratory sheets, prepared with different amountBFNIFQ
NCGCKI

Addition of 1%, 3% and 5% NF8F results in lgher whitenessash contenand lower mechanical
properties, meanwhile addition of 3% N@&Cresults n higher optical properties and ash content.

Slovenian nanocellulose, produced at University of Ljubljana, Biotechnical Faculty and National
Institute of Chemistry gave the same results as the commercial nanocellulose.

Influence on paper with different amaunt of cationic and anionic retention agents in fiber
suspension

Table 3a: Optical and mechanical properties of laboratory sheets, prepared with 0,05% cationic and
0,05% anionic retention agent

0,05% cationic retention agent 0,05% cationic and 0,05% anionic
retention agent
Eeference NCC-BGB-3% | Beference NCC-BGB-3%
Whiteness (%) 88,71 87,11 87,92 86,80
Opacity (%) 82,80 7478 79,57 73,90
Tear index 5,12 7.19 5,69 7.05
(mNm?/g)
Burst index 1,73 3,28 2,11 342
(kPam?/g)
Tensile index 2014 4439 36,40 47.65
(Nm/g)
stretch (%9) 451 2,50 2,13 2,72
Breaking length | 2,970 4,525 3,711 4. 857
(kem)
Ash content (%) | 15,5 5.3 74 1.1

Addition of 3% NCCBGB in fiber suspension with 0,05% catiometention agent decreased optical
properties and ash content and increased mechanical properties. Anionic retention agent gave the same effect.
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Table 3b: Optical and mechanical properties of laboratory sheets, prepared with 0,05% cationic and
0,5% anionic retention agent

0,05% cationic and 0,5% amnionic retention agent
Eeference NCC-BGB-3%

Whiteness (%o) 87.94 86,79

Opacity (%) 80,22 75,04

Tear index (mNm?/g) 5,32 6,76

Burst index (kPam?/g) 1,50 2.90

Tensile index (Nm/g) 28,84 41,24

Stretch (%a) 1,37 2,19

Breaking length (km) 2,940 4204

Ash content (%) 7.7 7.7

The same results were obtained with addiitb8% NCGBGB in fiber suspension with 0,05%

cationic retention agent and 0,5% anionic retention agent.

Table 3c: Optical and mechanical properties of laboratory sheets, prepared with,013% cationic and

0,2% anionic retention agent

0.013%s cationic retention 0.013% cationic and 0,2%

agent anionic retention agent

Feference NCC-BGB-3% | Reference NCC-BGB-3%
Whiteness (%0) BE.13 8744 88,03 8728
Opacity (%) 76,68 74,14 76,08 73,54
Tear index (mNm?/g) 6,20 6,90 5,89 6,97
Burst index (kPam?/g) 2,63 336 251 337
Tensile index (Nm/g) 3981 47.01 3049 4821
Stretch (%) 2,19 2,86 230 2,95
Breaking length (lim) 4058 4,792 4025 4915
Ash content (%) 3.6 3.6 34 1.7

The same trend was observed when adding 0,013 % cationic and 0,2 % anionic retention agent.

4. CONCLUSIONS

Results of laboratory testing has showed potential options of using Slovenian nanocellulose in
papermaking.

Nanocellulose in papermaking effects on optical and mechanical properties compared to reference.
Amount of cationic and anionic retention agent shows the same trends, compared to reference.

In the next step, nanocrystalline cellulose and ribribéted cellulose with higher surface charge will
be prepared and tested as an additive in papermaking.
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TRANSITION METAL OXI DE CLUSTERS AS CATALYSTSFOR
BLEACHING OF CELLULO SIC MATERIALS AND NA TURAL FIBERS
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BELJENJE CELULOZNIH MATERIJALA | PRIRODN IH VLAKANA
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Abstract

Polyoxometalates are a large and rapidly growing class of inexpensive, minimally dr toxic
complex compounds whose molecular properties are extensively modifiable through either traditional or
thermodynamic synthesisis a friendly environmental technology and as well with very low technological
parameters (atmospherically pressure and atempgerur e of maxi mum 70 AC) .

A wide range of raw materials can be bleached and in the same time can also be functionalized using
polyoxometalates, such as, wood pulp, hemp, flax, ramie, cotton, agricultural residues. Even some of them
have low cellulose conterthe very simply technology helps to achieve competitive results.

Keywords:. natural fibers, bleaching, polioxometates,

Izvod

Polioksometal ti su velika i brzo rastula grupa |je
jedinjenja | & jsvajstva a velkgj Imerk mmdgs knodifikovati bilo tradicionalnom ili
termodinami| kom sintezom. Tehnol ogija nema (gtetno d
usl ovi ma koji ni su zahevni (at mosf er ski pritisak i N
Primerom pol i oksometal ata se moge beliti i, u isto vre
pulpa, konopljaJan, ramija pamuk otpacipoljoprivredne proizvodnje.Bez obzira gto neke oc
i maju nizak sadrgaj] ctehmbdloaegij xepomageddassavpasti gn

KI j ul n prirodna Vlaknabeljenje polioksometalat,

1.INTRODUCTION

The oxidation of organic substances by aqueous hydrogen peroxide is very attractive method for
industrial viewpoint since this agent is relatively inexpensive, of low equivalent weight, environmentally
clean and easy to handle. The help of transitional metal catalysts are often required and a considerable effort
has been devoted to the search the new efficient metal derivatiteesteithe purpose @l 5].

Soluble transition metal oxide catalysts (polyoxometalates, POMs) have been developed for the
oxidation with agqueous hydrogen peroxide. Great effort has been devoted to searching for efficient catalysts
that can active but noedompose hydrogen peroxide.

Dioxygen complexes of group 6 transition elements have beemkinomlong time ago, the chemistry
of peroxo compounds of transition elements was thoroughly review [ 6,7 ]. Molybdenum (VI) and tungsten
(V1) form an enormous variety of polyaniongdpoly and heteropoly spec)esAddition of hydrogen
peroxide to aqueous stilen of MoQ:> and WQ? generally leads to the formation of the simple monomer
or dimeric complexes. If the concentration of hydrogen peroxide is keep fairly low, polynuclear peroxo
complexes can be isolated.

The chemistry of transitional metpkroxide omplexes has received special attention due to their
importance in a variety of industrial, phaaceutical ad biological studies. They areidely used in
stachiomety as well as catalytic oxidation in organic chemistry and biologh2B

Polyoxometalate are a large and rapidly growing class of inexpensive, minimally ori nimxic
complex compounds whose molecular properties are extensively modifiable through either traditional or
thermodynamic synthesis.

They are comprised of early transition metalspally in the @ electronic configuration (e.g.
Mo(V1),W(V1),V(V) ) bridged byoxygen atoms [3,4]6

33
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All the physi® i chemical properties of POMs, that impact their applications in catalysis, material
science, biology and medicine including but not limii@dedox potentials, acidities, polarities, sizes, shapes
and charges, can be readily and systematically altered. This versatility follows directly from the easy by which
these can be modified.

Polyoxometalates were originally proposed as activating agenvxygen delignification of wood pulp
and have been widely investigdtsince. The starting point in POMs bleaching research was originally to
produce a biometric way of lignin decomposition. The activity is based on the idea that they can react
selecively with phenoic lignin structures in cellulose fiber and that they can often be regenerated with
oxygen gas. Moreover, POMs are remarkable stable at wide pH and temperature ranges. Although, POMs
have been widely investigated, they have not been ajgpliee wood pulping industry. This is most probably
due to inefficiency and / or compigy of the process presented [139].

The selective bleaching of wood pulp in conjunction with paper industry wosldle, has long been
associated with significaenvironmental impact. The industry has moved away frarba3ed delignification
process because of potential impact of chlearematic byi products. The most attractive alternative te Cl
based technology are:@nd hydrogen peroxide, both with respi environmental and economy.

Oxygen delignification can be considered as an intermediary step between Kraft pulping and bleaching
since up to about 50 % of the residual lignin in Kraft pulp can be removed by this stage. Extending a
conventional oxyged el i gni fi cation stage beyond itds curre
demand with serious environmental benefits and significant increases on return on investment, ey
effective at depolymération and ligninsolubilization is notsufficiently selective to fully delignify Kraft
pulp without extensive cellulose degradation [24),

Alkaline hydrogen peroxyde, while it reacts rapidly with chromophoric groups, is not effective at
removing lignin. Under alkaline conditions, high tergture accelerates the decomposition of hydrogen
peroxide, which not only reduces the amount of hydrogen peroxide available for bleaching, but increases the
amount of radical formed, which have a detrimental effect on cellulose.

Under acidic conditiongow pH and high temperature could result in severe cellulose degradation due
to the acidic hydrolysis of cellulose.

Ozone, while very effective at removing lignin, reacts rapidly with cellulose that high process selectivity
is difficult to achieveon an imustrial scale§].

2. POLYOXOMETALATES.

The principal building blocks of POMs are M@olyhedral or M@ octahedra that are linked together
by one, two and occasionally three oxygen atoms. There are two class of POMs : the isopolyanions, which
contain onlythe @ metal cations and oxide anions and heteropolyanions, whittain one or more d or p
fihet en oa & bD'imMm adslition t& the metal cations and oxide anions.

POMs are ready accessible synthetically because most of thiegnd fi block demens can function
as the «centir,dl K thehgerteral foonmala XM, (X" is located at the center of the
tetrahedron inside the Keggin stue). Many of d, f- block metals can be substituted for one or more of
the main metals, Ivin the structure to give mixed addenda anions.

Polyoxometales with Keggin structure, spherical anion mietakide complexes, were originally
proposed as activating agents for oxygen delignification. The process cycle start with the reaction of fully
oxidized POM complexes under anaerobic conditions. At this stage, the POMs are reduced, and the oxidized
lignin fragments are dissolved in the bleaching liquid. After the bleaching, the reduced POM liquor can be
re-oxidized in a separate stage using oxygaminy the regeneration of the POM complexes, the dissolving
lignin fragments are converted to €é&nhd HO.

WEEMOAMODI ©6a M@ Eek®amO0 (1)
000 0 TO O 00D ¢00(2)

3.PEROXO T POLYOXOMETALATES.

