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TUESDAY, June 19th 
UTORAK, 19.06.2018. 

19:00-21:00 

NOTIFICATION OF PARTICIPANTS AND 
DISTRIBUTION OF MATERIALS (HOTEL CIGOTA 
RECEPTION) 
PIJAVA UĻESNIKA I PODELA MATERIJALA 
(RECEPCIJA HOTELA ĻIGOTA) 

 

WEDNESDAY, June 20th 
SREDA, 20.06.2018. 

08:00-09:00 

NOTIFICATION OF PARTICIPANTS AND 
DISTRIBUTION OF MATERIALS (HOTEL CIGOTA 
RECEPTION) 
PIJAVA UĻESNIKA I PODELA MATERIJALA 
(RECEPCIJA HOTELA ĻIGOTA) 

09:00-09:15 

OPENING OF THE XXIII SYMPOSIUM 
OTVARANJE XXIII SIMPOZIJUMA 

09:15 ï 12:30 
Chairman ï Predsedava: 
S. Jovanoviĺ, G. Jankes, B. Jefteniĺ, M. Bebiĺ 

09:15-09:35 Lecture 1 ï Predavanje 1 

ANALIZE I AKTUELNI TRENDOVI PAPIRNE 
INDUSTRIJE SRBIJE U 2018. GODINI 

ANALYSIS AND ACTUAL TRENDS IN SERBIAN 
PAPER INDUSTRY IN YEAR 2018 
Nataġa Govedarica 

Chamber of Commerce and Industry of Serbia, 
Belgrade, SERBIA 

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

CELULOZNO-PAPIRNA INDUSTRIJA U NOVOM 
EKONOMSKO-EKOLOĠKOM OKRUĢENJU: SVET I 
SRBIJA 

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

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

09:55-10:15 Lecture 3 ï Predavanje 3 

NANOCELLULOSE IN PAPERMAKING 

NANOCELLULOSA U PROIZVODNJI PAPIRA 

Janja Juhant Grkman1, Bojan Borin2, Ida Poljanġek3, 
Matjaģ Kunaver4 
1Pulp and Paper Institute; 2Papirnica Vevļe; 
3University of Ljubljana, Biotechnical Faculty; 4National 
Institute of Chemistry; Ljubljana, SLOVENIA 

 

 

10:15-10:35 Lecture 4 ï 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 I PRIRODNIH VLAKANA 

Grigore Craciun, Gheorghe DuἪuc, Alexandru Botar 
L&G Consulting SRL, Dej, ROMANIA 

10:35-10:55 Lecture 5 ï Predavanje 5 

UTICAJ ORIJENTACIJE CELULOZNOG VLAKNA NA 
MEHANIĻKE OSOBINE SACK KRAFT PAPIRA 

IMPACT OF FIBER ORIENTATION TO 
MECHANICAL PROPERTIES OF SACK KRAFT 
PAPER 

Husejin Durakoviĺ, Almir Muftiĺ, Edina Husiĺ 
Natron-Hayat d.o.o. Maglaj, BOSNIA AND 
HERCEGOVINA 

10:55-11:15 Lecture 6 ï Predavanje 6 

EFIKASNOST SISTEMA ZA PRANJE NEBIJELJENE 
ĻETINARSKE CELULOZE 

EFFICIENCY OF WASHING SYSTEM FOR 
UNBLEACHED SOFTWOOD CELLULOSE 
Armina Ļamiĺ1, Ġefkija Botonjiĺ2, Mirko Staniĺ1 
1Natron-Hayat d.o.o.  Maglaj; 2Faculty of Metallurgy 

and Technology, University of Zenica; BOSNIA AND 
HERCEGOVINA 

11:15-11:35 Lecture 7 ï 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 8 ï Predavanje 8 

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

POREņENJE ANIZOTROPIJE DEFORMACIONIH 
SVOJSTAVA PREMAZNIH KARTONA OD 
PRIMARNIH I RECIKLIRANIH VLAKANA 
Anastasiia Romanova1, Yakov Kazakov1, Roman 
Vipolzov2 
1Northern (Arctic) Federal University named after M.V. 
Lomonosov, Arkhangelsk; 2LLC çSuhonsky BPMè, 
Sokol, RUSSIA 

11:55-12:30 

DISKUSIJA I PAUZA ZA KAFU 
DISCUSSION AND COFFEE BREAK 
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12:30-16:20 
Chairman ï Predsedavaju: 
S. Ibrahimefendiĺ, P. Ģivkoviĺ,V. Valent 

12:30-12:50 Lecture 9 - Predavanje 9 

INDUSTRIJSKA SVAKODNEVNOST, KLIMA I 
OBNOVLJIVI IZVORI ENERGIJE 
INDUSTRIAL EVERYDAY LIFE, CLIMATE AND 
RENEWABLE ENERGY SOURCES 

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

12:50-13:10 Lecture 10 - Predavanje 10 

DEFINING WHITENESS ON DIFFERENT PAPERS 
WITH THREE SPECTROPHOTOMETERS EYE-ONE 
PRO 

DEFINISANJE BELINE RAZLIĻITIH PAPIRA POMOĹU 
TRI SPEKTROFOTOMETRA EYE-ONE PRO 
Dejana Javorġek, Sandra, Kramer, Klemen Moģina 
University of Ljubljana, Faculty of Natural Sciences 
and Engineering, Ljubljana, SLOVENIA 

13:10-13:30. Lecture 11 ï Predavanje 11 

ISPITIVANJE POGODNOSTI AMBALAĢNIH 
KARTONA ZA ĠTAMPANJE TEHNIKOM OFSET  
ĠTAMPE 

TESTING THE PRINTABILITY OF THE PACKAGING 
CARDBOARDS IN OFFSET PRINTING  
PROCESS 

Lazar Stanojkoviĺ, Predrag Ģivkoviĺ 
University of Belgrade, Faculty of Technology and 
Metallurgy, Belgrade, SERBIA 

13:30-13:50 Lecture 12 ï Predavanje 12 

OPTIĻKA BJELILA ZA PAPIRNU INDUSTRIJU, 3V 
SIGMA 

OPTICAL BRIGHTENERS FOR PAPER INDUSTRY, 
3V SIGMA 
Semir Dzendzo 
3V Sigma S.p.A., Bergamo, ITALIA 

13:50-14:10 Lecture 13 ï Predavanje 13 

SISTEM EVIDENCIJE I PRAĹENJA GREĠAKA 
DETEKTOVANIH U TOKU PROIZVODNJE NA 
KARTON MAĠINI 

TRACKING AND EVIDENTING SYSTEM FOR 
ERRORS OCCURRING IN THE CARDBOARD 
PRODUCTION 
Ģarko Sremac, Vasja Bojaniĺ, Irena Sefanoviĺ i 
Danijela Oġap 
Umka Cardboard Mill, Umka SERBIA 

14:10-14:30 Lecture 14 ï Predavanje 14 

WITH CLOSED LOOP COLOR CONTROL TO A 
FASTER START-UP AND SHADE CHANGE 

KONTROLA NANOSA BOJE SA POVRATNOM 
SPREGOM ZA BRĢE DOBIJANJE ODOBRENOG 
OTISKA I BRĢU PROMENU NANOSA BOJE 
Manfred Binder 

X-Rite GmbH, Martinsried, GERMANY 

14:30-14:50 Lecture 15 ï Predavanje 15 

UPRAVLJANJE RIZIKOM ĻELIĻNIH I PLASTIĻNIH 
ĢICA KORIĠĹENIH ZA IZRADU FORMIRAJUĹIH I 
SUĠNIH SITA 

RISK MANAGEMENT OF STEEL AND PLASTIC 
WIRES USED FOR CONSTRUCTION OF 
FORMATED AND DRIED SIEVES 
Nada Bojic1, Ninoslav Stojanovic2 
1 Woven Wire Cloth and Bearings Factory - FASIL 
A.D. Arilje; 2StandCert, Beograd, SERBIA 

14:50-15:10  Lecture 16 ï Predavanje 16 

REINDUSTRIJALIZACIJA KAO STRATEGIJSKA 
OPCIJA OPORAVKA PRIVREDE SRBIJE - SA  
POSEBNIM OSVRTOM NA INDUSTRIJU CELULOZE 
I PAPIRA - 

REINDUSTRIALIZATION AS A STRATEGIC OPTION 
OF SERBIAN ECONOMY RECOVERY - WITH  
A SPECIAL APPROACH TO INDUSTRY OF PULP 
AND PAPER - 
Gordana Kokeza 
University of Belgrade, Faculty of Technology and 
Metallurgy, SERBIA 

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

EFFECT OF DIFFERENT PACKAGING 
CONDITIONS ON SHELF-LIFE OF TRADITIONAL 
FERMENTED SAUSAGE 

UTICAJ RAZLIĻITIH USLOVA PAKOVANJA NA ROK 
TRAJANJA TRADICIONALNE FERMENTISANE 
KOBASICE 

Tanja Ģugiĺ Petroviĺ1, Dragana Stanisavljeviĺ1, 
Predrag Iliĺ1, Dragan Veliļkoviĺ1, Ljiljana Comiĺ2 
1Department of Food Science and Technology, College 
of Agriculture and Food Technology, Prokuplje; 
2Department of Biology and Ecology, Faculty of 
Science, University of Kragujevac, Kragujevac, 
SERBIA 

15:30-15:50 Lecture 18 - Predavanje 18 

UNAPREņENJE UPRAVLJANJA AMBALAĢNIM 
OTPADOM 

ADVANCEMENT OF PACKAGING WASTE 
MANAGEMENT 
Vladimir Paviĺeviĺ, Darko Radosavljeviĺ, Novak 
Kukriĺ 
University of Belgrade, Faculty of Technology and 
Metallurgy, SERBIA 

15:50-16:20 

DISKUSIJA I PAUZA ï DISCUSSION AND BREAK 

 
Thursday, June 21st 
Ļetvrtak, 21. jun 2018. 

08:30 ï 12:00 
Chairman ï Predsedavaju:  
M. Krgoviĺ, ņ. Janaĺkoviĺ, P. Uskokoviĺ 
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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 POĻETNOM I 
ZAVRĠNOM DELU ZONE KONTAKTA SUĠNIH 
CILINDARA 
Juha Leimu 
University of Applied Sciences, Turku, FINLAND 

08:50-09:10 Lecture 20 ï Predavanje 20 

MOGUĹNOSTI ZA POVEĹANJE ENERGETSKE 
EFIKASNOSTI U PARNO-KONDENZACIONOM  
SISTEMU PAPIR MAĠINE 

POSSIBILITIES FOR INCREASING ENERGY 
EFFICIENCY OF PAPER MACHINE STEAM AND 
CONDENSATE SYSTEMS 
Nikola Tanasiĺ1, Mirjana Stameniĺ1, Tomislav 
Simonoviĺ1, Goran Jankes2 
1University of Belgrade, Faculty of Mechanical 
Engineering; 2Inovacioni centar Maġinskog fakulteta u 
Beogradu, Belgrade, SERBIA 

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

REKONSTRUKCIJA PARTIJE PRESA PAPIR 
MAĠINE U FABRICI HARTIJE BEOGRAD U CILJU 
POVEĹANJA KAPACITETA I ĠTEDNJE ENERGIJE 

RECONSTRUCTION OF THE PRESS SECTION OF 
THE PAPER MACHINE IN BELGRADE PAPER MILL 
FOR INCREASING CAPACITY AND ENERGY 
SAVINGS 

Milorad Krgoviĺ1, Milan Markoviĺ2, Mijodrag Milojeviĺ3, 
Ivan Stevanov2, Miloġ Ivanoviĺ2, Bojan Saviĺ2, Tatjana 
Mladenoviĺ2, Marina Krġikapa1 
1Center of pulp, paper, packaging and graphics, , 
University of Belgrade, Faculty of Technology and 
Metallurgy; 2Fabrika hartije BEOGRAD, d.o.o.; 3Kappa 
star group, Belgrade, SERBIA 

09:30-09:50 Lecture 22 ï Predavanje 22 

EFEKTI UGRADNJE HARD NIP KALANDERA 

EFFECTS OF INSTALLING THE HARD NIP 
CALANDER 
Saġa Dobriĺ, Rade Krsmanoviĺ, Staniġa Lukiĺ 
Umka Cardboard Mill, Umka SERBIA 

09:50-10:10 Lecture 23 ï Predavanje 23 

PULP AND PAPER TECHNOLOGY APPLICATIONS 

APLIKACIJE U TEHNOLOGIJI CELULOZE I PAPIRA 
Vassil Valtchev, Matteo Scattolin 
Veolia Water Technologies, Miano, ITALY 

10:10 - 10:30  Lecture 24 ï Predavanje 24 

DEUBLIN FSU PARNE GLAVE SA DELTASINT 
STACIONARNIM SIFONSKIM SISTEMIMA 

DEUBLIN FSU STEAM HEAD WITH 
JOINT/DELTASINT STATIONARY SIPHON SYSTEM 

Milan Jevtiĺ 
Impex ï Technology, Omoljica, SERBIA 

10:30 -10:50 Lecture 25 ï Predavanje 25 

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

POBOLJĠANI RAD I ODRĢAVANJE PUMPI U 
INDUSTRIJI CELULOZE I PAPIRA 
Lukas Wiesegger 
ANDRITZ AG, Graz, AUSTRIA 

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

UNAPREņENJE POSLOVNIH PROCESA U 
INDUSTRIJI PAPIRA, GRAFIKE I AMBALAĢE 
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 
ON SALE 

Biljana Lazareviĺ, Veljko Davidoviĺ 
Casa Forte, consultant company, Belgrade, SERBIA 

11:10 -12:00 

DISKUSIJA I PAUZA ï DISCUSSION AND BREAK 

12:00ï 14:00 

ROUND TABLE ï OKRUGLI STO 

Moderators:  
M. Krgoviĺ, ņ. Janaĺkoviĺ, N. Govedarica, P. 
Uskokoviĺ, V. Valent 

KRATKO PREDSTAVLJANJE SVIH UĻESNIKA 
BRIEF INTRODUCTION OF ALL PARTICIPANTS  

STANJE U CELULOZNO ï PAPIRNOJ, 
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ANALIZ A SEKTORA PROIZVODNJE PA PIRA I PROIZVODA OD 

PAPIRA U SRBIJI 2018. GODINI 

ANALYSIS OF THE PAPER AND PAPER PRODUCT SECTOR 

PRODUCTION IN SERBIA IN YEAR 20 18  

Nataġa Govedarica 

Privredna komora Srbije, Beograd, Srbija 

 

Sektor proizvodnje papira i proizvoda od papira u 2018. godini susreĺe se sa odreĽenim rizicima kao 

ġto su poveĺanje cena elektriļne energije i delovima lanca vrednosti koji su intenzivni potroġaļi energije; 

trģiġni udeo u funkciji fluktuacije  USD, EUR i skandinavske valute, evropski kupci pulpe pritisnuti su izmeĽu 

troġkova u EUR valuti nasuprot konaļnim cenama proizvoda u USD valuti, kao i vaģnosti reciklaģe u papirnoj 

industriji kao celine u svetlu globalne tranzicije energije. 

Analizirajuĺi sektor proizvodnje papira i proizvoda od papira  dolazi se do odreĽenih prednosti, kao ġto 

su rastuĺe potrebe za (karton) ambalaģom, u skladu sa proizvodnjom i skokom aktivnosti e-trgovine, novi 

trģiġni izvori koji proizilaze iz rasta srednje klase na trģiġtima u razvoju, rastuĺa potraģnja za higijenskim 

proizvodima,  ali i slabosti kao ġto su visoka osetljivost na troġkove sirovine (tj. celuloze), prilagodljivost 

suoļavanja sa visokim troġkovima ulaganja kako bi se osigurao buduĺi rast, kao i koriġĺenje plastike u 

konkurenciji sa kartonskim pakovanjima u zavisnosti od potreba trģiġta.  

Proizvodnja papira i proizvoda od papira je u februaru 2018. godine u odnosu na drugi mesec 2017. 

godine porasla 8,8 odsto, dok je u periodu januar-februar 2018. godine zabeleģen rast od 5,6 odsto u poreĽenju 

sa prva dva meseca 2017. godine. U preradi drveta i proizvoda od drveta, u februaru 2018. godine u odnosu 

na drugi mesec 2017. godine zabeleģen je pad od 6,0 odsto, dok je u periodu januar-februar 2018. godine 

registrovan rast od 7,5 odsto u poreĽenju sa prva dva meseca 2017. godine. 

Tabela 1. Indeksi industrijske proizvodnje  
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Ukoliko se posmatra drugi mesec 2018. godine u odnosu na prosek 2017. godine, zalihe su bile veĺe za 

11,5 odsto u preraĽivaļkoj industriji, a u okviru nje veĺe za 7,0 odsto u proizvodnji papira. Cene u proizvodnji 

papira i proizvoda od papira u februaru 2018. godine u odnosu na drugi mesec 2017. godine porasle su 3,2 

odsto, dok su kod prerade drveta i proizvoda od drveta, kao i u proizvodnji nameġtaja opale i to za 3,4 i 2,0 

odsto, respektivno. 

