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Technicky rozvoj celul6zo-papierenského priemyslu SR
je zakladom udrzania jeho konkurencieschopnosti

Miroslav Vajs', Stefan Boha¢ek?, Juraj DIhopoléek’, Maro$ Kova¢?

Zvaz celulézo-papierenského priemyslu SR
Vyskumny Ustav papiera a celuldzy a.s.

Abstract: The growing competitiveness of the cel-pap industry in Slovakia is demon-
strated by its market position and the increase in production based on the implemen-
tation of the latest technological advancements and the resulting comparative advan-
tages. Positive trends are evident in productivity development, the size of production
capatcities, and the consumption of basic raw materials, primarily wood, recovered
paper, and water. Interesting trends are observed in the production of pulp and paper,
as well as cardboard. The analysis will also cover the environmental sector, highligh-
ting investment activities and positive results in technical development, reduction of
emissions, pollution of surface waters, and reduction of energy intensity in production.

Klucové slovd: konkurencieschopnost, produktivita, technicky rozvoj, papier, celuléza

1. Uvod

Celulézo papierensky priemysel je vynimocné priemyselné odvetvie, ktoré-
ho vyrobny proces je technicky a technologicky zlozity. Je zalozeny na vyuzivani
a spracovani domdcej, obnovitelnej surovinovej zakladne, drevnej hmoty nizsich
kvalitativnych parametrov a zberového papiera. Patri dlhodobo k vyznamnym hos-
podarskym pilierom ekonomiky. Podniky zdruzené vo Zvaze celulézo papierenské-
ho priemyslu SR (ZCPP-SR) dlhodobo pokryvaju 100 %-ny podiel vyroby buniciny
a papiera na Slovensku.

Strategické rozhodnutia o smerovani, a z toho vyplyvajlca investi¢na narocnost,
si za uplynulé roky vyZziadali investicie vo vyske viac ako 500 mil. EUR. Pri procesoch
vyroby papiera a vyrobkov z neho, vyuziva najlepsie svetovo dostupné technolé-
gie, ktoré umozriuju dosahovat taku kvalitu vyrobkov, ze viac ako 90 % umiestnuje-
me na naro¢nych zahrani¢nych trhoch. Vietky vyrobné procesy su riadené tak, aby
aj pri vysokej energetickej naroc¢nosti, eliminovali nepriaznivé dopady na zivotné
prostredie.

Uplynuly rok 2024 bol rokom prelomovym. Vyroba papiera na Slovensku medzi-
ro¢ne vzrastla o 15,3 % a dosiahla Uroven viac ako 1 mil. ton. Z celkovej vyroby papie-
ra v roku 2024 bola vyroba grafickych a obalovych papierov na trovni 90 %, pricom
zvysnych 10 % tvorila produkcia hygienickych papierov. Spolo¢nosti zdruzené ZCPP-
SR spotrebovali v histérii odvetvia najviac zberového papiera. Spotreba prekonala
mnozstvo 214 tis. ton, ¢o predstavuje medziro¢ny narast o 29,7 %. Zberovy papier
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tvoril az 21,5 %-ny podiel na zékladnych vstupnych surovinach pre vyrobu papiera.

Pokracujuci dynamicky rozvoj celpap priemyslu na Slovensku v dalSich rokoch,
bude vyZadovat inovativne rieSenia, ktorych potencial zmeni obalovy priemysel
a rispeje k ochrane zivotného prostredia. Predpokladom je, ze v buducnosti bude
kladeny este vacsi doraz na vyvoj biologicky rozlozitelnych obalov, vyuzivanie ob-
novitelnych zdrojov a zniZovanie uhlikovych emisii.

Obr. 1: Vyvoj vyroby vlaknin, papierov a lepeniek v splo¢nostiach ZCPP

Obr. 2 Vyvoj spotreby v spolo¢nostiach ZCPP SR

WPP PA 2025 @) 9



Vyroba vlaknin, papierov a lepeniek md za ostatné obdobie stipajicu tendenciu.
Bol dosiahnuty rekord vo vyrobe papiera, buniciny aj v spracovani zberového pa-
piera. Spotreba dreva sa zvysil tiez 0 13,55 %.

Obr. 3: Vyvoj rozhodujucich ukazovatelov v spolo¢nostiach ZCPP SR

Produktivita prace zaznamenala tiez rekordna Uroven, napriek miernemu po-
klesu trzieb.

Obr. 4 Pocet papierenskych strojov a ich priemernd ro¢na vyroba

Pocet papierenskych strojov je 10, pricom vdaka rastu vyroby priemerna vyrob-
nd kapacita zaznamenala tiez rekordnu vysku.
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Obr. 5 Vyvoj poctu pravovnikov, miezd a prodkuktivity
Pocet zamestnancov dlhodobo klesd, v désledku automatizacie procesov a out-
soursingu obsluznych prac, zatial ¢o produktivita prace na jedného pracovnika ma
za celé obdobie mimoriadneintenzivne stupajucu tendenciu.

Racionalizacia personalneho zlozenia firiem a predvidavé investicie do vyroby
vytvorili potencidl pre dalsie investi¢né aktivity.

Obr. 6 Vyvoj zberu, spotreby papiera a ndvratnosti zberového papiera

Potreba papiera, zber papiera ako aj navratnost zberového papiera rastla.
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Obr. 7 Spotreba ZP podla druhov v spolo¢nostiach ZCPP SR

Z obrazku 7 je zrejmé, Ze spracovanie zmiesanych sortimentov zberového pa-
piera a zberu vinitych lepeniek a sulfatovych papierov slovenskym celulézo-papie-
renskym priemyslom zacala stupat po nabehu nového papierenského stroja ¢.19
v Mondi SCP a.s. Ruzomberok a neblahé trendy v tychto ukazovateloch v rokoch
predtym sa zmenily tiez na pozitivne.

Zivotné prostredie

Celulézo-papierensky priemysel je vyznamnym hradc¢om v prechode na cirku-
larnu ekonomiku®'®, kde sa materialy efektivne pouzivaju, recykluju a opatovne
vyuzivaju s minimalnym dopadom na prirodu. ZCPP aktivne sleduje a napomaha
zosuladeniu politik statov EU s cielmi klimatickej neutrality do roku 2050 s dérazom
na udrzatelnost ekonomickej konkurencieschopnosti svojich ¢lenov.

Hlavné ciele papierenského priemyslu vo vztahu k Zivotnému prostrediu:

Udrzatelné lesné hospodarstvo®: Papierensky priemysel podporuje obnovu le-
sov a certifikdciu dreva z udrzatelnych zdrojov, ¢o prispieva k ochrane biodiverzity
a boju proti odlesnovaniu’.

Znizovanie uhlikovej stopy: ZniZzovanie emisii CO2 prostrednictvom stale zlep-
sujucej sa energetickej uc¢innosti®'", pouzivania obnovitelnej energie a implemen-
tacie inovacii, ktoré minimalizuju environmentélne dopady vyroby.

Zvysovanie miery recyklacie: Hlavnym cielom je zvysit recyklaciu papiera a kar-
tonu, ¢im sa znizi tlak na nové zdroje dreva a minimalizuju sa environmentélne
dopady®’.

Minimalizécia odpadu a znecistenia: Znizenie mnozstva odpadovych produktov
a toxickych chemikalii'? pouzivanych vo vyrobnom procese prispieva k Cistejsiemu
zivotnému prostrediu.

Ochrana vodnych zdrojov: Znizovanie spotreby vody a zlep3enie technolégii na
Cistenie odpadovych vod st doélezité pre ochranu prirodnych zdrojov.
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The future of pulping
Leo Arpa

Mondi, 1030 Vienna, Marxergasse 4A, leo.arpa@mondigroup.com

Abstract: Kraft pulping is a widely used chemical process for converting wood into
pulp, the raw material for paper production. Invented by Carl F. Dahl in 1879, the pro-
cess uses sodium hydroxide (NaOH) and sodium sulphide (Na,S) as cooking chemicals
to break down the lignin that binds the cellulose fibres in wood. One of the key advan-
tages of kraft pulping is that it is highly efficient and sustainable, particularly due to its
closed-loop nature. In a kraft pulp mill, the chemicals used in the pulping process are
recovered and reused, significantly reducing waste and environmental impact. Black
liquor, a by-product of the pulping process, is processed in a recovery boiler to regene-
rate cooking chemicals and generate energy. This closed-loop system not only minimi-
ses the need for fresh chemicals, but also improves the overall energy efficiency of the
mill. So why even think about changing such a superior process?

There are at least 3 reasons why we should develop this excellent process:

1. Changing climate, challenged forests will change the availability of raw
material and the raw material available. Recent research by forestry institutes, as
well as our own research, shows that the European forest will change significantly
in the coming decades. New species will require new cooking sequences to reach
their full potential for pulp and paper products.

2. Increasing customer demand for sustainable packaging materials requires
greener production of fibre-based packaging. Our MAP2030 action plan outlines
our key commitments to improve environmental sustainability. In the area of cli-
mate change, this will include efforts to reduce greenhouse gas emissions, and in
particular to reduce resource consumption, both in terms of raw materials and en-
ergy.

3. New applications for fibre-based solutions require new and improved fi-
bre properties. To achieve such new and improved properties, not only new wood
species may be investigated, but also new or adapted processes.

These reasons are guiding current and future research in chemical pulping. One
such process is the use of deep eutectic solvents (DES). DES can dissolve lignin,
hemicellulose and cellulose at low temperatures and atmospheric pressure, but
have the disadvantage of complex recovery processes that don't yet match the ef-
ficiency of kraft pulping. Another approach is to develop kraft pulping processes to
meet the requirements outlined above. This is why we have developed the labora-
tory and pilot facilities to work with academia on the future of kraft pulping.
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Revolutionizing Material Printing: Cold Plasma-
Enabled R2R Manufacturing of Optoelectronic
and Photocatalytic Coatings

Tomas Homola', Petr Dzik?, Frantisek Zazimal', Jakub Kelar', Zlata Kelar Tu¢ekova',
Oleksandr Galmiz', Mirko Cernak', Dugan Kovacik'

'Department of Plasma Physics and Technology, CEPLANT - R&D Centre for Plasma and
Nanotechnology Surface Modifications, Faculty of Science, Masaryk University, Kotlarska
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Cold plasma is a highly energetic, ionized, quasi-neutral gas that enables pre-
cise material transformations beyond conventional thermal and chemical process-
es. Composed of free electrons, ions, photons, and reactive species, it interacts dy-
namically with surfaces, making it valuable for advanced material printing. Plasma-
driven processes enhance adhesion, material compatibility, and chemical control,
making them ideal for surface activation, functional coatings, and nanostructure
synthesis. In the wood and printing industries, atmospheric pressure plasma treat-
ments improve adhesion, durability, and print quality by modifying surface energy.
This allows materials to bond more effectively with coatings, adhesives, and inks-
without the need for chemical primers or extensive surface preparation-offering
an efficient and eco-friendly alternative to traditional methods.

In the wood industry, plasma treatment effectively enhances surface proper-
ties, improving adhesion, coating, and bonding performance. By introducing po-
lar functional groups, it increases surface energy, making wood more receptive to
water-based adhesives and coatings. It also reduces water droplet uptake time, en-
abling faster bonding and better coating penetration. Additionally, plasma shifts
the surface pH to a more acidic level, enhancing adhesive interactions. Unlike tradi-
tional chemical treatments, it is a dry, solvent-free process, offering an eco-friendly
alternative with minimal environmental impact [1].

In the paper industry, the flexibility and continuous nature of paper produc-
tion demand efficient roll-to-roll (R2R) processing techniques for surface modifica-
tions. Plasma treatment offers a dry, solvent-free solution that enhances surface
properties without affecting the bulk structure, making it ideal for high-speed R2R
applications. This technology is particularly advantageous for coated and special-
ty papers, improving barrier properties for packaging and enabling high-quality
printing on challenging substrates, all while maintaining production efficiency and
environmental sustainability [2].

Integrating cold plasma technology into R2R manufacturing presents a trans-
formative approach for producing high-performance coatings, surface modifica-
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tions, and functionalized materials in the paper and printing industries. As the de-

mand for flexible, lightweight, and sustainable materials grows, R2R-compatible

plasma treatments provide an efficient, scalable, and eco-friendly alternative to
traditional chemical and thermal processes.

Diffuse Coplanar Surface Barrier Discharge (DCSBD) (Figure 1) is a unique cold
plasma technology adopted and advanced at the R&D Centre CEPLANT, Masaryk
University and commercialized by Roplass s.r.o. It has been widely used for testing
in various industrial and research applications, particularly in surface treatment, ad-
hesion enhancement, and functional coating deposition. DCSBD generates high-
power-density, thin-layer atmospheric plasma directly on a robust alumina ceram-
ic surface, making it highly efficient for material processing. Unlike conventional
plasma systems, DCSBD operates in open-air conditions, eliminating the need for
vacuum chambers and enabling cost-effective, scalable integration into existing
production lines. Its design allows for both flat and curved configurations, making
it especially suitable for R2R manufacturing, where continuous surface treatment
of flexible materials such as polymers, paper, and textiles is required.

This contribution presents a range of examples showcasing how DCSBD has
been utilized to enhance printing technologies, spanning from low-TRL laboratory-
scale applications to high-TRL industrial-scale implementations.

1. Optoelectronic coatings in solar cells: Plasma treatments can enhance the inter-
face in heterojunction thin-film solar cells by modifying surface properties and
improving charge carrier dynamics. Additionally, plasma can effectively passi-
vate defects, reducing recombination losses and increasing overall efficiency.
These advancements open new pathways for manufacturing flexible, large-area
solar cells with improved optoelectronic coatings and long-term stability.

2. Photocatalytic coatings for water treatment: Plasma treatments can mineralize
organic binders in large-area thin-film semiconductors, enhancing their struc-
tural stability and photocatalytic activity. This process enables the fabrication
of high-performance photocatalytic coatings suitable for continuous flow was-
tewater treatment reactors. Such coatings improve pollutant degradation effi-
ciency, offering a scalable and sustainable solution for advanced water purifi-
cation.

3. Clay-coated paper: Plasma treatment effectively modifies the surface properties
of clay-coated paper, enhancing its wettability, adhesion, and chemical com-
position without altering bulk characteristics. These modifications enhance ink
absorption, barrier properties, and adhesion to polymers, making plasma-trea-
ted clay-coated paper more suitable for high-performance packaging, printing,
and industrial coatings. Additionally, R2R plasma process ensures uniform, sca-
lable, and cost-effective surface treatment for large-area application.

4. Digital printing: Plasma treatment using DCSBD enhances UV-digital prin-
ting adhesion by increasing surface free energy and introducing oxygen-rich
functional groups. This results in better ink bonding, durability, and reduced ink
shrinkage on polymer substrates like PMMA and PC.
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Figure 1: (left) Array of 25 flat DCSBD plasma panels (8 x 20 cm) used in roll-to-roll (R2R)
treatment of nonwoven fabric; (right) Curved DCSBD plasma unit designed for the R2R tre-
atment of polymer foil.

With its ability to deliver uniform, high-intensity plasma over large areas,
DCSBD has become a key enabling technology for next-generation printing,
electronics, and coating industries, offering fast, precise, and environmentally
friendly surface modifications.
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Vzdelavanie v polygrafii
Peter Blubla

Zvaz polygrafie na Slovensku, Racianska 190, 831 06 Bratislava 3
email: office@zpns.sk

Zvysujtice sa ndroky na zrucnosti a stdle meniace sa profily pracovnych miest na
vsetkych kvalifikacnych drovniach vyzyvaju vzdeldvaci systém, aby pruzne reagoval
na nové potreby pracovného trhu, so zachovanim poZadovanej kvalitativnej drovne.
Prispevok je rozdeleny na dve Casti: 1. Situdcia v polygrafickom vzdeldvani 2. Umeld
inteligencia a polygrafia

V prvej casti pojde o prezentdciu sucasného stavu v polygrafickom vzdelavani
predovsetkym na trovni stredného odborného vzdeldvania (aj ked sa konferencia
odohrava na akademickej pode). Zo statistiky SR za desat rokov (2013-2022) vyply-
va, Ze aj ked' sa ndm pocet deti zvysuje pocet studentov strednych a vysokych skol
klesa.

Zdroj: databéza SU SR/DATAcube
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Aka je situacia v odbore 34 polygrafia a média? Momentalne sa odbor vyucuje
v 30 3kolach na celom Slovensku s celkovym poc¢tom 1777 ziakov vo vietkych rocni-
koch. Najvacsi zaujem je o odbor 3447 K grafik digitadlnych médii kde v prvom az tvr-
tom ro¢niku Studuje 1368 Zziakov! Pretrvava nedostatok operatorov tlace-tlaciarov
a pracovnikov v dokoncovacom spracovani-kniharov.

Jedinou $kolou ktord vychovéva stredoskolskych absolventov pre polygrafiu na-
prie¢ trom fazam vyrobného procesu teda pripravy tlace, samotnej tlace a dokoncu-
juceho spracovania je SOS polygraficka v Bratislave. Menovana 3kola je aj centrom
odborného vzdelavania a pripravy. Momentélne skola presla vyznamnou stavebnou
modernizéciou a méa zodpovedajuice materidlovo technické vybavenie a kvalifikova-
ny pedagogicky zbor.

V druhej ¢asti sa budeme venovat fenoménu poslednej doby a to je umeld inteli-
gencia (Al) a jej uplatnenie v polygrafickom priemysle s dérazom na potrebu vzdela-
vania. Umeld inteligencia pracuje na dvoch zékladnych principoch a to autonémia pri
ktorej je schopna vykondvat komplexné tkony nezavislé od pomoci a zasahovania
tretej osoby a principu adaptability, kde sa Al u¢i na zaklade predoslych skdsenosti.
Ako sa umeld inteligencia prejavi v polygrafickom priemysle? Podla informacii z eu-
ropskeho medialneho priestoru elektronizécia a automatizacia dosiahla vyznamné
postavenie. Nastupom Industry 4.0 respektive Industry 5.0 sa ¢oraz viac budu presa-
dzovat prvky umelej inteligencie Al ako aj prvky ML (Machine learning), ¢o vyznamne
ovplyvni efektivitu vyrobného procesu. Na jeser roku 2023 sa uskutocnil prieskum
a zo spravy WhatTheyThink PRINT OUTLOOK pre rok 2024 sa publikovali trendy aky
vplyv ma Al na polygrafiu:

Vysledky tohto prieskumu naznacuju urcitd nekonzistentnost v nazerani vplyvu
Al a ML na polygraficky priemysel. Cas, mozno najbliziia buducnost, ukaze dal3ie
smerovanie. V roku 2023 sa spracoval narodny projekt ,Podpora kvality socidlneho
dialégu” Bolo spracovanych viacero PESTLE a SWOT analyz nasho priemyslu.

S narastajucou digitalizaciou polygrafie a budicim zapojenim umelej inteligencie
Al do procesov v polygrafickej vyrobe sa otvéraju nové prilezitosti a potreby z ladiska
»novych” zamestnani a vzdeldvania. Tu je niekolko prikladov:

Specialista na automatizaciu procesov (S nastupom umelej inteligencie a auto-
matizovanych systémov v polygrafickom priemysle je dopyt po odbornikoch, ktori su
schopniimplementovat a spravovat tieto technolégie. )

Expert na spracovanie velkych dat v polygrafii (Digitalizdcia polygrafickych
procesov prinasa obrovské mnozstvo dat, ktoré je potrebné analyzovat a interpre-
tovat))

Manazér pre digitalnu transformaciu v polygrafii (S rastucim vplyvom digital-
nych technolégii a umelej inteligencie je délezité mat odbornikov, ktori su schopni
riadit proces digitalnej transformacie v polygrafickom priemysle.)

Sme svedkami, Ze rychly nastup technického pokroku v poslednych rokoch pred-
bieha nds stcasny systém pripravy na povolanie v celom retazci primarneho vzdela-
vania (zakladné Skoly / stredné Skoly / vysoké 3koly). To vytvara tlak na celoZivotné
vzdeldvanie. Toto si musia uvedomit nielen vzdeldvacie institucie ale aj zamestnava-
telia.
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Dovolim si bonmot na zaver:

Verim, Ze Al z nds nakoniec nespravi IA!
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Efektivna spolupraca medzi priemyslom a
vzdelavacimi institiciami: Cesta k inovaciam
a rozvoju talentov
Effective Cooperation Between Industry and
Educational Institutions: A Path to Innovation and
Talent Development

Ivana Keyzlarova

Riaditelka Ludskych zdrojov Mondi SCP / Human Resources Director Mondi SCP
Mondi SCP, a.s., Tatranska cesta 3, 034 17 Ruzomberok,
Ivana.Keyzlarova@mondigroup.com

Abstract: The presentation focuses on effective cooperation between industry and
educational institutions in the context of the pulp and paper industry. Our company
actively cooperates with secondary schools and universities through plant tours, pro-
fessional internships, support for diploma and bachelor’s theses, and the “Summer
Work” program, which provides students with hands-on experience through seasonal
jobs. This partnership model not only contributes to the development of education but

also allows us to systematically cultivate the next generation of professionals who may
become part of our team.