Peroxo i polyoxometalates (PPONisare a special class of POMs which are widely used in
stachiometric and as well as catalytic oxidants in organic chemistry and biochemistry [22, 23]. In particular,
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PPOMs are currently of considerable ietr as catalysts for a variety of organic oxidations with
environmentally acceptable hydrogen peroxide dsacivating oxidant.

Mo (VI) and W (VI) form an enormous variety of polyanions, addition of hydrogen peroxide to aqueous
solution of MoQ? and WQ? generally leads to the formation of the simple monomer onpedgomplexes.
If the concentration of hydrogen peroxide is keep fairly low, fpalglear complexes can be isolated.

There has been much interest in the nature of isopoly species formatidificadion of aqueous
solutions of the Mo and WQ? ions, and a number of techniques have beenebf study these systems.
There are only scattered and often conflicting data on the nature of the species formed whemmndoO
WO,* aqueous solidns are acidified in theresence of hydrogen peroxide [24]. It was showed that
MoO.* and WQ? react catalytically with hydrogen peroxide in basic aqueous solutions to ferim O
guantitative yield through the intermediary of a diperbxbmetalateanions.

The ability of molybdate to catalyze the acidic hydrogen peroxide delignification of kraft pulp was
confirmed. The catalytic effect of molybdate was attributed to its ability to form under acidic conditions
reactive diperoxai complexes with hydrogn peroxide.Unfortunately the pronounced delignification
observed was accompanied by several viscositges.

We were able to develop new green catalysts based on special class of POMs for selective oxidation of

lignin from cellulosic materials (woodgecultural wastes ...) and natural fibers (herflgx, ramie, jute,
nettle...) 17,27, 28.

4. EXPERIMENTAL.

Materials and methods.

NaMoO4l 2H,0, NaWO.I 2H.0, MoOs, WOs, NaVQs, NaOH, NaSiOs, 30% H.0, and HPQ, were
used without further purification.

4.1 The bleaching of Eucalyptus pulp in two stages:

Stage 1in a plastic bag, 100 gr. Pulp was suspended irsdllition containing 0.02 gratalysts, 1.5
2.0 gr. HO;, the pH=4.55.0, the suspension was heated 1 h80AC in a thermostat water bat¥ithout
stirring. The suspensiomas cooled at room temperatutee pulp was filtered off, washed with water and
the filtrate which contains catalydtept for the regeneration of catalyst.

Stage 2: in a plastic bag, the pulp from stage 1 wsgeswedn 1 L. solution of 0.N NaOH which
contain 2.0° 2.5 gr. HO; and 2.0/ 2.5 gr. NaSiOs. The plastic bag was heated 1 hr. &C8id a thermostat
water bath. After cooling, the cellulose was filtered off, washed with small quantities of water till pH=7.0
and dry in air at room temperatuiiéhe experimentalesults are presented in table 1, with the mention that
the kappa, Viscosity and Brightness values were measured after each two steps treatment.

Table 1.The experimental results of bleaching Eucalypts

Nr. crt. Catalysts Kappa Viscosity, ml/g Brightness, %
1. Eucalyptus ®@bleached 10.9 1075 64.9
2. NaH3PV2M010040 8.3 778 72.5
3. H4SiM012040 8.1 760 74.3
4. MoO(O,): 2.3 870 77.2
5. WO(O2)2 2.1 862 78.1
6. NapM0203(02)4 1.7 806 85.0
7. NaW205(02)4 1.7 811 84.4
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Fig. 1. Right unbleached Eucalyptus pulpeft: bleached Eucalyptus pulp

4.2 Bleaching of hempin two stages

Thebleaching of hemwasmack using the same method as for Eucalyptus bleachimgexperimental
results are presented in tale

Tabela 2. The experimental results of hemp bleaching with POMs

Nr. crt. Catalysts Kappa Viscosity, ml/g Brightness, %
1 Unbleached hemp pul 12.2 987 38.8
2 MoO(0Oz)2 2.4 850 78.5
3 WO(O,)2 25 861 76.7
4 NaM0203(02)4 1.2 794 83.5
5 NaeW-03(05)4 1.1 798 84.5

Fig. 2. Left: unbleached hempight bleached hemp

4.3 Bleaching offlax and hemp fibers in two stages

Stage 1 : in a plastic bag, 50 gr. Flax/hemp fibers were suspended in 0.7 L solution containing 0.01 gr.
PPOMs catalysts, 1.5 gr.& the suspension was heated &t®h a thermostat water bath, 1 hr. without
stirring. The suspension was cooled at room temperature, filtered off, washed with small quantities of water.

Stage 2: in a plastic bag, the hemp/flax fibers were suspenddd eqglieous solution of 0.1 N NaOH
which contain 2.0 gr. D, and 1.5 gr. Ng8iOs. The suspension was heated diBth a thermostat water
bath , 1 hr. without stirring, cooled at room temperature, filtered off, washed with water till pH=7.0 and dry
in theair at room temperature.

The experimental results are presented in table 3.
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Teble 3.Bleaching of hemp and flax fibers with POMs

Brightness %

Nr. crt. Catalysts Hemp Flax
1 Unbleached fibel 27.4 26.2
2 MoO(0Oy)2 78.4 78.2
3 WO(0Oy)2 79.3 80.1
4 NBQM0203(02)4 80.2 81.4
5 NaW205(0z2)4 80.7 80.8

5.BLEACHING OF CELLULO SIC MATERIALS PULPS AND NATURAL
FIBERS

We found a special class pdlyoxometalatesA. Botar, G. Craciun, G. Dutuc, Private Communication
/2017 ) which are very good green catalysts for selective oxidation of lignin from cellulosic material pulps
and bast fibers.

Working the bleaching process in one stajgemperature 460°C, theexperimental results are very
promising. The mechanism of selective oxidation of lignin from wood pulp and natural fibers is quite different
than with POMs catalysts with Keggin structure.

We are presenting bellow, the results of the bleaching with POdiffefent rawmaterials received

from our collaboratorsfrodar adeni z Tekni k | niversity

Fig. 4.Hemp fibersone and two stages bleaching with POM
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Fig. 6. Cotton linter natural fibers, one and two stages of bleaching with POM

Reference

[1] M.T.Pope, Heteropoly and Isopoly Oxometalates ; Spring Verlag ; New York, 1983.

[2] B.S.Lana, K.Burgers, Chem. Re2003,103,2452474.

[3] R.A.Scheldon, In New Development in Selective Oxidatonti G.,Trifiro F.,Ed: Elsvier, Amsterdam1990.
[4] C.L.Hill, McCarthaProsser, Coord. Chem. Rev., 20083,407-455.

[5] J.A.Connor, E.A.V.Ebsworth, Adv. Inorg. Radiochem., 195£79281.

[6] M.H.Dickmann, M.T.Pope, Chem. Rev., 1994,549584.

[7] A.J.Bailay, W.P.Griffith, B.C.Parkin, J.Chem.Sdbalton Trans.,1995,1838337.

[8] K.A.Jogensen, Chem. Re.989,89,431-458.

[9] F.Taube, M.Hashimoto, I.Anderssen, |. Petterssen, J.Chem.Saoan Dadns.2002,100208.

[10] F. Taube, I. Andersson, |. Pettersson, Polyoxometalates: From Platonic to Industrial Applications, ed. M.T.
Pope and A. MullerKluver Academic Publication®001,p.161174.

[11] K.M Thompson, W.P. Griffith, J. Chem.Soc., Faradaynral99692,52355240.
[12] C.A. Borton, D.N. Griffith, J. Phys. Org. Chem., 20028, 29-35.

[13] I.A. Weinstock, R.H. Atalla, R.S. Reiner, M.A. Moen, K.E. Hammel, C.J. Houtmann, C.L.Hill, M.K. Harup, J.
Mol. Catal., A. Chem., 1997,116,5.

[14] I.A. Weinstock,R.H. Atalla, M.A. Moen, K.E. Hammel, New.J. Chem., 1926,269-275.

[15] D.V. Evtuguin, C.N. Pascal, Holzforsch., 1997,51,3138.

[16] J.A.F. Gamelas, A.S.N. Pontes, D.V. Evtuguin, A.M.R.B. Xavier, A.P. Esculas, Biochem.
[17] Eng. J., 200733,141-147.

[18] C. Sirghie, ABotar, A.M. Bodescu, A.P. Carvaro, F.D. Munteanu, Carbohydrate Polymers,
[19] 2013,98,496194.

[20] G. Guo, Z. Liu, L.F. Hui, C.L. Si, J.J. Pang, BoiResources, 2011,6,1261.

[21] Y. Ding, B. Do, X. Zhao, D. Lin, Boiresources Technology, 2(°178,279289.

[22] D.V. Evtuguin, N.C. Pascoal, V.M. Maragez, F.P. Furtado, Tappi Bleaching Conference Proct@88)4;
3-498.

[23] D.V. Evtuguin, N.C. Pascual, J.D. Pedro de Jesus, J. Pulp Pap. Sci.24 9.
[24] K. Sato, M. Aoki, R. Noyori, Science, 199831,16461647.



G. Craciunet al.: TRANSITION METAL OXIDE CLUSTERS AS CATALYSTS FOR BLEACHING OF. 39

[25] B. Tamasin H. Yeganeh, React. Funct. Polym., 2001,50;106.

[26] V.W. Day, W.G. Kemplerer, Science, 19&88,533-541.

[27] M.T. Pope, A. Muller, Angew. Chem., Int.Ed.Eng., 199Q, 34-48.

[28] M.T. Pope, A. Muller, Eds. Polyoxometalates : From platonic Salidti-Retrovral
[29] Activity : Kluwer; Dordrecht, 1994.

[30] C. Sirghie, A. Botar, A.M. Bodescu, M. Dochia, Process for bleaching using ppotymxometalates of
cellulosic fabrics such as: flax, cotton, heowyiton.

[31] C. Sirghie, A. Botar, N. Dinca, G. Craciun, M. Dochia, Bgic process for bleaching of Natural fibers by
catalytic oxidation with polyoxometalates, Patent RO 122728 /2009.