Prema podacima RZS, u 2017. godini, izvoz proizvoda od papira iznosio je 383,8 mln evra, ġto ļini 2,6 

odsto ukupnog izvoza Republike Srbije. U odnosu na 2016. godinu, zabeleģen je rast od 20,4 odsto. U istom 

periodu, uvoz je dostigao 578,8 4 mln evra, ġto ļini 4,9 odsto ukupnog uvoza, te je ostvaren deficit u 

spoljnotrgovinskoj razmeni koji je iznosio 195,0 mln evra, uz pokrivenost uvoza izvozom od 66,3 odsto. 

Tabela 2. Spoljnotrgovinska razmena  u periodu 2013-2017.  
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CELULOZNO -PAPIRNA INDUSTRIJA  U NOVOM  EKONOMSKO -

EKOLOĠKOM  OKRUĢENJU: SVET I  SRBIJA 

PULP AND PAPER INDUSTRY IN NEW  ECONOMIC AND ECOLOGI CAL 

ENVIRONMENT - THE WORLD AND SERBIA  

Petar ņukiĺ 

Tehnoloġko-metalurġki fakultet, Univerzitet u Beogradu, Srbija 

Izvod 

Pretpostavke privrednog razvoja u celom danaġnjem svetu, kao i u naġem regionu i Srbiji sve brģe se 

menjaju. Ukupno okruģenje viġe ne liļi ni na jedno prethodno. Visok nivo konkurentnosti i sniģavanje 

troġkova poslovanja prema sadaġnjim trendovima nemaju alternativu. MeĽutim, ekoloġko okruģenje i 

performanse odrģivosti svakog proizvodnog postupka nemaju alternativu. Materijalna i energetska 

efikasnost, ugljeniļni otisak i druge ekoloġke performanse igraju sve vaģniju ulogu u trasiranju perspektiva 

industrije celuloze i papira. To moģe da bude veliko ograniļenje, ali takoĽe i izazov za strukturne promene 

i nauļno-istraģivaļki razvoj.  

Kljuļne reļi: pretpostavke razvoja, novi oblici konkurentnosti, strukturne promene, zaġtita ģivotne 

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

Abstract 

Suppositions of economic development in today's world, in our region and in Serbia, are in rapid and 

substantial changes. The whole business environment is different than any previous. High level of 

competitiveness and diminishing of production costs have no an alternative approach by today's trends. 

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 of 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 u svetu i neposrednom okruģenju pokazuju sve su intenzivnije i 

kompleksnije. One proistiļu uglavnom iz tehnoloġke sfere, ali se takoĽe generiġu iz prirodno-geografsko-

klimatskih, ekonomsko-politiļkih i kulturnih pretpostavki globalnog ģivota. MeĽu tim promenama ima i 

protivreļnih kretanja i veoma riziļnih pojava, ali se sve to uklapa u  opġtu sliku stanja globalne ekonomije 

koju karakteriġe sledeĺe:  

¶ brze tehnoloġke promene podrģavaju trģiġnu scenu i ļine je sve konkurentnijom. Ko se brzo i efikasno ne 

prilagoĽava globalnim trģiġnim zahtevima i konkurenciji  brzo ĺe morati da napuġta novi konkurentski 

teren; 

¶ uprkos tehnoloġkom globalizmu, na globalnom planu stupaju do sada neoļekivani procesi zatvaranja, 

izolacionizma, atiglobalizma i protekcionizma. MeĽutim, uprkos tim promenama globalna ekonomsko-

tehnoloġka  meĽuzavisnost  ostaje kao dugoroļni zakon danaġnjeg globalnog poretka;  

¶ ubrzanje klimatskih promena ļini globalnu privredu ekoloġki veoma senzitivnom u pogledu strogih 

ekoloġkih zahteva koji se tiļu uticaja na ģivotnu sredinu i neobnovljive resurse; 

¶ prirodni resursi poput vode, mora i okeana, obradivog zemljiġta, ġuma, prostora, postaju sve znaļajniji 

za dugoroļni razvoj kao podsticaj ili razvojno ograniļenje;   

¶ svet postaje sve riziļniji, lepeza globalnih rizika raste, uz pretnju da rizici klimatskih promena dobiju 

izrazite ekonomsko-politiļke pa i  vojno-strateġke konsekvence. 
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1. SVET GLOBALNE KON KURENTNOSTI I NEIZVE SNIH RIZIKA  

To ġto se ove 2018. godine oļekuje najviġa stopa rasta svetske ekonomije (3,7%) nakon viġe od jedne 

decenije ne znaļi da su se ustalile visoke stope rasta i da viġe nema opasnosti od recesije. Ona se na globalnom 

planu uskoro verovatno neĺe pojaviti1, ali bi lako moglo doĺi do usporavanja ili ļak pada ekonomske 

aktivnosti u pojedinim regijama usled najrazliļitijih razloga i rizika, kao ġto su regionalne ili lokalne politiļke 

turbulencije, prirodne katastrofe, socijalni potresi, novi talasi migracija ili terorizma. U trenutku nastanka 

ovog rada funkcioniġu ratno ģariġte u Siriji, prethodno Ukrajina, tursko-grļki odnosi, vreli Balkan. Ova 

interesna igra tiļe se ekonomije i politike, kao i tehnoloġkog razvoja i industrija najveĺeg dela zemalja u 

naġem regionu. Iako ni jedna geostrateġka analiza ne moģe da prenebregne te ļinjenice, sve promene  i procesi 

koji se tiļu savremenih industrija ne mogu se staviti pod jedan geopolitiļki imenitelj. Naime, globalna 

ekonomsko-tehnoloġka kretanja govore o tome da se stvari ne mogu pomeriti sa mrtve taļke ukoliko se ne 

vodi proaktivna industrijska politika.  

1.1. Imperativ i evolucija konkurentnosti  

Otkako je (2005) Svetski ekonomski forum (WEF) poļeo da analizira, prati, rangira i promoviġe tzv. 

globalnu nacionalnu konkurentnost, ne prestaje interesovanje za ovaj sintetiļki i u velikoj meri veġtaļki 

pojam koji sadrģi priliļno ġirok "set mera, karakteristika i pretpostavki za ostvarenje rasta u dugom roku" 

(ņukiĺ 2008). Svake godine u izveġtaju (WEF) objavljuje se Globalni indeks konkurentnosti (GCI) na osnovu 

rangiranih kompozitnih indeksa, po osnovu 12 stubova konkurentnosti organizovanih u tri grupe. Prvu grupu 

ļine tzv. Osnovni zahtevi koji ukljuļuju stubove (1) Institucije, (2) Infrastrukturu, (3) Makroekonomsku 

stabilnost, (4) Zdravstvo i primarno obrazovanje. Drugu grupu ļine tzv. Faktori poveĺanja efikasnosti, 

odnosno stubovi: (5) Visoko obrazovanje i obuka, (6) Efikasnost trģiġta dobara, (7) Efikasnost trģiġta rada, 

(8) Razvijenost finansijskog trģiġta, (9) Tehnoloġka spremnost i (10) Veliļina trģiġta. Treĺu grupu 

predstavljaju Faktori inovativnosti i sofisticiranosti, ukupno dva stuba, (11) Sofisticiranost poslovanja i (12) 

Inovacije. (ņukiĺ, 2008, str. 215-23).  

Svi faktori konkurentnosti ne potiļu iz ekonomske sfere, ali se od 12 prvobitnih stubova konkurentnosti 

svi su i dalje u igri. Nacionalne privrede se nesmanjenom ģestinom trude da poveĺavaju efikasnost i 

efektivnost proizvodnje, u stalnom nastojanju da smanje utroġak materijala i energije po jedinici proizvoda 

kao i ugljeniļni intenzitet. Pri tome investicije i zapoġljavanje postaju u sve veĺoj meri "zeleni" a mnoge 

zemlje razvijaju razne tehnike kako bi se ostvarile model tzv. cirkularne ekonomije. Sve to upuĺuje na jedan 

do sada neviĽen kompleks delom protivreļnih zahteva koji se stavljaju pred uļesnike na trģiġtu i u vezi sa 

njim. Kako izaĺi na kraj sa svim tim zahtevima i oļekivanjima? 

Tabela 1. Rang zemalja prema Indeksu globalne konkurentnosti (2007-2017.) 

  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 n.a. *  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 razliļitih dokumenata GCI WEF.  

*Usled nemoguĺnosti za prikupljanja podataka, izostavljene su vrednosti za BiH 2014. kao i za Makedoniju 2017. 

                                                      
1 Stopa rasta ostvarena 2017. oko 3,5% joġ uvek nije na "istorijskom nivou", ali je perspektivno obeĺavajuĺa. 

(WEC). Izuzetno se moģe desiti nova globalna finansijska kriza (da svetske berze krenu sve na dole) ukoliko bi se 

ostvario veliki finansijski potres usled udara kriptovaluta, posebno bitkoina. Tako neġto najvili su struļnjaci za globalne 

finansije, krajem aprila 2018.   
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Radi pojaġnjenja uporedivih podataka za ovu priliku treba navesti da je rangiranje napravljeno na osnovu 

svih podataka sintetiļkim rangom koji pokazuje niģi broj ukoliko je zemlja konkurentnija i obrnuto. Inaļe na 

globalnoj tabeli veĺ nekoliko godina zaredom vodi Ġvajcarska, iza koje sledi Singapur, a treĺe mesto trenutno 

zauzimaju SAD. Izveġtaj za ovaj period obuhvatao je razliļit broj zemalja, najmanje za 2007. (131);  najviġe 

za 2012. (148).  

Pregled srednjoroļnih tokova i ocena globalne konkurentnosti pokazuje da se relativna pozicija Srbije 

od 2007. do 2013. pogorġavala (pad sa 91. na 101. mesto - tabela 1.) da bi kasnije lagano napredovala. Sada 

Srbija od ukupno od 137 rangiranih zemalja zauzima generalno 78. poziciju. MeĽutim, to je priliļno slaba 

uteha, s obzirom na ļinjenicu da su Srbija i Crna Gora zajedno joġ 2007. godine veĺ bile na toj globalnoj 

poziciji.  Relevantan primer je poloģaj Albanije koja je se nalazila na 109. mestu poļetkom perioda (2007) 

da bi napravila napredak za viġe od 30 mesta, dospevġi danas na 75. mesto, jedno iznad Srbije. U 

neposrednom okruģenju jedino Bosna i Hercegovina ima permanentno slabije pokazatelje globalne 

konkurentnosti nego Srbija.  

U Srbiji kriza je samo uļinila oļiglednim hroniļne makro i mikro ekonomske protivreļnosti: od rasta 

zasnovanog na neodrģivoj potroġnji i prilivu neponovljivih sredstava od stranih investicija i privatizacije, do 

enormnog porasta javnog duga. Najviġe ipak brine ļinjenica da su najslabije ocenjeni stubovi konkurentnosti 

za Srbiju po tradiciji one dugoroļne determinante kao ġto su: institucije, infrastruktura, uloga trģiġta rada i 

trģiġta dobara. Zaļarani krug ekonomskih pretpostavki  glasi: nizak dohodak - loġe institucije - neefikasnost 

trģiġta dobara i trģiġta rada - nedovoljan endogeni tehnoloġki napredak - niska poslovna i radna kultura  - joġ 

slabije institucije ï i dalje nizak dohodak. 

1.2. Konkurentnost privrede Srbije u kratkom roku  

Kratkoroļni pokazatelji za protekle dve godine  pokazuju da se gotovo svi pokazatelji stanja 

konkurentnosti Srbije, po "stubovima" lagano popravljaju posebno makroekonomsko okruģenje, obim trģiġta 

kao i efikasnost trģiġta dobara (slika 1).  To je dobar, ali nedovoljno upotrebljiv signal za ostvarene i poģeljne 

promene. Izuzetak je samo stanje sofisticiranosti poslovanja - pokazatelj istovetan za dve protekle godine.  

 

Slika 1. Pokazatelji globalne konkurentnosti za Srbiju, od ukupno 137 rangiranih zemalja na osnovu 

godiġnjih izveġtaja WEF za 2015/16 i za 2017/18 (Izvor: WEC GCI za 2016/17 i za 2017/18, pristup 31. 

mart 2018.) 

Treba imati u vidu da svih 12 stubova konkurentnosti ne donose isti broj poena u vrednovanju zbira 

konkurentnosti iz razloga ġto se Srbija svrstava u zemlje srednje razvijenosti prema vrednosti BDP po 

stanovniku. Kljuļni pokretaļi njene konkurentnosti su stubovi iz grupacije I: Ăfaktori poveĺanja efikasnostiñ.  

Pri obraļunu ukupne vrednosti indeksa globalne konkurentnosti, ovi osnovni zahtevi uļestvuju sa 40%, 

faktori poveĺanja efikasnosti (II  grupa sa 50%) dok faktori "inovativnosti i sofisticiranosti" uļestvuju  sa 10% 

u ukupnom indeksu (Tanaskoviĺ, Ristiĺ, 2018, str. 1).   

1.3. Zahtevi iz tehnoloġke sfere: konkurencija i konkurentnost  

Globalni ekonomski i tehnoloġki poredak uļinio je da svet postane globalan: celovit, nedeljiv, 

meĽuzavisan, skoro po svim dimenzijama. Protiv takve izvorne globalizacije (pre svega tehnoloġke) 
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verovatno neĺe biti uspeġan ni jedan tip savremenog protekcionistiļkog antiglobalizma, ekstremizma ili 

nacionalizma, ļije je Ăpovampirenjeñ danas prisutno ġirom sveta (ņukiĺ 2017).  Na to ukazuje i ļinjenica da 

zemlje sve viġe teģe da budu rangirane po nekom kriterijumu na manje ili viġe uspeġne i spremne za 

meĽunarodnu trģiġnu utakmicu ï konkurenciju. Zbog nesporazuma oko korena reļi veoma je bitno razlikovati 

ove dve samo naizgled sliļne kategorije.  Konkurencija je po definiciji borba dva ili viġe rivala oko istih 

ciljeva. Takva borba je dobrodoġla jer pogoduje ekonomskoj efikasnosti, interesima potroġaļa i tehnoloġkom 

progresu. Zato se teģi obezbeĽenju uslova za konkurenciju: trģiġte, slobode, kao i institucije zaġtite sloboda i 

odrģivih pravila igre. Podsticanjem konkurencije obezbeĽuju se  konkurentni uslovi, kako bi uļesnici 

konkurencije postali spremniji za nastup na domaĺem i meĽunarodnom trģiġtu  (ņukiĺ  2009).  

Pojednostavljeno reļeno, konkurencija je utakmica, a konkurentnost je stanje, odnosno rezultat konkurencije. 

Konkurentan je onaj uļesnik, takmac koji je na viġem mestu na takmiļarskoj Ătabeliñ i koji ima pretpostavke 

za opstanak i razvoj na trģiġtu u duģem roku. Konkurentna u celini je ona ekonomija koja je pripremljena za 

meĽunarodnu utakmicu.  

Uslov meĽunarodne konkurentnosti je unutraġnja konkurentnost, odnosno proces slobodne 

konkurencije, koji se proteģe sa ekonomskog na politiļki teren (preko slobode izbora) i sa posebnim akcentom 

na tehnoloġku sadrģinu. Naime, bez tehnoloġki konkurentne ekonomije, nema nikakve druge suġtinske 

konkurentnosti. Sreĺna okolnost je "princip prelivanja tehnologije", odnosno svojstvo ġirenja pozitivnog 

uticaja novih tehnologija ļiji  se uticaji rasprostiru svetom mnogo brģe nego ġto ljudi oļekuju. Jedna od 

osnovnih pretpostavki tehnoloġke konkurentnosti je preduzetniļka orijentacija privredne i industrijske 

politike, pri ļemu se oslobaĽa ona ļuvena Ġumpeterova "kreativna destrukcija"2, kategorija koja je prvi put 

u literaturi pomenuta 1944. a koju i danas kao zahtev globalne konkurentnosti podvlaļi Svetski ekonomski 

forum (WEF 2018, p. 3).  

1.4. Zahtevi inkluzivne odrģivosti  

Na ovom mestu neophodno je skrenuti paģnju na promene koje su uoļljive u najnovijim izveġtajima 

Svetskog ekonomskog foruma. Reļ je nove bitne ļinjenice koje danas oblikuju globalnu konkurentnost ali 

istovremeno postaju novi izazov za svet u celini:  

¶ velike disproporcije u opġtoj preraspodeli koristi od globalnog ekonomskog napretka (porast dohodne i 

drugih nejednakosti, posebno u naprednim ekonomijama). To znaļi da sve zemlje nemaju vidljivo 

poboljġanje od progresa;  

¶ poveĺanja intenziteta ekoloġke degradacije i preterane upotrebe prirodnih resursa, uprkos globalnim 

inicijativama i akcijama za klimu i oļuvanje prirode;  

Sve to ostavlja utisak da industrijska i razvojna politika, poslednjih decenija u veĺini zemalja nije sluģila 

graĽanima niti druġtvu u celini, veĺ odabranim subjektima, delovima druġtva i poslovnog sveta.  