22 @ WP PA 2025



WPP PA

Polygrafia Academica
2025



Industrial inkjet printing as an integral part of future
of print

Stanislav Vanic¢ek

Koenig & Bauer (CEE), Pobfezni 249/46, 186 00 Praha 8
stanislav.vanicek@koenig-bauer.com

Pfestoze moderni technologie tisku, které pro zjednoduseni nazyvame ,digi-
talni”, stéle oproti tradi¢nim analogovym zafizenim produkuji jen nékolik procent
objemu tisténé produkce, jejich vyznam pribézné roste. Mezi hlavni dlvody patfi
predevsim pokles primérného tiskového nakladu na zakazku, zplsobeny snahou
zadavatell o castéjsi zménu designu produktll, minimalizaci skladovych zasob
nebo pfizplsobeni vzhledu rdznym cilovym skupindm konzumentd.

Tyto obecné trendy se nasledné propisuji do poptavky vyrobcll tiskovin po
technologiich, které by umoznovaly mensi néklady tiskovin efektivnéji vyrabét.
Vyrobci tiskovych strojli a zafizeni na to pochopitelné reaguji investicemi do vyvoje
stale vykonnéjsich a sofistikovanéjsich fedeni, kterd v nékterych oblastech dokézi
tradi¢nim tiskovym technologiim vice nez dobfe konkurovat nebo je alespon efek-
tivné doplnovat.

Spolec¢nost Koenig & Bauer jako celosvétovy tradi¢ni vyrobce tiskovych stroju
nezlistadva v tomto snazeni pozadu a ve svych R&D oddélenich pracuje jiz mnoho
let na vlastnich ,digitalnich” fesenich pro rlizné oblasti tisku. ProtoZe se koncern
soustiedi na vyrobu vysoce vykonnych primyslovych zafizeni, nabizi v sou¢asné
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dobé stroje vyuzivajici inkjetovou technologii s inkousty na bazi vody, ktera se pro
toto vyuziti ukazala jako nejvhodnéjsi. Konkrétné se jedna o tfi rizné druhy stroj
pro pouziti v odliSnych trznich segmentech.

Prvnim z nich je kotoucovy stroj RotaJET na potisk papiru z role, ktery se v riz-
nych konfiguracich pouzivd pro potisk knih, dekoru, ndpojovych oball nebo
tfeba lineru na vinitou lepenku. Vyuzivd tisk ¢tyfmi barvami CMYK v rozliseni
1200x600 dpi nebo 1200x1200 dpi s vyuziti osvédcené technologie piezoelektric-
kych tiskovych hlav FUJI Dimatix Samba umisténych ve dvou fadach pro kazdou
barvu. Extrémné vykonné trysky a potisk materidlu v pasu dovoluje dosadhnout vy-
soké tiskové rychlosti 270 resp. 135 m/min. Tisku pfedchazi konvenc¢ni primerovaci
jednotka s disperznim lakem a potistény pds je mozné také nasledné jesté lakovat
nebo potiskovat v samostatné flexotiskové jednotce.

Protoze se jedna o kotoucovy tiskovy stroj, je nedilnou soucasti zafizeni i ro-
lovy odvije¢ a systém vedeni pasu prevzaty ze Spickovych akcidencnich ,rotacek”
Koenig & Bauer. V nabidce je systém manipulace s rolemi Patras v nékolika ver-
zich od manualni s ru¢nim prelepenim az po plné automaticky s robotickymi prvky
a vyménou role za provozu vhodny pro velkoobjemovou produkci.

Kazdd oblast pouziti vsak klade velmi rizné naroky na zpracovani pasu. Tisk knih
vétsinou vyzaduje predevsim vysokou rychlost a moznost napojeni snaseci jed-
notky a dalSiho knihafského pracovani. Vyrobci plovoucich podlah a podobnych
dekort zase trvaji na excelentni kvalité a tedy maximalnim rozliseni. Vyhodou je
i moznost ,nekone¢ného” pasu dekoru bez opakovani designu, limitem je v tom-
to pripadé jen vykon pocitace, ktery graficka data zpracovava. A napriklad stroje
pro ndpojové kartony zase obvykle maji za tiskem nékolik flexotiskovych jednotek
pro tisk a lakovani a jsou za¢lenény do komplexnich linek. Totéz Ize v podstaté Fici
o konfiguracich pro potisk obal( obecné.

Kotoucovy stroj RotaJET v konfiguraci pro tisk obalQ

Dalsi oblasti, kde je Koenig & Bauer velmi aktivni, je potisk vInité lepenky. Tento
obor se v posledni dekadé také vyznamné rozvinul a také do ného pronikaji poza-
davky na vysokou kvalitu, ¢astou zménu designu, vy$si mnozstvi verzi produkt(
aindividualizaci, pfedevsim krabic, displejl a stojanu. Protoze je inkjet bezkontakt-
ni tiskova technologie, dokaze na specifickém povrchu vinité lepenky dosahnout
excelentni kvality tisku, zaroven je ze své podstaty idedlni pro malé a stfedni série,
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véetné vyuziti variabilnich dat nebo stéle vice vyhledavanych bezpecnostnich prv-
ka.

Reakci na tyto trendy je stroj Delta SPC 130 z dilny Koenig & Bauer Durst v né-
kolika rGizné vykonnych provedenich. Vyuziva barvy Durst na bazi vody, v zakladni
verzi CMYK s moznosti rozsifeni o Orange a Violet, pfipadné Green. Soucasti mGze
bytiinkjetovy primer. Rozliseni 600 x 600 dpi je pro lepenku velmi dobry, pro speci-
alni aplikace Ize zvysit az na 800 x 600 dpi a na dal$im navyseni se pracuje. Lepenka
se potiskuje v arsich velikosti az 1300 x 2800 mm a strojem prochdzi uzkou stranou
napfed, cozZ sniZzuje potfebny pocet tiskovych hlav a tudiz i finanéni ndro¢nost in-
vestice.

Dalsi oblasti, kde je Koenig & Bauer velmi aktivni, je potisk vinité lepenky. Tento
obor se v posledni dekadé také vyznamné rozvinul a také do ného pronikaji poza-
davky na vysokou kvalitu, ¢astou zménu designu, vy$si mnozstvi verzi produkt(
aindividualizaci, predevsim krabic, displejli a stojanU. Protoze je inkjet bezkontakt-
ni tiskova technologie, dokéaze na specifickém povrchu vinité lepenky dosdhnout
excelentni kvality tisku, zaroven je ze své podstaty idealni pro malé a stredni série,
véetné vyuziti variabilnich dat nebo stéle vice vyhledavanych bezpecnostnich prv-
ka.

Reakci na tyto trendy je stroj Delta SPC 130 z dilny Koenig & Bauer Durst v né-
kolika rtizné vykonnych provedenich. Vyuziva barvy Durst na bazi vody, v zakladni
verzi CMYK s moznosti rozsiteni o Orange a Violet, pfipadné Green. Soucasti mlize
byt iinkjetovy primer. Rozliseni 600 x 600 dpi je pro lepenku velmi dobry, pro speci-
alni aplikace Ize zvysit az na 800 x 600 dpi a na dalSim navyseni se pracuje. Lepenka
se potiskuje v arsich velikosti az 1300 x 2800 mm a strojem prochazi Uzkou stranou
napred, coz snizuje potfebny pocet tiskovych hlav a tudiz i finan¢ni ndro¢nost in-
vestice.

Inkjetovy single-pass Delta SPC 130 pro potisk vinité lepenky

Vsechny komponenty stroje jsou ptizplsobeny specifikdm manipulace s roz-
mérnymi archy vinité lepenky o velké tloustce. Stohy materidlu jsou proto v pro-
vozech na vyrobu a zpracovani vinité lepenky typicky transportovany bez palety
na transportnich pasech a vyrobni zafizeni jsou do tohoto systému obéhu palet
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zaclenény. To plati i o stroji Delta SPC 130, ktery je vybaven non-stop vyménou
stohU v nakladadii vykladaci. Je to vice nez nutné, protoze tiskova rychlost stroje se
pohybuje mezi 60 a 120 m/min. a vyména stohu tak probihd v fddu jednotek minut.

Nejmladsim ¢lenem rodiny ,digitalnich” tiskovych strojl, také z dilny Koenig
& Bauer Durst, je archovy inkjetovy stroj VariJET 106 uréeny pro potisk kartonu tlo-
ustky 0,2 — 0,8 mm ve formatu B1 (1060 x 740 mm). Stejné jako pfedchozi inkje-
tové stroje pouziva inkousty na vodni bazi a tiskové hlavy Samba G3L. Na rozdil
od nich v3ak vyuziva sedmibarvovou technologii, tedy CMYKOVG, a jedno rozliseni
1200 x 1200 dpi pfi tiskové rychlosti 5500 arch(/h.

Jeho konstrukce a vybava reaguje na zmény na trhu vyroby skladanych krabicek
z hladké lepenky, tedy jiz zminéné klesajici naklady, vétsi pestrost verzi, astéjsi
vzorkovani a snahu o minimalizaci skladovych zasob. Vzhledem k excelentni kva-
lité tisku a rozsifenému gamutu srovnatelnymi s ofsetovym tiskem je VariJET 106
idedlnim doplrikem k archovému ofsetovému stroji stejného formatu. To je i zak-
ladni filosofie technologie VariJET, tedy prevzit z ofsetového stroje, ktery je vtomto
segmentu z podstaty technologie ekonomicky vyhodny pro nizsi stfedni az vyso-
ké naklady, viechny nizké a ultra nizké série krabic¢ek a vyrabét je rychleji, levnéji
a s mensim mnozstvim odpadu. K tomu vyuziva kromé stejného formatu i shodnou
konstrukci s ofsetovym strojem Koenig & Bauer Rapida 106 — nakladag, lakovaci
jednotku pro primer, susici sekce, lakovaci jednotky pro zuslechténi nebo vykladac.

Dobfe se myslenka vzajemného doplriovani ofsetové a inkjetové technologie
da demonstrovat na vyse uvedené zakazkové néplni. V této tiskarné zhruba 40 %
zakazek reprezentuje jen asi 12 % objemu vyroby, asi 6,5 mil. z celkového objemu
53 mil. archt za rok. Jejich ndklad se pohybuje pod 5000 arch( a jsou proto vel-
mi vhodné pro inkjetovou technologii VariJET. Tiskdrna mé navic velmi specificky
vztah s hlavnimi klienty, ktefi poZaduji dodavky zbozi,na vyzadani’, proto se kvili
efektivni vyrobé na ofsetovém stroji zakdzka predtiskuje a obvykle jedna paleta
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materidlu (ca 2500 archl/paleta) putuje k zakaznikovi a 1-2 palety do interniho
nebo externiho meziskladu tiskarny. Proto i nezanedbatelné mnozstvi zakazek
o objemu 5000-10000 archu tvoii potencidl pro inkjetovou technologii.

Protoze az 80 % zakazek v nasem pfikladu obsahuje pfimé ,pantone” barvy, pfi-
prava tisku na ofsetovém stroji se pohybuje priimérné na 30 minutach a pro tyto
zakdzky je tfeba pfiblizné 250 archd makulatury, 5-6 tiskovych desek (plus samo-
zifejmé i osvitova jednotka) a také napfiklad nezanedbatelné mnozstvi ofsetovych
gum. Inkjetovy stroj nic takového nemd, pro jeho rozjezd a kalibraci je tfeba jen
nékolik archt a produkci Ize zahajit béhem 5 minut. Po tficeti minutach, kdy ofse-
tovy stroj provadél pfipravu a rozjezd zakazky, ma inkjetovy stroj vytisténo zhruba
2500 archu. Vykonnostni bod zlomu pak nastava podle dosazené tiskové rychlosti
ofsetové technologie mezi 3000 a 4000 archt (40-50 minut).

Zapocitame-li u vybranych zakazek viechny naklady obou technologii (desky,
gumy, makulaturu, barvy, energie), mél by v nasem vzorovém pfipadu tisk na inkje-
tu vyjit znatelné levnéji. Ten bude zminénymi 6,5 miliony arch(i vytizen zhruba na
1 sménu a nabizi tak dodate¢nou kapacitu pro rozsiteni vyroby v tomto segmentu,
piipadné tisténi dalsich zakazek na vyzadani a snizeni skladovych zasob. Ofsetovy
stroj navic ziska volnou kapacitu pro zakazky vyssich nakladd, které je na ném moz-
né vyrabét efektivnéji.

Jak se investice do stroje VariJET 106 projevi na vzorovém pfikladu:
Spousta malych uloh, které Ize presunout na VariJET 106

Malé zakazky (< 5 000) na VariJET 106 zvysuji efektivitu vyroby
Dalsi kapacita pres 20 mil. arch@ pro viechny typy zakazek (ofset + inkjet)
Vlyroba ,na vyzadani“ s VariJET 106 a snizeni naklad( na zasoby
Snizeni CO, stopy: méné odpadu, energie, dopravy

Dalsi mozné benefity:

Rozvoj novych oblasti podnikani s inkjetovou technologii tisku
Vytvoreni unikatni prodejni nabidky (,USP*)

Odliseni se od konkurence

Dvojity lak na inkjetovém stroji pro nové trhy (opce)
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Archovy single-pass inkjet VariJET 106-7+LTL pro potisk kartonu

Na zavér bych jesté jako zajimavost zminil dalsi novinku z oblasti inkjetového
tisku. Jedna se o inkjetovou linku Met ONE na potisk plechu, kterou s vyuzitim pro-
vérené technologie multipass systému spole¢nosti Durst vyvinula dcefind v obru
dekorovani plechu etablovana spole¢nost Koenig & Bauer Metalprint.

Je vice nez evidentni, Ze inkjetova technologie jiz neni jen zalezitosti omezenou
na malonakladovou akciden¢ni vyrobu a formulérovy tisk. Pronikd do vétsiny ob-
lasti polygrafické vyroby a investice do jejiho vyvoje generuji mnoZstvi funk¢nich
zafizeni, kterd nachdzeji své misto na trhu s tisténymi produkty. Do budoucnosti Ize
ocekavat jeji dalsi rozsifovani do tiskarenskych provoz{i a vyvoj smérujici k vysSimu
vykonu a pravdépodobné i nizsim provoznim nakladiim, protoze technologie jesté
stale nenarazi na své limity.

Zdroj Koenig & Bauer
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Material Printing of Antimicrobial Layers and
Indicators not only for Smart Packaging
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Brno University of Technology, Faculty of Chemistry, Purkynova 118, 612 00 Brno, Czech
Republic, michal.vesely@fch.vut.cz

Abstract: Preparation and properties of functional liquids deposited by material prin-
ting to prepare gas indicators for smart food packaging. Their calibration and testing
for quality, shelf life and lightfastness. Antimicrobial thin films, their material printing,
production scale-up, operational efficacy tests.

Keywords: Material printing, Lotus foil, oxygen indicator, ozone indicator, flame retar-
dant coatings.

1.Introduction

Material printing is a process in which a functional liquid is delivered to the
printed substrate. For this, conventional printing techniques or digital printing
techniques are used. However, because one of the dimensions of the resulting pat-
terns is typically 0.5-2 pm in size, the term 2.5 D printing is sometimes used for
material printing. This produces both flat and height-structured patterns. The sim-
plest example of material printing is coating techniques, the most used printing
techniques are screen printing, flexo printing, gravure printing, pad printing and
inkjet printing.

These printing techniques have several advantages. These include high repro-
ducibility of functional liquid deposition, accurate multiple layer printing, high
productivity, easy up scaling and last but not least, low consumption of expensive
functional liquids compared to other liquid thin film techniques. In the following
sections, examples of printing of sensors, indicators and layers with antimicrobial
function at the authors’ workplace are given.

2.Brief Overview of Printed Sensors and Indicators

At the authors’ workplace, material printing techniques have been developped
for 20 years. Recent examples include a conductivity sensor on glass, sintered alu-
mina and polyimide foil printed with gold and silver ink followed by a burn-in (Fig.
1), a printed electrochemical UV sensor developed from a semiconductor formula-
tion deposited on carbon electrodes (Fig. 2). A polymer gel electrolyte was deposit-
ed over the electrodes and semiconducting layer and fixed by random UV-initiated
crosslinking of the reactive polymer. The sensor exhibited a linear photocurrent
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response for irradiance of 0.5-8 mW.cm= and 0.05-0.5 mW.cm™ for UVA. The next
printed active element was an electrophotocatalytic cell, where a titanium dioxide
layer in an organosilicon binder forming the anode was inkjet printed, an alumina
insulator was screen printed, and then either a carbon cathode was screen printed
or gold inkjet printed. The electrophotocatalytic cell has been successfully used to
disinfect water at extremely low E. coli counts (Fig. 3).

A disposable radiation dose indicator, i.e. a chemical dosimeter for UVA+UVB
radiation, was prepared, indicating by colour change the required erythemal effec-
tive radiation dose of 100, 200, 300 and 400 J.m™. At the Faculty of Chemistry, Brno
University of Technology, it was prepared under semi-operational conditions on a
roll-to-roll material printer Coatema Smart Coater. The UV dosimeter is primarily
used for the control of sunbathing (Fig. 4).

Photocatalytically active layers were prepared from a mixture of nanocrystal-
line titanium dioxide and synthesized organosilicon binder. More than 1000 bm of
photocatalytically active film was prepared using a Smart Coater printer for use in
photocatalytic reactors for pool water purification (Fig. 5).

Fig. 1: Printed conductivity sensors.

Fig. 2: Printed electrochemical UV sensor.
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Fig. 3: Printed electrophotocatalytic cell.

Fig. 4: Printed chemical dosimeter for UVA+UVB radiation.

Fig. 5: Printed photocatalytically active layer.
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3.Printed Antimicrobial Layers

Touchscreens are the new phenomenon of our time. In the covid period and even
afterwards, people hesitate to touch screens or displays in shops. The solution is a
protective film with an antimicrobial function on touchscreens, which would ensure
a significant reduction in the population of micro-organisms on their surface.

One possibility for obtaining anti-adhesive (antifouling) or antimicrobial prop-
erties on various materials is surface functionalization. This approach has several
advantages over disinfection techniques. Surfaces formed in this way are con-
stantly active, unlike radiation or conventional cleaning. Another huge advantage
of such functionalized materials is the fact that they exhibit biocidal properties
without containing conventional biocide. They can therefore be placed in direct
contact with humans without fear of harm, as they do not cause any harm to higher
organisms.

The essence of the technical solution is that the multi-layered self-adhesive trans-
parent covering film further comprises an antimicrobial layer arranged on the upper
contact side of the carrier polymer layer, which is formed by a water-borne lacquer
based on an inorganic-organic polymer, namely a silicone acrylate copolymer with
at least one antimicrobial additive. The first antimicrobial additive is a photocatalyst
covalently bonded to the silicone acrylate copolymer. The multi-layered self-adhe-
sive transparent cover film provides protection against drift of microbial and organic
pollutants. The material thus constructed is primarily designed for long-term broad-
spectrum protection against the adherence, subsequent multiplication and unwant-
ed transmission of bacteria, viruses and/or yeasts.

In an advantageous embodiment, the second antimicrobial additive is a bioc-
idal substance, thus the antimicrobial layer uses the synergistic action of the first
antimicrobial additive in combination with the second antimicrobial additive at a
minimum effective concentration that meets the legislative requirements.

Preferably, the photocatalyst is an organic photoactive material based on a phth-
alocyanine derivative of zinc bound to the silicone acrylate copolymer by a covalent
bond, thus not released into the environment. The absorption maximum of the zinc
phthalocyanine derivatives lies in a suitable wavelength region of 600 to 700 nm,
which corresponds to the spectrum of conventional light sources such as incandes-
cent, LED or fluorescent lamps. This makes it possible to successfully apply these mul-
ti-layer self-adhesive transparent cover films indoors. Phthalocyanine derivatives are
incorporated into the protective antimicrobial coating in the form of a substituted
derivative that provides reactive fixation in the carrier polymer layer.

Thin films were prepared on a Coatema SmartCoater using a 2-roll technique
as well as a slot-die technique (Fig. 6). The prepared layers on self-adhesive film
(PET, PVC, PE) were tested for their ability to produce singlet oxygen based on the
change in concentration of diphenyl isobenzofurane, antibacterial (ISO 27447 and
ISO 22196) and antiviral activity (ISO 21702) and of course also for mechanical
properties such as scratch resistance (ISO 15184) and adhesion by the grid method
according to I1SO 2409:2007.
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Fig. 6: Printed antimicrobial layer. A Lotus foil. See more information at https://www.forte-
sinteractive.com/product/lotus-foil.

4, Disposable Printed Ozone Indicator

A printed sensor for ground-level ozone detection and dose determination has
been developed in which the carrier polymer system consists of an alkyd polymer,
a reactive dye and a component that controls the contact of ozone molecules with
the dye. When the ozone molecules contact the dye, the dye is degraded and the
polymer layer fades. The sensitivity of the printed sensor to ozone is calibrated by
the addition of a calibration reagent. The printed sensor is adjusted to a sticker with
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a printed standard-a colour scale for comparison with the sensor colour. The entire
ozone sensor sticker is adhered to the object in the vicinity of which the ozone dose is
to be determined. The discoloration of the printed ozone sensor is irreversible. When
areas are disinfected with ozone generators, the concentration in ozone is not con-
stant over time, so the sensor responds cumulatively to the total ozone dose given
by the product of time and concentration. Thus, it is possible to determine the mean
ozone concentration when a printed sensor is exposed to ozone for a known period.