[32] G. CraciunDoctoral Thesis: Researches on the use of polyoxometalates in delignification of vegetable fibrous
materials, 2010

[33] Ghe. DutucPoctoral Thesis: Researches on the obtaining and characterization of high yield pulp, 2011

Presenting author:

Dr . Eng. Gheorghe DUHUC
L&G Consulting SRL, Dej, Romania

E-mail: dutucgheorghe @yahoo.com



40

XXII International Symposium in the Fisldf Pulp, Paper, Packaging and Graphics



Predavanjesi Lecture5

UTICAJ ORIJENTACIJE CELULOZNOG VL AKNA NA MEHANI L KI
OSOBINE SACK KRAFT PAPIRA

IMPACT OF FIBER ORIENTATION TO MECHA NICAL PROPERTIES OF
SACK KRAFT PAP ER

HusejnDur akovi | ,i, AEdima Md@ $ii |
NatronHayat d.o.o. Maglaj, BiH

Izvod
Orijentacija Makna prilikom isticanjanasitpapi r magi ne uveli ko utile na od
sack kraft papirau  podugnom i pAkopbipénbamcipfaveubakna nije korek
dugina ki daondf aClb uddueg ivnee ki danja, onda dolazi do pore

gt o d oizraddriekvalitehih proizvoda. Prol#dm na ovu temu je biprisutanu komgniji Natron-
Hayat Maglaj, gdje je u mjesecu Decembru 2@jdtineproizvedeno 1% nekvalitetgproizvoda U radu

e biti pri kazani postupci riegavanja navedenog prot
KI j ul n erijentacjjaerlbkna,mhani | ke o s objlipne dfuzopnatola, pol oga
Abstract

Fiber orientation, when coming onto the paper machine wire section, has a great impack tkraft
paper mechanical property ratidf the fiber orientation is not propeit means that breaking length MD
is higher tlan breaking length €D, which results in disturbance of mechanical properties of the paper,
leading to norquality product Problemrelated to this matter is present in comp&iatron-Hayat Maglaj,
causing production of 10% of naquality, out of the eime amount of paper produced, Becemlar 2017.
In the document, one will show the processes of resolving respective problem

Keywords fiber orientation mechanical properties of papetip, diffusor, headbox

1.UVvOD

Prilikom proizvodnje kraft papira odnos MD i CD
clupak papira najboliji odnos MD: CD=1:1. Ako iz bi
dolazi do nekvaliteta proizvedenog papira. Rijetko gerua k s i pojavljivao probl em
odnosa MD i CD mehani | ki h osobina papira. Postoji
orijentacije vlakna i navedenog problenaay e k i od parametara | e biti pred:
Procesi k o] ijentackulvipkmd uj u or

Orijentacija vliakana se prvenstveno deicggema na f
celulozne maseiznatokaa pi r magi ne i procesom formacije na si
(pres i sugna skupina) imaju znatno manj i utj ecaj
Nat ok i formirajule sito papir magine

Konstrukcija natoka osigurava da su celulozna vlakna ndsand  or i j entirana u Kk
MeLut i m, ml az suspenzije koji se ispugta iz wusta
zboggradi ni h i i z | a zstrdktbra unditee hatokb.as pwgylt jaedd e suspenzoi j e kr
[ naknadnu kontrakciju vrge orijentacijske sile s

Prosjelna brzina mlaza suspenzije gotovo se uvi
br gi od sita, za kraft papire, obilno je sporiiji

Indeks orijentacije vlakana prvéan¥ eno se odreluje razlikom i zmelLu
suspenzije i brzine sit¥arijacije u MDkomponentbrzine preko mlaza uzrokuju profil orijentacije vlakana.

Gl avni uzroci neupeadn@i rinmistmnatboka negu:ml az

T Neuj ednalstanatokaf v or u

41
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fTNeuravnotegeni ul azni razdjelnik,
1 Neispravni protoci na krajevimaatokaili protoci povrataiz natoka

Formatne lajsne

One omogulavaju odvojenu kontrolu nad mlazom n
natocima kako bi kontrolifai orijentaciju vliakana u blizini kr
krajevima u profilu brzine mlaza. Formatne | aj sne

2. NALI NI K ORI JENTACIHE VOAKANA

N a | kontiole koji se koriste za indeks orijentacije vlakanagia orijentacije vlakana iavno su
izvedeni iz relacijana mokrom dijelup a pi r MPnagti mjei. vi ge paramet ara i r
vliakana na situ papir magine.

2.10dnosbrzineistican j a mas e i br zi nlettodMird)a papir magdgi ne

Razlika izmelLu MD (uzdugne) komponente brzine i
kontrolu prosjel nog IPriikdneikalg a@r ir jae ptod @il jj ejei-wiieg k @ a .|
kako bi se optimizirala formaciija i drenadga na s
osobine papira..

U praksi, pri izradi nekih vrsta papira za ko]
| est o su viettwirenri a pwesit ea To smpangujeé ogtogetoiijentacije viakana i pol a v a
indeks orijentacije,aino e negati vno ut j e papitnoglistaa Rla zelniakjau u bfrozr|
ml aza i sita takolLer otaethafekaepnejentacid. e gt heciaj uc

2.2Kontrola protoka vlakna na krajevima s i t a papir magi ne

Formatne lajsne (sa natocima koji su tako opremljeni) mogu se koristiti za kontrolu orijentacije vlakana

u podrulju koja se pkedgrag staFandatn® lgjsme n2ogurse kontrati s a s v .
razlilitim ciljevima.

Formatne | ajsne moraju se kontrolirati tako da
mlaza.Ova razlika se transportira vrttibbroiz otvora usta natoka.

Nauki m maginama (do oko 4 metra), formatne | aj st

Na @girim madginama rubovi st r wenawlipta te isumpatjehriddatael | il
radnje.

2.3 Kontrola otvora usta natoka

U konvencionalim natocimap api r , mad ivioa usta natoka obilno |
t e gpapiree trakeOt vor wusta natoka je definisan prema gr a
otvora wusta natoka kod i zr a ddjuformacie i pvofil papiene takep i r a
proizvedenog papira.
24.Grijaneunutragnjosti i | ipne natoka

Novi dizjn natoka podrazumjeva da isti posjeduje grijanje istog iznutra i same lipne kako se ista usljed
razlike temperature suspenzije i same lipnebnéeformisad |, gt o wuvel i kaijenatacijue ut i
vlakana i profil papiraNa | i n mrijoojaliprejr est e pral enj e tiemgok kadt ur e
protok same vde.U zastojima  p a p i mo gsevgri gniet i | i gl enj ekemikaljaend e nog s

33MEHANI L KE OSOBHATNEUKARPAPIRA URAZLI LI TI M
USLOVIMA PROIZVODNJE

Akodole do pore m”a\feciaehitaparametara ko rdoguouticati ngeotaciju celuloznog
vieknans i t u papir magideli oddapham) ¢ ké hmogebiZzhrg s ack
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problem koiji se pojavio u kompaniji NatrdHayat d.o.o. Malgj na PM4 prilikom proizvodnjekraft i clupak
papirg u mjesectDecembru2107.godineproizvedero je oko 1846 nekvalitehog papia.

Problem se ogledaotuo me da je na odrelenom dijelu girine
dugine kidanja papiaday o §kaitetpapigih e z okloxial @ ekeno j e cC «
bilo vrlo kealtkaoagnaodugdgigma ekkiidvaamjea bil a i znad

Nakon provjere svih nabrojanih parametara od K

nemogulnosti rjegenja problema, pristupilo se det
31Li gl enj e unutragnjost.i nat ok a

Nakon zaustavljanja papmagé i zvr geno | ed eoniovnatraagng ad i MNakbmookraa in
demontage difuzora je uoleno da je sama unutragnj]
neorganskim komponentama, gto je vidljivo na slic

Slika3.1Kont ami ni rana povrgina unutragnjost

Ligienje je vr gen 6% hastvoionn B0, tevsas % mstvsronv Na@tNakon
k v a gigpnerpagivanjas n ut r angantjodksat ivr geno j e pr anOplearav odom pri

32Li gl enj enatkaf uzor

Nakon demont agma diurf epoiogdieaiu pJarpstvor HGA 24 satan ak on | ega |
v r ¢ pranje vodom pritiska 400 bafda k on potapanja u HCL vrgend je p
satate nakontogagg v r g e n o p rtiska40Cbarakoodnotna npirni r anost difuzor a

je prikazano na slici koja slijedi,

Slika3.2Konami nirani difuzor papir magi ne
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Na sl i ci koja slijedi je prikazan difuzor natol

Slka33Di fuzor papir magine nakon |igle
Generalno posmat,rajul'i navedeni probl em, te na
unutarp e pranj e imddgejlkeonntei nmekmaékngodadieti a prili kom

U principu $ ovaj zahvat kontinuirano radi kada god se primjetiega s g o prafilgpizvednog papira.
MelLutim kada je u pit armkaistorpirjaedjmogulilie griadijtei du f
zbog velikog obimaosla. Ovaj zahvat se planskiradi r e mont u papgagmagnine sizr L

firma isporulioca natoka. Pri valenju difwlker a, r
mjere opreza jesevrlo lakoistimo goeg t et i t i
Razlozipoe r emenog poj al ammgt Kadgnhjams ni rmatjaka, a sam
| i sdprana celWzna masa koja sa sobom nosdsranjene smole i neizreagovani lignin koji se lijepi na
povrgine naTakalLé dodatwoirapar ovboldeam |jig ii se kamenac
Prilikom kontaminaci j e nikact] cekvdlfuzdcaktozakeje celdoznasnasa nj e n
istile na sito papir ma g ibnrez i wnsel jiesdt ilceagng ad mlaszei |

ofifj enatcija vlIakna MboGDanelhtainli d krn éh pesrodbmellaajpapi r a.