Ġta to sve moģe da uslovljava? Na to pitanje WEF odgovara da su pre svega u pitanju tehnoloġki progres 

koji proizvodi diskontinuitet, tako da je buduĺnost veoma neizvesna. Najveĺi izazov ekonomskog rasta je 

motiv da sluģi ljudskoj i druġtvenoj dobrobiti, pre svega humanoj i ekoloġkoj. To podrazumeva napredak 

obrazovanja, javnog zdravlja, kulture, prevenciju socijalne patologije,  viġi nivo sigurnosti ljudi, smanjenje 

siromaġtva, kao i ekoloġka odrģivost, a da pri tome obezbeĽuje viġi realni dohodak i podiģe ģivotni standard. 

To ni u kom sluļaju nije lak zadatak, ļak ni za analizu i merenje. Ipak, napredak metodologije omoguĺava 

da se u svetlu analize konkurentnosti i odrģivog privrednog razvoja danas moģe procenjivati ļiji je ekonomski 

rast i privredni razvoj u veĺoj meri odrģiv. U tom smislu definisan je dodatni kompozitni pokazatelj 

odrģivosti, koji je u svetlu novih analiza Svetskog ekonomskog foruma nazvan indeksom inkluzivnog razvoja 

(IDI).  

U izveġtaju 2017. u pokuġaju da se definiġe indeks inkluzivnog razvoja uvedene su analitiļke kategorije 

multidimenzionalnog razvoja, koji podrazumeva ne samo rast BDP, veĺ i udeo srednjeg dohotka 

domaĺinstava, prevencija siromaġtva i ekstremne nejednakosti, meĽugeneracijsku pravdu i odnos prema 

                                                      
2 "Kreativna destrukcija" je sintagma  koju je Jozef Ġumpeter skovao i prvi upotrebio u knjizi "Kapitalizam, 

socijalizam, demokratija", naglaġavajuĺi razliku izmeĽu menadģmenta, kao veġtine uspeġne organizacije; i 

preduzetniġtva pod kojim je podrazumevao inovativni i ponekad "ruġilaļki" poriv preduzetnika  koji teģi da "menja 

prevrĺe, dezorganizuje" ali pri tome uvek uvodi inovacije bez kojih nema ni ekonomskoh napretka, odnosno strukturnih 

promena. Ovu sintagmu  je kasnije dalje uspeġno primenjivao ameriļki teoritiļer nemaļkog porekla Peter Drucker, u 

knjigama "Inovacije i preduzetniġto-praksa i principi" (naġ prevod, Privredni pregled, Beograd 1993), kao i knjiga " 

Postkapitalistiļko druġtvo" (Grmeļ - Privredni pregled, Beograd 1996). 
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mladima, oduzimanje neto gubitaka od zagaĽenja ili iscrpljivanja prirodnih resursa, demografska odrģivost, 

tokovi prirodnog i humanog kapitala, kretanje javnog duga, kao i ugljeniļni otisak. Takva nova kompozitna 

analiza konkurentnosti pokazala je da su pojedine ekonomije znatno uspeġnije u ostvarenom IDI  nego prema 

ostvarenom GDP per capita (Kambodģa, Ļeġka, Novi Zeland, Republika Koreja, Vijetnam) dok su druge 

zemlje koje su pokazivale viġi GDP per capita, u ovoj analizi pokazale daleko niģi IDI (Irska, Japan, Juģna 

Afrika, Meksiko i dr.)  

Ġta je neophodno da bi se popravila konkurentnost, kao i inkuzivna odrģivost danaġnjih privreda? Prema 

preporuci WEF to je "paralelni rad svih faktora" u okviru svih stubova konkurentnosti, i to tako ġto bi se 

ostvarila daleko bolja saradnja donosilaca politiļkih odluka, privatnih kompanija i biznis lidera, akademske 

zajednice, kao i svih socijalnih aktera. (WEF 2017). Ovo izgleda nemoguĺe, ali samo u varijanti u kojoj se 

ne poznaje ili ne priznaje antiļki  princip sinergije, kao i kategorija Ădruġtvene odgovornostiñ. Mada ima 

ekstremno liberalnih autora koji poriļu bilo kakvu opġtu odgovornost biznisa, izuzev ostvarivanjea profita, 

iskustva ġirom sveta govore drugaļije3. Preostaje i da se princip druġtvene odgovornosti proġiri sa poslovne 

sfere, na sferu rada, nauļnih istraģivanja, kulture, sporta i zdravlja, turizama, poljoprivrede. Smatramo da 

period ġireg prodora druġtvene odgovornosti, kao i ġire primene pokazatelja inkluzivnog (odrģivog)  razvoja 

nije daleko pred nama.  

2. PROIZVODNJA PAPIRA I CELULO ZE 

2.1. Podsticaji globalne ekonomske aktivnosti  

Pored kljuļnih odrednica opġteg ekonomskog karaktera na koje je veĺ skrenuta paģnja na ovom skupu 

prethodnih godina, a umesto ponavljanja teze da je u danaġnjem svetu sve priliļno neizvesno pa i intenzitet i 

trajanje sadaġnje skromne konjukture, valja naglasiti neġto ġto bi moglo da bude od znaļaja kao opġta 

determinanta ekonomskih i tehnoloġkih tokova.  

 

Slika 2. Srednjoroļni tokovi ekonomske aktivnosti zemalja u regionu sa projekcijama Svetske banke do 

2015-2020.  

Svetska ekonomija po definiciji mora imati niģe stope rasta u vremenu konjukture u odnosu na male 

ekonomije, pogotovo one zaostale u pogledu rasta usled slabo izvedenih reformi i neprilagoĽenosti, kakve su 

                                                      
3 Moģda je najbolji primer za gotovo fantastiļan projekta koji se realizuje u okviru centra za multidisciplinarne 

studije BU, veĺ nekoliko godina. Reļ je o uzgajanju modrozelenih algi koje u odreĽenim okolnostima mogu da 

proizvedu disproporcionalne koliļine masti kao potencijalnog obnovljivog biogoriva, kojim bi se cena biodizela mogla 

smanjiti ļak za 20%. Sponzor onog domaĺeg nauļnog "zelenog" projekta je ovde zloglasna vojno-politiļka alijansa 

NATO. Coca Cola je takoĽe nosilac brojnih ekoloġkih inicijativa pa i finansijer projekta  "Zaġtita gornjeg Podunavlja" 

kojim je u Srbiji ostvareno joġ jedno retko podruļje biosfere.  

Srbija Hrvatska BiH Makedonija Crna Gora Albanija Bugarska

2015 0.8 2.3 3 3.8 3.4 2.2 3.6

2016 2.8 3.2 3.1 2.4 2.9 3.4 3.9

2017 1.9 3 3 1.5 4.2 3.8 3.8

2018 3 2.6 2.2 3.2 2.6 3.6 3.9

2019 3.2 2.8 3.4 3.9 2.8 3.5 4

2020 3.5 3 3.5 3.3 2.3 3.5 3.9

Prosek 2.53 2.88 3.03 3.01 3.03 3.33 3.85
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privrede balkanskih zemalja.  Na grafikonu sa slike 2. moģe se primetiti da su proseļne stope rasta za period 

2015-2010 svih prikazanih balkanskih zemalja izuzev Bugarske niģe u odnosu na globalni rast, ġto je veoma 

zabrinjavajuĺe, pogotovo imajuĺi u vidu prethodno stanje, nasleĽa i uruġavanja ekonomske strukture. Srbija 

i Hrvatska ĺe za ceo ġestogodiġnji period imati najniģe stope rasta, dok ĺe Albanija, ne raļunajuĺi Bugarsku 

biti rekorder, sa takoĽe skromnom proseļnom stopom rasta od 3,3%. Udeo gotovo svih ovih zemalja u 

svetskoj ekonomiji, izuzev Albanije se smanjuje se ļak dugoroļno gledajuĺi. Prema podacima Svetske banke 

udeo Srbije i Hrvatske se u svetskom BDP pao je sa oko 1 promila poļetkom XXI veka na 0,9 promila 2015 

(ņukiĺ 2017 b).  

2.3. Industrija celuloze i papira  

Industrija celuloze i papira u svetu i Srbiji tesno je meĽusobno povezana, kako u smislu tehnoloġke 

meĽuzavisnosti tako i usled uslovljenosti generalnom traģnjom novih proizvoda na svetskom ni regionalnom 

nivou. Ne moģe se oļekivati napredak bilo koje nacionalna pa i regionalne industrije bez napretka u ġirem 

regionu ili u okruģenju.  Konfederacija evropske papirne industrije (CEPI) pokazuje da su njene ļlanice 

neprekidno od 2010. do 2017. poveĺavale proizvodnju za 1,5% godiġnje, kao i da je proizvodnja 2017. 

iznosila oko 92 miliona tona.  Svetska proizvodnja ostaje visoka sa oko 420 miliona tona godiġnje, u Japanu 

i SAD proizvodnja je stabilna, dok je u Kanadi, Juģnoj Koreji i Indiji cikliļno smanjena. Kineska proizvodnja 

rapidno raste ļak 4,7% u 2017. i oko 2,9% prethodne godine, dok Brazil i Rusija beleģe snaģan rast. (CEPI 

2017).  

Imajuĺi u vidu izglede za konjukturu u srednjem roku, moglo bi se (sa oprezom) pretpostaviti da za ovaj 

industrijski sektor sledi relativno povoljna perspektiva i za naredno petogodiġte.  

3. INDUSTRIJA SRBIJE: KRATKOROĻNI TRENDOVI I PERSPEKTIVE ICP  

Godine 2008. godine BDP u Srbiji bio je kumulativno uveĺan za 47%, a industrijska proizvodnja za 

17% u odnosu na 2000.  MeĽutim, BDP Srbije je samo za 2% veĺi (indeks 149,6) dok je industrijska 

proizvodnja joġ uvek za polovinu procenta niģa u odnosu na 2008. PoreĽenje danaġnje ekonomske aktivnosti 

Srbije sa stanjem maksimalne (davne 1986.)  joġ u vreme bivġe SFRJ daje veoma deprimirajuĺu sliku. 

Sadaġnja nivo uporedivog BDP, iznosi svega ko 71% u odnosu na onaj od pre tri decenije, dok je industrijska 

proizvodnja joġ uvek na polovini prethodno postignutog maksimuma u vreme socijalizma.  

Razume se da su ovi podaci nedovoljno kvalitativno uporedivi, usled restrukturiranja ekonomske 

aktivnosti do koje je doġlo u ļitavom svetu. "Dematerijalizacija" proizvodnje donela je daleko veĺe uļeġĺe i 

brģi rast sektora usluga u odnosu na tradicionalno shvaĺenu industriju. Od danaġnje industrije moglo bi se 

oļekivati da se u modernizovanim uslovima posmatra i deluje objedinjeno sa IT sektorom, nauļno-

istraģivaļkom delatnoġĺu, inovativnim poslovima koji donose ogromne i brze, mada nedovoljno izvesne 

rezultate. U srednjem i dugom roku posmatrano, industrija Srbije se joġ "podiģe iz pepela". U tom smislu, 

stanje se nije bitno promenilo ni u ocenu potpisnika ovog teksta iz prethodnih godina savetovanja CPAG 

(ņukiĺ 2017a). Pojednostavljena konstatacija govori da je u kritiļnim momentima (raspad trģiġta, sankcije, 

hiperinflacija, tranziciono prestrojavanje, svetska kriza) industrija  Srbije u veĺim problemima, izloģena 

veĺim oġteĺenjima i drastiļnijoj kontrakciji, kao i da u sluļaju konjukture doģivljava niġe stope rasta u odnosu 

na ulaznu ekonomsku aktivnost.  

Za naġe potrebe valja analizirati stanje preraĽivaļke industrije u odnosu na ostale sektore kao i posebno 

granu statistiļke oblasti 17. Ăproizvodnja, papira i proizvoda od papirañ.  
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Slika 3.  Dugoroļna makroekonomska  kretanja u Srbiji (BDP i industrrijska proizvodnja,  (2000=100) 

 

Slika 4.  Bazni indeksi indusrijske proizvodnje, preraĽivaļke industrije i proizvodnje papira i proizvoda od 

papira tokom 2017 (2015=100). Izvor ZZS 

Domaĺa celulozno-papirna industrija, sudeĺi po obimu proizvodnje od papira i proizvoda od papira, deli 

sudbinu ostale preraĽivaļke industrije, pa i industrije uopġte (Slika 4). Ako se kao bazni indeks izme prosek 

iz 2015, onda je proseļni indeks proizvodnje papira i proizvoda od papira za 0,6 indeksnih poena veĺi od 

preĽivaļke industrije i za skoro 2 indeksna poena od indeksa industrije u celini.  

4. ZAKLJUĻCI: INDUSTRIJE PAPIRA PRED IZA ZOVIMA SVE BRĢIH 

PROMENA NOVOG TEHNOLOĠKOG DOBA 

Zvaniļne vrednosti uvoza i izvoza pokazuju da je sadaġnja pokrivenost vrednosti uvoza ukupnom 

vrednoġĺu izvoza dostigla rekord od 85%, ġto je dobar trend za buduĺnost, ali sa veoma neizvesnim 

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

poveĺava iz godine u godinu, da bi proġle 2017. dostigao 2,4 milijarde evra. To je samo relativno dobra vest, 

ali je u pogledu kvaliteta tih investicija, kao i troġkova rada odnosno cene podrġke ulog za te investicije 

priliļno upitan. Podsticaji stranih investitora koji se orijentiġu prema bilo kom radnom mestu, pokazuju da je 

sklonost ka zapoġljavanju kadrova za "motanje kablova" kako se to najļeġĺe metaforiļki prikazuje veoma 

snaģan motiv za ulaganje. Ġta viġe nisko-tehnoloġki rad sa priliļno teġkim uslovima. 
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Poznato je da je Evropa stari kontinent sa svim posledicama svoje vremeġnosti, pa i onim ekoloġkom. 

Evropa danas nema dovoljno prostora, mineralnih izvora, vode i ļistog vazduha, ġuma i drugih ekosistema. 

Ġumovitost Evrope je oko 27%, dok je za dobru razmenu i strukturu vazduha neophodno oko 40%. Pri tome 

treba imati u vidu da se ipak danaġnje stanje poboljġava. Uprkos degradaciji koja potiļe od poljoprivrede, 

industrije, saobraĺaja, infrastrukture, posebno gradnje, izmeĽu 2005 i 2015 evropske ġume su se poveĺale za 

oko 44000 km2 ġto je povrġina jedne Ġvajcarske. To znaļi da svake godine povrġina pod ġumama poveĺavana 

za oko 1500 fudbalskih stadiona. To je dobra vest.  

Stanje industrije celuloze i papira u svetu danas je pred ustaljenim i poznatim zadacima koji se tiļu 

odrģivosti u integralnom smislu. Svi projekti moraju da izdrģe test ekonomiļnosti, zelene odrģivosti i 

inkluzivnosti u socijalnom i humanom smislu. Svetski ekonomski forum definisao je novi indeks razvojne 

inkluzivnosti. Priliļno je izvesno da ĺe taj indeks uskoro biti dominantan u prikazivanju referentnih 

konkurentskih prednosti nacionalnih i regionalnih ekonomija.  

Evropska industrija papira prezentovala je revidiranu verziju svoje strategije 2050 Roadmap. U njoj je 

trasiran put kojim bi se obezbedile investicije za smanjenje emisije ugljeniļnih jedinjenja ļak za 80%. Uz 

kreiranje 50% veĺe dopdate vrednosti. To podrazumeva ļak 44 milijarde evra dodatnih ulaganja ġto je 

poveĺanja za 40% u odnosu na sadaġnji nivo. Sve to u cilju transformacije industrije Evrope koka bi vodila 

ka niskougljeniļnoj bioekonomiji do 2050. (CEDU 2018)  

Srbija i njeno danaġnje ekonomsko i tehnoloġko okruģenje najteġnje su povezani sa praskom Evropske 

unije. Industrije u nas najveĺim delom vuku tradiciju najteġnje tehnoloġke saradnje sa Nemaļkom i Italijom. 

Tako je i sa industrijom papira, pakovanja i celuloze, koja je pod posebnom je prismotrom kao korisnik 

prirodnih resursa.Godine 2014. Austrija, Danska, Belgija, Nemaļka, Holandija i Ġvedska saopġtile su da viġe 

nemaju odlaganje otpada na deponijama, dok Kipar, Hrvatska, Grļka, Litvanija i Malta joġ uvek deponuju 

viġe od tri ļetvrtine svog komunalnog otpada. Mada je upravljanje otpadom znatno unapreĽeno u EU 

poslednjih decenija, joġ uvek manje od polovine se reciklira ili kompostira, uz velike razlike drģava 

ļlanicama. 