The ozone sensor formulation was prepared under laboratory conditions by mix-
ing screen printing varnish, dye solution in propylene glycol monomethyl ether,
regulator suspension and calibration reagent. The viscous solution was then screen-
printed onto polyester films. A 36-92W screen and a Roku Print05 semi-automatic
screen printing machine with a 75 Sh screen was used for printing. The printed sen-
sor was dried for 5 min at 100 °C in an oven.

The printed sensor samples were tested in an ozone chamber with known ozone
concentration. The reciprocal properties of the printed ozone sensor were confirmed
by testing at two different ozone concentrations.

The preparation of the ozone indicator was further scaled up to the level param-
eters on a Gallus RCS340 flexographic press. It was printed from 8 flexographic units
with direct inks dipped to match the colour standard, UV curable, and the last unit
was rotary screen-printed with an active indicator layer with infrared drying. The
sticker with the indicator and colour standard was printed on Avery Dennison PET23
TOP CLEAR material/adhesive S692N/substrate BG40BR Al788, screen printed with
Gallus Screen Digital DWD 40.

Fig. 7: Printed ozone indicator.
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5. Printed Food Packaging Oxygen Indicator

The indicators are comprised of TiO,, Remazol Brilliant Blue R, glycerol, and poly-
mer. Two different polymer matrices, poly(vinyl acetate) (PVAC) or (carboxy)methyl
cellulose (CMC) were used. The indicators were printed on a plastic foil and covered
with a UV curable coating. Data for the kinetic study of photocatalytic reduction
and oxidation were gathered with reflectance spectrophotometer and the kinetic
analysis was based on the change of the indicator’s optical density. Both indicators
were successfully activated with UVA and both detected oxygen. The rate of oxi-
dation depended on percentual oxygen concentration, increasing with increasing
oxygen concentration.

Fig. 8: Printed oxygen indicator.

Fig. 9: Printed oxygen indicator.

6. Flame Reatardant Coating

A set of samples was prepared by screen printing—the theoretical thickness of
one wet layer was approximately 65, 104 and 146 um (one or two layers). However,
the viscosity of the flame retardant was too high. After one set of samples, the av-
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erage degree of polymerization of the binder was therefore reduced from 6000 to
1000 and 300 and printing was repeated with a screen producing a 146 pm thick
layer. The lowest degree of polymerization binder was problematic because of the
formation of massive air bubbles during printing. Samples were evaluated by linear
burning rate (Test flames — 50W horizontal flame test method, CSN EN 60695-11-
10) and oxygen index (Determination of burning behavior by oxygen index, EN ISO
4589-2)

The best performance was recorded for the 146 um thick layer. The mixed fire
retardant based on Cloisite-Na+ bentonite and mica protected most of the archival
boxes during a medium-scale fire test. Its effect probably consists mainly in the
formation of a barrier [5] for the evaporation of flammable volatile compounds to a
vapor phase and limiting the access of oxygen to a condensed phase.

7. Conclusion

The above overview of printed elements and layers shows the wide applicability
of material printing techniques in research and applications.
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Abstract. The increasing focus on sustainability has sparked significant interest in repur-
posing waste materials as cost-effective, renewable and abundant sources of energy and
raw materials. Transforming waste materials presents a promising strategy for renewable
energy production, the development of advanced materials and fostering environmen-
tal sustainability. Among these materials, biochar-a carbon-rich solid product derived
through the pyrolysis of biomass under oxygen-limited conditions—has gained attention
as a versatile and sustainable material with diverse applications [1]. This study investiga-
tes the potential of biochar as a foundation for the next generation of high-performan-
ce printed electrochemical devices. Key factors influencing biochar properties, including
biomass type, pyrolysis conditions (temperature, duration, and heating rate) and activa-
tion treatments, were systematically analyzed. The integration of biochar into fully scre-
en-printed electrochemical sensors was demonstrated, with a focus on morphological,
spectral and electrochemical characterization [2]. Additionally, the performance of these
printed sensors in detecting “phenol-like” analytes for pharmaceutical quality control
was evaluated, with particular attention to critical analytical features such as sensitivity,
linear concentration range, detection limits and method validation. The findings of this
study contribute to the advancement of printed electrochemical sensor design, shedding
light on current trends, challenges and opportunities for real-world applications.

Keywords: biomass, biochar, electrochemical sensor, screen-printing
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Hybridné soldrne ¢lanky patria do tretej generacie fotovoltiky. Oproti konvenc-
nym kremikovym solarnym ¢lankom (prva generacia fotovoltiky) maju vyhody ako
napr. moznost pripravy lacnejsimi aditivnymi technoldgiami, pouzitie dostupnej-
Sich materidlov, priprava na flexibilnych substratoch, nizka hmotnost, priehladnost
elektréd, variabilita dizajnu a vysokd ucinnost pri interiérovom osvetleni. Do tejto
generdacie patria aj farbivom senzibilizované solarne ¢lanky (z angl. Dye-sensitized
Solar Cell-DSSC). Standardné $truktira DSSC pozostava z troch kluc¢ovych kom-
ponentov: fotoanddy zloZenej z mezoporéznej vrstvy TiO, senzibilizovanej orga-
no-kovovym ruténiovym farbivom, kvapalného elektrolytu a Pt protielektrody.
Vysoka cena Pt (~ 40 % nakladov na vyrobu DSSC [1]) je jednym z dévodov, preco
sa vyskum zameriava na alternativne materidly ako napr. vodivé polyméry, rozne
alotropy uhlika, zmesi kovov a pod. [2]. Navyse, merania DSSC s alternativnymi CE
vykazuju vyssie Ucinnosti ako pri pouziti Standardnej Pt.

Jednym z tychto alternativnych materialov pri priprave CE je biochar-uhlika-
ty material pripraveny pyrolyzou biomasy rastlinného alebo zivocisneho pévodu.
Vlastnosti biocharu ako jeho vysoka porozita, elektrickd vodivost, velky Specificky
povrch, pritomnost roznych funkénych skupin a roznych atémov kovov su klucovy-
mi faktormi pre jeho vyskum ako CE v DSSC [3].

V nasej praci sme Studovali sietotlacené kompozitné CE zlozené z biocharu a
tetraisopropoxidu titani¢itého (TTIP). Biocharové Castice boli pripravené pyrolyzou
kukuri¢nej sildZze a drevnej Stiepky. TTIP bol pouzity za i¢elom nahrady standard-
ného polymérneho spojiva-etylceluldzy, vyuzivanej pri priprave sietotlacovych
disperzii. Pri merani fotovoltickych parametrov pri interiérovom LED osvetleni
(500 a 1000 lux) dosiahli DSSC s biocharovymi/TTIP protielektrédami porovnatelné
uc¢innosti ako pri merani DSSC so Standardnymi Pt CE (Obr. 1). Vysledky tejto prace
ukazuju na potencial biocharu ako lacnej a ekologickej alternativy k Standardnym
Pt CE [4].
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Obr. 1 Porovnanie voltampérovych charakteristik farbivom senzibilizovanych ¢lankov s Pt
CE a tlacenou Biochar/TTIP CE. Merania pri interiérovom osvetleni LED 2700 K s intenzitou
500 lux a 1000 lux. Hodnoty PCE predstavuju konverznu ucinnost solarneho ¢lanku.

Kluicové slovd: hybridné soldrne cldnky, tlacené elektrddy, biochar, obnovitelné zdroje
energie, sietotlac
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Abstract: Photoelectrochemical cells consisting of a planar nanoparticular titania coa-
ted photoanode and an integrated digitated cathode were made by materials printing.
TCO coated glass and PET were used for substrates, nanocrystalline titania dispersion
bonded by a novel organosilica binder was used for the fabrication of the planar pho-
toanode and silver or carbon inks for the fabrication of the cathode. Due to the digitated
shaping of the cathode, photoelectrochemical response was not suffering from iR drop
down to low electrolyte ionic strengths. The printed cells can be used in electroassisted
photocatalytic oxidative treatment of wastewater as well as for small-scale sensing ap-
plications. With particular combination of cathode/anode material, the cell is capable to
work as solar cell and energy harvesting becomes possible.

Keywords: Electroassisted photocatalysis, titania, titanium dioxide, materials printing

1.Introduction

A photoelectrochemical cell is a device in which at least one working electrode
is made of a semiconductor supported on an electrically conductive substrate. The
photocatalytic activity of any immobilized semiconductor photocatalyst can be
boosted by the application of external electrical bias. The strategy is based on en-
hancing the electron-hole separation and consequently increasing the quantum
yield of the redox reactions taking place at the electrodes by the application of elec-
trical bias, which is possible when the photocatalyst is deposited on an electrically
conducting substrate. In the case of an n-type semiconductor, the working electrode
acts as a photoanode to which a positive bias is applied. It consists of an electrical
conductor covered by a semiconducting metal oxide (e.g. titanium dioxide). The
counter electrode material is not critical as long as sufficient electrical conductivity
and corrosion resistance is provided.

The photocurrent generated in an irradiated cell depends on many factors, in-
cluding but not limited to electrolyte composition, irradiance, material of the elec-
trodes, physical construction of the cell etc. Depending on the design, the cell can
be used for a number of important applications, such as sensing, remediation and
energy harvesting.

Materials printing is a promising microfabrication method well applicable for
the production of planar layered devices, including photoelectrochemical cells. The
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technique is based on sequential laying of patterned functional layers by means of
modified conventional printing techniques. While generally all traditional printing
techniques can be adopted for printing functional layers and patterns, inkjet printing
occupies quite a prominent position. Despite its quite narrow viscosity and particle
size limits, it seems to be the most suitable technique for lab scale prototype devel-
opment as no hardware printing form is necessary, i.e., patterns designed on a print-
er driving computer can be printed directly without the need for physical printing
form manufacturing. Moreover, up-scaling is very smooth and easy, because indus-
trial inkjet printers with several meters working width are readily available, so transfer
from prototype level to a small series level is reduced to switching to a bigger printer.

In this contribution, we describe the adoption of the principle of planar electro-
chemical cells to the versatile method of materials printing allowing for rapid pro-
cessing and essentially unlimited upscaling. We report about our approach and ex-
perience with printing the key materials (insulating, semiconducting and conduct-
ing). Three application possibilies, i.e. sensing, remediation and energy harvesting,
will be covered in detail, together with the physical, electrochemical and photocata-
lytic properties of the described cell types.

2. Printable Materials With Electronic Functionality

Recently, major developments in the technology of electronic component fabri-
cation have taken place. The dominant position of subtractive fabrication processes
based on sequential etching through temporary resists masks has been challenged
by a new additive approach. The so called materials printing techniques [1] seem to
be a promising microfabrication method well applicable for the production of pla-
nar structures with a low level of integration. The technique is based on sequential
laying of patterned functional layers by means of modified conventional printing
techniques. Strictly speaking, material printing has been around for several decades,
but limited to screen printing [2-4] which has been widely applied in the electronic
industry. During the past decade, the concept of materials printing has been signifi-
cantly broadened and the portfolio of applicable techniques has included off-set,
gravure, flexo, and inkjet printing.

e Electrical conductors: Transparent conductive oxides (TCOs) represent a highly
attractive support material for the fabrication of titania photoanodes, as the
photocatalyst layer can be irradiated through the substrate rather than from the
electrolyte side which adds some interesting possibilities for reactor design [5].

e n-type semiconductors: The most straightforward fabrication route for metal
oxide coated photoanodes is anodic oxidation [6] which is capable of providing
oxide coating with various topology [7] and doping options [8]. Oxide coated
photoanodes can also be deposited by methods which are more suited for up-
scaling, amongst them sol-gel based ones [9] and spray pyrolysis [10]. Materials
printing is a novel approach to the task of functional material patterning and
has already convincingly demonstrated its benefits[11].

e Electrical Insulators: A wide range of conventional printable materials can be
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employed for the fabrication insulating layers, e.g. UV-curable inks. However, in
order to get improved and reliable performance, more sophisticated materials
need to be introduced. For example, barium titanate is a popular insulator with
high dielectric constant, ensuring sufficient insulating capacity even wit thin
layers originating from inkjet printing.

3.Photoelectrocatalytic Cell Design

The photocatalytic activity of any immobilized semiconductor photocatalyst can
be boosted by the application of external electrical bias.[12] The strategy is based
on enhancing the electron-hole separation and consequently increasing the quan-
tum yield of the pollutant degradation by the application of electrical bias, which
is possible when the photocatalyst is deposited on an electrically conducting sub-
strate[13-15].

Total device current (uA)

T T
05 00 05 1.0 15 20
Potential vs. FTO (V)

Fig. 1: A scheme of electroassisted photocatalytic process showing the photoexcited
electron path (left) and typical polarization curves for titania photoanode (right)

The enhancement of photocatalytic activity of an immobilized semiconductor
photocatalyst by the application of external electrical bias has been convincingly
demonstrated [12]. However, when using electrolytes of low conductivity, iR drop
is one of the factors limiting high current throughput at moderate bias. Supporting
electrolyte may be added to increase the electrical conductivity in traditional electro-
chemical cells, but if the treatment of inevitably low ionic strength media (drinking
water) is envisaged, other means for minimizing the iR drop must be secured.

The iR drop may be reduced by the use of a parallel plate reactor with two opposite
electrodes and a small space between them where the electrolyte is passed through
[16]. However, this configuration is prone to the pressure build-up in a module con-
sisting of many such cells. This drawback can be avoided by placing both electrodes
onto a single substrate and shaping them into a close mutual proximity with a very
long boundary, i.e. creating interdigitated electrodes (IDE). The working electrode
consists of an electrical conductor covered by semiconductor like titanium dioxide.
The counter electrode material is not critical as long as sufficient electrical conductiv-
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ity and corrosion resistance is provided and interdigital geometry is respected. Such
a design ensures two key functions: (1) it suppresses the main obstacle to efficient
use of absorbed photons, i.e. the recombination of photogenerated charge carriers,
by applying external electrical bias to the semiconducting photocatalyst and (2) it
avoids the reduction of the generated photocurrent due to iR drop, even in electro-
lytes of low ionic strength. These features qualify the device as an interesting candi-
date for photoelectrocatalytic purification of drinking water. Decomposition of mod-
el pollutants has been observed on centimeter-scale prototype devices fabricated by
conventional lithographic techniques using optical copying through contact masks
for resist patterning [17]. Although the lithographic approach allows for very fine pat-
terns to be fabricated, it is totally unsuitable for the fabrication of large foot-print cell
modules.

While utilizing an interdigitated cell design in our recent work [18] with photo-
electrochemical cells, a remarkable drawback became evident: a significant fraction
of the cell area is occupied by the inter-finger gaps and counter electrodes. A coun-
ter-electrode is unavoidable and gaps between the electrodes can be minimized, but
still some fraction of the cell can be considered a“dead area” not taking active part in
the desired redox processes. Therefore, a new cell design has been introduced where
nanoparticulate titania is printed onto an unpatterned layer of TCO, which is almost
entirely covered with the exception of a small patch allowing the connection of the
positive bias terminal. A digitated insulator layer is printed onto the titania photoan-
ode and the cathode is printed on top of the insulator. In this way we eliminated the
gaps of the original interdigitated design and also significantly simplified the fabri-
cation sequence, since no FTO patterning is necessary any more. The cell design is
depicted in Figure 2.

Fig. 2: Various cell designs: a conventional one with physically separated photoanode and
cathode (top left), a planar interdigitated one (top right), a planar one with vertically se-
parated cathode (bottom left) and a simplified UV-sensing one with a gel electrolyte layer
(bottom right).
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4. Investigation of Cell Properties

Photoelectrochemical characterization was performed by linear sweep voltam-
metry at room temperature using a two terminal setup. Apart from the measure-
ment of the complete all-printed cells themselves, the electrochemical properties of
various model cells consisting of separate 1 cm2 titania photoanodes and cathodes
made of various materials were investigated in order to elucidate the influence of the
material and/or the printing and processing variables. The studied cell was fitted into
a custom build quartz cuvette filled with 0.1 M perchloric acid and placed onto an op-
tical bench equipped with a fluorescent UV-A lamp emitting a broad peak centered
at 365 (Sylvania Lynx-L, 11 W). A magnetic stirrer was placed beneath the cuvette and
a magnetic flea inside the cuvette provided efficient electrolyte mixing. The lamp
emission was monitored by a Gigahertz Optic X97 Irradiance Meter with a UV-3701
probe and the irradiance was set to 2 mW/cm2 by adjusting the lamp-to-cuvette
distance. Measurements of generated photocurrents were performed with an elec-
trometer build on the basis of the National Instruments Labview platform supplying
linear voltage gradients.

5. Application Examples

The following redox processes take place at an illuminated n-semiconductor/
electrolyte interface when conduction band electrons are channeled to a counter
electrode due to applied reverse bias:

h," +H,0 - HO- + H* (1)

hy," + OH—> HO- 2)

where h,,*is a valence band hole.
In the absence of an oxidisable solute, R, over a number of steps, water is oxidised
to oxygen—in summary:

h,'+1/2H,0 > H"+ %0, 3)
If an oxidisable solute, R, is present in the electrolyte, the following reactions also

occur:
h,"+R—R* 4)

HO-+R >R, (5)

The total current is then composed of two sources: the oxidisable solute oxidation
rate and the water oxidation rate [5], where the former increases with its concentra-
tion, c,,. The Faradaic efficiency, f, reflecting the competition between reactions 3, 4
and 5 is a convenient measure for the description of the net efficiency of the initial
oxidation step and is suitable for comparison of results obtained under various con-
ditions:

f= V(dcox/dt) F/iphotol (6)
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where Vis the total volume of the batch reactor and F is Faraday’s constant.

The oxidized species, R* or R,,, undergo further electron transfer reactions and
all intermediates may eventually be fully mineralized through a series of oxidative
cleavage reactions into water and carbon dioxide.

To illustrate these processes, an example of photodegradation of a solution of
terephthalic acid under UVA irradiation and assisted by electrical bias of 1V, using
the interdigitated 1000-1000-1000-1000 micron device with 200 nm thick TiO,
fingers is shown at Figure 3. During this experiment the photogenerated holes
act as strong oxidizing species presumably producing OH- radicals[19]. Although
the exact mechanism is still being debated[20], the net oxidative effect is evident
and can be easily monitored by various probes yielding fluorescent oxidized pro-
ducts[21-23]. During the course of the experiment, the fluorescence due to an in-
termediary product (OH-substituted, HTPA) increased and would eventually dec-
rease down to zero as the fluorescent intermediate is further oxidised. The fluores-
cence at 425 nm plotted as a function of time reflects the initial reaction rate. While
the blank checks show essentially no reaction, we can observe a doubling of the
reaction rate (with respect to the unbiased case) when an external bias of 1V was
applied. From the initial slopes of the traces, the production rates, v, can be calcu-
lated taking into account the total volume of the solution. These production rates,
considering Farday’s law of electrolysis, are related to the electrical charge passed
(photocurrent, iy.). The Faradaic efficiency, f, of the process is calculated using
f=VF / iyoo The value of 0.009 obtained for the experiment shown is satisfactory
given the fact that a very low concentration of electroactive species (1.10° M) was
used. Polychromatic light centered at 365 nm was used for this experiment. The
IPCE (incident photon-to-current efficiency) was 0.13 at 365 nm for 200 nm thick
electrodes. Values of f were found close to values obtained for the degradation
of phthalic acid in a parallel plate reactor [5]. While the datasets of the irradiated
samples were measured continuously in 10 s intervals, the dark ones needed to be
measured discontinuously only a few times during the reaction duration because a
single radiation source was used for both catalyst activation and fluorescent probe
excitation.
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Fig. 3: Concentration profiles of HTPA at various experimental conditions.

Further electrochemical investigation was focused on the study on the influ-
ence of the cathode material. The voltammetric curves presented in 4 are the result
of combined working and counter electrode response. As the working electrode
(titanium dioxide) was identical in all devices, the resulting voltammograms reflect
directly the behaviour of the counter electrodes, i.e. their ability to afford reduc-
tions at a low overvoltage, thereby shifting the onset of the photocurrent below
the cell potential of 0 V. Two possibilities of reduction reactions are offered in the
supporting electrolyte used: reduction of dissolved oxygen or reduction of water.
Without analysing gaseous products, water reduction cannot be ruled out, but is
unlikely given the known electrochemical response of the materials. On the other
hand, considering oxygen reduction, carbon has been used successively in fuel
cells for this reaction[24]. In fact, using carbon as cathode, the photocurrent deliv-
ered at 0V is around 80% of the maximum (plateau) photocurrent. That means that
cells equipped with a carbon counter electrode can be operated under short circuit
without much loss and avoiding an external electrical circuit providing bias. If used
for scaled-up implementations of the present device, this would reduce cost and
complexity of electrochemical reactors immensely. However, this advantageous
behaviour is observed only when the surface area of the cathode is large enough
to generate currents of similar magnitude as the photocurrents produced at the
anode.
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Fig. 4: Chopped linear-sweep voltammetric curves for cells consisting of titania photoa-
nodes (1 layer, thermally sintered on FTO, 1 cm?) and cathodes of approximately the same
surface area facing each other at a distance of 15 mm. Cathodes were made of various
materials (see graph legends) and cells were immersed into 0.1 M perchloric acid and irra-
diated by a broad-band UV-A fluorescent lamp set to 2 mW/cm?.