33Vodena | inija na situ papir magine
Proizvodnja papira u poremelenim uslovi ma, u u

se ogleda i vidi na vodenoj linijjinads u papira magi ne, gdjemapiijes, dokat a n a

pogms koj zaostaje, gto se vidi na slici koja slije

Slika34vVvodena | inij a prgepmrijatsistenfaapi r magi ne
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Slika35Vodena | inija nakongrafagdistepaa pi r magi ne
3.4 Mehanil ke osobine kraft i <clupak papira u

Tabela 3. 1. Melopalpadirk e osobi ne

Measurement 2 7 11 16 21 Average | Min Required Max

Gramatura 70,2 70,5 69,7 70,8 70,2 70,28 67,9 72,1

Debl jina, Om 105 103 100 102 106 103,2

Otpornost prema kidanju 3 5,54 5,13 4,54 5,14 6,52 5,37 4,94

uzdulkNmo ,

Otpornost prema kidanju 3 4,62 5,27 7,21 5,59 3,15 5,17 3,89

popr &N/mo,

Index kidanjau z d u §rep 78,92 72,77 65,14 72,6 92,88 76,41 70

Index kidanjgp o p r Brh/agn o , 65,81 74,75| 103,44 78,95 44,87 73,56 55

Rastezljivost wu 6,49 6,96 6,95 7,31 7,17 6,98 6,2 7,2

Rastezljivosp o pr.,@d n o 9,99 7,58 6,9 8,18 10,29 8,59 7,2 8,2

Dugina kidanj a 8040 7410 6640 7400 9470 7792

Dugi na plipdam jna 6710 7620 10540 8040 4570 7496

TEA uzdugno, J/ 198 197 186 209 233 204,6 196

TEAp o pr,e/md o 278 244 287 274 216 259,8 199

Index TEA uzdug 2,82 2,79 2,67 2,95 3,32 2,91 2,8

Index TEAp opr.,egno 3,96 3,46 4,12 3,87 3,08 3,7 2,85

Otpornost prema cijepanju 785 700

uzdugh o,

Otpornost prema cijepanju 687 770

poprelno, mN

Index cijepanjat z d u N o , 11,17 10

Index cijepanjp opr el no, 9,78 11

Povr ginska apso 27 35

Povr ginska apso 29 35

Otpornost prema vazduhu 12 15 15 14 12 13,6 21

Vlaga, % 5,97 5 7

Otpornost prema prskanju, kPa

Kompresijska otpornoRCT

TEA MD+CD 476 441 473 483 449 464,4 385
Tabela 3.2 Mehanil ke osobine kraft papira

Measurement 2 7 11 16 21 Average | Min Required Max

Gramatura 68,6 70,4 70,2 69,8 69,2 69,64 67,9 72,1

Debl jina, Om 108 104 104 105 107 105,6

Otpornost prema kidanju 3 7,66 6,92 5,39 5,76 6,22 6,39 5,98

uzdulkNmo ,

Otpornost prema kidanju 3 3,48 4,64 6,95 6,74 4,45 5,25 3,71

popr &N/mo,

Index kidanjau z d u §m/o |, 111,66 98,3 76,78 82,52 89,88 91,76 85,5

Index kidanjep o p r Blrh/an o 50,73 65,91 99 96,56 64,31 75,39 53

Rastezljivost u] 2,55 2,4 2,89 2,73 2,56 2,63 25

Rastezljivosp o pr ,@d n o 9,94 7,56 6,4 7,28 8,96 8,03 7

Dugina kidanja | 11350 10030 7830 8410 9170 9358

Dugi na ploipd aml jnao 5160 6720 10100 9850 6570 7680

TEA uzdugno, J/| 123 106 104 103 104 108 100
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Measurement 2 7 11 16 21 Average | Min Required Max
TEAp o pr .&/md o 227 227 268 290 250 252,4 173

Index TEA uzdug| 1,79 1,51 1,48 1,48 1,5 1,55 1,43

Index TEApopr.@fgno 3,31 3,22 3,82 4,15 3,61 3,62 2,47

Otpornost prema cijepanju 941 700

uzdugho,

Otpornost prema cijepanju 706 770

poprel no, mN

Index cijepanjal z d u 0N o , 13,51 10

Index cijepanjp opr el no, 10,14 11

Otpornost prema prskanju, kPa

Povr ginska apso| 26 25 35
Povrginska apsol 29 25 35
Otpornost prema vazduhu 19 21 25 26 25 23,2 30
Vlaga, % 5,98 5 7
TEA MD+CD 350 333 372 393 354 360,4

3.5Me h a n osbbkne kraft i clupak papira nakon pranja elemenata natoka

Tabela 3.3 Mehanil|l ke osobine clupak papira
Measurement 2 7 11 16 21 Average | Min Required Max
Gramatura 70,8 71,6 70,4 70,8 70,7 70,86 67,9 72,1
Debl jina, Om 103 102 100 102 104 102,2
Otpornost prema kidanjuB z d u 5,73 6,04 5,66 5,66 5,89 58 4,94
kN/m
Otpornost prema kidanju 3 4,49 5,09 5,08 4,78 4,55 4,8 3,89
popr &\W/mo,

Index kidanjau z d u §rVe 80,93 84,36 80,4 79,94 83,31 81,85 70

Index kidanjap o p r Brh/gp o, 63,42 71,09 72,16 67,51 64,36 67,74 55
Rastezljivost ui{ 6,94 6,93 7,14 7,11 7,39 7,1 6,2 7,2
Rastezljivosp opr,@d n o 8,78 8,45 7,6 8,53 10,77 8,83 7,2 8,2
Dugina kidanja | 8260 8610 8200 8150 8500 8344

Dugi na ploipd am jnao 6470 7260 7360 6890 6560 6908

TEA uzdugno, J/ | 219 230 221 221 231 2244 196

TEAp o pr ,&/md o 245 262 236 250 293 257,2 199

Index TEA uzdugi 3,09 3,21 3,14 3,12 3,27 3,17 2,8

Index TEApopr.,e@fgno 3,46 3,66 3,35 3,53 4,14 3,63 2,85

Otpornost prema cijepanjuz d u ¢ 784 700

mN

Otpornost prema cijepanju 863 770

poprelno, mN

Index cijepanjas z d u gnN o , 11,06 10

Index cijepanjp opr el no, 12,18 11

Povr gi ns k gorng,msnd | 29 35
Povrginska apsol 32 35
Otpornost prema vazduhu 16 18 19 16 20 17,8 21
Vlaga, % 5,92 5 7
Otpornost prema prskanju, kPa

Kompresijska otpornost RCT

TEA MD+CD 464 492 457 471 524 481,6 385

Tabela 3.4 Mehani| ke osobine kraft papira
Measurement 2 7 11 16 21 Average | Min Required Max
Gramatura 71,2 70,7 71 70,8 71,2 70,98 67,9 72,1
Debljina, Om 109 105 105 104 108 106,2
Otpornost prema kidanjuBz d u ¢ 7,21 7,46 6,79 6,24 7,15 6,97 5,98
kN/m
Otpornost prema kidanju 3 3,8 3,93 4,62 4,33 4,36 4,21 3,71
popr &W/mo,
Index kidanjau z d u §rVe 101,26 105,52 95,63 88,14 100,42 98,2 85,5
Index kidanjgp o p r Brh/gn o, 53,37 55,59 65,07 61,16 61,24 59,31 53
Rastezljivost uz 2,82 2,68 2,77 2,8 2,86 2,79 25
Rastezljivosp o p r @4 n o 9,87 7,66 7,45 7,17 10,32 8,49 7
Dugina kidanja 10320 10760 9740 8980 10240 10008
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Measurement 2 7 11 16 21 Average | Min Required Max
Dugi na ploipdam jna 5440 5660 6630 6230 6240 6040

TEA uzdugno, J/n 131 123 122 114 128 123,6 100

TEAp o pr.,&/md o 242 200 224 202 279 229,4 173

Index TEA uzdugr 1,84 1,74 1,72 1,61 1,8 1,74 1,43

Index TEAp o pr.,efgn o 3,4 2,83 3,15 2,85 3,92 3,23 2,47

Otpornost prema cijepanjuz d u ¢ 824 700

mN

Otpornost prema cijepanju 863 770

poprel no, mN

Index cijepanjal z d u N 0 , 11,61 10

Index cijepanjpp opr el no, 12,16 11

Otpornost premarskanju, kPa

Povr ginska apsor 26 25 35
Povrginska apsor 29 25 35
Otpornost prema vazduhu 21 23 28 28 26 25,2 30
Vlaga, % 5,95 5 7
TEA MD+CD 373 323 346 316 407 353

ZAKLJUL AK

Nakon provedene analize svih parametara koji mogu uticairijgmtaciju vlakana odnos MD i CD
dugine kidaglia papslhriaj edel g zakl jul ka:

1. Odnosom brzine isticanja mase iz nataneadraini bkzir
osobina papira, ali u mjer.i da su uvijek MD dugi

2. Kontrolom isticanja mase na Kkrajevima formiraju
moge mijenjati odnos MbDa ikrC edwigman es ikti ad,a nglai puavpii
vela MD od CD dugine kidanj a.

3. Kontrolom otvora usta natoka se moge uticati na
je MD veia od CD dugine kidanja.a®@avorempapgimma
poboljgati formacija i profil proizvedenog papi!l

4. Grijanjem unutragnjosti n at o &rientasije vlakaaa na situ pagie n  n a
magine. Ako je temperatura suspenkzéene det emmacihnfj
i na taj nalin na pojedinim pozicijama moge dol i
dugine kidanja veia od MD dugine kidanj a.

5. Detaljnim |igienjem dufuzora i wunutr a@mipkinsti na
putem (sa HCL i NaOH) , te mehani |l kim putem pra
potpunost. nelistole odstranjene, a mehanil|l ke o
MD dugina kidanja velia od CD dugine kidanja.
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Predavanjes i Lecture6

EFIKASNOST SISTEMA ZA PRANJE NEBIJELJENE L ETI NARSKE
CELULOZE

EFFICIENCY OF WASHIN G SYSTEM FOR UNBLEACHED
SOFTWOOD CELLULOSE

Armi nal,Gafmkilj &MBo ko jSit lani i
NatronHayat d.o.0. Maglaj
Met al-uelgkol ogki fakultet, Univerzitet
*Natron-Hayat d.0.0. Maglaj

Izvod

Svrha pranja celuloze je nWagesle] admé iHfilkapntasieil we otzwaa Kic
sistema za pranje celuloze se procjenjuje prema Kk
kolilini vode za pranje koja s e Ligjppanja je jednbd i za ukl a
od kIl j uljazatazmatacje produktivnosti, cijekeo g t i profifakilnosti fabrike celuloze.