Planovi su priliļno ambiciozni. Nema sumnje da EU predvodi u u akciji za klimu i u svim merama 

oļuvanja resursa i prirodnog okruģenja. Njene strategije imaju sasvim konkretnu sadrģinu koja se tiļe 

ekonomije, tehnoloġkih reġenja, zakona, kulture. Odrģivi razvoj ĺe, bez sumnje kao koncept dobijati nove 

sadrģaje. Njegove kljuļne naznake danas su prepoznatljive u formuli inkluzivnog, pametnog i zelenog rasta, 

ġto ĺe reĺi (ekoloġki) usaglaġenih tehnologija, tzv. "zelenih" radnih mesta, kao i socijalno uravnoteģenog 

(inkluzivnog) privrednog razvoja. Mada joġ uvek nema dovoljno saglasnosti o tome ġta sve podrazumeva 

odrģivi razvoj, posebno kada je reļ o njegovoj ekoloġkoj komponenti, odrģivost kao pojam prisutan je u svim 

sektorskim politikama. Tako ĺe i odrģiva energetika, posebno energetska efikasnost, novi (zeleni) materijali 

i zelena infrastruktura obeleģiti decenije koje dolaze.  

Regionalna papirna i celulozna industrija pokazuju izvesnu vitalnost koja je na dobrom putu da zadobije 

povoljnije mesto. Verovatno najveĺi konkurentski nedostatak svih naġih industrija je ekonomija obima, 

taļnije reļeno nedovoljna ukrupnjenost proizvodnih kapaciteta i isporuka, male serije za ograniļena trģiġta. 

To je istovremeno i hendikep za tehnoloġke inovacije koje bi se morale orijentisati ka daleko veĺim i 

finansijski znaļajnijim projektima. Balkan u celini nije baġ malo ekonomsko podruļje niti trģiġte jer 

objedinjuje bar 50 miliona potroġaļa. To je zavidan potencijal za kooperaciju koja bi donela nova reġenja i 

standarde, kako ekonomske tako i one ekoloġke, koji se tiļu vitalnosti sektora na dugi rok.  
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Abstract 

Nowadays, the biomass in world usage is undervalued and used mostly for energy recovery. Through 

the cascading use of the biomass with modern technologies, new range of bio-based 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, processed from the 

biomass, or by using advanced technologies. One of the promising 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 

properties. 

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 danaġnje vreme primena biomase u svetu je potcenjena i ona se uglavnom koristi za dobijanje 

energije. Kaskadnom primenom biomase sa modernim tehnologijama mogu se dobiti novi bio-proizvodi, 

koji se, zatim, mogu koristiti za proizvodnju papira. 

Program Cel.Cycle fokusiran je na razvoj celuloznih vlaknastih materijala sa novim funkcinalnostima, 

koje se mogu dobiti procesiranjem iz biomase sa ekoloġki prihvatljivim aditivima, ili naprednim 

tehnologijama. Jedan od obeĺavajuĺih materijala za prozvodnju papira je nanoceluloza, dobijena od 

razliļitih lignoceluloznih biomasa. Dodatak nanoceluloze utiļe na barijerna i mehaniļka svojstva papira i 

kartona i, dalje, na njihovu pogodnost za ġtampanje. 

Ovo istraģivanje fokusirano je na primenu raznih vrsta nanoceluloze u suspenziji vlakana i na njihov 

uticaj na mehaniļka svojstva papira. 

Kljuļne reļi: nanoceluloza, papir, mehaniļka svojstva 

1. INTRODUCTION  

Chemical structure of wood is very complex. It is composed of cellulose, hemicellulose and lignin, 

which present around 80% of wood biomass. Cellulose is one of the most plentiful polymers on the planet. 

The basic repeat unit contains two anhydroglucose rings joined via the ɓ-1,4 glycosidic linkage. Furthermore, 

30ï40% cellulose polymer chains aggregate into microfibrils (also referred to as elementary fibrils). Within 

each of these microfibrils, there are regions, where the cellulose chains are arranged in highly ordered 

structures (crystalline), and regions that are disordered (amorphous) [1]. 

Research on micro/nano fibrillated cellulose and nanocrystalline cellulose 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 

paper industry 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 National Institute of Chemistry) obtained from 

Slovenian biomass as an additive in papermaking to improve mechanical properties of the paper.  
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2. EXPERIMENTAL  

Production of nanocrystalline cellulose 

 

Figure 1: Production of nanocrystalline cellulose, prepared at National 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 the paper with different amount of 

commercial or Slovenian produced nanocellulose. 

Research was divided in to four parts:  

¶ laboratory sheets made from fibers with different amount of  commercial nanocellulose 

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

¶ laboratory sheets made from fibers with different amount of Slovenian nanocellulose and filler  

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

3% of nanocellulose 

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 Biorefiners (NCC-BGB) and nanofibrillated 

cellulose from Paperlogic (NFC-515). 

In fiber suspension (eucalyptus/conifers in ratio 80/20, milled to SR 30Á), 1%, 3% and 5% of NFC-515 

and NCC-BGB was added together with cationic retention agent Percol 3035 (0,1%)  from Allied Solutions. 

Mechanical and optical properties were measured on laboratory sheets. 

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

filler  

The goal of the second research was also to improve mechanical properties of the paper with addition 

amount of commercial nanocrystalline and nanofibrillated cellulose.  

In fiber suspension (eucalyptus/conifers in ratio 80/20, milled to SR 30Á), 1%, 3% and 5% of NFC-515, 

NCC-BGB was added together with 20% of calcium carbonate as filler, amount of cationic retention agent 

(0,05%) and anionic retention agent Hydrobent WX-M (0,5%) from Allied Solutions. Mechanical and optical 

properties were measured on laboratory sheets. 
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Laboratory sheets made from fibers with amount of Slovenian 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 Chemistry (NCC-KI) and 

nanofibrillated cellulose, isolated at University of Ljubljana, Biotechnical Faculty (NFC-BF).  

In fiber suspension (eucalyptus/conifers in ratio 80/20, milled at SR 30Á), 1%, 3% and 5% of NFC-BF, 

NCC-KI was added together with 20% of calcium carbonate, amount of cationic retention agent (0,05%) and 

anionic retention agent (0,5%). Mechanical and optical properties were measured on laboratory sheets. 

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

suspension 

This goal of this research was 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 suspension (eucalyptus/conifers in ratio 80/20, milled at SR 30Á), 3% NCC-BGB 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 properties were measured on 

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 NCC-BGB 

 

Addition of NFC-515 results in higher whiteness prepared from fibers with amount of 1%, 3% and 5% 

meanwhile addition of NCC-BGB-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 optical properties of laboratory sheets, prepared with different amount of 

NFC-515 and NCC-BGB 

 

Results shows better mechanical properties when adding minimum amount of NFC-515. The opacity of 

laboratory sheets was lower compared to reference sample. Addition of NCC-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  

 

Figure 4: Optical properties of laboratory sheets, prepared with different amount of NFC-BF and NCC-KI 

 



J. Juhant Grkman et al.: NANOCELLULOSE IN PAPERMAKING 29 

 

 

Figure 5a: Ash content of laboratory sheets, prepared with different amount of NFC-BF and NCC-KI 

 

 

Figure 5b: Mechanical properties of laboratory sheets, prepared with different amount of NFC-BF and 

NCC-KI 
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Figure 5c: Tensile index measured on laboratory sheets, prepared with different amount of NFC-BF and 

NCC-KI 

Addition of 1%, 3% and 5% NFC-BF results in higher whiteness, ash content and lower mechanical 

properties, meanwhile addition of 3% NCC-KI results in 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 amount 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 

 
Addition of 3% NCC-BGB in fiber suspension with 0,05% cationic retention 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 

 

The same results were obtained with addition of 3% NCC-BGB 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 0,013% cationic and 

0,2% anionic retention agent 

 

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 nanofibrillated 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 CATALYSTS FOR 

BLEACHING OF CELLULO SIC MATERIALS AND NA TURAL FIBERS  

KLASTERI OKSIDA PREL AZNIH METALA KAO KATALIZATORI ZA 

BELJENJE CELULOZNIH MATERIJALA I PRIRODN IH VLAKANA  

Grigore Craciun, Gheorghe Duѿuc, Alexandru Botar 

L&G Consulting SRL, Dej, Romania 

Abstract 

Polyoxometalates are a large and rapidly growing class of inexpensive, minimally or non ï toxic 

complex compounds whose molecular properties are extensively modifiable through either traditional or 

thermodynamic synthesis. It is a friendly environmental technology and as well with very low technological 

parameters (atmospherically pressure and a temperature of maximum 70 ÁC). 

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 content, the very simply technology helps to achieve competitive results. 

Keywords: natural fibers, bleaching, polioxometalates,  

Izvod 

Polioksometalti su velika i brzo rastuĺa grupa jeftinih, minimalno ili nimalo otrovnih kompleksin 

jedinjenja ļija se molekulska svojstva u velikoj meri mogu modifikovati bilo tradicionalnom ili 

termodinamiļkom sintezom. Tehnologija nema ġtetno dejtvo na ģivotnu sredinu, a proces se odvija pod 

uslovima koji nisu zahevni (atmosferski pritisak i najviġa temperatura oko 70ÁC). 

Primenom polioksometalata se moģe beliti i, u isto vreme, funkcionalizovati veliki broj sirovina: drvena 

pulpa, konoplja, lan, ramija, pamuk, otpaci poljoprivredne proizvodnje... Bez obzira ġto neke od sirovina 

imaju nizak sadrģaj celuloze, veoma jednostavna tehnologija pomaģe da se postignu dobri rezultati. 

Kljuļne reļi: prirodna vlakna, beljenje, polioksometalati,  

1. INTRODUCTION  

The oxidation of organic substances by aqueous hydrogen peroxide is very attractive method for 

industrial viewpoint since this reagent 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 derivatives suited to the purpose [1ð5].  

Soluble transition metal oxide catalysts (polyoxometalates, POMs) have been developed for the 

oxidation with aqueous hydrogen peroxide. Great effort has been devoted to searching for efficient catalysts 

that can active but not decompose hydrogen peroxide.  

Dioxygen complexes of group 6 transition elements have been known from long time ago, the chemistry 

of peroxo compounds of transition elements was thoroughly review [ 6,7 ]. Molybdenum (VI) and tungsten 

(VI) form an enormous variety of polyanions (izopoly and heteropoly species). Addition of hydrogen 

peroxide to aqueous solution of MoO4
2- and WO4

2- 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 metal-peroxide complexes has received special attention due to their 

importance in a variety of industrial, pharmaceutical and biological studies. They are widely used in 

stoichiometry as well as catalytic oxidation in organic chemistry and biology [8-12]. 

Polyoxometalates are a large and rapidly growing class of inexpensive, minimally or non ï toxic 

complex compounds whose molecular properties are extensively modifiable through either traditional or 

thermodynamic synthesis. 

They are comprised of early transition metals, usually in the d0 electronic configuration (e.g. 

Mo(VI),W(VI),V(V) ) bridged by oxygen atoms [3,4,6]. 
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All the physico ï chemical properties of POMs, that impact their applications in catalysis, material 

science, biology and medicine including but not limited to redox 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 agents for oxygen delignification of wood pulp 

and have been widely investigated since. 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 

selectively with phenolic 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 applied in the wood pulping industry. This is most probably 

due to inefficiency and / or complexity of the process presented [13 ï 19]. 

The selective bleaching of wood pulp in conjunction with paper industry world ï wide, has long been 

associated with significant environmental impact. The industry has moved away from Cl2 based delignification 

process because of potential impact of chlorine-aromatic by ï products. The most attractive alternative to Cl2 

based technology are O2 and hydrogen peroxide, both with respect to 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 oxygen delignification stage beyond itôs currently limits would decrease bleach chemical 

demand with serious environmental benefits and significant increases on return on investment. Oxygen, while 

effective at depolymerization and lignin solubilization, is not sufficiently selective to fully delignify Kraft 

pulp without extensive cellulose degradation [20, 22].  

Alkaline hydrogen peroxyde, while it reacts rapidly with chromophoric groups, is not effective at 

removing lignin.  Under alkaline conditions, high temperature 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 conditions, low 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 achieve on an industrial scale [8]. 

2. POLYOXOMETALATES.  

The principal building blocks of POMs are MO4 polyhedral or MO6 octahedra that are linked together 

by one, two and occasionally three oxygen atoms. There are two class of POMs : the isopolyanions, which 

contain only the d0 metal cations and oxide anions and heteropolyanions, which contain one or more d or p 

ñheteroatomñ cations, Xn+, in addition to the metal cations and oxide anions. 

POMs are ready accessible synthetically  because most of the p-, d ï and f ï block elements can function 

as the central ñheteroatomñ, Xn+, in the general formula XM12O40
(8-n), (Xn+ is located at the center of the 

tetrahedron  inside the Keggin structure). Many of d-, f- block metals can be substituted for one or more of 

the main metals, M, in the structure to give mixed addenda anions. 

Polyoxometales with Keggin structure, spherical anion metal ï oxide 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 oxygen. During the regeneration of the POM complexes, the dissolving 

lignin fragments are converted to CO2 and H2O. 

ὡέέὨ ὴόὰὴὖὕὓί O ὄὰὩὥὧὬὩὨ ύέέὨ ὴόὰὴ ὖὕὓ (1) 

ὖὕὓ  ὕ  τὌ ᴼ ὖὕὓ  ςὌὕ(2) 

3. PEROXO ï POLYOXOMETALATES.  

Peroxo ï polyoxometalates (PPOMs) are a special class of POMs which are widely used in 

stoichiometric and as well as catalytic oxidants in organic chemistry and biochemistry [22, 23]. In particular, 
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PPOMs are currently of considerable interest as catalysts for a variety of organic oxidations with 

environmentally acceptable hydrogen peroxide as coïactivating oxidant. 

Mo (VI) and W (VI) form an enormous variety of polyanions, addition of hydrogen peroxide to aqueous 

solution of MoO4
2- and WO4

2- generally leads to the formation of the simple monomer or polymer complexes. 

If the concentration of hydrogen peroxide is keep fairly low, poly-nuclear complexes can be isolated.  

There has been much interest in the nature of isopoly species formed by acidification of aqueous 

solutions of the MoO42- and WO4
2- ions, and a number of techniques have been applied to study these systems. 

There are only scattered and often conflicting data on the nature of the species formed when MoO4
2- and 

WO4
2- aqueous solutions are acidified in the presence of hydrogen peroxide [24ï26]. It was showed that 

MoO4
2- and WO4

2- react catalytically with hydrogen peroxide in basic aqueous solutions to form O2 in 

quantitative yield through the intermediary of a diperoxo ï dimetalate anions. 

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 diperoxo ï complexes with hydrogen peroxide. Unfortunately the pronounced delignification 

observed was accompanied by several viscosities loses. 

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

lignin from cellulosic materials (wood, agricultural wastes ...) and natural fibers (hemp, flax, ramie, jute, 

nettle...) [17, 27, 28]. 

4. EXPERIMENTAL.  

Materials and methods. 

Na2MoO4Ĭ2H2O, Na2WO4Ĭ2H2O, MoO3, WO3, NaVO3, NaOH, Na2SiO3, 30% H2O2 and H3PO4 were 

used without further purification. 

4.1 The bleaching of Eucalyptus pulp in two stages: 

Stage 1: in a plastic bag, 100 gr. Pulp was suspended in 1 L solution  containing 0.02 gr. catalysts, 1.5-

2.0 gr. H2O2, the pH=4.5-5.0, the suspension was heated 1 hr. at 90 ÁC in a thermostat  water bath without 

stirring. The suspension was cooled at room temperature, the pulp was filtered off, washed with water and 

the filtrate which contains catalysts kept for the regeneration of catalyst.  

Stage 2: in a plastic bag, the pulp from stage 1 was suspended in 1 L. solution of 0.1N NaOH which 

contain 2.0 ï 2.5 gr. H2O2 and 2.0 ï 2.5 gr. Na2SiO3. The plastic bag was heated 1 hr.  at 800C in 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 temperature. The experimental results 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 Eucalyptus 

Nr. crt. Catalysts Kappa Viscosity, ml/g Brightness, % 

1.  Eucalyptus  O2 bleached 10.9 1075 64.9 

2.  Na2H3PV2Mo10O40 8.3 778 72.5 

3.  H4SiMo12O40 8.1 760 74.3 

4.  MoO(O2)2 2.3 870 77.2 

5.  WO(O2)2 2.1 862 78.1 

6.  Na2Mo2O3(O2)4 1.7 806 85.0 

7.  Na2W2O3(O2)4 1.7 811 84.4 
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Fig. 1. Right: unbleached Eucalyptus pulp, Left : bleached Eucalyptus pulp 

4.2 Bleaching of hemp in two stages 

The bleaching of hemp was made using the same method as for Eucalyptus bleaching. The experimental 

results are presented in table 2. 