A further application niche of the discussed photoelectrochemical cells stems
from the obvious and natural fact that the magnitude of the generated photocur-
rent is proportional to the incident photon flux. This enables the cell to work as
a UV sensor, the electrical current of which is proportional to the incident UV ir-
radiance. Such dependence is illustrated in Figure 5. While this behaviour is rather
unwelcome during ordinary photoelectrochemical experiments and calls for per-
manent checking of the lamp condition by the means of a reliable radiometer in
order to make experimental results repeatable, it becomes an advantage when UV
intensity measurement is the goal.

However, for sensing purposes the cell design needs to be modified: The elec-
trode system can be simplified to a large extend: essentially two planar electrodes
would be sufficient, but the liquid electrolyte needs to be replaced with a gel elec-
trolyte. Both these tasks are at present being investigated in our lab and first prom-
ising results have been obtained as illustrated at Figure 6.
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Fig. 5: Linear sweep voltammetry polarization curves for cells consisting of titania photoa-
nodes (1 layer, thermally sintered on FTO, 1 cm2) and FTO cathodes in 0.1 M perchloric acid
using a broad-band UV-A fluorescent lamp set to variable irradiance values.

Fig. 6: Figure 6: Chronoamperometric record (left) and resulting calibration curve (right)
for an optimized UV-sensing cell with a gel electrolyte using a broad-band UV-A fluores-
cent lamp set to variable irradiance values.
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6. Conclusion

The disclosed overview briefly summarizes our know-how on printed titania
photoanodes and their utilization for electrophotochemical cells which can be opti-
mized for various application niches. In any case, materials printing was successfully
employed for the deposition of all the functional and auxiliary layers. Inkjet print-
ing proved to be an elegant method for sol delivery to the substrate. It provides a
complete control over the deposition process parameters together with an excellent
efficiency of precursor use.

Comparative photocatalytic and electrophotocatalytic experiments with tereph-
talic acid as model contaminant compound proved the beneficial role of external
electrical bias in suppressing photogenerated electron-hole recombination in the
semiconducting photocatalyst. In this way, more efficient charge separation in the
electric field of the IDE device has been demonstrated by the acceleration of tereph-
talic acid oxidation, which was conveniently monitored by the fluorescent signal of
its dominant oxidation product, hydroxyterephtalic acid.

The choice of gold as a counter electrode material is beneficial to the rate of oxy-
gen reduction in air saturated working electrolytes. As a consequence, especially at
low external bias or in the absence of external bias, if the electrodes are short cir-
cuited, the larger current output of the device is directly leading to increased rates of
photoelectrocatalytic reactions. That means that cells equipped with a gold counter
electrode can be operated under short circuit without much loss and avoiding an
external electrical circuit providing bias.

Simplified planar design of such cells covered with a semi-dry layer of gel electro-
lyte represent an interesting approach to the manufacture of all-printed low-cost UV
SENsor.
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The research on smart textiles explores their applications in various fields, in-
cluding medicine, military and energy storage. These advanced technology have
the potential to revolutionize industries by integrating electronic functionalities
into fabrics, enhancing both usability and convenience. This study focuses on smart
textiles equipped with electrodes for bioelectrical signal measurement. With medi-
cal advancements, acquiring high-quality data is crucial for disease treatment and
prevention. However, conventional devices are often non-portable or uncomfort-
able, limiting data collection in real-life conditions. Smart textiles offer a solution
by providing continuous, comfortable, and discreet monitoring without disrupting
daily activities.

This work investigates the preparation of dispersions containing a conductive
mixture of graphite and carbon black. These dispersions were analyzed in terms
of printing and rheological properties, with a focus on sheet resistance, print reso-
lution, and elasticity of the screen-printed layers. Both direct and transfer screen
printing methods were used on two types of textiles, ensuring a comprehensive
evaluation of printing quality and electrical performance.

Additionally, a prototype dry contact electrode was developed for electrocar-
diogram (ECG) recording. The study aimed to create functional printed layers ap-
plicable in smart textiles. Two prepared dispersions type were formulated — one
based on plastisol (PVC based) and another based on silicone. Formulations were
modified to optimize adhesion, conductivity, and mechanical properties, making
them suitable for practical applications in wearable health-monitoring systems.

Rheological measurements confirmed pseudoplastic behavior in all samples,
with increasing viscosity as carbon content increased. Some samples exhibited
weak viscosity recovery, leading to layer spreading and edge deformation, which
could affect the precision of printed patterns. Oscillatory measurements indicated
no linear viscoelastic region, suggesting structural breakdown from the begining
of the mechanical stress. These findings highlight the importance of optimizing
the dispersion formulation to maintain printing consistency and electrical perfor-
mance.

Printing results showed that mesh count 32 provided better prints than mesh
count 54, which had incomplete ink transfer and inconsistent layer thickness.
Sheet resistance decreased with higher carbon content until printing inconsisten-
cies appeared, which impacted the overall conductivity and uniformity of the lay-
ers. Transfer-printed silicone dispersions had higher sheet resistance than direct-
printed ones, likely due to differences in layer thickness and adhesion. Additionally,
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silicone-based layers on non-elastic textiles exhibited higher resistance than those
on elastic textiles. Plastisol-based samples showed lower sheet resistance than
silicone-based ones, with the lowest recorded value at Rs = 26.1 £ 2.2 Q/sq, dem-
onstrating the superior conductivity of plastisol formulations.

Elasticity tests indicated that silicone layers printed via transfer printing were
more stretch-resistant than those printed directly, suggesting that the transfer
method enhanced mechanical durability. Microscopic analysis revealed structural
differences, with transfer-printed layers appearing more homogeneous but show-
ing textile structure imprints. This structural distinction may influence the flexibility
and long-term stability of the printed layers, particularly in applications requiring
repeated movement and bending.

The narrowest printed line was 300 um for plastisol dispersions and 200 um
for silicone dispersions, highlighting the resolution limits of each formulation. ECG
electrodes developed from selected dispersions and commercial carbon paste suc-
cessfully recorded P waves, T waves, and QRS complexes, validating their function-
ality in biometric monitoring. However, silicone-based dispersions produced less
stable ECG signals compared to plastisol-based dispersions, which yielded more
consistent and reliable recordings. This suggests that the choice of dispersion for-
mulation plays a crucial role in optimizing signal clarity and sensor performance.

Future research could explore the impact of fiber orientation on conductivity,
alternative solvents, and detailed elasticity analysis, including repeated stretching,
bending, and abrasion effects on electrical resistance. Further improvements in for-
mulation design and printing settings could enhance the integration of smart tex-
tiles into everyday applications, particularly in healthcare, sports monitoring, and
military wearables. Expanding the range of conductive materials and optimizing
the interaction between printed layers and textile substrates will be key to advanc-
ing the development of high-performance smart textile solutions.
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Abstrakt: Biomass encompasses organic materials derived from living organisms or
their combinations with inorganic substances. This includes plants, animals, animal
waste, sludge, and waste wood. Thermochemical processes convert biomass into
synthesis gas (syngas), bio-oil, and biochar. Syngas and bio-oil are considered alterna-
tives to fossil fuels. Biochar, a solid material produced during biomass carbonisation,
is cost-effective, environmentally friendly, and applicable in soil remediation, waste
management, and energy production. It primarily contains carbon (C), along with
hydrogen (H), oxygen (O), ash, and trace amounts of nitrogen (N) and sulfur (S). The
composition depends on the biomass type and the carbonisation process conditions.
Modification techniques enhance the physical, chemical, and electrical properties of
biochar, allowing its use for various purposes, including the removal of contaminants
from soil and water, elimination of organic pollutants, as a catalyst, in wastewater tre-
atment, composting, energy storage, carbon sequestration, and improving soil quality.

pr v

Klucové slovd: Biochar, Carbon materials, Carbonization, Printed electronics

Biochar je podla International Biochar Initiative definovany ako ,pevny mate-
ridl ziskavany karbonizaciou biomasy”. Fyzikélne vlastnosti biocharu ovplyvnuje
povaha biomasy a podmienky karbonizécie, ako su preduiprava, teplota, rychlost
ohrevu, prietok plynu, tlak a metéddy modifikacie. Tieto faktory vedu k abrazivnym
procesom, tvorbe trhlin a zmene mikrostruktiry biomasy. Pocas karbonizacie do-
chadza k ubytku hmotnosti a zmrstovaniu biomasy v désledku uvolfhovania prcha-
vych latok. [1,2]

Klucovu ulohu zohrava distribucia poérov, ktora ovplyvriuje povrchovu plochu
a adsorpcné vlastnosti. Vyssie teploty zvysuju pocetnost mikropérov a podporuju
tvorbu novych poérov. Fyzikalne vlastnosti biocharu zavisia aj od chemického zloze-
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nia biomasy. Tepelny rozklad organickych latok zacina nad 120 °C, pricom hemice-
luléza, celuldza a lignin sa rozkladaju v rozmedzi 200-500 °C. Miera Strukturalnych
zmien zavisi od podielu tychto zloZiek pocas karbonizacie. [3,4]

Karbonizacia sposobuje chemické zmeny v biomase, ¢o vedie k tvorbe biocharu
s roznorodymi vlastnostami. S rastucou teplotou klesa vytaznost biocharu, zatial
¢o jeho pH stupa (o 0,5-1,4 jednotky na 100 °C) v dosledku rozkladu hydroxylo-
vych vazieb. Naopak, kationova vymenna kapacita klesa kvoli ubytku kyslikatych
funk¢nych skupin. Biochar ma spomedzi tuhych biomateridlov najvyssiu vymennu
kapacitu vdaka obsahu mineralov. V procese karbonizacie dochadza k zniZzovaniu
pomerov H/C a O/C, ¢o naznacuje dehydrataciu a dekarboxylaciu do 500 °C. Nad
600 °C je FTIR na detekciu funkénych skupin neti¢inna a preto sa vyuziva Ramanova
spektroskopia, odhalujica aromatické struktury. Pomer I/l poukazuje rast velkych
aromatickych kruhov pri teplotach nad 750 °C. Obsah prchavych latok klesa linear-
ne s teplotou, zatial ¢o podiel popola stupa v désledku rezidualnych anorganickych
mineralov po rozklade biomasy. [5-7]

Elektrickd vodivost biocharu zavisi od vnutorného elektrického odporu castic
a elektrického odporu medzi nimi (kontaktny elektricky odpor). Oba faktory su za-
vislé od teploty [8]. ZniZenie vnutorného odporu suvisi so zlepsenim usporiadania
uhlikovej struktury a lepSou perkolaciou medzi usporiadanymi uhlikovymi fazami
pri vyssich teplotach. Biochar vyrobeny pri 900 °C vykazuje Siroky rozsah vodivosti
od 1,9 x 10° S/cm do 63 S/cm. Okrem uz spomenutych faktorov (teplota, typ bio-
masy, podmienky predupravy...) vplyvaju na vodivost aj obsah kovov, kyslika, plo-
cha povrchu, hustota, obsah uhlika a velkost grafitovych krystalitov. Pochopenie
tychto mechanizmov je klic¢ové pre optimalizaciu biocharu ako elektricky vodivé-
ho materialu. [9,10]

Nemodifikovany biochar vykazuje nedostato¢né strukturalne vlastnosti, s mini-
malnou plochou povrchu a pérovitostou. Surovy biochar ma nedostato¢né chemic-
ké povrchové vlastnosti, nizku zasaditost a obmedzeny pocet funkénych skupin.
[11] Upravy a modifikacie biocharu sa zvycajne delia na fyzikalne, chemické, im-
pregnécie minerdlnymi adsorbentmi a magnetické modifikacie [12]. Tieto techniky
mozu zvysit plochu povrchu biocharu, zmenit alebo zosilnit jeho povrchov reakti-
vitu, zlepsit adsorb¢né vlastnosti a pridat nové funk¢né skupiny na povrchu.

Jednou z oblasti aplikdcie biocharu je priprava elektrochemickych senzorov,
vyuzivanych na environmentdlne, potravinové a klinické analyzy. [13] Biocharom
modifikované elektrochemické senzory su vyuzivané vo voltamperometrickych
meraniach stanovovania anorganickych iénov a organickych latok. Oliveira et al.
pouzili biochar ako modifikator elektrédy pri detekcii Cu?* i6nov vo funkénych na-
pojoch. [14] Okrem toho sa biochar ukazal ako idedlny material pre elektrochemic-
ké biosenzory. Ates et al. syntetizovali Fe;O,-biochar nanokompozity na detekciu
H.0,, pricom senzory vykazovali vynikajucu selektivitu a citlivost [15]. Kalinke et al.
vyvinuli nenzymaticky elektrochemicky biosenzor na detekciu glukézy v ludskom
slindch a krvnej plazme, ktory vykazoval vysoku opakovatelnost. [16]

Vyskum tiez ukazuje vyuzitie biocharu na detekciu interleukinu-6 (IL-6) v sére
a krvnom vzorke, pricom senzory vykazovali vybornu analyticku vykonnost. [17]
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Skupina Compagnone vytvorila vodnu fazu exfoliovanych biocharovych nanovla-
kien, ktoré pouzili na modifikdciu obrazovych elektrod a vytvorenie vodivého fil-
mu. [18]
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Lepidla pre obalovy priemysel-sucasnost a nové
trendy

Karol Vasko

EUKALIN je nemecka spolo¢nost Specializujica sa na vyvoj a vyrobu vysoko kva-
litnych priemyselnych lepidiel. Jej histéria siaha do roku 1904 a aktudlne sa venuje-
me hlavne priemyselnym lepidlam pre obalovy priemysel, Speciadlne pre papierové
a kartonové obaly. Podiel lepidla v tychto obaloch sa pohybuje medzi 1-5 %, ale
bez tychto lepidiel by vyroba a pouzite papierovych obalov nebolo mozné. Pri vy-
robe sa pouziva niekolko druhov lepidiel:

Tavné lepidla EVA/PO/SIS

Disperzné lepidla PVAC/VAE/Akylaty

Skrobové lepidla

Kazeinové lepidla

Glejové lepidla

V blizkej budicnosti ocakavame vyznamné zmeny pri vyrobe a dizajne papie-
rovych obalov vzhladom na nariadenie PPWR (Packaging and Packaging Waste
Regulation). Ide o nariadenie EU, ktoré sa zameriava na predchadzanie vzniku od-
padu z obalov, zlep3enie recyklacie a zniZzovanie environmentalnych vplyvov oba-
lovych materidlov. Tento regulacny ramec sa snazi sprisnit poziadavky na vyrobcov
a distributorov obalov a ich zodpovednost za obaly, ktoré uvadzaju na trh, s cieflom
minimalizovat ich negativny dopad na Zivotné prostredie.

Hlavné ciele PPWR su:

e Znizit mnozstvo odpadu z obalov: Cielom je, aby obaly, ktoré sa uvadzaju na
trh, mali minimalizovany vplyv na Zivotné prostredie, a to prostrednictvom lep-
sej navrhovej praxe, ktora zahina obaly, ktoré sa daju lahsie recyklovat alebo
opatovne pouzit.

o Zlepsitrecyklovatelnost obalov: PPWR kladie déraz na pouzivanie materidlov,
ktoré su lepsie recyklovatelné a zabranuje pouzivaniu materidlov, ktoré su tazko
spracovatelné v recykla¢nych procesoch.

e Rozsirena zodpovednost vyrobcov (EPR): Tento koncept znamen4, ze vyrob-
covia obalov budui musiet zabezpecit, aby obaly, ktoré uvadzaju na trh, boli
spravne spracované po ich pouziti. To zahfnia recyklaciu alebo iné formy zhod-
nocovania odpadu.

e Podpora obehového hospodarstva: Zameriava sa na prechod od linedrneho
modelu (kde sa vyrobky vyrabaju, pouzivaju a vyhadzuju) k obehovému hospo-
darstvu, kde su materidly recyklované a opakovane pouzité.

PPWR by mal poméct dosiahnut ambiciézne ciele EU v oblasti udrzatelnosti
a znizovania odpadu, najma v suvislosti s obalovymi materidlmi, ktoré su jednym
z hlavnych prispievatelov k environmentalnemu znedisteniu.

Vsetky obaly uvedené na trh sa teda budi musiet recyklovat. Preto sa do pozor-
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nosti dostavaju vsetky zlozky obalu, ako je samotny papier, rozne funkéné vrsty, tla-
Cové farby a v neposlednom rade aj lepidla. Z tohto dévodu sa v roznych studiach
zistovali vplyvy lepidiel pouzivanych pri vyrobe obalov na ich recyklovatelnost.
Pri tavnych lepidlach je dolezité, aby boli trieditelné a mohli by takto byt z obalu
odstranené. Na posudenie boli vypracované kritéria, tzv. EPRC Scorecard, kde je od-
stranitelnost tavného lepidlo posudzovana podla fyzikalnych hodnét, ako je bod
maknutia, hrdbka nanesenej vrstvy a jej rozmery. Disperzné lepidla nepredstavuju
pri recyklovatelnosti ziaden problém a vsetky obaly zdomacnosti su plne recyklova-
telné. Naopak, problémom su PSA lepidla na akrylatovej baze, ktoré sa nedaju pine
odstranit a v procese recyklacie z nich zostavaju trvalo lepivé castice. Ako technické
rieSenie je mozné pouzit vodeodolné filmy s vysokou kohéziou.

Obalovy priemysel sa snazivyuzivat lepidla na prirodnej baze. Zivice zo stromov
sa Uspesne pridavaju do tavnych lepidiel, kde sa aktudlne dosahuje podiel prirodnej
zlozky okolo 50 %, aktudlne vyvoj smeruje k podielu az 70 %. Uz dIhé roky sa v Eurépe
pouziva prirodny kaucuk na tzv. Coldseal, alebo lak zvarovany za studena. Vzhladom
na EU-Normu 2023/1115 (EU Deforestation Regulation) sa da do buducnosti o¢akavat
postupné zhorsovanie dostupnosti prirodného kaucuku a tym padom ndrasty cien.
Rézne firmy takisto experimentuju s moznostami syntézy Vyinylacetat-Etylén kopo-
lymérov z prirodnych zdrojov (potrebné na vyrobu disperznych lepidiel). Prikladom
méze byt vyuzitie bioetanolu z Brazilie, alebo zvyskovych produktov z drevarskeho
priemyslu (kyselina octovd). Casto sa ale naréza na problémy ako je obmedzena
dostupnost tychto zdrojov.

Priemyselnym Standardom je uz dlhé roky vyuzite Skrobovych a dextrinovych le-
pidiel. Casto je ale potrebné tieto lepidla upravovat pridavkom syntetickych produk-
tov na zlepsenie ich spracovatelnosti na modernych strojoch.

Firma EUKALIN, ale iné firmy na trhu na aktudlne snazia upravit skrobové lepidla
tak, aby boli plne pouZitelné pre moderné stroje pri vyrobe kartonaze a krabiciek, a to
tak pre tryskové ako aj pre kole¢kové nanasanie. Aktuélne sa dari dostat na 90 %-ny
obsah biogénnych latok.

Takisto sa Casto stretdvame s glejovymi lepidlami, napriklad by vyrobe potahova-
nej kartonaze. Tento cisto prirody produkt ale sprevadza niekolko problémoyv, ako je
zépach pocas spracovania alebo plna zavislost od Ciny. Coraz ¢astejsie su preto nové
stroje na vyrobu potahovanej kartonaze vybavené zariadeniami na aplikaciu disperz-
nych alebo tavnych lepidiel.

Dal3im z lepidiel z prirodnych zdrojov st kazeinové lepidla, pouzivané napriklad
na mokré etiketovanie flias. V tomto pripadne sa casto stretdvame s kolisavou kvali-
tou ako aj zhorsenou dostupnostou a narastom cien. Preto je tu tiez trend prechodu
na disperzné lepidla, hlavne pri novych vysokovykonnych etiketovacich zariadeni-
ach.