Nesumnijivo, dobro kontrolisana linija pranja smanjuje cijene u drugim postrojenjima te tako
povelava profitabilnost cij el e vrdiatibajparfneetarafar i mar ni ¢
kvalitet procesa pranja celuloze t.e da se izraluna

K1 j ul npranje celulozef a k't or r gubitak glkaijae nj a,

Abstract

The purpose of cellulose washing is to obtain cellulose that mimesontain unwanted sdble
substancesThe efficiency of the cellulose washing system is estimated by the amount of solvents to
be removed and the amount of washing water used to removelitssdeed substanceBhe washing
line is one of the key aredsr consideringthe productivity, cost and profitability of the cellulose
factory. Undoubtedly, a wetlontrolled washing line reduces prices in other plants, thereby
increasing the profitability of the entire plant. The primary goal of the research is to determine the
influence of parameters on the quality of the pulp washing process and to calculate the efficiency for
each degree of washing.

Keywords celluloze washingdilution factor, alcaly loss

uvoD

Pranj e celuloze donosi razne p o skod mubiska, i k a
maksimiziranje dobijanja organskih supstanci u cilju dalje obrade ili spaljivanja, smanjenje uticaja na
okolinu, maksimiziranje mogulinost.i ponovne upotr
ne I naj imdolpiej #ajgedluil Dtz e k a o .Parametizaropisppropesa@rargav o d a
podjeljeni su u dvije grupe: gubitak al kalija koa
koje treba da budu wukl onjene i f apottebne zarpaozesi | e L e
pranj a. Rezul tati pranja mogu i mat. pozitivne il
opti mal nu operativnu talku procesa pranja jer
ekonomi |l no odr girmnlaj.i Wikh asny pantj &@nacgiasttrveeba biti sa
vrijeme daceluloa bude | i gl a .@vidlevsekontradiktoristogea je igazov kreirati
kompromiskojibidao povol jne ekonomske i okoligne rezul't

TEORIJA O PRANJU CELULOZE

Svrha pranja celuloze je da se dobije celuloza
se postige ili |l i stom vodom il i, l egl e, telnogl
At el nost za prissavdafni daese@ospi ga prhnje.
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Par ametri pranj a koj i ut i | u i odreluju proce
koncentracije na ulazu i izlazu , pH vrijednost,

Bitni su parzaopemu kag s poederieflielnmmi br zi na kretanj a,
pritisak t el Nekisod goreindvédeniti pakametaaa se mogu prilagoditi, dok su neki

Ssvojstveni za jedan odreleni korak u procesu il |
pranjezaw i od pojedinalnih zahtjeva pranja koje se p
parametara o specifilnoj opremi [ parametara vez
celuloze, uz karakteri stnikjei hdrfeankatgcer ai. Karrpckitjeea

celuloze zavisi, od vrste drveta, Kappa broja, prethodnog procesa kuhanja i bilo kojeg prethodnog
mehani| kog tret mana.

Vremenom je predlogeno nekoli ko metoda koji ma
jedi ni najvagkoji jear am&bder uspi o dai jsfaktorpoj avi
razrijelenja. Ne postoji razrijelenje filtrata
telnosti za pranje kpjekpokel abvan&ote]| nolsefi Lt
razrijediti filtrat. U tom slulaju, faktor razri
koje smanjuje kolilinu filtrata ispod kdliinlui ne
filtrata. Onda je faktor razrijelLenja negativan.
di o kontaminirane te|l nost.i ostaje u celulozi i [
pranja moge biti ;azd)zlk1a|s‘n|ae shabt Akeot d griar j jasbhan jvea
efi kasnosti u pranju i faktora razrijelLenja na
faktorima razrijelLenja. MelLut i m, postoji granic
ogranil|lenjima koja se odnose na prodiranje telno

Koncentracija ulaznog toka celuloze ima veliKki
opreme. S jedne strane, niska Kk cfiltamugumpaajdg a na u
tal ki rastvaranja prije filtera, a posljedica
upumpavanje. Sa druge strane, koncentracija mas
otkloniti iz otopine celuloze uzon za i zdvaj anje t el nBmdentracijpmat ar o
ulazu ima znal ajan utj ec a.jAkonsa filtéra iplazicnhasae wisoke 0 j e d i
koncentraciije, a iduli korak wu procesuebnse odvi
razrijelLivanje nudi pravu priliku za prilagolav:
ugtede hemi kalija, vode i energiije.

Kako temperatura raste, povelana difuzija voct
temperature vodeiill t e|l nost i za pranje dovode do umjer enece
olekivati od polbod | miahe® gv ii $PHodbzor a) ggtain at ed|rneonsatgia. s e

ako se smanji pH celuloze koja ima visoku alkalnost.
Drenaga pelpohel dgava kad se vrijednost pH sma

smanjenje ispod ove talke ne poboljgava dalje |
talogenje rastvorenog | igni n®rzimdl tvelraak nuiat iultei craa i
kol al a i na vrijeme zadrgavanja na bubnju filter
bubnja,povr gi ni b u b rPjema literatyprmino podawimad majpalji rang za brzinu bubnja je

i zmelLu 2 iMeWl 5cidbj/enviinma koj i su postavljeni u p
prvobitno stanje ili, l egl e, brzina transfera.

celul ozom napusti sistem pranjami|ektopserogpje

(COD) ili natrij sulfatni gubitak (N£5Qy).
Natrijev gubitak ilustrira iznos natrija izgubljenog iz ciklusa regeneracije hemik@&fijgasnost
sistema za pranje celuloze se procjemjaeane iprleanlai

vode za pranje koja se upotrijebi za uklanjanje tih rastvoreninfvarik t or ef i kasnost. E
broj faza idealnog mijedganja u protustrujnhom sl a
Faktor E zavisiod vrstepor e me za pr anj e, od nalina na koji op
oprati, od temperature i sastava telnosti koj e
fenomena sorpcije. To je prvobitno posmatrao Norden za filtere sa rotatiamimmn j em , al i t ak

kao talna tvrdnja Za s Arenutreo e Nardenaovpfak®mefikaspoati pr an
naj praktilnija forma za odrelivanje efikasnost.
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Modi ficirani faktor efikasnost.i E10 se moge iz

1,0
ElO = Ciz ~
Iog%+%8
C 9 =
Tabelal.Podaci za ulaznu koncentraciiju, izl aznu konc
opremu u procesu pranja celuloze
Ulazna Izlazna E10 za COD DF=2.7¢
Oprema za pranje celuloze | koncentracija% | koncentracija% t/bdt
Kontinuirani 10 10 4-8*
Modificirani diskontinuirani
kuhal 7-10 7-10 2-3*
Difuzer pod pritiskom 10 10 4-6
Jednofazni atmosferski difuzg 10 10 35
Dvofazni atmosferski difuzer | 10 10 7-8
Presa 39 2835 3-7
Filter podpritiskom 34 12-14 35
Vakum filter 1-2 12-14 2-4
Jednofazni DD filter 4-10 12-14 4-5
Dvofazni DD filter 4-10 12-14 8-11
Trofazni DD filter 4-10 12-14 11-13
Letverofazni 4-10 12-14 1316

REZULTATI | DISKUSIJ A

Podaci su prikupljenipr oi zvodnom pogonu celuloze, zatim al
metodama ispitivani u laboratoriji Natréha y at po zadanim standar di ma. F
da se utvrdi uticaj parametara na kvalitet procesa pranja celuloze nakon kulkapjany r kuhal u
gubitak alkalija u tom procesu kao glavnog parar
na proces uz postavljanje zavisnosti osobina i uticajnih faktora koji doprinose kvalitetu i efikasnosti
pranja te da s¢ zarahvaka ofiepbasaneranj a. Od nave
mj er i [ podegava direktno u toku procesa proizv
parametre vrge | aboratorijska ispitrijiivanja u fi zi
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Tabela 1 Rezultati pzr oralenjpa (BkK)Y prfhaktor a
E10) u pogonu Kamyr kuhala i filter praone
KAMYR KUHAL
BROJANALIZA | 1 2 3 4 10 | 11 12 13 14 | 15 [ 16 | 17 |PROSJEK
PROIZVODNJA | 286,52 286,52| 286,52| 286,52| 258,91| 286,53 286,53 | 286,53 [276,17| 259 |259| 300 | 279,90
BDT/H
EFIKASNOST | 96,43 96,9 | 97,26 | 95,29 | 96,01 | 98,15 96,9 | 98,04 | 97,36| 953 |96,5| 9529 | 96,62
PRANJA U
KUHAL U, %
KAPPABROJ | 37,4 | 34,7 | 469 | 39,9 | 41 | 42 47 44 41 | 39 [457] 461 | 42,06
DF 22 | 22 | 22 | 22 | 24 | 22 2 2 22 | 17 [17| 17 2,05
RAUMA REPOLA FILTER
DR 089 08 [ 053] 08 | 0,79 [ 0,74 081 | 083 |0547]0,605[0,753 0,63 0,73
DF 228 | 027 | 16 | 2,66 | 269 | 168 25 2,66 | 2,86 | 1,47 [1,93] 0,82 1,95
E 469 | 45 | 1,73 | 3 | 288 | 204 | 321 | 336 | 1,69 | 2,07 [2,96 2,36 2,87
E10 6,09 | 611 | 226 | 397 | 378 | 27 | 416 | 435 | 2,19 | 2,70 (3,86 3,13 3,78
VAKUMSKI FILTER 2
DR 054 [ 006 037 ] 087 ] 018 [ 049] 05 0,77 [ 0,59 [ 0,48 [0,574 0,89 0,53
DF 125 | 1,36 | 113 | 117 | 247 | 1,17 | 11 219 | 24 | 05512 063 1,39
E 195 | 096 | 146 | 513 | 11 | 1,77 | 1,83 | 3,09 | 1,96 | 1,82 [2,08] 7.2 2,53
E10 257 | 127 | 192 | 67 | 143 | 233 | 241 | 401 | 254 | 242 [2,75] 9.6 3,33
VAKUMSKI FILTER 3
DR 072] 08 | 056 09 | 0,69 [ 058 072 | 0,77 | 087 | 0,9 |0,88] 0,76 0,77
DF 113 | 1,48 | 113 | 0,84 | 247 | 1,17 | 11 0,67 | 1,85 | 1,259(1,09| 1,67 1,32
E 335|381 | 2 | 308|248 | 21 | 309 | 38 | 49 | 63162 32 3,70
E10 442 | 504 | 269 | 5 | 319|277 | 408 | 516 | 645 831 82| 42 4,96
NaSliciddat je prikaz rezultata proraluna za
pogonu filter praone za analizirani period
1,2
1 S ————— e ———
0.8
0,6
0.4
0,2
o
DR [Rauma Repola filter) ~—— DR [Kamyr kuhat)
DR [wakumfiltar Z) DR [vakum filer 3)
Sika3Pri kaz rezultata efikasnost:i pranja u
analizirani perial
NaSlci4dat je prikaz rezultata za faktor ef