 

Tabela 2. The experimental results of hemp bleaching with POMs 

Nr. crt. Catalysts Kappa Viscosity, ml/g Brightness, % 

1 Unbleached hemp pulp 12.2 987 38.8 

2 MoO(O2)2 2.4 850 78.5 

3 WO(O2)2 2.5 861 76.7 

4 Na2Mo2O3(O2)4 1.2 794 83.5 

5 Na2W2O3(O2)4 1.1 798 84.5 

 

 

Fig. 2. Left: unbleached hemp, Right: bleached hemp 

4.3 Bleaching of flax 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. H2O2 the suspension was heated at 900C in 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 suspended in 1 L. aqueous solution of 0.1 N NaOH 

which contain 2.0 gr. H2O2 and 1.5 gr. Na2SiO3. The suspension was heated al 800C in a thermostat water 

bath , 1 hr. without stirring, cooled at room temperature, filtered off, washed with water till pH=7.0 and dry 

in the air 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 

Nr. crt.  Catalysts 
Brightness % 

Hemp Flax 

1 Unbleached fiber 27.4 26.2 

2 MoO(O2)2 78.4 78.2 

3 WO(O2)2 79.3 80.1 

4 Na2Mo2O3(O2)4 80.2 81.4 

5 Na2W2O3(O2)4 80.7 80.8 

 

5. BLEACHING OF CELLULO SIC MATER IALS PULPS AND NATUR AL 

FIBERS 

We found a special class of polyoxometalates (A. 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 stage, at temperature 40ï50 ÁC, the experimental 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 POM of different raw materials received 

from our collaborators from Karadeniz Teknik ¦niversity. 

 

 

Fig. 3. Kraft pulp: one and two stages bleaching with POM 

 

 

Fig. 4. Hemp fibers: one and two stages bleaching with POM 
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Fig. 5. Wheat straw, soda O2 natural pulp, one and two stages of bleaching with POM 

   

Fig. 6. Cotton linter natural fibers, one and two stages of bleaching with POM 
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UTICAJ OR IJENTACIJE CELULOZNOG VLAKNA NA MEHANIĻKE 

OSOBINE SACK KRAFT PAPIRA   

IMPACT OF FIBER ORIENTATION TO MECHA NICAL PROPERTIES OF 

SACK KRAFT PAP ER  

Husejin Durakoviĺ, Almir Muftiĺ, Edina Husiĺ 

Natron-Hayat d.o.o. Maglaj, BiH 

Izvod 

Orijentacija vlakna prilikom isticanja na sito papir maġine uveliko utiļe na odnos mehaniļkih osobina 

sack kraft papira u poduģnom i popreļnom pravcu. Ako orijentacija vlakna nije korektna, znaļi da MD 

duģina kidanja bude veĺa od CD duģine kidanja, onda dolazi do poremeĺaja mehaniļkih svojstava papira 

ġto dovodi do izrade nekvalitetnih proizvoda. Problem na ovu temu je bio prisutan u kompaniji Natron-

Hayat Maglaj, gdje je u mjesecu Decembru 2017. godine proizvedeno 10% nekvaliteta proizvoda. U radu 

ĺe biti prikazani postupci rjeġavanja navedenog problema. 

Kljuļne rijeļi: orijentacija vlakna, mehaniļke osobine papira, poloģaj lipne, difuzor, natok, 

Abstract 

Fiber orientation, when coming onto the paper machine wire section, has a great impact to sack kraft 

paper mechanical property ratio. If the fiber orientation is not proper, it means that breaking length in MD 

is higher than breaking length in CD, which results in disturbance of mechanical properties of the paper, 

leading to non-quality product. Problem related to this matter is present in company Natron-Hayat Maglaj, 

causing production of 10% of non-quality, out of the entire amount of paper produced, in December 2017. 

In the document, one will show the processes of resolving respective problem. 

Keywords: fiber orientation, mechanical properties of paper, lip, diffusor, headbox, 

1. UVOD 

Prilikom proizvodnje kraft papira odnos MD i CD duģine kidanja je takav da je MD:CD=2:1, dok je kod 

clupak papira najbolji odnos MD:CD=1:1. Ako iz bilo kog razloga bude poremeĺen predviĽeni odnos onda 

dolazi do nekvaliteta proizvedenog papira. Rijetko se u praksi pojavljivao problem poremeĺaja i obrnutog 

odnosa MD i CD mehaniļkih osobina papira. Postoji veĺi broj parametara koji mogu dovesti do pogreġne 

orijentacije vlakna i navedenog problema, a neki od parametara ĺe biti predmet razmatranja u ovom radu. 

Procesi koji ukljuļuju orijentaciju vlakna 

Orijentacija vlakana se prvenstveno deġava na formirajuĺem situ papir maġine, konkretno isticanjem 

celulozne mase iz natoka papir maġine i procesom formacije na situ. Operacije na suhom dijelu papir maġine 

(pres i suġna skupina) imaju znatno manji utjecaj na orijentaciju vlakana.  

Natok i formirajuĺe sito papir maġine 

Konstrukcija natoka osigurava da su celulozna vlakna nasumiļno orijentirana u kolektoru natoka. 

MeĽutim, mlaz suspenzije koji se ispuġta iz usta natoka na sito papir maġine ima neujednaļen profil brzine, 

zbog graniļnih i izlaznih efekata usljed struktura unutar natoka. Ispuġtanje suspenzije kroz usta natoka na sito  

i naknadnu kontrakciju vrġe orijentacijske sile smicanja.  

Prosjeļna brzina mlaza suspenzije gotovo se uvijek razlikuje od brzine sita. Za clupak papir, mlaz je 

brģi od sita, za kraft papire, obiļno je sporiji od sita. 

Indeks orijentacije vlakana prvenstveno se odreĽuje razlikom izmeĽu MD komponente brzine mlaza 

suspenzije i brzine sita. Varijacije u MD komponenti brzine preko mlaza uzrokuju profil orijentacije vlakana.   

Glavni uzroci neujednaļenosti brzine mlaza po ġirini natoka su: 

¶ Neujednaļen otvor usta natoka, 
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¶ Neuravnoteģeni ulazni razdjelnik, 

¶ Neispravni protoci na krajevima natoka ili protoci povrata iz natoka. 

Formatne lajsne  

One omoguĺavaju odvojenu kontrolu nad mlazom na krajevima sita. Koriste se u nekim dizajniranim 

natocima kako bi kontrolirali orijentaciju vlakana u blizini krajeva maġine i kompenzirali probleme s 

krajevima u profilu brzine mlaza. Formatne lajsne obiļno imaju slab uļinak na osnovni profil gramature.  

2. NAĻINI KONTROLE ORIJENTACIJE VLAKANA  

Naļini kontrole koji se koriste za indeks orijentacije vlakana i ugla orijentacije vlakana izravno su 

izvedeni iz relacija na mokrom dijelu papir maġine. Postoji viġe parametara i naļina kontrole orijentacije 

vlakana na situ papir maġine. 

2.1 Odnos brzine isticanja mase i brzine sita papir maġine (Jet to Wire)  

Razlika izmeĽu MD (uzduģne) komponente brzine isticanja suspenzije i brzine sita moģe se koristiti za 

kontrolu prosjeļnog indeksa orijentacije vlakana. Prilikom izrade papira poģeljno je odabrati odnos jet-wire, 

kako bi se optimizirala formacija i drenaģa na situ, jer stalne promjene ovog odnosa moģe ugroziti druge 

osobine papira.. 

U praksi, pri izradi nekih vrsta papira za koje je kritiļan ugao orijentacije vlakana, proizvoĽaļi papira 

ļesto su skloni postaviti jet-wire na veĺe vrijednosti. To smanjuje uglove orijentacije vlakana i poveĺava 

indeks orijentacije, ali moģe negativno utjecati na drenaģu i formiranje papirnog lista. Razlika u brzini izmeĽu 

mlaza i sita takoĽer odreĽuje relativni utjecaj otvora usta natoka prema teģini i uglu orijentacije. 

2.2 Kontrola protoka vlakna na krajevima  sita papir maġine 

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

u podruļju koja se proteģe od oko 2 metra sa svake strane sita. Formatne lajsne mogu se kontrolirati sa 

razliļitim ciljevima. 

Formatne lajsne moraju se kontrolirati tako da osiguravaju specifiļnu razliku sile u odnosu na ostatak 

mlaza. Ova razlika se transportira vrlo dobro iz otvora usta natoka.  

Na uskim maġinama (do oko 4 metra), formatne lajsne daju odreĽenu kontrolu nad cijelom ġirinom lista. 

Na ġirim maġinama rubovi strujanja imaju mali ili nikakav uļinak na centru lista, te su potrebne dodatne 

radnje. 

2.3 Kontrola otvora usta natoka 

U konvencionalnim natocima papir maġina, otvor usta natoka obiļno je posveĺen nadziranju nivoa 

teģine papirne trake. Otvor usta natoka je definisan prema gramaturi papira koja se proizvodi. Poveĺanjem 

otvora usta natoka kod izrade iste vrste papira se moģe uticati na bolju formaciju i profil papirne trake 

proizvedenog papira. 

2.4. Grijanje unutraġnjosti i lipne natoka  

Novi dizjn natoka podrazumjeva da isti posjeduje grijanje istog iznutra i same lipne kako se ista usljed 

razlike temperature suspenzije i same lipne ne bi deformisala, ġto uveliko moģe uticati na orijenataciju 

vlakana i profil papira. Naļin provjere grijanja lipne jeste praĺenje temperature vode koja grije natok, kao i 

protok same vode. U zastojima papir maġine moģe se vrġiti ļiġĺenje navedenog sistema sa kemikalijama. 

3. MEHANIĻKE OSOBINE KRAFT I CLUPAK PAPIRA U RAZLIĻITIM 

USLOVIMA  PROIZVODNJE  

Ako doĽe do poremeĺaja prethodno navedenih parametara koji mogu uticati na orijentaciju celuloznog 

vlakna na situ papir maġine, onda uveliko moģe doĺi do promjene mehaniļkih osobina sack kraft papira. Zbog 
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problem koji se pojavio u kompaniji Natron-Hayat d.o.o. Maglaj na PM-4 prilikom proizvodnje kraft i clupak 

papira, u mjesecu Decembru 2107. godine proizvedeno je oko 10% nekvalitetnog papira.  

Problem se ogledao u tome da je na odreĽenom dijelu ġirine papirne trake doġlo do obrnutih vrijednosti 

duģine kidanja papira, ġto je uzrokovalo nezadovoljavajuĺi kvalitet papira, bez obzira ġto je celulozno vlakno 

bilo vrlo kvalitetno i ġto je ukupna duģina kidanja bila iznad oļekivane. 

Nakon provjere svih nabrojanih parametara od kojih zavisi veĺi broj mehaniļkih osobina papira i 

nemoguĺnosti rjeġenja problema, pristupilo se detaljnom ļiġĺenju svih elemenata natoka. 

3.1 Ļiġĺenje unutraġnjosti natoka 

Nakon zaustavljanja papir maġine izvrġeno je otvaranja natoka i demontaģa difuzora natoka. Nakon 

demontaģe difuzora je uoļeno da je sama unutraġnjost natoka jako kontaminirana kako organskim, tako i 

neorganskim komponentama, ġto je vidljivo na slici 3.1., koja slijedi. 

 

Slika 3.1 Kontaminirana povrġina unutraġnjosti natoka 

Ļiġĺenje je vrġeno hemijskim sredstvima: 5 % rastvorom HCL-a, te sa 4 % rastvorom NaOH. Nakon 

kvaġenja i premazivanja unutraġnjosti natoka vrġeno je pranje vodom  pritiska veĺim od 400 bara. 

3.2 Ļiġĺenje difuzora natoka 

Nakon demontaģe dufuzora papir maġine isti je potopljen u 5 % rastvor HCL-a 24 sata, nakon ļega je 

vrġeno pranje vodom pritiska 400 bara. Nakon potapanja u HCL vrġeno je potapanje u 4 % rastvor NaOH 24 

sata, te nakon toga je vrġeno pranje vodom pritiska 400 bara. Kontaminiranost difuzora natoka prije ļiġĺenja 

je prikazano na slici koja slijedi, 

 

Slika 3.2  Konaminirani difuzor papir maġine 
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Na slici koja slijedi je prikazan difuzor natoka nakon detaljnog hemijskog i mehaniļkog ļiġĺenja.  

 

Slika 3.3  Difuzor papir maġine nakon ļiġĺenja 

Generalno posmatrajuĺi navedeni problem, te naļin pravovremenog eliminiranja treba naglasiti da se 

unutarnje pranje i ļiġĺenje natoka moģe kontinuirano raditi tokom godine, a prilikom zastoja duģih od 2 sata. 

U principu se ovaj zahvat kontinuirano radi kada god se primjeti da se pogorġao profil proizvednog papira.  

MeĽutim kada je u pitanju pranje i ĺiġĺenje difuzora natoka isto nije moguĺe raditi u kratkim zastojima 

zbog velikog obima posla. Ovaj zahvat se planski radi u remontu papir maġine uz angaģovanje struĺnjaka iz 

firma isporuļioca natoka. Pri vaĽenju difuzora, njegovom  pranju i ļiġĺenju kemikalijama potrebne su velike 

mjere opreza jer se vrlo lako isti moģe oġtetiti. 

Razlozi povremenog pojaļanog kontaminiranja unutraġnjosti natoka, a sam tim i dufuzora su nedovoljno 

ļista i oprana celulozna masa koja sa sobom nosi neodstranjene smole i neizreagovani lignin koji se lijepi na 

povrġine natoka i difuzora. TakoĽe dodatni problem je i tvrda voda ļiji se kamenac taloģi na elemente natoka. 

Prilikom kontaminacije natoka dolazi do smanjenja  preļnika cjevļica difuzora kroz koje celulozna masa 

istiļe na sito papir maġine usljed ļega dolazi do promjene brzine isticanja mase pri ļemu se mijenja 

orijenatcija vlakna koja utiļe na poremeĺaj MD i CD mehaniļkih osobina papira. 

3.3 Vodena linija na situ papir maġine 

Proizvodnja papira u poremeĺenim uslovima, u uslovima potpune kontaminiranosti elemenata natoka 

se ogleda i vidi na vodenoj liniji na situ papira maġine, gdje je ista na radnoj strani bila viġe naprijed, dok na 

pogonskoj zaostaje, ġto se vidi na slici koja slijedi. 