Zaverom sa da skonstatovat, Ze buducnost lepidiel pre obalovy priemysel je hlav-
ne vo zvysovani obsahu biogénnych latok v tavnych a disperznych lepidlach na ¢o
najvyssiu Uroven pri zachovani ich vhodnosti na pouzitie na modernych vysokovy-
konnych lepiacich zariadeniach.
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Abstract: Accurate color monitoring is of utmost importance in the graphic industry,
where maintaining high-quality color reproduction is essential. This need becomes par-
ticularly critical in the reproduction of skin tones, a topic of significant research interest
due to its impact on the perception of human images. Studies have demonstrated that
standard observers can discern subtle variations in skin color, including minor shifts
in chroma and hue toward reddish tones compared to actual skin shades. Traditional
methods for objective color reproduction analysis typically rely on standard colorimet-
ric measurement techniques and devices, which are commercially available but often
expensive and cumbersome. There is growing interest in leveraging affordable, user-
-friendly software solutions in combination with low-cost imaging technologies to
make objective colorimetric analysis more accessible. This study investigates the po-
tential of employing the area-based open-source image analysis tool Trigit alongside
two distinct digitalization methods, scanning and digitalization using a camera, to
evaluate skin tone color reproduction accuracy. Skin tone samples were inkjet-printed,
digitalized using the proposed methods, and analyzed to extract colorimetric coordi-
nates. These results were compared to direct spectrophotometric measurements of the
printed samples. By calculating and comparing color differences, the performance of
the digitalization methods was evaluated.

Keywords: skin tone reproduction, digitalization method, image analysis tools, ink-
-jet printing.

1.Introduction

A pivotal role in human visual cognition plays color perception, particularly in
the perception of skin tones. Research has consistently demonstrated that the way
facial skin color is perceived differs fundamentally from the perception of other
colors. Individuals with normal trichromatic vision exhibit an extraordinary ability
to detect subtle variations in human skin tones with high precision. Furthermore,
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skin color perception serves as a crucial determinant of perceived attractiveness
and is closely associated with judgments about an individual’s health based on
facial appearance [1]. Skin color is categorized as a memory color, playing a fun-
damental role in how individuals are perceived in images. With the proliferation
of mobile devices, including smartphones and tablets, alongside the increas-
ing popularity of image capture and sharing applications, user preferences have
shifted beyond traditional color accuracy toward preferred color reproduction [2].
Consequently, achieving visually appealing and natural-looking skin tones remains
a key aspect of color reproduction. Since individuals often rely on memory-based
color perception to evaluate the fidelity of reproduced colors, it is essential to un-
derstand both the preferred reproduction range of skin tones and the methodolo-
gies employed for color measurement to optimize preference-based reproduction
[3]. Fields such as photography, printing, medicine, lighting, retail, and cosmetics
all rely on precise skin tone reproduction to ensure consistency, diagnostic accura-
cy and product compatibility [4]. From a quantification standpoint, objective color
measurement necessitates empirical modeling within a defined color space, where
the CIE Lab* color space and associated color difference equations being the most
widely adopted [5].

There has been growing interest in the quantitative assessment of color using
images captured with cost-effective commercial imaging technologies, including
smartphones, scanners and digital cameras, for scientific applications. The continu-
ous advancement of affordable imaging systems has facilitated objective colori-
metric analysis during image acquisition. This study investigates the feasibility of
utilizing Trigit, an open-source, area-based image analysis tool, for evaluating the
accuracy of skin tone reproduction in images digitized via a scanner and a mobile
phone camera. Specifically, selected skin tones were printed using an inkjet print-
ing system, digitized and analyzed to extract colorimetric coordinates using the
proposed tool. Color measurements were conducted directly on the printed sam-
ples using a spectrophotometer. By computing color differences, the effectiveness
of the employed digitalization methods was systematically assessed.

2.Methods and materials

For the objectives of this research, a custom-designed test chart consisting of
twenty skin tone patches from Adobe’s standard skin color palette was developed
(Figure 1). The finalized PDF file was prepared for printing while adhering to the
color specifications embedded within the Coated Fogra 39 profile. The printing
process was executed using two distinct, fully calibrated inkjet printing systems: a
solvent-based SOLJET Pro 3 Print and Cut XC-540 and a UV-based UV Print and Cut
LEC-540. Each printer operated at two predefined output resolutions 360x720 dpi
and 720x 1440 dpi representing the lower and upper resolution thresholds, respec-
tively. To ensure uniformity, all additional printing parameters remained constant
across both devices, including the application of a dither algorithm for rasteriza-
tion, the employment of the nearest-neighbor method for interpolation and the
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activation of bi-directional printing for the print head’s movement. As a printing
substrate, a commercially available Display PP paper was utilized.

Fig. 1: Test chart

L*a*b* values of the printed samples were measured using a Techkon
SpectroDens spectrophotometer, with a measurement geometry of 0/45, an il-
luminant D50, and a 2° standard observer setting. Each color patch underwent
six individual measurements, with the mean values subsequently used for data
analysis. The digitization of printed samples was performed via two methodolo-
gies: scanning and photographic capture. For the scanning process, a CANON
CanoScan 5600F scanner was employed at its native resolution of 1200 dpi, with
all automatic image enhancement features disabled to prevent data alteration. The
photographic method, on the other hand, utilized a mobile phone camera, given
its widespread accessibility as a standard digital imaging device. Specifically, the
primary camera (24 mm, f/1.78, ISO 80, 0 eV) of an iPhone 14 Pro Max was used.
The printed samples were positioned inside a color viewing cabinet (Agile Radiat
CV(C5-2E - 5) at a 45° angle under standardized D50 illumination. The camera was
positioned within the cabinet at a perpendicular angle (0°) and maintained a fixed
distance of 260 mm from the samples, simulating real-world conditions for rou-
tine color evaluation. Following digitization, L*a*b* values were extracted from the
scanned and photographed images using Trigit, an open-source, area-based image
analysis tool [6]. The square selection tool was employed to delineate the region of
interest corresponding to each color patch. The computed color differences, AEOO
[7], were derived by comparing the L*a*b* values obtained via spectrophotomet-
ric measurements with those extracted using image analysis. These calculations
facilitated the characterization of the proposed color measurement methodology,
assessing its feasibility and accuracy.

3.Results and discussion

Figure 2 illustrates the computed differences in color (AE00), lightness (AL), hue
(AH) and chroma (AC) between the L*a*b* values of each color patch, as measured
by a spectrophotometer, and those extracted from scanned and photographed
images using the open-source image analysis software. The figure presents these
differences for samples printed using both a solvent-based inkjet digital printing
machine and a UV digital printing machine at low and high printing resolutions.
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Fig. 2: Upper left: color difference values (AE00), upper right: lightness difference values
(AL), lower left: chroma difference values (AC), lower right: hue difference values (AH)

The analysis of the graphs reveals that the calculated color differences range
from a minimum of 2.03 AE0O for scanned samples to a maximum of 24.77 AEOO
for photographed samples. Notably, higher color difference values were observed
for lighter color patches compared to darker ones. The results clearly indicate that
the color discrepancies between the measured L*a*b* values and those extracted
using Trigit software are lower for scanned images than for photographed ones.
This significant deviation in the photographed samples may be attributed to the
lighting conditions during the photographic process and the physical distance be-
tween the sample and the camera. Furthermore, the impact of the digital printing
method and output resolution was found to be more pronounced in the case of
photographed samples compared to scanned ones, with lower color difference val-
ues observed for UV-printed samples. The analysis of differences in lightness, hue,
and chroma demonstrated that the digitalization process predominantly affects
the lightness component, with the highest numerical discrepancies observed in
the L coordinate, followed by hue and chroma. Interestingly, the digitalization pro-
cess using a camera appears to exert a lesser influence on the distortion of chro-
matic values (average AC photo/scan 2.29/1.98, average AH photo/scan 2.90/3.31)
compared to lightness values, whereas scanning is potentially more influential on
chromatic coordinates than on lightness (average AC photo/scan, average AH pho-
to/scan 19.00/1.51).

64 @ Polygrafia Academica 2025



4. Conclusions

This study presents a preliminary investigation into the feasibility of employing
two digitalization methods for subsequent color coordinate extraction via the area-
based, open-source image analysis software Trigit in the context of skin tone color
reproduction. The findings highlight the impact of the chosen digitalization meth-
od on the final results. The computed color differences between instrumentally
measured L*a*b* values and those extracted from scanned and photographed im-
ages of selected skin color patches ranged from 2.03 AEOO to a maximum of 24.77
AEOQO, indicating variations from minimal to highly perceptible differences. It was
observed that color discrepancies were more pronounced in lighter color patches
compared to darker ones. Moreover, lower color differences between measured
and extracted L*a*b* values were obtained from scanned images as opposed to
photographed ones. The analysis of differences in lightness, hue and chroma re-
vealed that the digitalization process had the most significant effect on the light-
ness component, with the highest discrepancies recorded for the L coordinate, fol-
lowed by hue and chroma. Notably, digitalization using a camera appeared to exert
less influence on chromatic value distortion compared to its effect on lightness,
whereas the scanning process was potentially more impactful on chromatic coor-
dinates than on lightness values. The potential application of open-source image
analysis tools in evaluating color reproduction accuracy is considerable; however,
further research is required to assess the influence of different digitalization setups
and to determine their reliability as an alternative to device-based color measure-
ments. This is particularly crucial in the domain of skin color reproduction accuracy,
as even minor deviations can be perceptible to the human eye.

Acknowledgement

This research has been supported by the Ministry of Science, Technological
Development and Innovation (Contract No. 451-03-137/2025-03/200156) and the
Faculty of Technical Sciences, University of Novi Sad through project “Scientific and
Artistic Research Work of Researchers in Teaching and Associate Positions at the
Faculty of Technical Sciences, University of Novi Sad 2025” (No. 01-50/295).

5.References

1. Shimakura, H., Sakata, K. 2022. Color criteria of facial skin tone judgment. In Vision
Research, Vol. 193, pp. 1-11.

2. Peng, R, Luo, MR,, Zhu, Y., Liu, X., Pointer, M. 2023. Preferred skin reproduction of diffe-
rent skin groups. In Vision Research. Vol. 207, pp. 1-15.

3. Zeng,H., Luo, R. M. (2010) Colour and tolerance of preferred skin colours. In: Proceedings
of IS&T 18th Color and Imaging Conference. Springfield: Society for Imaging Science and
Technology, pp. 190-195.

4. Wang, Y, Luo, M.R,, Wang, M., Xiao, K., Pointer, M. 2017. Spectrophotometric measure-
ment of human skin colour. In Color Research and Application. Vol. 42, No.6, pp. 764-774.

Polygrafia Academica 2025 @ 65



5. Sharma, A. 2018. Understanding color management. New York, John Wiley & Sons, Ltd.
ISBN 9781119223702.

6. Trigit. (2024) Trigit: color in digits. [cit. 2025-01-20]. Available on internet: < https://trigit.
com.au/>

7. EasyRGB. (2024) EasyRGB: Convert color data into different standards and color spaces.
[cit. 2025-01-20]. Available on internet: < https://easyrgb.com/en/convert.php#input-
FORM>

66 @ Polygrafia Academica 2025 @



New ecological materials for FDM 3D printing
Michal Durfina, Roderik Plavec, Vojtech Horvath, Pavel Alexy

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology
Radlinského 9, 812 37, Bratislava, Slovakia,
e-mail: michal.durfina@stuba.sk

Abstract: In the pursuit of sustainable manufacturing practices, the development of
biodegradable materials has gained significant attention. Following study investiga-
tes the potential of creating a flexible, fully biodegradable polymer blend tailored for
Fused Deposition Modeling (FDM) 3D printing technology. By leveraging the unique
properties of PHAs and optimizing their composition, researchers have developed
materials that combine flexibility, toughness, and eco-friendliness. The reduced glass
transition temperature further enhances their versatility, ensuring performance across
a wide range of temperatures.

Keywords: 3D printing, polymers, renewable, biodegradable

1. Introduction

3D printing has gained significant attention in recent years, becoming popular
among professionals and the public. As part of additive manufacturing, it enables
rapid prototyping and production of complex parts, saving time and costs. A key
advantage is its ability to create intricate geometric shapes, benefiting industries
like medicine (personalized implants, prosthetics), robotics, aerospace, and auto-
motive manufacturing. However, additive manufacturing has a limited material
selection compared to traditional methods. Research is expanding material op-
tions, particularly biodegradable polymers, to improve mechanical durability and
sustainability. [1, 2] Since prototyping generates waste, biodegradable materials
could help reduce its environmental impact.

2. FDM 3D Printing

Fused Deposition Modeling (FDM), or Fused Filament Fabrication (FFF), is a
widely used additive manufacturing method. It involves depositing molten ther-
moplastic filament (1,75 or 2,85 mm) layer by layer via a heated nozzle. FDM is cost-
effective, user-friendly, and supports various materials, making it ideal for proto-
typing and hobby applications. Its advantages include affordability, multi-material
compatibility, and broad industry applications. However, it offers lower precision
and surface quality than other additive techniques. [3] Despite these drawbacks,
FDM remains one of the most widely used and evolving 3D printing technologies.

Polygrafia Academica 2025 @ 67



3. Bioplastics

Biopolymers originate from fossil or renewable sources. Synthetic biodegrada-
ble plastics include polyvinyl alcohol (PVOH), polycaprolactone (PCL), and polybu-
tylene adipate terephthalate (PBAT). PVOH dissolves in water but degrades slowly.
PCL, used in medicine, breaks down gradually in the body. PBAT, commonly used
in packaging, degrades faster.

Renewable-source polymers like polylactic acid (PLA), polyhydroxyalkanoates
(PHA), and thermoplastic starch (TPS) are more sustainable. PLA, derived from
plants, is compostable and used in packaging, 3D printing, and medicine. PHA, pro-
duced by microorganisms, degrades naturally and is used in medicine, packaging,
and agriculture as an eco-friendly alternative to conventional plastics. [4]

4. Materials and testing

Two different types of PHAs (polyhydroxybutyrate copolyesters), differentiating
in crystallinity (PHA1 =52 %, PHA2 = 36,2 %), and a toughness modifier (which was
in solid form and chemically is a polymer as well) were used. As a reference mate-
rial, generic PLA filament (Turtle s.r.o, Slovakia) was used.

Composition of polymer blends was calculated with regard to two factors, X1
which represents ratio between modifier and matrix and X2 which represents ratio
between PHA1 and PHA2 in matrix.

Polymer blends were prepared by blending in a co-rotating twin screw extruder
(LabTech, Thailand). The melt was cooled in a water bath, pelletized and dried at
50°C for 24 hours.

Filaments suitable for FDM 3D printing was prepared from dry pellets in a sin-
gle screw extruder (Plasticorder Brabender, Germany). The melts were cooled in a
water bath at 45 °C and the diameter was controlled via variable pulling speed. We
were able to produce filaments with diameter of 1,75 mm (standard) £ 0,15 mm.

Test samples were produced on a FDM 3D printer Ender 3 (Creality, China),
modified to be able to print flexible filaments. All samples were printed with stand-
ard 0,4 mm nozzle on a textured PEI print plate (not heated during printing). Print
parameters were as follows: cooling fan speed 100%, print speed 10 mm/s, (0,7 -
0,5 mm?/s), layer height 0,2 mm.

4.1 Thermal properties

The thermal properties of the studied blend were determined using a differen-
tial scanning calorimetry DSC 1 (Mettler-Toledo Inc., USA). The basic thermal char-
acteristics such as the glass transition temperature, the crystallization temperature,
and the melting point of the crystallites were evaluated from the measurements.

The glass transition temperature (Tg) of these blends is critical, as lower Tg va-
lues signify greater elasticity and toughness at lower temperatures. Additionally,
polymers with lower Tg may exhibit improved biodegradability. All studied blends
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exhibited Tg values significantly below the reference material, polylactic acid (PLA,
Tg = 61 °C), allowing for toughness across broader temperature ranges, including
sub-zero conditions.

The melting temperatures of crystalline structures indicate that blends contain-
ing more PHA1 show higher melting temperatures and enthalpies, denoting in-
creased crystallinity (figure 1).

Fig. 1: Results from thermal analysis

4.2 Impact toughness

For the measurements of impact strength, 80x10x4mm specimens (STN ISO 179
(64 0612)) were printed using FDM 3D printer. Each sample was examined using
an impact pendulum (Instron, USA) according to STN ISO 179 (64 0612). The speci-
mens were unnotched and prior to testing, all specimens were cooled to - 30 °C
for 30 minutes.

The study revealed a significant influence of content of toughness modifier
(X1) on impact strength, although the significance is not linear (figure 2). This sug-
gests a complex interplay between the composition of the polymer matrix and the
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toughness modifier. Factor X2 (the ratio of PHAs in the polymer matrix) demon-
strated a significant effect on impact toughness across the entire concentration
range of the toughness modifier. Interestingly, the influence of factor X2 reverses
as factor X1 transitions into positive values, suggesting a nonlinear and interde-
pendent relationship between these variables. By optimizing the composition of
the biodegradable polymer blend based on matrix composition and incorporat-
ing an appropriate amount of the toughness modifier, we successfully produced
a material with enhanced toughness properties. Specifically, the resulting mate-
rial exhibited an impact toughness several times greater than that of the reference
material, polylactic acid (PLA). This finding highlights the potential of PHA-based
blends as superior alternatives to traditional polymers for applications requiring
enhanced impact resistance.

Fig. 2: Impact toughness of tested polymer blends

4.3 Flexural properties

For the measurements of flexural properties, 80x10x4mm specimens (STN I1SO
179 (64 0612)) were printed using FDM 3D printer. The three-point bending test
was performed on a universal testing machine (Zwick Roell, Germany) according
to STN ISO 178 (64 0607). The distance of the support points was set to 64 mm (L
=16.h) and the load was applied using a load pin in the middle of the span length
with a cross-head speed of 5 mm/min. During the test, the stress-strain depend-
ency of the test specimen was recorded. Flexural strength was evaluated by STN
64 0607 standard.

The flexural modulus represents the material’s resistance to deformation under
bending stress, with higher modulus values requiring greater stress to induce de-
formation. As expected, increasing the concentration of the toughness modifier
reduced the flexural modulus values. Comparisons of polymer blends containing
identical toughness modifier concentrations revealed that increasing the propor-
tion of PHA2 in the matrix further decreased the modulus values (e.g., VH/31/433
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vs. VH/31/435; VH/31/432 vs. VH/31/434; VH/31/438 vs. VH/31/439). The results
(figure 3) indicate that increasing the toughness modifier concentration enhances
flexibility of the studied polymer materials. However, this improvement comes at
the cost of reduced resistance to shape changes under bending stress, which is
logical and strongly dependent on the final material use case.

Fig. 3: Flexural modulus of tested polymer blends

4.4 Hardness

Hardness of each material was determined from the same specimens as for flex-
ural properties and impact toughness, using manual Shore D durometer. Hardness
values were determined after 15 seconds according to ISO 868.

Fig. 4: Shore D hardness of tested polymer blends
According to the Shore D scale, the final hardness of studied polymer blends
varied from 20 to 53 Shore D, which is significantly lower compared to reference
(PLA), which exhibited value of 76 Shore D. As expected, we can see that by adding
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more toughness modifier to the blend, the hardness value decreases. The results
(figure 4) suggest that factor 1 (toughness modifier content) has a pronounced im-
pact on material hardness, while factor 2 (matrix composition) has a not significant
effect.

5.Conclusion

The investigated polymer blends demonstrated good suitability for FDM 3D
printing, offering processing parameters comparable to PLA, with added benefits,
such as flexibility, low hardness and good impact strength, that make them stand
out as unique materials for additive manufacturing. Key advantages of these ma-
terials include a low glass transition temperature which is necessary foundation for
flexibility across a wide temperature range (even in freezing conditions), enhanced
biodegradability, and mechanical properties such as low hardness, flexibility and
toughness. Importantly, these blends are derived from bio-based, renewable
sources, making them a sustainable and environmentally friendly alternative for
3D printing. The ability to tailor mechanical and thermal properties through com-
position adjustments offers unprecedented versatility, enabling these materials to
meet the specific requirements of various applications. These attributes make the
investigated polymer blends a one-of-a-kind solution for FDM 3D printing, com-
bining functionality, sustainability, and adaptability in ways that conventional ma-
terials cannot.
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Drupa 2024
Vladimir Dvonka
Fakulta chemickej a potravinarskej technolégie STU v Bratislave,
Oddelenie polygrafie a aplikovanej fotochémie UPSP

vladimir.dvonka@stuba.sk

Drupa-najvacsia vystava polygrafickych technolégii a materidlov vo svete.

Kazdy vyrobca héarkovych tlacovych strojov sa snazi mat v portféliu aj kottcové tlacové
stroje klasické alebo digitdlne-Heidelberg, Kodak, Canon, Koenig & Bauer...

Robotizécia—paletizovanie tlacovej produkcie, hotovych vyrobkov alebo balenie
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zerOWASTE, Expert—flexograficka tla¢ bez makulatury,
vymena zdkazky bez potreby nastavovania tlacového stroja

Nanografia S11 a S11P-ink-jetova tla¢ na prenosovy pas
a laminovanie suchej farby na papier, B1, 11200 harkov/h
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Velka konkurencia z Ciny va&sinou uréena pre kusovu produkciu,
ale aj pre produk¢nu tlac.