pogonu filter praone za analizirani period

ef i

k a

efik

Kamyr

kasn
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1z

10

E1D [ Reuma Repolafilter) E 13 [wakum filter 2)
E1D [wvakum filter 3}

SlikadPr i kaz rezultata za faktor efikasnosti pranj
praone 2 anlizirani period

ZAKLJULCI

Koncentracija je jedan od Kkl julnih (isokaamet ar e
koncentracija na wulazu u f it er.Prevsokzkaritdntravijanaz a e f
ulazu djeluje negativno na raghkumskih filtera poveznih u serijGl a v n i razlog za odr
koncentracije dotoka je da bi se postiglo nast aj
ovih koncentracija u natoku, c elanakojformirajuklupko nak up
na |icu filtera. Rezultat toga je drastil|lan pac
zah a da svako vlIiakno mora da dobije svoj d
| jedeapakprekoowenpetegdongine filtera. Ako
e teli oko nakupina i vl aknagnekupiiaar naku
om ekjoeldanlauk a bazna tegina preko cijelog I
pot r e bkojaje dostupnakviakore viakna. pr anj e
e vagno i mat.i stabil nWitggempgempteurad uu ec it
pr anje dovode do umjerene prednosti u kapacitetu,
nNi ge vVvi skozmhaoksaliert etlenmopsetriat ura i ma vel i ki uti caj
lignina tj. dif uziujoni.p amg vae | paonvjeel atveampseer aetfuirkea s no s
direktno manfestuje na ostalim sepenima pranja..

Efi kasnost instaliranih wurelaja za pranje u
zadovoljavajula. Efi kasnostharankaoipragmnsat epeR
vrijednost 0,96, a DR za filterska postrojenja :Rauma Repola filter 0,73 (drugi stepen pranja), vakum
filter broj 2 iznosi 0,53 (treli stepen pranja),
Efikasnos pranja izragena kao E10 za filterska post
stepen pranja), vakum filter broj 2 iznosi 4,95
(letvrti stepen pr anj aadimazawatusogrénraldu su sa svjetsk
lako su dobiveni rezultati u Natron Hayatu zad
elLaja i opr eme, l'inija za pranje celuloze |
vestiranja leihmd |skea oelfd zkbajsenlousjte utk upnog tehnol
fi kasnost pranj a, smanjenje gubitka al kalij a,
aprijeluje zagtitu givotne sredinei,skpabaoltjengv
plote, te u konalnici wutile na produktivnost,
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Predavanjer i Lecture?

ON THE INTERACTION O F MODIFIED UREAFORMA LDEHYDE
OLIGOMERS IN FIBROUS SUSPENSIONS

INTERA KCI1JA MODIFI KOVANIH UREAFORMALDEH IDNIH
OLIGOMER A U SUSPENZIJAMA VLA KANA

Natalia Zholnerovich, Irina Nikolaichik
Belarusian State Tdnological University, Minsk, Belarus

Abstract

The article is devoted to the study of the interaction of-fmemaldehyde oligomers (UFO) modified
by different ratios carbamide Ucaprolactam with cellulose fibers. It is established that the fibrous
sugension can achieve isoelectric point by reducing the electronegativity of obtained carbamide
oligomers. It is shown that in an aqueous medium the interaction of oligomers is possible due to their
adsorption by the surface of cellulose fibers due tedipole interaction involving water dipoles.

Keywords interaction fiber, ureaformaldehydeligomersfya p r o | egpatentalmoationicdemand
dewatering retention

Izvod

Ov aj rad je posvel en iuweafbrmaldaldnihsmota@rEQ)msoditkavanip dej st v a
razlilitim s mékgpeolkiamdaaaulaimivkdinimaJt vr Leno je da suspenzi
moge da dostigne izoeletrilnu talku redukovanjem el
Pokazano je da je u vodenoj sredinimte k ci j a i zmelu ol i gomera moguia zahv
na povrgini celul ozriilpovl dkarea azkah vjd!l juujkwijiu jjen ukl j

KI j el m:interakcija vlakng ureaformaldehidni oligomei kaprolaktam, g-potercial, katjonsk
zahtey odvodnjavanje retercija

INTRODUCTION

Fibrous suspension is a multicomponent polyphasic lyophilic hydrosuspension, the main component of
which is plant fibers. Their electrokinetic parameters and adsorption properties largelyraetieerdirection
of the stock preparation processes and subsequent stages of papermékimg. e |l ectrokiFrneti c
potential) arising from the contact of plant fibers with water and the amount of interfering substances (anionic
trash) in the fibras semifinished product (cationic demand), as well as the nature of the changes of these
parameters, when the pulp is prepared, determine the effectiveness of the interaction of plant fibers with each
other and with chemical additivd3ue to the contradf the electrokinetic parameters of the stock preparation
process, higher paper strength and fines retention is provided, as well as stability of the main paper making
processes is improveéd.

Theusingofured or mal dehyde ol i gcapulactas is due o ihdir Bbdity to indrebse U
the mechanical paper properties when the fibrous suspension is sizing in a neutral tHediawer, their
use significantly affects the interaction between components as well as the formation of paper web
macrosructure and has a remarkable effect on various unit processes in papermaking and final properties of
commercial product, which is an important aspect of modern techndloggchieve the targeted quality of
the finished products, the dosed chemicals éwibt end should lead to an interaction with the fibers.

MATERIALS AND METHODS

The object of the study were fibrous suspensions in which the content of matfi&dbsynthesized at
various mass ratios of carbamidécaprolactan{in the range 10...1: 0.5), was different.

First, the pulp (wasteaper) was beaten in PFI mill (Tappi T248) at®A SR; t han the pul p
to 1.0% andfunctional and processhemicals was added in the following sequence: cationic starch Hi

57
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CatC 323A (0.8%of ©d.f . ) , al kyl k et €26¥P (0lli6%htedrf.) qand a sampleeos
modified oligomers with various consumption ofi28% ofO d.f.

Fiber potentialanalyzerFPA (AFG Analytic GmbH,Germany was used to determine the charge of
fibers in disperse systems containing modified fioemaldehyde oligomers.

ChargeanalyzingsystemCAS (AFG Analytic GmbH,Germany was used to determine the ionic
demand of 0.1% aqueous solutions of KFO and content of anionic trash (cationic deynzotglectrolyte
titration. The volume of standard cationic titrantofRDADMAC) consumed to reacisoelectricpoint (0
mV of streaming potential) of samples was recordée cationic demandcD, ¢e€eq/ L) were ca
following formulations respectively:

g D= (VlT C1)/V2,

whereV: is the volume of polyelectrolyte titrant (ML i s t i trant c oYeséhavwolumet i on
of analyzed sampl@mL).

The use of both CAS and FPA allows us to estimate the necessary amount of chemicals on the fibers to
guarantee the desired quality of the finished products.

A ShoppemRiegler tester with a closdabttom orificewas used to study kinetics of dewatering process
fibrous suspensionghe determination of dewatering time, which is necessary to separate thieedpeci
amount of water with free dewatering on the wire screen of Shopper Riegler tester, was carried out according
to the Canadian method@he fibrous suspension concentration was 0.3%.

The retention of the fine fibed was deter mi ned

RESULTS AND DISCUSSION

The production of modified urdarmaldehyde oligomers of anionic character is due to the synthesis
conditions. The electronegativity of modified UFO decreases with increasing ratio (lzaprolactam
(Fig. 1). This leads to alecrease in electrostatic repulsion when they interact with the negatively charged
fiber surfaceAs evidenced by the results shown in Fige-potentialof the fibers decreases and the fibrous
dispersed system approaches the isoelectric state when the ratio:dlcagaolactam is 1: 0.5.

The interaction of modified UFO with cellulose fibers can be attributed to the combined effect of
adsorption and ettrostatic forceddowever, it is probably that the nature of the charge of modified UFO
(the presence of COOH groups) is weaker than the nature of the cellulosic fibers kh#rgecase, the
negatively charged macromolecules of moditig€eO block thehydroxyl groups of cellulose, which make a
larger contribution to the value of tlepotential which makes the fiber suspension tend to an isoelectric
point when the ratio of ured3caprolactam increaseBhus,the addition ofmodified UFOin the amounhof
0.5% of a.d. f. p rpotentialdotfiters froont 10.Atai 9.3 mVdHige3a) I leere s also a
slight change of cationic demand (F8ip) in the range of 460¢ e /d., which shows that the modifiddFO
is not consumed by exchange r@ts with anionic trash, but interacts with the fibers.

a
25 9 b
™ 0 01
1: &0 -10
g o
o ¥ 15 o
(5]
- - o
© . @ / 033
5 :0. 12 g
1:0
0 -13
0 01 0,2 0,3 04 0,5 mass ratio of ca
mass ratio of ca ©05%m 1,0% A 1,5% x 2,0%
Consumption of UFO, % of a.d.f.
Figure 1. Cationicdemandf 0. 1% aqueous soipadantialons of UF

of fibers (b) depending on the consumption UFO and massafaic e acaprfolacthm
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Chemical consumptiqo of a.d.f.: Chemical consumptiqiio of a.d.f:

Starch i 0.8 0.8 0.8 0.80.80.8 Starch T 0.8 0.8 0.8 0.80.80.8
AKD T 7 0.16 0.16 0.16 0.160.16 AKD T T 0.16 0.16 0.16 0.160.16
UFO 1T T 1 05 1.0 120 UFO T 11 05 1.0 120

a

0 M = 90
-2 80 | —
-4 70 -
-6 60
-8 50
-10 40
- 30
-14 20
-16 | — 10
-18 0= —

B Unmodified UFO B Unmodified UEO
@ Modified UFO @ Modified UFO

e-potential, mV

F i g u r-poteritial of fibers (a) and cationic demand (CD) fibrous suspension (b)
depending on the consumption of UFO

At the same time, the addition of unmodifigéO to the composition dfibrous suspensiongads to
d e c r e apstentiagof fibeysiomi110.7 toi 11.6 ...112.2 mV in the measured rangensumptios of the
oligomers.