 

Slika 3.4 Vodena linija na situ papir maġine prije pranja sistema 
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Slika 3.5 Vodena linija na situ papir maġine nakon pranja sistema 

3.4 Mehaniļke osobine kraft i clupak papira u poremeĺenom sistemu proizvodnje 

Tabela 3.1. Mehaniļke osobine clupak papira 

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 

Debljina, Õm 105 103 100 102 106 103,2     

Otpornost prema kidanju 3 

uzduģno, kN/m 

5,54 5,13 4,54 5,14 6,52 5,37 4,94   

Otpornost prema kidanju 3 

popreļno, kN/m 

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

Index kidanja uzduģno, Nm/g 78,92 72,77 65,14 72,6 92,88 76,41 70   

Index kidanja popreļno,Nm/g 65,81 74,75 103,44 78,95 44,87 73,56 55   

Rastezljivost uzduģno, % 6,49 6,96 6,95 7,31 7,17 6,98 6,2 7,2 

Rastezljivost popreļno, % 9,99 7,58 6,9 8,18 10,29 8,59 7,2 8,2 

Duģina kidanja uzduģno, m 8040 7410 6640 7400 9470 7792     

Duģina kidanja popreļno, m 6710 7620 10540 8040 4570 7496     

TEA uzduģno, J/m2 198 197 186 209 233 204,6 196   

TEA popreļno, J/m2 278 244 287 274 216 259,8 199   

Index TEA uzduģno J/g 2,82 2,79 2,67 2,95 3,32 2,91 2,8   

Index TEA popreļno, J/g 3,96 3,46 4,12 3,87 3,08 3,7 2,85   

Otpornost prema cijepanju 
uzduģno, mN 

          785 700   

Otpornost prema cijepanju 

popreļno, mN 

          687 770   

Index cijepanja uzduģno,  mN           11,17 10   

Index cijepanja popreļno, mN           9,78 11   

Povrġinska apsorpcija gornja, g/m2           27   35 

Povrġinska apsorpcija donja, g/m2           29   35 

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

Vlaga, %           5,97 5 7 

Otpornost prema prskanju, kPa                 

Kompresijska otpornost RCT                 

TEA MD+CD 476 441 473 483 449 464,4 385   

 

Tabela 3.2 Mehaniļke 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 

Debljina, Õm 108 104 104 105 107 105,6     

Otpornost prema kidanju 3 

uzduģno, kN/m 

7,66 6,92 5,39 5,76 6,22 6,39 5,98   

Otpornost prema kidanju 3 

popreļno, kN/m 

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

Index kidanja uzduģno, Nm/g 111,66 98,3 76,78 82,52 89,88 91,76 85,5   

Index kidanja popreļno,Nm/g 50,73 65,91 99 96,56 64,31 75,39 53   

Rastezljivost uzduģno, % 2,55 2,4 2,89 2,73 2,56 2,63 2,5   

Rastezljivost popreļno, % 9,94 7,56 6,4 7,28 8,96 8,03 7   

Duģina kidanja uzduģno, m 11350 10030 7830 8410 9170 9358     

Duģina kidanja popreļno, m 5160 6720 10100 9850 6570 7680     

TEA uzduģno, J/m2 123 106 104 103 104 108 100   
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Measurement 2 7 11 16 21 Average Min  Required Max 

TEA popreļno, J/m2 227 227 268 290 250 252,4 173   

Index TEA uzduģno J/g 1,79 1,51 1,48 1,48 1,5 1,55 1,43   

Index TEA popreļno, J/g 3,31 3,22 3,82 4,15 3,61 3,62 2,47   

Otpornost prema cijepanju 

uzduģno, mN 

          941 700   

Otpornost prema cijepanju 

popreļno, mN 

          706 770   

Index cijepanja uzduģno,  mN           13,51 10   

Index cijepanja popreļno, mN           10,14 11   

Otpornost prema prskanju, kPa                 

Povrġinska apsorpcija gornja, g/m2           26 25 35 

Povrġinska apsorpcija donja, g/m2           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     

 

 

 

3.5Mehaniļke osobine kraft  i clupak papira nakon pranja elemenata natoka 

Tabela 3.3 Mehaniļke 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 

Debljina, Õm 103 102 100 102 104 102,2     

Otpornost prema kidanju 3 uzduģno, 

kN/m 

5,73 6,04 5,66 5,66 5,89 5,8 4,94   

Otpornost prema kidanju 3 
popreļno, kN/m 

4,49 5,09 5,08 4,78 4,55 4,8 3,89   

Index kidanja uzduģno, Nm/g 80,93 84,36 80,4 79,94 83,31 81,85 70   

Index kidanja popreļno,Nm/g 63,42 71,09 72,16 67,51 64,36 67,74 55   

Rastezljivost uzduģno, % 6,94 6,93 7,14 7,11 7,39 7,1 6,2 7,2 

Rastezljivost popreļno, % 8,78 8,45 7,6 8,53 10,77 8,83 7,2 8,2 

Duģina kidanja uzduģno, m 8260 8610 8200 8150 8500 8344     

Duģina kidanja popreļno, m 6470 7260 7360 6890 6560 6908     

TEA uzduģno, J/m2 219 230 221 221 231 224,4 196   

TEA popreļno, J/m2 245 262 236 250 293 257,2 199   

Index TEA uzduģno J/g 3,09 3,21 3,14 3,12 3,27 3,17 2,8   

Index TEA popreļno, J/g 3,46 3,66 3,35 3,53 4,14 3,63 2,85   

Otpornost prema cijepanju uzduģno, 

mN 

          784 700   

Otpornost prema cijepanju 

popreļno, mN 

          863 770   

Index cijepanja uzduģno,  mN           11,06 10   

Index cijepanja popreļno, mN           12,18 11   

Povrġinska apsorpcija gornja, g/m2           29   35 

Povrġinska apsorpcija donja, g/m2           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 Mehaniļke 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, Õm 109 105 105 104 108 106,2     

Otpornost prema kidanju 3 uzduģno, 
kN/m 

7,21 7,46 6,79 6,24 7,15 6,97 5,98   

Otpornost prema kidanju 3 

popreļno, kN/m 

3,8 3,93 4,62 4,33 4,36 4,21 3,71   

Index kidanja uzduģno, Nm/g 101,26 105,52 95,63 88,14 100,42 98,2 85,5   

Index kidanja popreļno,Nm/g 53,37 55,59 65,07 61,16 61,24 59,31 53   

Rastezljivost uzduģno, % 2,82 2,68 2,77 2,8 2,86 2,79 2,5   

Rastezljivost popreļno, % 9,87 7,66 7,45 7,17 10,32 8,49 7   

Duģina kidanja uzduģno, m 10320 10760 9740 8980 10240 10008     
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Measurement 2 7 11 16 21 Average Min  Required Max 

Duģina kidanja popreļno, m 5440 5660 6630 6230 6240 6040     

TEA uzduģno, J/m2 131 123 122 114 128 123,6 100   

TEA popreļno, J/m2 242 200 224 202 279 229,4 173   

Index TEA uzduģno J/g 1,84 1,74 1,72 1,61 1,8 1,74 1,43   

Index TEA popreļno, J/g 3,4 2,83 3,15 2,85 3,92 3,23 2,47   

Otpornost prema cijepanju uzduģno, 

mN 

          824 700   

Otpornost prema cijepanju 
popreļno, mN 

          863 770   

Index cijepanja uzduģno,  mN           11,61 10   

Index cijepanja popreļno, mN           12,16 11   

Otpornost prema prskanju, kPa                 

Povrġinska apsorpcija gornja, g/m2           26 25 35 

Povrġinska apsorpcija donja, g/m2           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     

 

ZAKLJUĻAK 

Nakon provedene analize svih parametara koji mogu uticati na orijentaciju vlakana i odnos MD i CD 

duģine kidanja papira doġlo se slijedeĺg zakljuļka: 

1. Odnosom brzine isticanja mase iz natoka i brzine sita se moģe uticati na odnos MD:CD mehaniļkih 

osobina papira, ali u mjeri da su uvijek MD duģina kidanja papira veĺa od CD duģine kidanja. 

2. Kontrolom isticanja mase na krajevima formirajuĺeg sita ġto se radi podeġavanjem formatnih lajsni se 

moģe mijenjati odnos MD i CD duģine kidanja papira na krajevima sita, ali uvijek je i nakon podeġavanja 

veĺa MD od CD duģine kidanja. 

3. Kontrolom otvora usta natoka se moģe uticati na promjenu MD i CD duģine kidanja i u svakom sluļaju 

je MD veĺa od CD duģine kidanja. Otvorom usta natoka se kod izrade iste gramature papira moģe 

poboljġati formacija i profil proizvedenog papira. 

4. Grijanjem unutraġnjosti natoka se na odreĽen naļin moģe uticati na orijentaciju vlakana na situ papir 

maġine. Ako je temperatura suspenzije i temperatura lipne razliļita dolazi neujednaļene deformacije lipne 

i na taj naļin na pojedinim pozicijama moģe doĺi do obrnutih mehaniļkih osobine papira pri ļemu je CD 

duģine kidanja veĺa od MD duģine kidanja.  

5. Detaljnim ļiġĺenjem dufuzora i unutraġnjosti natoka od organskih i neorganskih naslaga hemijskim 

putem (sa HCL i NaOH), te mehaniļkim putem pranjem vodom pritiska veĺim od 400 bara su u 

potpunosti neļistoĺe odstranjene, a mehaniļke osobine su nakon navedenih aktivnosti su takve gdje su 

MD duģina kidanja veĺa od CD duģine kidanja. 
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EFIKASNOST SISTEMA Z A PRANJE NEBIJELJENE  ĻETINARSKE 

CELULOZE  

EFFICIENCY OF WASHIN G SYSTEM FOR UNBLEACHED 

SOFTWOOD CELLULOSE  
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1Natron-Hayat d.o.o.  Maglaj 
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Izvod 

Svrha pranja celuloze je da se dobije celuloza koja ne sadrģi neģeljene topljive tvari. Efikasnost 

sistema za pranje celuloze se procjenjuje prema koliļini rastvorenih tvari koje budu uklonjene i 

koliļini vode za pranje koja se upotrijebi za uklanjanje tih rastvorenih tvari. Linija pranja je jedno 

od kljuļnih podruļja za razmatranje produktivnosti, cijene koġtanja i profitabilnosti fabrike celuloze. 

Nesumnjivo, dobro kontrolisana linija pranja smanjuje cijene u drugim postrojenjima te tako 

poveĺava profitabilnost cijele fabrike. Primarni cilj istraģivanja je da se utvrdi uticaj parametara na 

kvalitet procesa pranja celuloze te da se izraļuna efikasnost za svaki stepen pranja. 

Kljuļne reļi: pranje celuloze, faktor razrijeĽenja, gubitak alkalija 

Abstract 

The purpose of cellulose washing is to obtain cellulose that does not contain unwanted soluble 

substances. The efficiency of the cellulose washing system is estimated by the amount of solvents to 

be removed and the amount of washing water used to remove these dissolved substances. The washing 

line is one of the key areas for considering the productivity, cost and profitability of the cellulose 

factory. Undoubtedly, a well-controlled 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 washing, dilution factor, alcaly loss 

UVOD 

Pranje celuloze donosi razne pogodnosti, kao ġto su minimiziranje hemijskog gubitka, 

maksimiziranje dobijanja organskih supstanci u cilju dalje obrade ili spaljivanja, smanjenje uticaja na 

okolinu, maksimiziranje moguĺnosti ponovne upotrebe hemikalija i oļuvanja energije, i posljednje, ali 

ne i najmanje vaģno ï dobijanje ļiste celuloze kao konaļnog proizvoda. Parametri za opis procesa pranja 

podjeljeni su u dvije grupe: gubitak alkalija koji opisuje koliļinu perivih materija u suspenziji celuloze 

koje treba da budu uklonjene i faktor razrijeĽenja koji predstavlja koliļinu vode potrebne za  proces 

pranja. Rezultati pranja mogu imati pozitivne ili negativne uticaje na druga postrojenja. Vaģno je naĺi 

optimalnu operativnu taļku procesa pranja jer bez efikasnog rada tog dijela, proizvodnja nije 

ekonomiļno odrģiva. Uklanjenje rastvorljivih supstanci treba biti sa minimumom  utroġka vode, a u isto 

vrijeme da celuloza bude ļiġĺa ġto je moguĺe viġe. Ovi ciljevi su kontradiktorni stoga je izazov kreirati 

kompromis koji bi dao povoljne ekonomske i okoliġne rezultate.  

TEORIJA O PRANJU CELULOZE  

Svrha pranja celuloze je da se dobije celuloza koja ne sadrģi neģeljene topljive tvari. Pranje celuloze 

se postiģe ili ļistom vodom ili, ļeġĺe, teļnoġĺu za pranje odreĽenog sastava. Koristi se opĺi termin 

Ăteļnost za pranjeñ da se opiġe i ļista voda i teļnost za pranje. 
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Parametri pranja  koji utiļu i odreĽuju proces nekog sistema za pranje su: faktor razrijeĽenja, 

koncentracije na ulazu i izlazu , pH vrijednost, temperatura ili sadrģani zrak.  

Bitni su parametri specifiļni za opremu, kao ġto su odreĽena brzina kretanja, mehaniļki pritisak ili 

pritisak teļnosti ili vakuma. Neki od gore navedenih parametara se mogu prilagoditi, dok su neki 

svojstveni za jedan odreĽeni korak u procesu ili za dio opreme. Odabrana kombinacija parametara za 

pranje zavisi od pojedinaļnih zahtjeva pranja koje se primjenjuje i obiļno predstavlja kompromis. Pored 

parametara o specifiļnoj opremi i parametara vezanih za proces, kljuļno je uzeti u obzir i karakteristike 

celuloze, uz karakteristike drenaģe i sorpcije kao najvaģnijih faktora. Karakteristiļno reagovanje 

celuloze zavisi, od vrste drveta, Kappa broja, prethodnog procesa kuhanja i bilo kojeg prethodnog 

mehaniļkog tretmana. 

Vremenom je predloģeno nekoliko metoda kojima bi se opisao omjer toka teļnosti u filteru. Taj 

jedini najvaģniji parametar ï koji je takoĽer uspio da se pojavi i u praktiļnoj primjeni ï je faktor 

razrijeĽenja. Ne postoji razrijeĽenje filtrata i faktor razrijeĽenja tada iznosi 0. Bilo kakvo dodavanje 

teļnosti za pranje koje poveĺava koliļinu filtrata preko koliļine teļnosti u ulaznom toku celuloze ĺe 

razrijediti filtrat. U tom sluļaju, faktor razrijeĽenja je pozitivan.  Bilo kakvo dodavanje teļnosti za pranje 

koje smanjuje koliļinu filtrata ispod koliļine teļnosti u ulaznom toku ĺe takoĽer smanjiti koliļinu 

filtrata. Onda je faktor razrijeĽenja negativan. Kad je faktor razrijeĽenja prenesenog pranja negativan, 

dio kontaminirane teļnosti ostaje u celulozi i izlazi iz filtera kao zaostatak. Oļigledno je da jedna faza 

pranja moģe biti efikasna samo ako ima pozitivne faktore razrijeĽenja. Postoji jasna veza izmeĽu 

efikasnosti u pranju i faktora razrijeĽenja na naļin da se efikasnost u pranju poboljġava za veĺim 

faktorima razrijeĽenja. MeĽutim, postoji granica za efikasnost pranja koja je povezana sa fiziļkim 

ograniļenjima koja se odnose na prodiranje teļnosti kroz kolaļ od celuloze.  

Koncentracija ulaznog toka celuloze ima veliki uticaj na potroġnju elektriļne energije i na dizajn 

opreme. S jedne strane, niska koncentracija na ulazu znaļi da se velike koliļine filtrata upumpavaju do 

taļki rastvaranja prije filtera, a posljedica toga je da je potrebno mnogo elektriļne energije za 

upumpavanje. Sa druge strane, koncentracija mase na ulazu odreĽuje koliļinu teļnosti koja se mora 

otkloniti iz otopine celuloze u zoni za izdvajanje teļnosti unutar opreme za pranje. Koncentracija na 

ulazu ima znaļajan utjecaj na kapacitet pojedinaļnih filtera. Ako sa filtera izlazi masa  visoke 

koncentracije, a iduĺi korak u procesu se odvija pri srednjoj ili niskoj koncentraciji, potrebno 

razrijeĽivanje nudi pravu priliku za prilagoĽavanje temperature ili vrijednosti pH. To obiļno vodi do 

uġtede hemikalija, vode i energije. 

 Kako temperatura raste, poveĺana difuzija vodi tendenciji ka boljoj efikasnosti pranja. Viġe 

temperature vode ili teļnosti za pranje dovode do umjerene prednosti u kapacitetu, ġto se moģe i 

oļekivati od poboljġanog isticanja zbog niģe viskoznosti teļnosti. Poboljġana drenaģa se moģe oļekivati 

ako se smanji pH celuloze koja ima visoku alkalnost.  

Drenaģa poļinje da se poboljġava kad se vrijednost pH smanji ispod 11 i izjednaļi na oko 9,5. Dalje 

smanjenje ispod ove taļke ne poboljġava dalje pranje. Umjesto toga, postoji rizik da ĺe ponovno 

taloģenje rastvorenog lignina na vlakna uticati na njihovu kvalitetu. Brzina filtera utiļe na debljinu 

kolaļa i na vrijeme zadrģavanja na bubnju filtera. Optimalna brzina bubnja ovisi o mehaniļkoj strukturi 

bubnja, povrġini bubnja i proizvodnji. Prema literaturnim podacima  najbolji rang za brzinu bubnja je 

izmeĽu 2 i 3,5 ob/min. MeĽu ciljevima koji su postavljeni u procesu  pranja je brzina vraĺanja u 

prvobitno stanje ili, ļeġĺe, brzina transfera. Transfer predstavlja koliļinu supstance koja zajedno sa 

celulozom  napusti sistem pranja. Ļesto se taj transfer izraģava kao vrijednost hemijske potroġnje kisika 

(COD) ili natrij sulfatni gubitak (Na2SO4). 

Natrijev gubitak ilustrira iznos natrija izgubljenog iz ciklusa regeneracije hemikalija. Efikasnost 

sistema za pranje celuloze se procjenjuje prema koliļini rastvorenih tvari koje budu uklonjene i koliļini 

vode za pranje koja se upotrijebi za uklanjanje tih rastvorenih tvari. Faktor efikasnosti E se definiġe kao 

broj faza idealnog mijeġanja u protustrujnom slapu sa konstantnim omjerima teļnosti i protoka filtrate. 