Dokoncujuce stroje pre spracovanie z kotucovej tlace-skladanie, znasanie, Sitie -
aj velmi kompaktné riesenia
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Vysekdavanie vysekovou forou pri vysokych nakladoch-Koenig & Bauer
alebo vyrezavanie plotrom pri nizkych nakladoch bez vysekovej formy

Automaticky transport tlacovych foriem z CTP od firmy Heidelberg
a automatické rameno pre manipulaciu so stohom harkov pri rezani (Itotec)
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Sucasny trend nahradzovania plastovych obalov papierovymi s bariérovymi vstvami kom-
patibilnymi s naslednym kompostovanim obalov alebo recyklaciou papiera

VyuZzitie umelej inteligencie na generovanie obrazkov-PRAGATI,
alebo komunikécia so zékaznikom a riesenie napriklad jeho koncepcie tlaciarne-Koenig &
Bauer
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Konkurencia pre sietotla¢-digitdlna potlac textilu s moznostou modifikécie tlaceného ob-
razu, aby boli napriklad kazdé saty s origindlnym vzorom

Meracie a nastavovacie pulty k roznym tlacovym strojom (JUST, Printflow),
meracie ramena a in-line meracie systémy
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KOENIG &§ BAUER CELMACCH

ChromaCUT — potisk
a vysek vinité lepenky

Koenig & Bauer a Celmacch polozili zaklady spoluprace na vyvoji

a marketingovych aktivitdch na rostoucim trhu vlnité lepenky s rozsitenou
ChromaCUT X Pro. Technologie, ktera implementuje funkce HQPP flexotisku
(High Quality Post-Print) s modernim a vykonnym inline rota&nim vysekem.

Stroje Koenig & Bauer Celmacch jsou koncipovany pro vysoce ekonomickou
vyrobu produktd z vinité lepenky. At uz se jedna o spolehlivy a robustni
stroj Chroma Smart, vysoce produktivni techniku Chroma High Tech

nebo jiz zminény nejvykonnéjsi model Chroma X Pro s produkénim
vykonem az 12 000 archu/h , vzdy dostanete nekompromisni kombinaci
kvality a produktivity.

Koenig & Bauer (CEE) Sp. z 0.0., organizaéni slozka
Pobiezni 249/46, 186 00 Praha 8, Tel.: +420 222 319 555
cz-info@koenig-bauer.com, cz.koenig-bauer.com
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TBB a.s.

s viac ako 30 mil. knih vyrobenych
rocne je jednym z najvacsich
vyrobcov v strednej Eurépe

ma svoje vyrobky na pultoch vo viac
ako 60-tich krajinach sveta

kladie staly déraz na minimalizaciu
enviromentalnych aspektov svojej
c¢innosti

je drzitefom certifikatov: ISO 9001,
ISO 12647 (PSO), PDF-X output,
ISO 14001, FSC, ClimatePartner,
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analytiku, testovanie materialov a life science.

Shimadzu v SR a CR zabezpecuje predaj, indtalaciu, $ko-
lenia, zaru¢ny a pozarucny servis, validacie aj aplikacnu
podporu.

Univerzalne testovacie pristroje — trhacky Autograph
su urCené pre vsetky oblasti vyroby (kontrola kvality)
a vyskumu (vyvoj novych materialov) pre meranie sily,

pevnosti, taznosti, lepivosti a pod.

Podla aplikacie sa lisia velkostou rdmu. Najmensie

stroje sa pouzivaju napr. pre analyzu textury, vacsie testovacie pri-
stroje sa pouzivaju pre kontrolu pevnosti sucasti a zvarov alebo pre
kontrolu materidlovych vlastnosti papieru, lepi-

diel, tkanin, kompozitov, kovov a pod.

Dalej v ponuke:

Plynova chromatografia (GC)
Kapalinova chromatografia (LC, HPLC, UHPLC)
Hmotnostna spektrometria (LCMS, GCMS,
MALDI-TOF MS, UFMS)
Spektroskopia (UV / VIS, FTIR, AAS, ICP)
Life science
Sumarne parametry (TOC, TN)
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POKROCILA TECHNOLOGIA TLACE
V SKUSENYCH RUKACH

NEOGRAFIA, a.s.

ROZNORODOST NASICH VYROBNYCH MOZNOSTI GARANTUJE 03 61 Marin Prskopn
OPTIMALNU TECHNOLOGIU PRE VASU ZAKAZKU. Sovalio

« komplexnd technolégia tlaée a spracovania, zarovei pre harkovy ako aj
koti&ovy ofset « najvacsi vyber tlacovych formdatov (B2, B1, A0, BO, viaceré
formaty pri kotiéovej tlaci) « jeden z najmodernejsich harkovych strojov
v Eurépe - 8-farebnd KBA Rapida 145
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KNIHY CASOPISY KATALOGY HARKQVA KOTUCQVA KNIHARSKE
TLAC TLAC SPRACOVANIE www.neografia.sk




Modernize Your Press

Printflow Universal CIP3 Ink Preset
Closed-Loop Color Control Systems

Komori
]
<+ o
Heidelbérg Ryobi
.
! | |
KBA M xrite TecHkon Otherpress
B Printflow v
| DIPS DC v
“ ~- . - ) ) ——
[ \ 4
< —
5 MAN Raland
& 1
o
&
13) Mitsubishi
CTP

i [ 100 || 3,5

Minutes Sheets AE
Make-ready Paper saved  Color variation
time saved per job reduction

5 000 zmodernizovanych strojov v 80 krajinach sveta

é.IHagl(algu 9,;'31 ELlj Bratislava @ printflow.eu @ P . tﬂ
ovak Republic, rintflow

ﬁ printflow@printflow.eu &9 +421 2 44881086




TYPOSET

SIMPLY BRILLIANT PRINT
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inzinierske Studium vhodné pre absolventov vSetkych bakalarskych programov

ZAUJIMA VAS

Vyskum a vyroba tlaéenej elektroniky a solarnych ¢élankov

Tlacena elektronika: solarne ¢lanky perovskitové a DSSC; RFID, OLED,
batérie, paméte, reproduktory. 3D materialova tlac, testovanie materialov
a Uprava povrchov plazmou. Spolupracujeme s Ustavom polymérov SAV,

s Fakultou chemickou VUT v Brne a s Univerzitou Pardubice FCHT.

Forenzna analyza dokumentov

Kriminalisticko-expertizne analyzy, metédy analyzy dokumentov

a potencionalnych falzifikatov. Ochranné prvky dokumentov — hologramy,
laserové rytie, fluorescencia, termochromne a infracervené farby...
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Prepress, Press a Postpress

Digitalne spracovanie textu a obrazu, tla¢ klasickymi

a digitalnymi technikami, kontrola kvality tlace spektrofotometrom,
fluorescencia, dokoncovacie spracovanie tlacovych médii

a potlacenych obalov. Spolupracujeme s polygrafickymi

podnikmi na rieSeni zaujimavych problémov z praxe.
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Specialne papiere na baze nanocelulézy
a nanofibrilovanej celulézy s multifunkénymi
vlastnostami

Stefan Bohacek, Stankovska Monika, Pazitny Andrej, Ihnat Vladimir

Vyskumny Ustav papiera a celuldzy, a.s. Bratislava

Abstrakt: Specidlne filtracné papiere, ktoré boli vyvinuté pre zariadenie na deaktivd-
ciu vzdusnych patogénov prendsanych kvapbdckovym spésobom obsahuju Specidlnu
vrstvu nanofibrilovanej celulézy a nanoceluldzy, obsahujtcu antiseptické kovové iény
a pomocné ldtky (adjuvancie) v zadrZanej zvyskovej vode, v ktorych sa spdjaju deak-
tivacné a dezinfekcné ucinky niektorych kovovych idnov a UV-C Ziarenia v Specidlnom
rozsahu vinovych diZok elektromagnetického Ziarenia, pri ktorom sa nevytvdra ozén.
Mikrokvapdcky sa zachytdvaju pri filtrdcii kontaminovaného vzduchu na povrcho-
vo upravenom filtraénom papieri. Vzduch je nasdvany otvorom nanofiltracného za-
riadenia umiestnenym v spodnej ¢asti a prechddza do stredu filtracnej viozky, kde je
umiestneny Ziari¢ UV-C Ziarenia. Ndsledne prechddza cez filtracny papier obsahujuci
soli antiseptickych kovov od stredu Ziarica smerom von cez filtracny papier hermeticky
vlozeny do filtracnej vloZky. Filtracnd prepdzka je harmonikovo poskladand tak, aby
bol jeho povrch maximdine a cely oZiareny UV-C Ziarenim. Do zachytenych kontami-
novanych mikrokvapé6cok difunduju antiseptické iény, ktoré spolu s pésobenim UV-C
Ziarenia deaktivuju virusy a dezinfikuju baktérie. P6sobenim UV-C Ziarenia a prudenia
vzduchu s relativne nizkou vlhkostou, kvapdcky postupne vysychaju a deaktivované vi-
rusy a dezinfikované baktérie st odndsané vzduchom. Mikrdby su na povrchu pokryté
pomocnymi ldtkami (adjuvanciami). Vdaka tomu sa deaktivované virusy a dezinfiko-
vané baktérie lahsie dostdvaju do imunitného systému ludského tela, kde sa pomocné
Idtky rozpustia, odhalia spike proteiny ako aj cely bielkovinovy obal deaktivovaného
virusu alebo dezinfikovanej baktérie-neschopnej replikdcie. Imunitny systém sa nauci
bojovat proti takto odhalenym cudzorodym Idtkam a po vniknuti aktivneho virusu, pri-
padne Zivej baktérie uz organizmus bude mat zvysenu imunitu proti aktudlnej mutdcii
virusu, ¢i baktérie. Zariadenia takto prispeju ku zvyseniu celkovej imunity populdcie.

Klucové slovd: nanoceluloza, katiény, UV-C Ziarenie, filtrdcia, deaktivdcia, virus

Uvod

Boj proti pandémii ostatnych rokov, zapricinenych vzduchom kvapéckovym
spésobom prenasanymi a neustale sa mutujucimi enterovirusmi méze byt ucinny
vtedy, ak sa imunitny systém populdcie vystavi deaktivovanym virusom s aktudl-
nou mutdaciou ich RNA (DNA v pripade DNA virusov). Ako sa ukazuje na prikladoch
ostatnych rokov navrhované riesenie je ucinné pre vsetky infekéné choroby pre-
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nasané tymto sposobom. Jednd sa o boj proti chripke, covidu, angine, virusovému
zapalu pluc, tuberkuléze, nadche a podobnym vzduchom prenasanym chorobam
spbsobujucich epidémie az pandémie.

Pristroj na deaktivaciu vzduchom prenasanych patogénov a na zvysenie
imunity populacie

Speciélne filtra¢né papiere, ktoré boli vyvinuté pre zariadenie na deaktivaciu
vzdusnych patogénov prendsanych kvapockovym sposobom obsahuju $pecidlnu
vrstvu nanofibrilovanej celulézy* a nanocelulézy?, obsahujucu antiseptické kovové
iony a pomocné latky (adjuvancie). Samotné patentované zariadenie?Vyskumného
Ustavu papiera a celulézy je zariadenie slUziace na filtraciu vzduchu, v ktorom sa
spajaju deaktivacné a dezinfek¢né ucinky niektorych kovovych iénov a UV-C zia-
renia v $peciadlnom rozsahu vinovych dizok elektromagnetického Ziarenia. Uprava
filtra¢ného papiera zanaskou optimalnej zmesi nanofibrilovanej celulézy a na-
nocelulézy je za u¢elom optimalizacie porovitosti filtracnej prepazky s ambiciou
zachytit kontaminované mikrokvapdc¢ky na povrchu — pripadne hlbsie v materiali
filtra¢nej prepazky pri filtracii kontaminovaného vzduchu.

Principy fungovania

Zariadenie na deaktivaciu vzdudnych patogénov prenasanych v kvapockovej
forme, zachytenych na filtraénom papieri so Specidlnou vrstvou nanofibrilovanej
celulézy a nanocelulézy, obsahujucou antiseptické kovové idony a pomocné latky
(adjuvancie) v zadrZanej zvyskovej vode, v ktorych sa spajaju deaktivacné a dezin-
fekené ucinky kovovych iénov a Ziarenia v $pecidlnom UV-C rozsahu elektromag-
netickej vinovej dizky

Obr. 1: Princip fungovania deaktivacie virusov

Vzduch je nasdvany otvorom nanofiltratného zariadenia umiestnenym v spod-
nej Casti a prechadza do stredu filtracnej vlozky, kde germicidny ziari¢ vyzaruje
Ziarenie v takom rozsahu elektromagnetickych vinovych dizok UV-C, pri ktorych
nevznikd ozén. Kontaminovany vzduch nasledne prechadza cez filtracny papier
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obsahujuci soli antiseptickych kovov, od stredu Ziari¢ca smerom von cez filtracny
papier’ hermeticky uzatvorene vlozeny do filtra¢nej vlozky. Filtracna prepazka je
harmonikovito poskladana tak, aby bol jeho povrch maximalne a cely oZiareny
UV-C ziarenim. Do zachytenych kontaminovanych mikrokvapoc¢ok difunduju anti-
septické iony®, ktoré spolu s pésobenim UV-C Ziarenia deaktivuju virusy a dezinfi-
kuju baktérie.V pripade zachytenia mikrokvapocky hlbsie vo filtracnom materiali'®,
pripadne na mieste kde akakolvek ina prekazka (ako napriklad dalsia kvapocka) tie-
ni na nami sledovanu infikovanu kvapécku a UV-C Ziarenie neméze tieto mikréby
zasiahnut a virusy deaktivovat, nastupuje proces deaktivacie iSnmi kovov, difundu-
jucich do vnutra takejto kvapécky. Pésobenim UV-C Ziarenia a prudenia vzduchu
s relativne nizkou vlihkostou, kvap6c¢ky postupne vysychaju a deaktivované virusy
pripadne dezinfikované baktérie su odnasané vzduchom. Mikréby su na povrchu
pokryté pomocnymi latkami (adjuvanciami). Vdaka tomu sa deaktivované virusy
a dezinfikované baktérie lahsie dostavaju do imunitného systému ludského tela,
kde sa pomocné latky rozpustia, odhalia spike proteiny, ako aj cely bielkovinovy
obal deaktivovaného virusu alebo dezinfikovanej baktérie-neschopnej replikacie.
Imunitny systém sa nauci bojovat proti takto odhalenym cudzorodym mikrébom.
Neskor po infekcii aktivnym virusom, pripadne Zivou baktériou, organizmus uz
bude mat zvysenu imunitu proti aktudlnej mutdcii virusu, ¢i baktérie. Opisané za-
riadenia takto prispeju ku zvyseniu celkovej imunity populdcie.

1. Nanofiltra¢né zariadenie cylindrického alebo hranolo-
vého tvaru na deaktivaciu vzduchom prenasanych
patogénov cez filter obsahujuci organické a anor-
ganické aditiva vo zvyskovej vode na celulézovom
nosici

2. Perforovana zakladna

3.Vnutorny priestor

4.V strede obsahuje pozdizne umiestneny germicidny
Ziari¢ vo forme cylindra alebo U-rdrky

5. Porovité steny filtracného papiera poskladané do har-
monikovitého tvaru

6. Filtra¢nd kazeta

7. Nepriepustna bariéra

8. Vstupné otvory pre vzduch

9. Privod infikovaného vzduchu s kvapockami

10. Ventilator®

Obr. 2: Pristroj na deaktivaciu vzduchom prenasanych patogénov a na zvysenie imunity
populdcie
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Obr. 3: Realizécia funkéného modelu pristroja na deaktivaciu vzduchom prenasanych pato-
génov v praxi s nahradnymi a¢innymi filtrami

Na ochranu a presadzovanie prav dusevného vlastnictva — bol uplatneny me-
dzinarodny patent PCT (Patent Cooperation Treaty) — patentova prihlaska bola
zverejnena na WIPO (World Intellectual Property Organisation) W0O/2023/128878'>
autorov: Bohacek, S.,, Soos, L., Toth, M., Stankovska, M., Pazitny, A., lhnat, V., Kuna,
V., Balbercak, J..Schwartz, J. ,Nanofiltration device for deactivation of air-filtered
pathogens on surface-treated filter material’, Vyskumny Ustav papiera a celulo-
zy, a.s. Bratislava — patentové konanie prebieha - podania sa uskuto¢nili v rdmci
platnych lehot — v Eurépe (Eurdpska patentova prihlaska ¢.21970127.3 na spo-
lo¢ny eurdpsky patent), v USA (US patentova prihlaska ¢. 18/725,673), v Kanade
(Cislo patentovej prihlasky este neoznamili), v Ruskej federdcii (patentova prihlaska
¢. 2024121382), v Japonsku (patentova prihlaska ¢. 2024-539957), v Juhokorejskej
republike (patentova prihlaska ¢. 10-2024-7022275), v Cine (patentova prihlaska
¢.202180105329.2), v Indii (patentova prihlaska ¢. 202417052673) a v Australii (pa-
tentova prihlaska ¢. 2021481015).

Ucast na vystave COF027

Vynalez bol vybrany na vystavu COFO27 spojenu s 27. zasadnutim Vyboru pre
lesné hospodarstvo (COFO) Zaujem o zariadenie prejavili firmy z celého sveta, ta-
kisto zadujem o zastupovanie Vyskumného Ustavu papiera a celulézy na Uradoch
na ochranu priemyselného vlastnictva vyjadrili desiatky kanceldrii z celého sveta.

Ucast na vystave CEPI Bioeconomy Lab

Vynalez bol vybrany Konfederaciou eurépskeho papierenského priemyslu CEPI
(Confederation of European Paper Industries) na Vystavu CEPI Bioeconomy Lab, kde
sa vystavovali vybrané vyndlezy, technické rieSenia a inovativne produkty v Bruseli na
Radnici pre novozvolenych ¢lenov Eurépskeho parlamentu.
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Obr. 4: Fotografie z Vystavy COFO 27, 22.-26. jula 2024 v sidle FAO (OSN) v Rime
v Taliansku.

Obr. 5: Vystava CEPI Bioeconomy Lab for MEP, Brussels Town Hall, 23.-24.9.2024

Zaver

Vyskumné aktivity nasho timu sa v sucasnosti orientuju hlavne na vyskum a na
testovanie efektivnosti a U¢innosti deaktivacie virusov a dezinfekcie baktérii pri roz-
nych prietokoch vzduchu a tiez na sledovanie efektivnosti filtrov a jej poklesu v za-
vislosti od dizky pouzivania. Zhromazdujeme data potrebné na urc¢enie optimalneho
Casového intervalu na vymenu filtra za novy, teda aktivny. Vsetky tieto informacie
budu potrebné na dimenzovanie zariadeni na velkosti priestorov, v ktorych budu na-
sadené a na optimalizaciu rezimu ich aplikacie.
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Hardwood kraft pulp bleaching costs reduction at
Mondi SCP, Ruzomberok

Michal Kebisek

Mondi SCP a.s., Tatranska cesta 3 Ruzomberok, michal.kebisek@mondigroup.com

Abstract: Recent years have presented pulp and paper inustry with many challenges.
Among these the dramatic increase of energy and chemicals prices has been one of
foremost concerns. This material presents a case study of a systematic approach to re-
duce heat, electricity and chemicals costs in an integrated BHK pulp mill located in the
Central Europe environment. Various examples of applied projects and initiatives are
presented along with their impact to production costs and environmental footprint of
bleached hardwood kraft pulp production.
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New paper machine PM19
Jaroslav Majer, Kristina Sevéikova

Mondi SCP, a.s., Tatranska cesta 3, 034 17 Ruzomberok, Jaroslav.Majer@mondigroup.com,
Kristina.Sevcikova@mondigroup.com

Abstract: The new paper machine PM19 has been one of five machines at Mondi SCP
for four years. It is the most modern paper machine and uses new technologies from
Valmet. The paper produced is a combination of virgin and recycled fiber. It was built
with the aim of saving the environment and waste materials. The most modern tech-
nologies contribute to the intelligent and optimal management of the use of all input
materials, as well as emerging by-products. One of these tools is the APC /Advanced
Process Controls/, tool for online strenght properties and visual appearance informa-
tion and control; optimization inputs like raw materials, chemical consumptions or
energy. Quality models and predictions are fully implemented through continuous
learning by each laboratory results.
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Less effort, more impact: Reduction of driving
power by using a unique ceramic material

Markus Magauer

Rochling Industrial Oepping GmbH & Co. KG Rochlingstralle 1| 4151 Oepping | Austria

Abstract: ROBACERAM PX is a unique premium ceramic material for dewatering
elements from Réchling Industrial Oepping for machines with the highest demand
in regards to friction and the highest machine speeds. Thanks to its unique material
composition and the special production process, this material grade brings numerous
benefits to achieve an efficient paper production process.
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Renovacie lozisk ako cesta k cirkularnej ekonomike
Marek Vrabel

SKF Slovensko spol. s r. 0., Plyndrenska 7B, 821 09 Bratislava

Abstrakt: Cielom predndsky SKF je priblizit ticastnikom konferencie ako dokdZzeme na-
$im zdkaznikom a partnerom pomocou sluzby Renovdcie loZisk dosahovat a napliat
KPI a normy zelenej a cirkuldrnej ekonomiky. Predstavime vyhody Renovdcii loZisk (re-
dukcia CO2 emisii az o 90 % vrdtane certifikdcie o Uspordch energii a materidlov, efek-
tivne prevddzkovanie loZisk a dosahovanie maximdlnej Zivotnosti ndhradnych dielov,
zniZenie dodacich terminov a ndkladov na prevddzku, a pod.). Vysvetlime principy
aprocesy samotnej renovdcie, benefity technického reportu z analyzy lozZisk a zdielanie
cenného know-how s nasimi zdkaznikmi a samozrejme aj konkrétne priklady z praxe.
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Evaluation of Black Liquor Physical Properties Before
and After Spruce Chips Impregnation

Michaela Peciarova, Peter Peciar, Martin Juriga, Roman Fekete

Slovak University of Technology in Bratislava, Faculty of Mechanical Engineering, Institute
of Process Engineering, Namestie Slobody 17, 812 31 Bratislava, Slovakia
michaela.peciarova@stuba.sk, peter.peciar@stuba.sk, martin.juriga@stuba.sk,
roman.fekete@stuba.sk

Abstrakt: This study investigated the impact of a batch impregnation process on
black liguor properties, specifically focusing on effective alkali (EA) concentration and
viscosity. Black liquor, a complex aqueous solution comprising organic and inorga-
nic fractions, was used to impregnate softwood chips. The EA concentration of black
liquor exhibited a time-dependent decrease during the impregnation cycle, with the
most significant drop observed within the first 10 minutes. This decline is attributed
to various process parameters, including pressure and temperature. Viscosity, a crucial
factor influencing liquid flow through the wood structure, was also monitored. While
the initial viscosity is influenced by factors like temperature and dry solids content,
the study observed that post-impregnation black liquor samples exhibited viscosities
comparable to the original solution. These findings provide valuable insights into the
dynamic behavior of black liquor during the impregnation process, highlighting the
interplay between EA concentration, viscosity, and process parameters.