This behavior of the system can be explained by adsorption of modified cardfarmdilehyde oligomers
on the fiber surface due to iglipole interaction involving watetipoles. In this case, the water molecules are not
displaced from the surface of the fibers, but form a bond according to the scheme, as shown below.

Further formation of bonds during drying paper will develop mainly by the mechanism of the hydrogen
bonds formation This will provide to create additional intéber hydrogen bonds and increase the
mechanical paper properties.

O O
Ci-OH  O-H  O-C-R - Cl-OH O-CR
H H H
defore drymg afver dryang
O
whae O-C-R - modified UFO

H

The decrease in the electronegativity of investigated UFO also contributes to the acceleration of
dewatering (Fig.3a) and to thecrease of fine fiber retention in the paper structure (Figh&tthe carbamide
: Ucaprolactam ratio increases from@ to 1: 0.5, the dehydration rate increases from 17.1 to 283%em
andthe suspended solid content decreases from 63.0 torg/l.8
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This indicates that the drainage of the fibrous suspension improves in the presence of modified UFO as
t he c o rcapeotadam io the UFO composition increases.

CONCLUSION

T h u saprollttam, acting as a modifier of ufeamaldehyde oligomers, has been shown to decrease
the anion character of the oligomers, while the cationic demand and the negative electrokinetic potential o
fiber decrease, indicating that the system tends to the isoelectric point. In this state of the system, the
dewatering of fiber suspension is accelerated, the retention of components on the wire of paper machine is
improved, and the effective using ofechical additives in the production cycle is provide. This helps to
increase and stabilize the paper quality and processability of the production process.
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COMPARISON OF ANISOT ROPY OF DEFORMATION PROPERTIES OF
TOP LINER BOARD FROM PRIMARY AND RECYCLED FIBER

PORENENJE ANI| JEOEHORNACIONIH SVO JSTAVA
PREMAZNIH KARTON A OD PRIMARNIH | REC IKLIRANIH V LAKANA

Anastasiia RomanovaYakov KazakdyRoman Vipolzdv
!Northern (Arctic) Federal University named after MMomonosov, Arkhangelsk, Russia
2.LC ¢Suhonsky BPMé, Sokol, Russi a

Abstract

The effect of the direction of the fiber orientation in a cardboard sample on the deformation properties
when the tensile test on cardboard with a white top layer was studieghrdperties of cardboard from
primary and secondary fibers were compared. Quantitative regularities between the fiber orientation and
the elastic and strength characteristics of cardboard were established. It has been shown that a more
objective estimatefahe anisotropy degree is given by the integral expoYifYcp. The anisotropy
degree of stiffness and extensibility was higher in cardboard from the primary fiber and the degree of
anisotropy of strength in thecardboard from recycled fibers.

Keywords: anisotropy, deformation properties, white top liner board, primary fibers, recycled fibers,
the uniaxial tensile test.

lzvod
U radu je izulavan efekat orijentacije vliakana u
ispitivanja zatezanjen por el ena su svojstva kartona od primarnih
kvantitativne regularnosti izmelu orijentacije vl ake
daje objekivn i j i pror al un datirtqgralnm ekgmentansYt/ McooStepgn anizotropije
krutosti [ rastegljivosti je vigi kod kartona od pri

od recikliranih vlakana.

KI j u| n:enizotrepljai deformadona svojstva beli premazni hromo kartgrprimarna vlakna
redklirana vlakna jednoosni test zatezanjem

INTRODUCTION

All typesof paper and cardboard manufactured by PM and CM have explicit predominant longitudinal
orientation oftheir fibers.Consequentlyanisotropy of physical and mechanical prtips in the sheet plane
has place to be. Anisotropy of properties pulp and paper materials have substantially determines the quality
of paper and cardboaftl,2].

Mechanical characteristics of a paper sheeplane) when subjected to the uniaxial tensile test are
important properties of many popular types of pulp and paper matéiadicity modulus regulates the
guality of materiakt small deformationsgas well as itstructural and bending stiffness.

tcan be assestedi hbatufiser emay b eastruetgracordidot ofas t h
pulp and paper material. It jgstified because any changedlie structure causes to changeshe run of
ist-s €6 8ai n o accadingly: the valdes of deformation characteris{tsh

Recent results have showratchanging thelirection oftheload aplication withrespect to thexisof
the preferential fibeorientation leads to a significant change infthren of the curve4]. It is explained by
anisotropy of the fibrous structuog paper and cardboard.

As it wastheoretically and experimentally proved the paper structure is fixed byfilmerbonds
formed by hydrogen bonds, Valer-Waals and mechanical friction forcds.is alsoknown that in the
variation of the cutout angle the stiffness and strength deangidisecreasingstretchability.

Changes in the direction of fiber orientation in a sample correlate with a change itiche the
contributions ofintra-fiber and inteffiber bonding forces. It is reasonable due to the resistance the material
hasto deformation.
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EXPERIMENT

We carried out comparative studies of anisotrfpywhite top liner board frorprimary and recycled
raw materialsThe obj ects of stwudy (further in the text,
recycled raw material respectively) had differfémer composition and were manufactured by CM at variable
speeds.They also had differences in the magnitude thieir properties. Moreover, both of them had a
significant heterogeneity of their structure intrinsic teirgle sheet as well as to differesggmples of the
cardboardThe structural heterogeneity was estimated by means of the formation index.

The figue 1 shows that the structural heterogeneity of top liner board from primary fiber was
significantly higher.

Fig. 1 The images of treamples of white top liner boaabtained due to PTI formation testeri drom
primary fiber( i t o p , Foimatierr Index =245;b7T fromrecycled i ber ( fit e ¢
Formation Index = 150

To quantify and further compare deformation characteristics of white top liner boaahdegcted the
two-stage experiment:

ifor Atop |linero board,

29if or Atest |l inero bo%Figll). (both weighting 125

A few sheets werereliminarily selected in accordance wiltl5O anglewith the values approaching
zero.The series of samplegere prepared in form of strips withi me nsi ons .dhest®dwWefe2 5 mn
cutoutatthean gl es 0, 15, 3temattEine Girection BVDP(Brésantplesn eachof 7 seriek

The samples (strips) underwehe uniaxial tensile test witlé test lengtiof 100 mmandspeedof 10
mm/min. Theprocess was condted from the start of loading and until the exact failure moment by means
ofITS101 tensile (vertical) tester and acelobmpgaiiedn
curves Fig. 2

RESULTS AND DISCUSSION

Figure 2 shows thioad-elongaionocurvesofthefit op | i ner 06 and fAtest | iner
visually demonstrated differencigstheir lengthandslopewith respecto a cutoutangleof the strips toMD,
i.e. to thefiber orientation.
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Top Liner
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The dependences, Fig. 2, clearly demonstrated anisotrgpyod per t i e s

t ‘otopNiri2r. frona primary fibers; b test liner from recycled fibers

Test Liner
15°
30"
45,
)
A et 90
o
1 2 3 - 5 6 7 8 e
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b
of Atop linero and
of fAtop

board when subjected to the uniaxial tensile test. The curves showed:

9 the decrease atiffnessin the elasticstrainregion,

9 the decrease of the valuetbé elastic limit and
1 theincreaseof the total deformation befot@eaking the sampleith increasingts cutoutangleto MD.

All observationsbovewereconditioned by the preferential orientation of pulp fibers in the structure of

a cardboard sheéfhe obtained dependences were different:
9 in the values of stresses and strains,

1 in the disposition of the curves ftire samples with cutout angles of,805

and

60A with

res

and CD.The angles are connected to the anisotropy degree of the samples, strength and length of fibers

constitutng the structure of cardboard.

It is accepted to present the research results of anisotropy of properties of solid materials in polar or grid
coordinatesThe polar indicatdes of the strength anisotropy are more illustrative and distinguished by the

certral symmetry.

In fact, fibers in paper and cardboard structune generally located symmetricallyMD of the web
Therefore, it isufficient to determine the inhomogeneity natura ofateriain only seventf= 7) directions
of investigation within ae, for example, the first quadraihe directions are used to construct a-fouegth
of the polar indicatrix for the strengémisotropy.The remaining three fourthaccording to review data [1],
if it is necessarycan be construetl by means of extrafation. Smilarly, the results of anisotropy of
properties are graphically depicted in a grid coordinate system.

The gaphical estimation of paper and cardboard anisotropy in the form ofairides is highly

illustrative. Itshows the directions of egime (maximum, minimum) strengths, and also informs about its

numerical values in any other direction of the wBhe presentation of data in such fornt@venient for
analyzing the structure and propertiepaper and cardboawdeb.