Faktor E zavisi od vrste opreme za pranje, od naļina na koji oprema radi, od vrste celuloze koju treba 

oprati, od temperature i sastava teļnosti koje uļestvuju u procesu, i, naravno, takoĽer od difuzije i 

fenomena sorpcije. To je prvobitno posmatrao Norden za filtere sa rotacionim bubnjem , ali takoĽer vaģi 

kao taļna tvrdnja za savremenu opremu za pranje. Trenutno je Nordenov faktor efikasnosti 

najpraktiļnija forma za odreĽivanje efikasnosti pranja.  
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Modificirani faktor efikasnosti E10 se moģe izraļunati iz bilo kojeg faktora E: 

                                                                                        

                                             

 

 

 

 

Tabela 1. Podaci za ulaznu koncentraciju, izlaznu koncentraciju i faktor efikasnosti za razliļitu 

opremu u procesu pranja celuloze  

Oprema za pranje celuloze 

Ulazna 

koncentracija, % 

Izlazna 

koncentracija, % 

E10 za COD DF=2.78 

t/bdt 

Kontinuirani kuhaļ 10 10 4-8* 

Modificirani diskontinuirani 

kuhaļ 7-10 7-10 2-3* 

Difuzer pod pritiskom 10 10 4-6 

Jednofazni atmosferski difuzer 10 10 3-5 

Dvofazni atmosferski difuzer 10 10 7-8 

Presa  3-9 28-35 3-7 

Filter pod pritiskom 3-4 12-14 3-5 

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 

Ļetverofazni DD filter 4-10 12-14 13-16 

REZULTATI I DISKUSIJ A 

Podaci su prikupljeni u proizvodnom pogonu celuloze, zatim analitiļkim, fizikalnim i mehaniļkim 

metodama ispitivani u laboratoriji Natron-Hayat po zadanim standardima. Primarni cilj istraģivanja je 

da se utvrdi uticaj parametara na kvalitet procesa pranja celuloze nakon kuhanja u Kamyr kuhaļu i 

gubitak alkalija u tom procesu kao glavnog parametra, te utvrdi koji su parametri koji negativno utiļu 

na proces uz postavljanje zavisnosti osobina i uticajnih faktora koji doprinose kvalitetu i efikasnosti 

pranja te da se izraļuna efikasnost za svaki stepen pranja. Od navedenih faktora odreĽeni broj njih se 

mjeri i podeġava direktno u toku procesa proizvodnje pomoĺu instaliranih ureĽaja dok se za ostale 

parametre vrġe laboratorijska ispitivanja u fizikalnoj, analitiļkoj i tehnoloġkoj laboratoriji  
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Slika 1. Prikaz prosjeļnih vrijednosti temperatura u zonama pranja nebijeljene ļetinarske celuloze u 

pogonu filter praone za analizirani period 

 

 

Slika 2. Prikaz  rezultata za koncentracije celulozne mase na izlazu sa filtera u pogonu filter praone 
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Tabela 1.  Rezultati  proraļuna  faktora razrijeĽenja (DF), faktora efikasnosti pranja (DR,E, 

E10) u pogonu Kamyr kuhaļa i filter praone  

KAMYR KUHAĻ  

BROJ ANALIZA 1 2 3 4 10 11 12 13 14 15 16 17 PROSJEK 

PROIZVODNJA 

BDT/H 

286,52 286,52 286,52 286,52 258,91 286,53 286,53 286,53 276,17 259 259 300 279,90 

EFIKASNOST 

PRANJA U 

KUHAĻU,% 

96,43 96,9 97,26 95,29 96,01 98,15 96,9 98,04 97,36 95,3 96,5 95,29 96,62 

KAPPA BROJ 37,4 34,7 46,9 39,9 41 42 47 44 41 39 45,7 46,1 42,06 

DF 2,2 2,2 2,2 2,2 2,4 2,2 2 2 2,2 1,7 1,7 1,7 2,05 

RAUMA  REPOLA FILTER  

DR 0,89 0,8 0,53 0,8 0,79 0,74 0,81 0,83 0,547 0,605 0,753 0,63 0,73 

DF 2,28 0,27 1,6 2,66 2,69 1,68 2,5 2,66 2,86 1,47 1,93 0,82 1,95 

E 4,69 4,5 1,73 3 2,88 2,04 3,21 3,36 1,69 2,07 2,96 2,36 2,87 

E10 6,09 6,11 2,26 3,97 3,78 2,7 4,16 4,35 2,19 2,70 3,86 3,13 3,78 

VAKUMSKI FILTER 2  

DR 0,54 0,06 0,37 0,87 0,18 0,49 0,5 0,77 0,59 0,48 0,574 0,89 0,53 

DF 1,25 1,36 1,13 1,17 2,47 1,17 1,1 2,19 2,4 0,55 1,2 0,63 1,39 

E 1,95 0,96 1,46 5,13 1,1 1,77 1,83 3,09 1,96 1,82 2,08 7,2 2,53 

E10 2,57 1,27 1,92 6,7 1,43 2,33 2,41 4,01 2,54 2,42 2,75 9,6 3,33 

VAKUMSKI FILTER 3  

DR 0,72 0,8 0,56 0,96 0,69 0,58 0,72 0,77 0,87 0,9 0,88 0,76 0,77 

DF 1,13 1,48 1,13 0,84 2,47 1,17 1,1 0,67 1,85 1,259 1,09 1,67 1,32 

E 3,35 3,81 2 3,08 2,48 2,1 3,09 3,88 4,9 6,31 6,2 3,2 3,70 

E10 4,42 5,04 2,69 5 3,19 2,77 4,08 5,16 6,45 8,31 8,2 4,2 4,96 

 

Na Slici 3 dat je prikaz rezultata proraļuna za efikasnost pranja u Kamyr kuhaļu i na filterima u  

pogonu filter praone za analizirani period 

 

Slika 3. Prikaz rezultata efikasnosti pranja u Kamyr kuhaļu i filterima u pogonu filter praone za 

analizirani period 

Na Slici 4 dat je prikaz rezultata za faktor efikasnosti pranja E10 za svaki ureĽaj pojedinaļno  u 

pogonu filter praone za analizirani period. 
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Slika 4.Prikaz rezultata za faktor efikasnosti pranja E10 za svaki ureĽaj pojedinaļno u pogonu filter 

praone za anlizirani period 

ZAKLJUĻCI 

Koncentracija je jedan od kljuļnih parametara dobre efikasnosti pranja na filterima. Visoka 

koncentracija na ulazu u fiter je zahtjva za efikasno i ekonomiļno pranje. Previsoka koncentracija na 

ulazu djeluje negativno na rad  vakumskih filtera poveznih u seriju. Glavni razlog za odrģavanje niske 

koncentracije dotoka je da bi se postiglo nastajanje izjednaļenijeg prekrivaļa celuloze na cilindru. Iznad 

ovih koncentracija u natoku, celuloza teģi nakupljanju i formira grumenje vlakana koji formiraju klupko 

na licu filtera. Rezultat toga je drastiļan pad u efikasnosti pranja. Osnovni princip dobrog pranja 

zahtijeva da svako vlakno mora da dobije svoj dio teļnosti za pranje. Ovo zahtijeva da se postigne 

prekrivaļ jednake osnovne teģine, preko cijele duģine filtera. Ako se prekrivaļ loġe formira, teļnost za 

pranje ĺe teĺi oko nakupina i vlakna unutar nakupina neĺe biti oprana. Uz kanalisanje zbog nakupina u 

celuloznom kolaļu, nejednaka bazna teģina preko cijelog lica cilindra ĺe rezultirati u disproporcionalnoj 

koliļini potrebne tekuĺine za pranje koja je dostupna svakom vlaknu.  

Vrlo je vaģno imati stabilnu temperaturu u cijelom procesu pranja. Viġe temperature teļnosti za 

pranje dovode do umjerene prednosti u kapacitetu, ġto se moģe i oļekivati od poboljġanog isticanja zbog 

niģe viskoznosti teļnosti. TakoĽer temperatura ima veliki uticaj  na efikasnost uklanjanja zaostalog 

lignina tj. difuziju. Poveĺanje temperature u zoni pranja poveĺava se efikasnost pranja celuloze ġto se 

direktno manfestuje na ostalim sepenima pranja..  

Efikasnost instaliranih ureĽaja za pranje u Natron Hayatu u sva ļetiri stepena je potpuna 

zadovoljavajuĺa. Efikasnost pranja izraģena preko DR  u Kamyr kuhaļu kao prvom stepenu pranja ima 

vrijednost 0,96, a DR za filterska postrojenja :Rauma Repola filter 0,73 (drugi stepen pranja), vakum 

filter broj 2 iznosi 0,53 (treĺi stepen pranja), a za vakum filter broj 3 iznosi 0,78 (ļetvrti stepen pranja). 

Efikasnost pranja izraģena kao E10 za filterska postrojenja iznose : Rauma Repola filter 3,78 (drugi 

stepen pranja), vakum filter broj 2 iznosi 4,95 (treĺi stepen pranja), a za vakum filter broj 3 iznosi 3,33 

(ļetvrti stepen pranja) i u skladu su sa svjetskim standardima za datu opremu. 

Iako su dobiveni rezultati u Natron Hayatu zadovoljavajuĺi i u skladu sa moguĺnostima instaliranih 

ureĽaja i opreme, linija za pranje celuloze je jedno od kljuļnih podruļja inoviranja, poboljġanja i 

investiranja ļime se obezbjeĽuje tehniļka efikasnost ukupnog tehnoloġkog procesa proizvodnje celuloze 

(efikasnost pranja, smanjenje gubitka alkalija, poveĺava kvalitet proizvedene i oprane celuloze i dr), 

unaprijeĽuje zaġtitu ģivotne sredine, poboljġava stepen regeneracije hemikalija, veĺe iskoriġtenje 

toplote, te u konaļnici utiļe na produktivnost, cijene koġtanja i profitabilnost fabrike celuloze. 
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ON THE INTERACTION O F MODIFIED UREAFORMA LDEHYDE 

OLIGOMERS IN FIBROUS  SUSPENSIONS 

INTERA KCIJA MODIFI KOVANIH  UREAFORMALDEH IDNIH  

OLIGOMER A U SUSPENZIJAMA VLA KANA  

Natalia Zholnerovich, Irina Nikolaichik 

Belarusian State Technological University, Minsk, Belarus 

Abstract 

The article is devoted to the study of the interaction of urea-formaldehyde oligomers (UFO) modified 

by different ratios carbamide : Ů-caprolactam with cellulose fibers. It is established that the fibrous 

suspension 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 to ion-dipole interaction involving water dipoles. 

Keywords: interaction, fiber, urea-formaldehyde oligomers, ʩaprolactam, ɕ-potential, cationic demand, 

dewatering, retention 

Izvod 

Ovaj rad je posveĺen izuļavanju meĽusobnog dejstva urea formaldehidnih smola (UFO) modifikovanih 

razliļitim smeġama karbamid : Ů-kaprolaktam sa celuloznim vkalnima. UtvrĽeno je da suspenzija vlakana 

moģe da dostigne izoeletriļnu taļku redukovanjem elektronegativnosti dobijenih oligomera karbamida. 

Pokazano je da je u vodenoj sredini interakcija izmeĽu oligomera moguĺa zahvaljujuĺi njihovoj adsorpciji 

na povrġini celuloznih vlakana zahvaljujuĺi jon-dipol interakciji u koju je ukljuļen i dipol molekula vode. 

Kljuļne reļi:interakcija, vlakna, urea-formaldehidni oligomeri kaprolaktam, ɕ-potencial, katjonski 

zahtev, odvodnjavanje, retencija 

INTRODUCTION  

Fibrous suspension is a multicomponent polyphasic lyophilic hydrosuspension, the main component of 

which is plant fibers. Their electrokinetic parameters and adsorption properties largely determine the direction 

of the stock preparation processes and subsequent stages of paper making. The electrokinetic potential (ɕ-

potential) arising from the contact of plant fibers with water and the amount of interfering substances (anionic 

trash) in the fibrous 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 additives. Due to the control of 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 improved 1, 2. 

The using of urea-formaldehyde oligomers modified with Ů-caprolactam is due to their ability to increase 

the mechanical paper properties when the fibrous suspension is sizing in a neutral medium. However, their 

use significantly affects the interaction between components as well as the formation of paper web 

macrostructure and has a remarkable effect on various unit processes in papermaking and final properties of 

commercial product, which is an important aspect of modern technology. To achieve the targeted quality of 

the finished products, the dosed chemicals in the wet 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 modified UFO, synthesized at 

various mass ratios of carbamide : Ů-caprolactam (in the range 1 : 0...1 : 0.5), was different. 

First, the pulp (waste paper) was beaten in PFI mill (Tappi T 248) at 35ï38ÁSR; than the pulp was diluted 

to 1.0% and functional and process chemicals was added in the following sequence: cationic starch Hi-
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Cat C 323A (0.8% of ʘ. d. f.), alkyl ketene dimmer ʅydrores 225YP (0.16% of ʘ. d. f.) and a sample of 

modified oligomers with various consumption of 0.5ï2.0% of ʘ. d. f. 

Fiber potential analyzer FPA (AFG Analytic GmbH, Germany) was used to determine the charge of 

fibers in disperse systems containing modified urea-formaldehyde oligomers. 

Charge analyzing system CAS (AFG Analytic GmbH, Germany) was used to determine the ionic 

demand of 0.1% aqueous solutions of KFO and  content of anionic trash (cationic demand) by polyelectrolyte 

titration. The volume of standard cationic titrant (Poly-DADMAC) consumed to reach isoelectric point (0 

mV of streaming potential) of samples was recorded. The cationic demand (CD, ɛeq/L) were calculated by 

following formulations respectively: 

ʉD = (V1ĬC1)/V2, 

where V1 is the volume of polyelectrolyte titrant (mL), C1 is titrant concentration (ɛeq/L), V2 is the volume 

of analyzed sample (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 Shopper Riegler tester with a closed bottom orifice was used to study kinetics of dewatering process 

fibrous suspensions. The determination of dewatering time, which is necessary to separate the specified 

amount of water with free dewatering on the wire screen of Shopper Riegler tester, was carried out according 

to the Canadian method. The fibrous suspension concentration was 0.3%. 

The retention of the fine fiber was determined ʙʳ using weighting  method. 

RESULTS AND DISCUSSION 

The production of modified urea-formaldehyde oligomers of anionic character is due to the synthesis 

conditions. The electronegativity of modified UFO decreases with increasing ratio urea : Ů-caprolactam 

(Fig. 1). This leads to a decrease in electrostatic repulsion when they interact with the negatively charged 

fiber surface. As evidenced by the results shown in Fig. 2, ɕ-potential of the fibers decreases and the fibrous 

dispersed system approaches the isoelectric state when the ratio of urea : Ů-caprolactam is 1: 0.5. 

The interaction of modified UFO with cellulose fibers can be attributed to the combined effect of 

adsorption and electrostatic forces. However, 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 charge. In this case, the 

negatively charged macromolecules of modified UFO block the hydroxyl groups of cellulose, which make a 

larger contribution to the value of the ɕ-potential, which makes the fiber suspension tend to an isoelectric 

point when the ratio of urea : Ů-caprolactam increases. Thus, the addition of modified UFO in the amount of 

0.5% of a.d.f. provides for an increase ɕ-potential of fibers from ï10.7 to ï9.3 mV (Fig. 3a). There is also a 

slight change of cationic demand (Fig. 3b) in the range of 46-50 ɛeq / L, which shows that the modified UFO 

is not consumed by exchange reactions with anionic trash, but interacts with the fibers. 

 
 

 
 

Figure 1. Cationic demand of 0.1% aqueous solutions of  UFO (ʘ) and ɕ-potential 

of fibers (b) depending on the consumption UFO and mass ratio of urea / Ů-caprolactam 
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Figure 2. ɕ-potential of fibers (a) and cationic demand (CD) fibrous suspension (b)  

depending on the consumption of UFO 

At the same time, the addition of unmodified UFO to the composition of fibrous suspensions leads to 

decreasing  ɕ-potential of fibers from ï10.7 to ï11.6 ... ï12.2 mV in the measured range consumptions of the 

oligomers.  

This behavior of the system can be explained by adsorption of modified carbamide-formaldehyde oligomers 

on the fiber surface due to ion-dipole interaction involving water dipoles. 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 inter-fiber hydrogen bonds and increase the 

mechanical paper properties. 

 

The decrease in the electronegativity of investigated UFO also contributes to the acceleration of 

dewatering (Fig.3a) and to the increase of fine fiber retention in the paper structure (Fig.3b). As the carbamide 

: Ů-caprolactam ratio increases from 1 : 0 to 1 : 0.5, the dehydration rate increases from 17.1 to 28.2 cm3/sec 

and the suspended solid content decreases from 63.0 to 54.8 mg/L. 

 

a) b) 

Figure 3. Drainage (dV/dŰ) (a) and suspended solids content (b)  

depending on the mass ratio urea / Ů-caprolactam 
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 Chemical consumption, % of  a.d.f. : 

     Starch ï 0.8 0.8 0.8 0.80.80.8 

     AKD ï ï 0.16 0.16 0.16 0.160.16 

     UFO ï ï ï 0.5 1.0 1.52.0 

    a 

 Chemical consumption, % of  a.d.f.: 

   Starch ï 0.8 0.8 0.8 0.80.80.8 

   AKD ï ï 0.16 0.16 0.16 0.160.16 

   UFO ï ï ï 0.5 1.0 1.52.0 

 b 
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This indicates that the drainage of the fibrous suspension improves in the presence of modified UFO as 

the content of Ů-caprolactam in the UFO composition increases. 