Klucové slovd: Impregnation, Spruce Chips, Black Liquor, Physical Properties

1.Uvod

V sucasnosti, ked sa pozornost upriamuje na znizovanie spotreby energie a su-
rovin, je dolezité venovat pozornost ¢asto opominanému kroku kraftovych varok,
a to procesu impregnécie. Pocas impregnacie su Stiepky penetrované ¢iernym |-
hom (zmesou vysoko alkalického bieleho [uhu a slabého pracieho filtratu) s nasled-
nou difuziou. Pocas prenikania ¢ierneho luhu do struktury drevnych stiepok sa jeho
pociatocna koncentracia zniZuje. Toto zniZenie je ovplyvnené viacerymi faktormi,
medzi ktoré patria: rozmery Stiepok (najma ich hrabka), obsah vlihkosti, mnozstvo
zachyteného vzduchu v Strukture dreva a tieZ procesné parametre, ako su teplota,
tlak a dizka trvania samotnej impregnécie. Viskozita impregnacnej kvapaliny, ktora
indikuje lahkost prenikania Iuhu do $truktury dreva, je nepochybne silne zavisla od
teploty impregnacie. Hodnota dynamickej viskozity ¢ierneho lihu v prvom rade
zavisi aj od mnozstva tuhych castic rozpustenych v iom [1-8].
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2, Experimentalna stanica

Reaktor (obr. 1a) s objemom priblizne 1,6 litra je vyhrievany pomocou dupli-
katora. Je vybaveny snimacom tlaku a teploty, ktory je pripojeny k moduldarnemu
systému ALMEMO 5690-1M09. Tento systém zabezpecuje zber a zobrazenie udajov
v redlnom case. V spodnej asti reaktora sa nachadza vzorkovaci ventil, cez ktory sa
odoberali vzorky impregnac¢ného média pocas impregndcie. Na tlakovanie reakto-
ra bol pouzity inertny plyn - dusik. Vo vnutri reaktora je umiestneny vyberatelny
kosik, do ktorého sa vklada experimentalny material-Stiepky [9-11].

a) b) 0
Obr. 1: Experimentélna stanica [9-11]: a) patentovany laboratérny reaktor; b) rota¢ny reo-
meter Malvern Kinexus; c) meracia komora rotatného reometra

3. Experimentalne merania

Pre ziskanie ¢asového priebehu zniZzovania koncentracie ¢ierneho [dhu boli vy-
konané experimenty s ihlicnatym drevom, ktoré bolo po dobu 30 minutimpregno-
vané roztokom s pociatocnou koncentraciou 5 g/l NaOH. Experimenty prebiehali
pri tlaku 5 bar a teplotach 70, 80 a 90 °C. Vzorkovanie bolo nastavené na frekvenciu
5 minut. Okrem toho bolo sledované mozné zvysenie/znizenie viskozity ¢ierneho
[uhu, ktoré suviselo so stratou obsahu susiny, ktora prenikla do dreva spolu s roz-
tokom [13].
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4. Analyza merania

Na ziskanie Uudajov o susine, a teda aj o obsahu vlhkosti skimaného materia-
lu, bola pouzitd metéda podla SCAN-CM 39:94 [12]. Gravimetrickd analyza bola
pouzitd na urenie mnozstva luhu impregnovaného do dreva. Pokles koncentra-
cie impregnacného luhu v ¢ase bol stanoveny titracnou analyzou podla metédy
K. Wilsona [8]. Vzorka bola pipetovana do kadicky s destilovanou vodou a 20 %
roztokom BaCl2 a nésledne titrovana 1 molarnym roztokom HCl az do dosiahnutia
pH 11. Okrem toho bola skimana viskozita lihu pred a po impregnacénych testoch
[13].

5. Vysledky a diskusia

Titracné experimenty so vzorkami odoberanymi poc¢as impregnacie stiepok ih-
licnatého dreva viedli ku grafickej zavislosti klesajucej zanasky efektivnych alka-
lii vztiahnutych na hmotnost absolutne suchého dreva v case. Tato zavislost jed-
noznacne ukazuje, Ze ¢im vyssia je teplota ¢ierneho [uhu, tym vyssia je spotreba
efektivnych alkalii. So zvysujucou sa teplotou klesd dynamicka viskozita ¢ierneho
lGhu. Cim niZ3ia je hodnota viskozity, tym lahsie prenika impregnaény roztok do
Struktury dreva.

Zvysenim teploty o 20 °C sme preukazatelne potvrdili moznost skratenia doby
impregnacie za predpokladu, Zze pozadovany vystup zanasky efektnych alkalii bol
priblizne 4,77 %. Dynamicka viskozita ¢ierneho luhu pred impregnéciou pri 70 °C
mala hodnotu 0,55 mPa.s a hodnota susiny xs = 10,133 %, po impregnacii mala
hodnotu 0,56 mPa.s a hodnotu susiny xs = 10,311 %. Napriek vyraznému pokle-
su koncentracie efektivnych alkdlii v roztoku a po kontakte kvapaliny s poréznymi
drevnym materidlom v podobe Stiepok nebol pozorovany zZiadny vyznamny vplyv
na zmenu dynamickej viskozity. Vysledky merani dynamickej viskozity su uvedené
v tabulke 1.

Obr. 2: Zavislost zanasky efektivnych alkalii od ¢asu impregnacie. Tabulka v hornej casti
obrazku zobrazuje vypocitané hodnoty rozdielu hmotnosti efektivnych alkalii na zaciatku
a na konci impregndcie [13].
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Obr. 3: Reogram ¢ierneho Ithu pred impregnaciou [13].

Tab. 1: Namerané hodnoty viskozity ¢ierneho luhu pred impregnéciou a vzoriek po impreg-
ndcii pri teplotach 70, 80 a 90°C pri vybranych teplotdch merania [13].

Meranie pri 25°C 40°C 70°C 80°C 90°C
teplote

CIERNY LUH n (mPA. s)

pociatocny 1,25 0,89 0,55 0,49 0,47

pred Impreg +0,023 +0,019 +0,014 +0,015 +0,017
naciou

'mfi”t‘zgrl‘jtce'a 1,24 0,90 0,56 0,51 0,49

P 70'3C +0,024 +0,020 +0,018 +0,023 +0,020

mgr;gr;gtc;a 1,24 0,89 0,55 0,51 0,48
P soec +0,030 +0,031 +0,019 +0,019 +0,017

'mfi”t‘zgrl‘gtce'a 1,26 0,90 0,55 0,50 0,47
P 9oec +0,028 +0,016 +0,014 +0,013 +0,010

6.Zaver

Pokles koncentracie efektivnych alkélii ¢ierneho lihu pocas impregnacie Stie-
pok ihlicnatého dreva je najvyraznejsi v prvych okamihoch kontaktu impregnac-
ného média s poréznym materialom. Impregnacia ¢iernym ldhom pri 70 °C spdso-
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bila znizenie koncentracie o 35 % z pociato¢nej hodnoty. Pri teplote cierneho ltuhu
80 °C bol pokles priblizne 53 % a pri 90 °C pokles z pociatocnej hodnoty efektivnej
koncentrécie alkélii dosiahol aZ 64 %. Koncentracia Cierneho Ithu teda vykazovala
klesajuci trend, ktory sa vak vyrazne neprejavil na jeho dynamickej viskozite ani na
obsahu susiny v nej.
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Lignin As A Key Player In Sustainable Materials:
Isolation, Market Trends, And Industrial Potential
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Abstract: Lignin, the second most abundant natural polymer after cellulose, plays a key
role in sustainable material applications. Despite being a major byproduct of the pulp
and paper industry, lignin remains underutilized, primarily burned for energy. However,
advances in lignin isolation and valorization are unlocking its potential in high-value
applications. This abstract provides an overview of lignin’s potential, focusing on isola-
tion methods, market trends, and industrial applications, based on previous research
findings.

Keywords: Lignin, sustainability, biorefinery, isolation techniques, market trends, in-
dustrial applications

1.Introduction

Lignin is a complex phenolic biopolymer with growing interest for industrial
applications due to its structural versatility and chemical properties. It is primarily
produced from Kraft and sulfite pulping, where most of it is used for energy gene-
ration. However, its potential as a bio-based raw material is gaining attention [1].

2.Lignin Isolation, Market Trends, and Industrial Applications

Lignin isolation significantly impacts its usability. The LignoBoost™ process
and other precipitation-based methods improve lignin recovery from black liquor.
Techniques like membrane filtration and solvent extraction allow for tailored prop-
erties, enhancing application possibilities [2,3].

The lignin market is expanding due to demand for sustainable alternatives to
fossil-based chemicals. Commercial products like Kraft lignin and lignosulfonates
serve as dispersants and adhesives, while advancements in processing enable
higher-value applications in composites, bio-based resins, and carbon fibers [1].

Lignin-based materials offer promising substitutes for petrochemical-derived
components in bioplastics, rubber, and specialty chemicals. Studies show im-
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proved mechanical properties in polymer matrices, supporting lignin’s role as a
sustainable alternative. Additionally, its antioxidant and UV-resistant properties
enhance coatings and protective formulations [1,2,4].

3.Conclusion

Lignin’s potential as a sustainable material is increasingly recognized. Its suc-
cessful integration into industrial processes relies on optimizing isolation and ex-
panding applications. Pulp mills can capitalize on lignin valorization, contributing
to both profitability and the circular bioeconomy [1,4].
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Quo Vadis Papier?
Stefan Suty

ODCP, UPSP, FCHPT STU, Bratislava

Abstrakt: Paper is a special material, the origin of which historians mention at the be-
ginning of our era, a little more than 2000 years ago in China. This paper was identical
in structural form, made of separate plant cells, to the paper produced at the present
time. The potential of paper as a very effective carrier of information at the time of its
creation was greatly appreciated. This function has dominated so far, despite the fact
that various new functionalities of paper have been developed, which have expanded
the portfolio of its use and also the variety of paper types. In Europe, paper began to
be used more intensively only in the 12th and 13th centuries after its path of spread
from China through Arab countries to Spain and gradually to the whole of Europe. The
demand for paper increased enormously in the 15th century with the development of
the printing press and in the 18th and 19th centuries with the method of producing
an endless sheet of paper on the Roberts and Foudrinier paper machine, as well as the
raw material transition from rag to wood pulps. In the 20th century, paper became an
indispensable material in schools, offices, printers and in everyday communication. At
present, the largest paper machine produces about 4.5 tons of paper/day, with a pro-
duction speed of up to 2000 m/min and a machine width of 11.8 m, and the length of
the machine is up to 600 m. The subject of this paprer is to try to answer some questions
about the future of paper. For example: Does paper have a perspective in the future?
What challenges will paper production face in the future? How will the paper change?

Klucové slovd: budtcnost papiera, digitalizdcia, recykldcia, automatizdcia

1.Uvod

Papier ako technicky plosny materidl vytvoreny z izolovanych rastlinnych bu-
niek, mechanicky opracovanych mletim, samotnych alebo s pridavkom pomoc-
nych latok zo suspenzie (vodnej) postupnym odstrafiovanim vody filtraciou, liso-
vanim a susenim. Pévodné vyuzitie papiera bolo na zaznamenavanie informdcii
a kultdrneho dedi¢stva.

Podla odhadov bolo do roku 2010 vytla¢enych priblizne 129 miliénov knih,
nepocitajuc rukopisy, ¢asopisy a noviny. Kazdy rok sa vytlacia miliardy stran do-
kumentov, knih a novin. Velké kniznice ako Library of Congress v USA obsahuju
priblizne 170 miliénov poloziek, z toho vacsina je na papieri. Celkové mnozstvo
informdcii uchovanych na papieri sa odhaduje na petabajty (PB) az exabajty (EB)
dat, pricom moderné digitalne Uloziskd uz tuto kapacitu vyrazne presahuju.
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OBR:1. Vyvoj produkcie papiera v harkoch A4/min.

Tato funkcionalita papiera stale dominuje a bolo to evidentné az do roku 2008
kedy produkcia hlavne grafickych papierov dominovala a neklesla ani s pociatoc-
nym prichodom digitalnych informac¢nych technolégii ba naopak vzrastala kazdo-
ro¢ne. Az s rozvojom rychlosti pocitacov, zvySovanim kapacit pamatovych ulozisk
a vyvoj digitalnych sieti priniesol dominanciu digitalnych informacénych technolégii
a pokles dopytu po grafickych papieroch. Naopak globalizécia, rozvoj trhov a vznik,
e-comerce” enormne zvysil dopyt po obalovych materidloch hlavne vinitej lepenke
ale aj inych obalovych papierov. D4 sa povedat, Ze obalové papiere dominuju v seg-
mente papierenskych technoldgii. Velmi stabilna je aj oblast produkcie hygienickych
papierov. V roku 2023 sa ako top produkty dostali do popredia recyklovany fluting,
testliner a recyklovany skladany kartén-vsetky druhy obalov-a tvorili 63 % z 10 naj-
lepsich tried. I3lo o vyznamny posun oproti roku 2008, ked bol beznejsi novinovy pa-
pier a kopirovaci papier (1). Tu sa da predpokladat narast dopytu v budicnosti a tym
aj produkénych technoldgii. Tu treba poznamenat, Ze tieto papiere je mozné preda-
vat len do urcitej vzdialenosti od produkénych jednotiek. Rozvoj papierenského prie-
myslu silne zavisi od pomeru dopytu a vyrobnych kapacit v ur¢itom regidne sveta.
Perspektiva rozvoja buniciny a papiera zavisi od regiénu a vyrobného segmentu (2).
V Eurdpe a Severnej Amerike je dopyt saturovany vyrobnymi kapacitami v posled-
nych desatrociach vyrobné kapacity prevysuju dopyt. V poslednom obdobi najvacsi
rozmach papierenskych kapacit narastol v Azii a juznej Amerike. Suvisi to s nizkou
spotrebou papiera na obyvatela.

2, Faktory ovplyvnujuce rozvoj papierenského priemyslu

Dostupnost surovin pre papierensky priemysel v buducnosti bude zavisiet
od viacerych faktorov, ako su klimatické zmeny, reguldcie lesného hospodarstva,
technologické inovacie a dopyt po recyklovanych materidloch (3).

98 @ Wood, Pulp and Paper 2025



Energeticka efektivita papierenského priemyslu sa bude v najblizsich desatro-
Ciach zlepsovat vdaka kombinacii inovacii v technoldgidch, digitalizacie, vyuZzivania
obnovitelnych zdrojov a prisnejsich environmentalnych reguldcii. Najvacsi potencidl
Uspor sa o¢akava v optimalizacii vyrobnych procesov, efektivnejsom suseni, automa-
tizacii a vyuziti recyklacie.

Nizky alebo nulovy vplyv na znecistovanie Zivotného prostredia je ambi-
ciézny ciel a hoci je dosiahnutie nulovych emisii v papierenskom priemysle naroc-
né, kombindciou modernych technoldgii, obnovitelnych zdrojov energie, cirkularnej
ekonomiky a digitalizacie je mozné vyrazne znizit ekologicky dopad. Kli¢ovymi fak-
tormi su uzavreté materialové a vodné cykly, zelena energia, vyuzitie vedlajsich pro-
duktov a automatizacia procesov.

Zvysovanie efektivity prace a znizovanie podielu ¢loveka na vyrobe v buduc-
nosti dosiahneme tak ze, papierensky priemysel prejde revolu¢nou automatizaciou
(4), ktora dramaticky znizi potrebu manualnej prace a zvysi efektivitu. Vyroba sa bude
riadit Al, robotikou, loT a prediktivnou udrzbou, ¢im sa dosiahne niZsia spotreba
energie, menej odpadu a vyssia kvalita produktov (5). Hoci podiel ¢loveka na vyrobe
sa znizi, dopyt po odbornikoch v oblasti IT, datovej analyzy a drzby robotov sa zvysi.

3.Zaver

S papierom ako materidlom mozno pocitat aj v budicnosti. Je to unikdtny ma-
terial, ktorého funkcionalita a tym aj rozmanitost vyrobkov a ich spracovanie dava
tomuto materidlu velkd perspektivu v buduicnosti. Papierensky priemysel véak bude
celit velkym vyzvam v oblastiach surovinovych zdrojov, energetickej efektivity a di-
verzity so zameranim na obnovitelné zdroje energii, staly trend znizovania dopadu
na zivotné prostredie bude pokracovat a zvySovanie automatizacie a robotizécie pro-
cesov vyroby a spracovania papierov je nevyhnutny trend pre jeho trvalti konkuren-
cieschopnost.
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Ochrana mestskej zelene inovativhym
lignocelul6zovym produktom

Daniela Majereakova, Filip Subin

Vyskumny uUstav papiera a celulézy, a. s. Bratislava

Abstract: The study of the adsorption capacity of compressed cylindrical cellulose fib-
res in the form of an innovative adsorber, enabling the adsorption of road salts and
biological properties, is the subject of the project, which also resulted in this study. The
effectiveness of the adsorber depends on its physicochemical properties and its packa-
ging method in desalination foils. The cellulose adsorber should be packed into modi-
fied desalination foils to ensure free water flow into the soil and increase the adsorption
surface for soluted salt. The aim of the system is to achieve 90 % efficiency in the ad-
sorption of road salt. While all tested samples absorbed salt water, the most effective
were those with 87%, a diameter of 19mm, a length of 26mm, and 6.76 % moisture
content. Cellulose pellets were more effective in adsorbing salt than willow chips (Salix
vinalis)

Kliicové slovd: bunicina, posypovd sol, lignoceluléza, ochrana stromov

1. Uvod

Negativne ucinky posypovych soli vo vysokej koncentracii v pdde sa prejavuju
narusenim osmotickej rovnovahy rastlin, ¢o stazuje prijem vody a Zivin a preto po-
uzivanie posypovych soli moéze viest k vysychaniu rastlin, dokonca aj vtedy, ked'je
poda dostatocne vlhka a rovnako tak posypové soli vplyvaju na chemické zlozenie
pody. Riesenie ochrany stromov pred Gc¢inkami cestnej posypovej soli v kombinacii
s rieSenim nadmerného mnozstva pouzitého karténového odpadu a nevyuzitel-
nosti kratkych vldkien celulézy, ktoré nemozno dalej cirkulovat.

Pri recyklacii papiera vznikaju celulézové vldkna, ktoré nie je mozné pouzit na
vytvaranie tradi¢ného papiera a z toho dévodu sa vyhadzuju na skladky alebo pélia
(Venkatesan et al, 2023). Tieto vldkna by mohli byt vyuzité na vstrebavanie soli
pouzivanej na odmrazenie ciest a tym ochrarniovat zalesnenie v obyvanych oblastiach
(Equiza et al, 2017). Pritomnost NaCl v pode znizuje schopnost vody prenikat hlbsie do
pody, zvysuje jej zasaditost (Fay & Shi, 2012). Stres zo slanosti vytvéra rusenie prenosu
iébnov naprie¢ membranami buniek korenov, taktiez limituje vstrebavanie vody a nu-
trientov ako draslik, ktory je nutny na spravne fungovanie rastlinnych buniek (Lynch
J. Lauchli, 1984). Novou aktivnou metddou na zachytdvanie cestnej soli je pouZitie
vibovych Sstiepok (Salix viminalis) umiestnenych v Specializovanych podnosoch.
Tento systém je vynimocny tym, Ze na rozdiel od tradi¢nych pasivnych bariér aktivne
odstranuje cestnu sol z prostredia. Vfbové Stiepky odstranili ¢ast soli z roztoku solanky,
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¢o umoznilo preniknut do pédy iba vode s nizkou slanostou. U¢innost zachytavania soli
sa v ramci systémov vyrazne lisila, v rozmedzi od 31 % do 95 %, v zavislosti od konkrét-
nej pouzitej konfigurécie (Spisak et al., 2020).