To note, at the prest time this approach is presensiahplistically. The data obtained in two quadrants

provide relatively more information. It is conditioned by:
9 the development in the formation technology of paper and cardboard,
1 the implementation of new methods for thetrument analysis of anisotropy of paper and cardboard
structure and properties.
The followingcharacteristicshat evaluatehe different sides of the mechanical propertiewlute top
liner boardwere selectetbr the analyses

1 theelastic modulu®s r

cardboard,

1 thestressat-break (the ultimate tensile stresg) as a characteristic of strength,

Y 0 u n g 6Es, MPapas a dharagteristic of the elasticity and stiffoéss
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1 the strairto-failure (the fracture straing,, %, as a characteristic aktensibility,
1 the work of fracture, A mJ, as an integral evaluation of the static and dynamic strength of the material.

The indicatrices of anisotropy for the above characteristics ofitheo p | i ner 0 anate it es
shown in Fig. 3.

[ 1, MPa )
—8— Top Liner

0 --®--Test Liner 0 --®-- Test Liner
345 5000 15

—o— Top Liner

300

285 75

270

90

255

105

240 120

195 165

e.% A, mJ
—=&— Top Liner —&— Top Liner
0 X 0 --®--Test Liner
35 10 15 ¢~ Test Liner 345 1000 15

180 180

c d

Fig. 3.Indicatricesof anisotropy fothe cardoard samples: & theelasticmodulus, MPa;
b1 the stressat-break MPa; ci the strainto-failure, %;
di the work of fracturéthe load), mJ

The graphsshow that different properties efhite top liner boardhad a different degree otheir
anisotropy Moreover, lhe properties of fibar(primary orrecycled alsoplayeda different role.

Particularly,for the elastic modulus, Fig. 8)( the elasticity ofthé t e st | iappeximatedt® a r d
the elasticityofthéit op | i ner 0 b o ar dlargeldifference ssaluessfoMDidirectionareld by
increaing the cutout angle ahe sampls. In contrastthe difference beameinsignificantfor CD direction

The difference in strength (tistressatb r ea k) of the Atop | inero and
(b), was significant andpproximately the same for all directions.
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The fracturestrain (the strainto-break) evaluatethe extensibility of cardboardrhis characteristic
demonstraes t hat the el asti ci t drastcélly dedreasedi The spposite efieat r 0 |
was for the #fAt opFid 3,(0.dtrwas olbsenzed with inceeasmd thescutout angle of the
samplesand at the small difference in values MD direction. In contrast, thdifferenceincreased up to
300%for CD direction.

The work of fracture, Fig. 3, integrates strength and extensibiliyhich was reflected o the form
of indicatrixes

There is illustratedhe rate of chang in thechaacteristicswith increasingthe cubut angle of the
samples in Figd. The values for the MD directiameretaken as 100%. THedingsshowedthat the elastic
and strength propertiesduced, thextensibility and worlgrew up

The figure 4§, showst hat i n the case of the Atest | inerdod
1 the rate of decrease in the elastic modulus was rather larger,

9 the rate of decrease in strength was rather smaller.

The extensibility of the samples increased by 40%ocardboard fronrecycled fiber, by 220%or

cardboard from primary fibeFig. ().

[ 1 MPa —e— Top Liner S[ , MPa —e—Top Liner
—8— Test Liner —e—Test Liner
120 120
100 100 ¢
80 80 |
60 60
40 40
20 20 |
0 0
0 15 30 45 60 75 90 0 15 30 45 60 75 90
Angle to MD Angle to MD
a b
e[ ,% —e—Top Liner A[ ) m‘] —e—Top Liner

—e—Test Liner —e—Test Liner

350

300

250

200

150 r

100

50 r 20 r

0 15 30 45 60 75 90 0 15 30 45 60 75 90
Angle to MD Angle to MD

C d

Fig. 4. The relative change in the characteristics of white top liner board depending on the cutout
of the samplesai the elastionodulus, MPa; Ii thestressat-break MPa;
c1 the strainto-failure, %; di the work of fracturdthe load), mJ

As for the work offracture Fig. 4 @), the trendsvereopposite This characteristic acted as follow:

-grew up for the #fAtop | iibudon ofexteosiilitydand ampl e due t ¢
-reduced for the Atest | inero board samples due
Neverthelesghe increase in extensibilityi d n 6 t  ctleemegietions ia strength.

To quantify the anisotropy degree of mechanical properties of paper and cardboard the simplest index
is used. It iglefined as the ratio of measured indicators of mechanical properties along the main directions of
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the cardboard web (machine/crds¥mo/Y co. However this is inadequate, since the variation of properties

along the intermediate directions of the web is not takienaccoung1].
In order to evaluate anisotropy in a mof®ectiveway, it is necessary to measure the numerical values

of choserparametelyyfrom a given number of directions of theeb. As a rule, measurements are conducted

atthe angularspacifyO 1bAyrause there is no Ohk5Aignificant
As exponenbf theanisotropydegredhe sum of ratios of paranetyyto its value for the cross direction

Yco: SYu/Ycp was takenThe results of calculatiofsor t he fAtop | inerdo aed ft e

presented in Table 1

Table 1. The anisotropy degreeof the characteristics of white top liner board in accordance to the
fibrous raw material in its composition

Characteristics Top Liner Test Liner
Ywmp/Ycp SYdYcp Ywmp/Ycp SYdYcp
Ei1, MPa 2,65 1,72 2,08 1,49
Sp, MPa 2,00 1,45 2,31 1,59
&, % 0,32 0,60 0,73 0,85
Ap, mJ 0,62 0,85 1,45 1,19
Theani sotropy degree grew up with increasing the

at their values O 1.

The two indexes by means of which the anisotropy degree was estanatederneath:
9 the integral exponeiitS YyYcp, and
9 the generally acceptéd mp/Y co.

In thefirst variant theintegralindex wassmaller than in the second variant, in all cases. Consequently
themoreadequatevaluation ofanisotropywas given. fius the contribution of the intermediate directions
of the tensiletestwastaken into account.

The degree of anisotropy on stiffness and extensibility was higherfioe At op | i neled boa
degree of anisotropgn strengthwas higheffort he @At est | i ner 0 thdoorribuionsfa mp | e
the strength of the fibers themselves and of ifiber bondswvastaken into account.

CONCLUSIONS

The twostage experiment including the uniaxial tensile test with a constant spelbdsaadoriurther
anal ysi sstorfaifinsot rceusrsves was i mpl emented.

The evaluationof distinctionsin the deformationbehavior ofwhite top liner board from primary and
recycled fibrous raw material was given.

The regularities of stress and strain growing in the samples with the different structure were established.

The comparative analysis of white top liner board samples from primary and recycled fiber was made.
The quantitative regularities connecting the direction of the fiber orientation and anisotropy of elastic and
strength characteristic of cardboard were sigec

The change in the values of the deformation characteristiloe deviation of theredominantangle of
the fiberorientation fromMD to CD wasassociated with

- thechange in the ratio of the contributioniofra-fiber and intesfiber bondsard

- the anisotropy valueonnected tthe fiber length and forming conditions on kel wire.

It was concludedthat a more objective estinian of the anisotropy degregasgiven by the integral
exponenS YJY cp.

The degree of anisotropy on stiffnessd astensibility was higher for cardboard from primary filidre
degree of anisotropyn strengthwas higherfor cardboard frommecycledfiber.
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Predavanje9i Lecture9

INDUSTRIJSKA SVAKODN EVNOST, KLIMA I OBNO VLJIVI| ZVORI
ENERGIJE

INDUSTRIAL EVERYDAY LIFE, CLIMATE AND RE NEWABLE ENERGY
SOURCES

Vladimir VALENT
Univerzitet u B-anegrad diu,j BdogrddreSiijed § lked

Izvod
Polazel.i od direktiva Evropske wunije ukazano je n
proizvodnje. Razmotrena je emisija £i0gasovite faze proizvoda sagweemja fosilnih goriva i njihov
uti caj na klimatske promene na npaldzaoygivihizvoraenargilei . Ukaza
u svetu i u industriji Srbije kao i na neophodnost j
tim u \ezi jei savremen obrazovni proces i celodgivotno obnay
Kljlne reld.

Abstract

Starting from the European Union directives, it is pointed out the importance of the energy source for
the needs of industrial production. The £&mgsions and gaseous phases of fossil fuel combustion
products and their impact on climate change on Earth are considered. It is pointed out the use and
importance of renewable energy sources in the world and in the Serbian industry as well as the necessity
of increasing the energy efficiency of industrial processes. In this regard, there is a contemporary
educational process and lifelong renewal of knowledge and improvement.

Keyword:

UvoD

Savremena proizvodnja materijalnih dobara, posebno industrijskay, fn(aag je uz intenziyv
energije za pripremu, proi zvoldny aprpizveda. & riosnpagledu, s k|
topljenje rude i dobijanje metala kao i proizvodnja papira energijski su najzahtevniji industrijski sektori koji
usved skim razmer ama, u koriglenjY arka =lai |loiktoi h7 0i% vw r
celokupan konzum svih oblika energije u svetu. 1z takvih razloga u tim granama industrije heophodno je
dodatno angag®tvaml eo q ap dtamalize stanja,gptocesa ra aakon toga i predloga
regenja za inoviranje procesa, smanjenj e kor i gi e
proizvoda. Samimh i m t o b se svodil o i na obezbelenje pove

Upagl edu kori gienja energije proizvodnja papira
zakl julak se odnosi kako na potrebne iznose energ
termi| ko sugenje suisrp@anzu jeudninais)t atl ®ak d riakmra piapno
za rad svih delova postrojenja za proizvodnju papira.

DIREKTIVE EVROPSKE U NIJE | PRAKSA U SRBIJI

Evropska wunija (dalje EU) je svojim direktiwvan

efi kasnosti ne samo W kab hsthotsenitr objgkéta(uvserograinji ékenomski a | n i |
opravdanih ulaganja i obavezno u novogradnji). Poseban naglasak dokumenti EU ukazuju na potrebu
povel anja koriglenja energije ukIljulujuld [ ugted

-t ehnol og k agorevanjegoriyaa industrijskim kotlovima za proizvodnju vodene pare neophodnog

energijskog (termodinamil| kog) potencijal aprézaht e\
mi skog) pr ot oka.™tUa kparvo czeaski Injau | sauky ewdigpiearj jl eZ)jd ea qersa
vliagan vazduh | ije termodinamil|lko stanje i prot ol
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