CONCLUSION 

Thus, Ů-caprolactam, acting as a modifier of urea-formaldehyde oligomers, has been shown to decrease 

the anion character of the oligomers, while the cationic demand and the negative electrokinetic potential of 

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 of chemical 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  PRIM ARY AND RECYCLED FIBER  

POREņENJE ANIZOTROPIJE DEFORMACIONIH SVO JSTAVA 

PREMAZNIH KARTON A OD PRIMARNIH I REC IKLIRANIH V LAKANA  

Anastasiia Romanova1, Yakov Kazakov1, Roman Vipolzov2 
1Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia 
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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 studied. The properties 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 estimate of the anisotropy degree is given by the integral exponent S YŬ/YCD. The anisotropy 

degree of stiffness and extensibility was higher in cardboard from the primary fiber and the degree of 

anisotropy of strength ï in the cardboard from recycled fibers. 

Keywords: anisotropy, deformation properties, white top liner board, primary fibers, recycled fibers, 

the uniaxial tensile test.  

Izvod 

U radu je izuļavan efekat orijentacije vlakana u uzorku kartona na deformaciona svojstva prilikom 

ispitivanja zatezanjem. UporeĽena su svojstva kartona od primarnih i sekundarnih vlakana. UtvrĽene su 

kvantitativne regularnosti izmeĽu orijentacije vlakana i elastiļnih svojstava i jaļine kartona. Pokazano je 

da je objektivniji proraļun stepena anizotropije dat integralnim eksponentom SYŬ/YCD. Stepen anizotropije 

krutosti i rastegljivosti je viġi kod kartona od primarnih vlakana, a stepen anizotropije jaļine kod kartona 

od recikliranih vlakana.  

Kljuļne reļi: anizotropija, deformaciona svojstva, beli premazni hromo karton, primarna vlakna, 

reciklirana vlakna, jednoosni test zatezanjem  

INTRODUCTION  

All types of paper and cardboard manufactured by PM and CM have explicit predominant longitudinal 

orientation of their fibers. Consequently, anisotropy of physical and mechanical properties in the sheet plane 

has place to be. Anisotropy of properties pulp and paper materials have substantially determines the quality 

of paper and cardboard [1,2]. 

Mechanical characteristics of a paper sheet (in plane) when subjected to the uniaxial tensile test are 

important properties of many popular types of pulp and paper materials. Elasticity modulus regulates the 

quality of material at small deformations, as well as its structural and bending stiffness.  

It can be asserted that ñstress-strainò curve may be regarded as the indicator of a structure condition of 

pulp and paper material. It is justified because any changes in the structure causes to changes in the run of 

ñstress-strainò curve and accordingly in the values of deformation characteristics [5].  

Recent results have shown that changing the direction of the load application with respect to the axis of 

the preferential fiber orientation leads to a significant change in the form of the curve [4]. It is explained by 

anisotropy of the fibrous structure of paper and cardboard. 

As it was theoretically and experimentally proved the paper structure is fixed by inter-fiber bonds 

formed by hydrogen bonds, Van-der-Waals and mechanical friction forces. It is also known that in the 

variation of the cutout angle the stiffness and strength decrease with increasing stretchability. 

Changes in the direction of fiber orientation in a sample correlate with a change in the ratio of the 

contributions of intra-fiber and inter-fiber bonding forces. It is reasonable due to the resistance the material 

has to deformation. 
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EXPERIMENT  

We carried out comparative studies of anisotropy for white top liner board from primary and recycled 

raw materials. The objects of study (further in the text, ñtop linerò and ñtest linerò board from primary and 

recycled raw material respectively) had different fiber composition and were manufactured by CM at variable 

speeds. They also had differences in the magnitude of their properties. Moreover, both of them had a 

significant heterogeneity of their structure intrinsic to a single sheet as well as to different samples of the 

cardboard. The structural heterogeneity was estimated by means of the formation index. 

The figure 1 shows that the structural heterogeneity of top liner board from primary fiber was 

significantly higher.  

  

a b 

Fig. 1 The images of the samples of white top liner board obtained due to PTI formation tester: a ï from 

primary fiber (ñtop linerò), Formation Index = 245; b ï from recycled fiber (ñtest linerò), 

Formation Index = 150 

To quantify and further compare deformation characteristics of white top liner board we conducted the 

two-stage experiment:  

1st ï for ñtop linerò board,  

2nd ï for ñtest linerò board, (both weighting 125 g/m2) (Fig. 1).  

A few sheets were preliminarily selected in accordance with TSO angle with the values approaching 

zero. The series of samples were prepared in form of strips with dimensions of 200Ĭ25 mm. The strips were 

cut out at the angles 0,15,30,45,60,75,90Á to the machine direction (MD) (three samples in each of 7 series).  

The samples (strips) underwent the uniaxial tensile test with the test length of 100 mm and speed of 10 

mm/min. The process was conducted from the start of loading and until the exact failure moment by means 

of ITS-101 tensile (vertical) tester and accompanied with a simultaneous registration of ñthe load-elongationò 

curves, Fig. 2. 

RESULTS AND DISCUSSION 

Figure 2 shows the ñload-elongationò curves of the ñtop linerò and ñtest linerò board samples. The curves 

visually demonstrated differences in their length and slope with respect to a cutout angle of the strips to MD, 

i.e. to the fiber orientation. 
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a b 

Fig. 2. ñLoad-elongationò curves of ñtop linerò and ñtest linerò board samples with the cutout angles of 

0é90ę to MD: a ï top liner from primary fibers; b ï test liner from recycled fibers 

The dependences, Fig. 2, clearly demonstrated anisotropy of properties of ñtop linerò and ñtest linerò 

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

¶ the decrease of stiffness in the elastic strain region,  

¶ the decrease of the value of the elastic limit and  

¶ the increase of the total deformation before breaking the sample with increasing its cutout angle to MD. 

All observations above were conditioned by the preferential orientation of pulp fibers in the structure of 

a cardboard sheet. The obtained dependences were different: 

¶ in the values of stresses and strains, 

¶ in the disposition of the curves for the samples with cutout angles of 30,45 and 60Á with respect to MD 

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

constituting the structure of cardboard. 

It is accepted to present the research results of anisotropy of properties of solid materials in polar or grid 

coordinates. The polar indicatrices of the strength anisotropy are more illustrative and distinguished by the 

central symmetry. 

In fact, fibers in paper and cardboard structure are generally located symmetrically to MD of the web. 

Therefore, it is sufficient to determine the inhomogeneity nature of a material in only seven (n = 7) directions 

of investigation within one, for example, the first quadrant. The directions are used to construct a one-fourth 

of the polar indicatrix for the strength anisotropy. The remaining three fourths, according to review data [1], 

if it is necessary, can be constructed by means of extrapolation. Similarly, the results of anisotropy of 

properties are graphically depicted in a grid coordinate system. 

The graphical estimation of paper and cardboard anisotropy in the form of indicatrices is highly 

illustrative. It shows the directions of extreme (maximum, minimum) strengths, and also informs about its 

numerical values in any other direction of the web. The presentation of data in such form is convenient for 

analyzing the structure and properties of paper and cardboard web. 

To note, at the present time this approach is presented simplistically. The data obtained in two quadrants 

provide relatively more information. It is conditioned by: 

¶ the development in the formation technology of paper and cardboard,  

¶ the implementation of new methods for the instrument analysis of anisotropy of paper and cardboard 

structure and properties. 

The following characteristics that evaluate the different sides of the mechanical properties of white top 

liner board were selected for the analyses:  

¶ the elastic modulus or Youngôs modulus E1, MPa, as a characteristic of the elasticity and stiffness of 

cardboard, 

¶ the stress-at-break (the ultimate tensile stress) sp, as a characteristic of strength,  
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¶ the strain-to-failure (the fracture strain) ep,%, as a characteristic of extensibility, 

¶ the work of fracture, Ap, mJ, as an integral evaluation of the static and dynamic strength of the material. 

The indicatrices of anisotropy for the above characteristics of the ñtop linerò and ñtest linerò board are 

shown in Fig. 3. 

 

  

a b 

  

c d 

Fig. 3. Indicatrices of anisotropy for the cardboard samples: a ï the elastic modulus, MPa; 

b ï the stress-at-break, MPa; c ï the strain-to-failure, %;  

d ï the work of fracture (the load), mJ 

The graphs show that different properties of white top liner board had a different degree of their 

anisotropy. Moreover, the properties of fibers (primary or recycled) also played a different role.  

Particularly, for the elastic modulus, Fig. 3 (a), the elasticity of the ñtest linerò board approximated to 

the elasticity of the ñtop linerò board. It was conditioned by a large difference in values for MD direction and 

increasing the cutout angle of the samples. In contrast, the difference became insignificant for CD direction. 

The difference in strength (the stress-at-break) of the ñtop linerò and ñtest linerò board samples, Fig. 3 

(b), was significant and approximately the same for all directions. 
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The fracture strain (the strain-to-break) evaluates the extensibility of cardboard. This characteristic 

demonstrates that the elasticity of the ñtest linerò board samples drastically decreased. The opposite effect 

was for the ñtop linerò board samples, Fig. 3, (c). It was observed with increasing the cutout angle of the 

samples and at the small difference in values for MD direction. In contrast, the difference increased up to 

300% for CD direction. 

The work of fracture, Fig. 3 (d), integrates strength and extensibility, which was reflected on the form 

of indicatrixes. 

There is illustrated the rate of change in the characteristics with increasing the cutout angle of the 

samples in Fig. 4. The values for the MD direction were taken as 100%. The findings showed that the elastic 

and strength properties reduced, the extensibility and work grew up.  

The figure 4 (a,b) shows that in the case of the ñtest linerò board samples: 

¶ the rate of decrease in the elastic modulus was rather larger, 

¶ the rate of decrease in strength was rather smaller. 

The extensibility of the samples increased by 40% for cardboard from recycled fiber, by 220% for 

cardboard from primary fiber, Fig. (c). 

  

a b 

  

c d 

Fig. 4. The relative change in the characteristics of white top liner board depending on the cutout angle 

of the samples: a ï the elastic modulus, MPa; b ï the stress-at-break, MPa; 

c ï the strain-to-failure, %; d ï the work of fracture (the load), mJ 

As for the work of fracture, Fig. 4 (d), the trends were opposite. This characteristic acted as follow: 

- grew up for the ñtop linerò board sample due to the contribution of extensibility, and 

- reduced for the ñtest linerò board samples due to the contribution of strength.  

Nevertheless, the increase in extensibility didnôt compensate the reduction in strength.  

To quantify the anisotropy degree of mechanical properties of paper and cardboard the simplest index 

is used. It is defined as the ratio of measured indicators of mechanical properties along the main directions of 
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the cardboard web (machine/cross), YMD/YCD. However, this is inadequate, since the variation of properties 

along the intermediate directions of the web is not taken into account [1]. 

In order to evaluate anisotropy in a more objective way, it is necessary to measure the numerical values 

of chosen parameter YŬ from a given number of directions of the web. As a rule, measurements are conducted 

at the angular spacing (Ŭ Ó 15Á), because there is no the significant difference at Ŭ Ò 15Á.  

As exponent of the anisotropy degree the sum of ratios of parameter YŬ to its value for the cross direction 

YCD: S YŬ/YCD was taken. The results of calculations for the ñtop linerò and ñtest linerò board samples are 

presented in Table 1.  

Table 1. The anisotropy degree of the characteristics of white top liner board in accordance to the 

fibrous raw material in its composition 

Characteristics Top Liner Test Liner 

 YMD/YCD S YŬ/YCD YMD/YCD S YŬ/YCD 

E1, MPa 2,65 1,72 2,08 1,49 

sp, MPa 2,00 1,45 2,31 1,59 

ep, % 0,32 0,60 0,73 0,85 

Ap, mJ 0,62 0,85 1,45 1,19 

 

The anisotropy degree grew up with increasing the indexes at their values Ó 1, the opposite effect was 

at their values Ò 1. 

The two indexes by means of which the anisotropy degree was estimated are underneath:  

¶ the integral exponent ï S YŬ/YCD, and  

¶ the generally accepted ïYMD/YCD.  

In the first variant, the integral index was smaller than in the second variant, in all cases. Consequently, 

the more adequate evaluation of anisotropy was given. Thus, the contribution of the intermediate directions 

of the tensile test was taken into account.  

The degree of anisotropy on stiffness and extensibility was higher for the ñtop linerò board samples. The 

degree of anisotropy on strength was higher for the ñtest linerò board samples. Hereby, the contribution of 

the strength of the fibers themselves and of inter-fiber bonds was taken into account. 

CONCLUSIONS 

The two-stage experiment including the uniaxial tensile test with a constant speed and based on further 

analysis of ñstress-strainò curves was implemented.  

The evaluation of distinctions in the deformation behavior of white 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 specified.  

The change in the values of the deformation characteristics at the deviation of the predominant angle of 

the fiber orientation from MD to CD was associated with: 

- the change in the ratio of the contribution of intra-fiber and inter-fiber bonds, and 

- the anisotropy value connected to the fiber length and forming conditions on the CM wire. 

It was concluded, that a more objective estimation of the anisotropy degree was given by the integral 

exponent S YŬ/YCD.  

The degree of anisotropy on stiffness and extensibility was higher for cardboard from primary fiber. The 

degree of anisotropy on strength was higher for cardboard from recycled fiber. 
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INDUSTRIJSKA SVAKODN EVNOST, KLIMA I OBNO VLJIVI I ZVORI 

ENERGIJE 

INDUSTRIAL EVERYDAY LIFE, CLIMATE AND RE NEWABLE ENERGY 

SOURCES 

Vladimir VALENT 

Univerzitet u Beogradu, Tehnoloġko - metalurġki fakultet, Beograd, Srbija 

Izvod 

Polazeĺi od direktiva Evropske unije ukazano je na znaļaj izvora energije za potrebe industrijske 

proizvodnje. Razmotrena je emisija CO2 i gasovite faze proizvoda sagorevanja fosilnih goriva i njihov 

uticaj na klimatske promene na planeti Zemlji. Ukazano je na koriġĺenje i znaļaj obnovljivih izvora energije 

u svetu i u industriji Srbije kao i na neophodnost poveĺanja energijske efikasnosti industrijskih procesa. S 

tim u vezi je i savremen obrazovni proces i celoģivotno obnavljanje znanja i usavrġavanje. 

Kljļne reļi: 

Abstract 

Starting from the European Union directives, it is pointed out the importance of the energy source for 

the needs of industrial production. The CO2 emissions 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. 

Keywords:  

UVOD 

Savremena proizvodnja materijalnih dobara, posebno industrijska, moguĺa je uz intenzivno koriġļenje 

energije za pripremu, proizvodnju, transport, skladiġtenje, odrģavanje i ļuvanje proizvoda. U tom pogledu 

topljenje rude i dobijanje metala kao i proizvodnja papira energijski su najzahtevniji industrijski sektori koji 

u svetskim razmerama, u koriġļenju razliļitih izvora energije, uļestvuju/1/ ļak sa oko 70% u odnosu na 

celokupan konzum svih oblika energije u svetu. Iz takvih razloga u tim granama industrije neophodno je 

dodatno angaģovanje nauļno - struļnog potencijala radi analize stanja, procesa a nakon toga i predloga 

reġenja za inoviranje procesa, smanjenje koriġĺenja energije po jedinici (mase, zapremine) dobivenog 

proizvoda. Samim tim to bi se svodilo i na obezbeĽenje poveĺanja energijske efikasnosti i tih procesa. 

U pogledu koriġĺenja energije proizvodnja papira se ubraja u energetski intenzivnu granu industrije. Taj 

zakljuļak se odnosi kako na potrebne iznose energije u obliku toplote za procese pripreme materijala tako i 

termiļko suġenje suspenzije i nastale trake papira (u suġnici) tako i na iznose elektriļne energije neophodne 

za rad svih delova postrojenja za proizvodnju papira. 

DIREKTIVE EVROPSKE U NIJE I PRAKSA U SRBI JI  

Evropska unija (dalje EU) je svojim direktivama znaļajnu paģnju posvetila energiji i energijskoj 

efikasnosti ne samo u industriji veĺ i komunalnih/3/ kao i stambenih objekata/3/ (u starogradnji ekonomski 

opravdanih ulaganja i obavezno u novogradnji). Poseban naglasak dokumenti EU ukazuju na potrebu 

poveĺanja koriġĺenja energije ukljuļujuĺi i uġtede energije. Takav zahtev podrazumeva i specifiļna tehniļko 

- tehnoloġka reġenja za sagorevanje goriva u industrijskim kotlovima za proizvodnju vodene pare neophodnog 

energijskog (termodinamiļkog) potencijala (zahtevane temperature i radnog pritiska) i masenog (zapre-

miskog) protoka. U procesima suġenja/4/ takav zakljuļak vaģi i za agens za suġenje ï najļeġĺe nezasiĺen 

vlaģan vazduh ļije termodinamiļko stanje i protok obezbeĽuju efikasno odnoġenje isparene vlage; tokom 






























































































































































