Nova aktivna metdda zachytdvania posypovej soli vyuziva vibové triesky (Salix
viminalis) umiestnené v $pecializovanych vanickach. Na rozdiel od tradi¢nych pa-
sivnych bariér je tento systém jedinecny, pretoze aktivne odstranuje posypovu sol
z prostredia. Vibové triesky boli usporiadané v troch roznych konfiguracidch: mik-
ro-stipce, mikro-stipce s retenénymi poharmi a monovrstvovy stipec. Kazda konfi-
gurdcia Ucinne eliminovala ¢ast soli zo solného roztoku, ¢im umoznila prienik do
pody len vode s nizkou slanostou. U¢innost systému, uréena meranim obsahu soli
v adsorbéri po zimnej sezéne, zdoraznuje jeho potencial ako inovativneho pristu-
pu k ochrane pobreznej vegetacie, podzemnej vody a pody pred nepriaznivymi
ucinkami rozmrazovacej posypove;j soli. (Spisak et al., 2020)

2. Material a metody

Po viacnasobnej recyklacii papiera vznikaju velmi kratke, takzvané nulové
vldkna, ktoré znizuju kvalitu papiera a vytvaraju prasné, potencidlne vybusné
prostredie. Tieto vldkna sa hromadia v kale, ¢o zvy3uje ndklady na skladkovanie.
Navrhujeme ich vyuzitie po fibrilacii na vyrobu peliet pre efektivne zachytavanie
soli. Tieto vlakna su pre adsorpciu soli idedlne, ekonomicky vyhodné a riesia prob-
[ém kalu. Pre lep3iu pevnost peliet boli primiesané netriedené sekundarne vldkna.

Tab. 1: Specifikacia frakéného zlozenia vlakien celul6zového adsorbéra

Vzorka celulézy-nulové vldkna

Susina 31,651 %

26 19,864 %

Frakcionacia na 50 28,815 %
Bauer-McNett 100 14,850 %
Classifier 200 2544 %
-200 33,927 %

Valcové celul6zové adsorbéry réznych parametrov (rozsah vysky v rozmedzi od
0,5 cm do 8 cm s priemerom 0,5 cm az 5 ¢cm) boli vytvarované manuélne pomocou
laboratérneho zariadenia nasej vyroby (Obr. 1). Spdsob vyroby-lisovanie kratkov-
Idknitej celul6zovej vldkniny pri réznych tlakovych sildch v rozsahu od 0,1 do 12,0 MPa.
Celulézové adsorbéry boli vyrobené z kratkovlaknitej buniciny.

Odsolovacia félia (Obr. 1) s vyskou 4 cm, vyrobena z HDPE s hrdbkou 2 mm. Félia
ma dvanast reten¢nych nadob v tvare pologul, zospodu vystuzenych priehlbinami
v tvare torusu. Retenéné nddoby su prepojené otvorenymi zlabmi, urcenymi na odvad-
zanie prebyto¢nej mélo slanej vody
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Metodika stanovenia koncentracie NaCl adsorbéra

Adsorpcna kapacita bola hodnotena s pouzitim 20 % roztoku soli pri teplote 20 °C
a okolitej vlhkosti 40 %. Testy sa uskuto¢nili na odsolovacej félii obsahujucej 12
reten¢nych komor, kazda s objemom 125 cm3. V kazdej komore boli umiestnené
rozne typy adsorbérov a kazdy z nich bol naraz nasyteny 100 ml 20 % roztoku NaCl.
Potom sa adsorbéry nechali vysusit pri teplote 20 °C. V experimente merania Specifickej
adsorpcie bol z kazdej komory vybrany a oznaceny prave jeden absorbér, ktory bol
odvazeny pred zaplavenim slanou vodou a po impregnécii a odpareni. Tymto sposo-
bom je mozné urcit mnozstvo adsorpcie NaCl z roztoku jedinym adsorbérom.

Obr. 1: Vybrané typy adsorbéra umiestneného v zachytnych nadobach s kapacitou 125cm?

Koeficient povrchového odparovania (ESC)

Koeficient povrchového odparovania je funkciou dvoch premennych: priemeru
(D) a vysky (H). Priemer jadier je striktne urceny obrabacim strojom pouzitym na
tvarovanie, aviak dizka adsorbérov sa dé lahko upravit po¢as vyrobného procesu
zmenou mnozstva pouzitého materialu alebo stupna kompresie. Preto bola opti-
malizacia koeficientu odparovacej plochy vykonana za predpokladu, Zze priemer
adsorbérov sa bude povazovat za parameter funkcie, zatial ¢o dizka sa bude pova-
Zovat za nezavislu premennu. Vzorec pre koeficient v pripade valca je:

ESC=P/0=2 (D+2h)/Dh [cm]A(-1) (1)
kde P je plocha a O je objem.

3. Vysledky a diskusia

Najvyssia hodnota ESC (6,19) bola dosiahnutd s najmensim priemerom (1,20 cm)
a najmensou vyskou (0,73 cm), ¢o naznacuje, Zze mensie adsorbéry prispievaju
k lepSiemu vykonu odparovania a taktiez mali aj najvyssiu absorpénu Ucinnost pre
jeden absorbér (74 %), ale adsorpcia NaCl priamo nekorelovala iba s ESC. Najvyssia
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absorp¢na ucinnost (91 %) bola dosiahnutd s priemerom 1,20 cm a 94 adsorbérmi, ¢o
naznacuje, ze vacsi pocet adsorbérov méze vyrazne zlepsit absorpénu kapacitu NaCl.
Za zmienku tiez stoji, Ze najslabsim adsorbérom s tcinnostou 43 % bola drevna Stiepka
Salix viminalis.

4, Zaver

Na kazdom z 12 adsorbérov sa vyskytuju rozne vzory a velkosti krystalov soli, co
naznacuje, Ze krystalizacia prebiehala odlisne v zavislosti od vlastnosti povrchu ad-
sorbéra. Z pozorovanie mézeme vyhodnotit, ze najviac soli mimo absorbéra bolo
pozorovani boli viditelné solné ndnosy na povrchu a malé loziska soli v mikropéroch
absorbéru.

Aby sa potvrdilo, ze latkou vstrebanou adsorbentmi na béze celul6zy bol chlorid
sodny (NaCl), uskutocnilo sa skenovanie elektrénovym mikroskopom (SEM) v spo-
jeni s energeticky disperznou rontgenovou spektroskopiou (EDS). Okrem zobrazo-
vania SEM sa na zachytenie povrchovych obrazov pri réznych zvacseniach pouzila
opticka mikroskopia, ktord odhalila distribuciu NaCl na povrchoch adsorbéra. EDS
analyza poskytla podrobné elementarne udaje potvrdzujuce pritomnost sodika
(Na) a chléru (Cl) ako charakteristickych zloZiek NaCl nie len na povrchu, ale tiez sa
detegoval vo vnutornej Strukture.

Pouzitie adsorbérov na baze celulézy ponuka dvojity environmentalny prinos tym,
Ze rieSi dva vyznamné problémy sucasne. Poskytuje efektivne riesenie na riadenie
akumulacie celulézového odpadu a pomaha zmiernit salinizaciu pody sposobenu
kontaminéciou cestnou solou, najma chloridom sodnym (NaCl).
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Abstract: This study presents a sustainable approach to transforming sawmill bypro-
ducts into high-performance biocomposites. By optimizing mechanical properties
across different scales, we aim to enhance material efficiency while gaining a funda-
mental understanding of binding mechanisms through chemistry, advanced analy-
tics, and multi-scale simulations. Additionally, we investigate the impact of less reso-
urce-intensive production parameters on mechanical performance to develop more
efficient and sustainable processing methods. Conducted within the Christian Doppler
Laboratory for Next-Generation Wood-Based Biocomposites, our research contributes
to the advancement of durable, eco-friendly biocomposites with reduced environmen-
tal impact.
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Selected mechanical properties of hornbeam from
coppice stands for structural applications
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Abstract: As a result of climate change, the availability of soft wood and the poten-
tial for the more climate-resistant hornbeam wood (Carpinus betulus) to be used for
structural applications are decreasing. However, due to cultivation measures, lower
yield and lower quality parameters of the produced structural lumber, the price level
of hornbeam wood on the market is higher than that of spruce wood, and it is also va-
riable. Therefore, a possible solution is to change the system of growing wood, namely
by switching from traditional first-generation growing systems to second-generation,
or sapling, systems. To verify the parameters of hornbeam wood from coppice stands
for potential structural applications, selected mechanical parameters were investiga-
ted. Analyzes of the mechanical behavior of sawn timber from hornbeam saplings
show comparable results compared to wood from first-generation stands from low to
medium forests.

Keywords: Hornbeam; structural wood; mechanical properties

1. Introduction

As a result of climate change and an increase in average temperatures and un-
even distribution of annual precipitation averages, spruce forest stands are dying
in Central Europe due to bark beetle infestation (Nardi et al. 2022; Yadav and Kumar
2021).The absence of spruce wood on the market for processing into final products
due to the bark beetle calamity and the gradual change in the species structure of
forest stands more resistant to climate change in the future. It can potentially be
replaced by selected broadleaf species. Hardwood is already commonly used in
a number of end products (Krackler et al. 2011). Hornbeam wood is a potentially
interesting alternative to spruce wood for interior and exterior structural applica-
tions due to the advantageous ratio of structural wood’s mechanical properties.
Due to its higher density and cellular structure, it has favorable strength proper-
ties. However, the disadvantage is the high hardness of hornbeam wood, which is
problematic during mechanical processing of the surface. There are many types of
surface treatments for wood before gluing. The influence of the mechanical struc-
ture of the surface of plywood panels before gluing on the strength of the glued
joint was dealt with by Aydin (2004) and the study shows that the smaller the sur-
face roughness after the grinding process before gluing, the higher the strength
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of the glued joint. Bongers et al. (2016) focused in his study on the bonding of
wood for non-structural applications with a chemically treated wood surface by
acetylation. During delamination tests, the increased strength of the glued joint
was demonstrated for acetylated wood. A study by Klébert et al. (2022) mentions
the possibility of increasing the adhesion of the wood surface by plasma modifica-
tion, while the effectiveness of this type of surface treatment depends on the type
of gas used, and the plasma system during plasma treatment of the surface can
increase its adhesion. Nevertheless, compared to chemical treatment, this proce-
dure is technologically and financially demanding. In a study by Tymyk et al. (2013)
the positive effect of the chemical modification of the surface of the veneers with
the chemical modifier hydrogen peroxide on the increase of surface adhesion was
demonstrated.

The study focuses on the difference in the mechanical properties of hornbeam
wood from non-clearing and clear-cutting stands from low to medium forest, for
the potential of its use for non-structural and structural applications in the interior
and exterior.

2. Material and Methods

2.1 Wood samples

The test bodies for conducting the experiments were made of hornbeam wood
(Carpinus betulus) (Tab. 01), designed according to the procedure defined in CSN
49 0115 and CSN 49 116. As input material, wood from normal (Hornbeam N) and
cuttings (Hornbeam C) stands from hornbeam forest of medium height (Fig. 01)
were used. Cut-outs of logs for the production of test specimens were taken from
the hornbeam growth of a medium-sized forest near the village of Neveklov, Czech
Republic. From the cutouts of the logs, prismatic lumber was produced, qualita-
tively and strength-graded to class D32 according to EN 338. Prisms with a thick-
ness of 50 mm were formatted into lamella blanks cut in the radial direction with
a thickness of 20 mm with an allowance for thickness milling, while mechanical
defects such as suk cracks were cut out (Fig. 01). The slats were technologically con-
ditioned for seven days in an air-conditioning chamber (Weisstechnik, Germany),
i.e.in our case at a temperature of 20 £ 2 °Cand a relative air humidity of 65 + 5 % so
that the moisture content of the wood was stabilized and maintained at 12 + 1 %.
Individual moisture and density were determined after conditioning according to
ISO 13061-1 and ISO 13061-2. Test bodies with a size of 20 x 20 x 300 mm (width
x height x length) were cut from the blanks (Fig. 01). Based on the type of surface
treatment, two groups of slats of the respective wood species were created. The
lamellae were processed by grinding on a wide belt sander with a P60 grit belt with
an accuracy of 0.01 mm. Milling was performed on a reference milling machine
with a head equipped with four knives with an accuracy of 0.01 mm (feed speed
4 m/min).
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Tab. 01 Density of tested normal and coppice hornbeam wood

2.2 Testing Methods

The basic mechanical properties of the wood were determined by testing the
strength limit in static three-point bending according to the procedure CSN 49
0115.Wood from normal saplings from a medium-sized hornbeam forest was used
as input material. For each measured group, 76 test specimens were produced so
that a minimum of 70 valid measurements were always achieved. So a total of 152
test specimens were achieved to achieve 140 valid measurements. For the test of
static three-point bending, the test device of the universal test tearing machine
type TIRA test 2850 (manufacturer TIRA GmbH, Germany) with feed was used (Fig.
01). The test bodies were placed on the fixtures of the test universal tearing ma-
chine according to the diagram in Fig. 01. Finally, the test specimens were loaded
with compressive force until the test specimen failed. The highest developed force
F..ax in Newtons (N) was recorded. The feed speed of the tensile testing machine
was quoted at 5 mm/min. The results of the specified strength are shown in Fig. 02.

Fig. 01: Scheme of loading test specimens of hornbeam wood.
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3. Results

3.1 Expression of results according to CSN 49 0115

Bending strength perpendicular to the fibers in the radial or tangential direc-
tion g, is expressed in MPa and calculated according to Eq. [1] (CSN 49 0115),

(1)

where F,,, is the ultimate force (N), /, is the distance between the centers of the
supports (mm), b is the width and h is the height of the test specimen (mm).

Fig. 02 Bending strength limit perpendicular to the fibers of hornbeam wood of normal
and coppice stands

The resulting values of the bending strength perpendicular to the fibers in the
radial and/or tangential direction are presented in a box graph (Fig. 02). The results
show a difference in the strength limit between hornbeam wood from normal and
coppice stands, where hornbeam wood from normal stands has a higher strength
limit. However, this difference is not statistically insignificant, only within the mar-
gin of statistical error. This hypothesis is also confirmed by the difference in density
values (Tab. 01), where hornbeam wood from normal stands has a demonstrably
higher density than wood from coppice stands. Research has shown that there is no
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statistically significant difference in the mechanical properties of hornbeam wood
from normal and sapling stands of low to medium forest. Based on the results of
the research, it is possible to support the hypothesis that hornbeam sapwood can
be used, as well as wood from normal low to medium forest stands, for structural
applications such as the glulam program.

4, Conclusion

The aim of the presented study was to compare selected mechanical proper-
ties of hornbeam wood from normal and cutting stands of low to medium forest
to determine the potential of its use for non-structural and structural applications.
The characteristics of the bending strength perpendicular to the fibers in the ra-
dial or tangential direction were compared, where a difference was demonstrated.
However, this difference was only within statistical error. When comparing the den-
sity characteristics, a statistical difference was demonstrated and the results corre-
spond to the bending strength limit perpendicular to the fibers. The study showed
that, according to the selected monitored characteristics, hornbeam wood from
the cuttings of low to medium forest has similar properties as from normal stands.
The study shows the possibilities of using hornbeam wood from low to medium
forest cuttings for interior and exterior structural applications, just as it is the case
with hornbeam wood from normal stands.
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Abstract: Wet spinning is a key technology in the textile and material industry, with
modern trends focusing on greener solvents and process optimization. The wet spin-
ning of cellulose remains a classic cellulose fiber production process that also continues
to evolve, aiming for greater efficiency, environmental sustainability, and enhanced fi-
ber quality. New trends in cellulose dissolution include Deep eutectic solvents (DES) and
ionic liquids, offering more sustainable alternatives to traditional chemicals. Another
approach deals with methods of cellulose modification for better dissolution. Solutions
with dissolved cellulose are also used in electrospinning processes. Innovative nano-
technologies enable its wider use in various industries. Historically, Slovakia was
among the global leaders in cellulose fiber production. Although the fiber industry has
been pushed into the background in recent years, the groups of scientists continue to
bring a new dimension (innovations) to the field of cellulosic fibers.

Keywords: Cellulose, spinning, regeneration, solution

1.Introduction

Cellulose is a highly molecular substance, a polysaccharide composed of gluco-
se units connected by B-1,4-glycosidic bonds. Cellulose forms the basic structure
of higher plants, where it is the building block of plant primary cell walls and, to-
gether with lignin, participates in the construction of secondary cell walls. It gives
plant cell walls strong structural support and strength. Due to its long chain length
and high crystallinity, cellulose has high stability and is insoluble. The chains form
a rigid lattice structure through hydrogen bonds and Van der Waals forces. [1,2]

Fig. 1: The parts of preparing cellulose fibers by wet spinning. [3]
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The sources of cellulose for distinct processing methods are plants with dif-
ferent cellulose content. Cellulose fibers can be obtained directly from cotton or
hemp. Cotton fibers can contain up to 99% cellulose. However, cellulose is also ob-
tained by chemical dissolution when we need to separate the cellulose from other
components that make up the plant. Examples of such plants are bamboo and vari-
ous trees, with around 32-56% cellulose content. The obtained cellulose always has
different properties of the obtained polymer fibers and therefore its use is different
for various applications. [4,5]

Fig. 2: Cellulose - from plants to polymer chains. [6]

Cellulose was the first natural polymer used to produce textile fibers chemically.
Cellulose fibers are prepared either from regenerated cellulose or from cellulose
derivatives.

The history of cellulose fibers dates back to 1884 when a successful attempt was
to produce fibers from natural polymer based on nitrocellulose. It was invented by
Frenchman Hilaire de Chardonnet and is known as Chardonnet’s silk. However, this
material was highly flammable, which limited its use.

The year 1892 is associated with the development of viscose silk — Rayon.
Charles Frederick Cross, Edward Bevan, and Clayton Beadle in England developed a
safer method of dissolving cellulose using sodium hydroxide and carbon disulfide
(CS,) to form a viscous solution. This process was industrialized in 1905. The fibers
produced in this way are known as viscose fibers or artificial silk. [7]

In the city of Senica in Slovakia, the textile industry has a long history thanks to
an important textile company in this region called Slovensky hodvab (Slovak silk),
which produced viscose fibers from the 1920s to the 1980s. It played an important
role in the Slovak textile industry as a raw material base for chemical fibers from
natural polymers. The viscose fiber preparation process has undergone several
changes during its almost seventy-year history, but they could not prevent its
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termination. Currently, however, production of viscose fibers is no longer carried
out in Senica. Changes in the global market, economic factors, and environmental
requirements led to the termination of these activities in this region.

Fig. 3: Preparation of cellulose fibers by the viscose method. [6]

The year 1930 brought a new way of producing fibers from cellulose, namely
the production of acetate silk. The steps that preceded the dissolution of cellulose
were the acetylation of cellulose with acetic acid and acetic anhydride, where a
catalyst was also added. The cellulose diacetate thus prepared was solvable in or-
ganic solvents (e.g. acetone). This process allowed the production of other types of
cellulose fibers, in a less toxic way than the viscose process. [8]

Research is currently focused on ionic liquids and deep eutectic solvents (DES),
which are less toxic and enable more efficient dissolution of cellulose. So it is not a
change in the principle of the production process, it is rather a change in the dis-
solution and preparation of the solution from which cellulose-based fibers are sub-
sequently prepared. The Austrian company Lenzing AG began developing a lyocell
process in which cellulose is dissolved in N-methylmorpholine-N-oxide (NMMO).
This process was commercialized in the 1990s and is considered environmentally
acceptable. Production is still working today. It primarily uses a viscose process to
produce its fibers, focusing on sustainability and eco-friendly practices. In addi-
tion to viscose, the company has also developed innovative cellulose fibers that are
produced using environmentally friendly technologies, thanks to the fact that the
solvent is almost completely recyclable, the process produces fewer emissions, and
water consumption in the production process is lower. [10]

Deep Eutectic Solvents (DES) are innovative and ecological solvents that find
application in various industries. However, their commercial use is still in the initial
stages of development and subsequent implementation. [10]

New technologies for the preparation of cellulose-based nanofibers are also be-
ing developed, such as the electrostatic spinning of cellulose, the production of
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nanocellulose fibers, and hybrid materials. In this case, cellulose solutions prepared
using classic solvents or DES-based solvents are used, so it is not a change in cel-
lulose dissolution, but a change in the principle of the fiber production process.
The spinning process takes place in a bath with a metal nozzle connected to high
voltage (10-50 kV). Electrostatic forces draw the solution into the nozzles, creat-
ing extremely thin filaments. After evaporation of the solvent, a solid nanofiber is
formed. The fibers are deposited on a metal collector (fixed plate or rotating drum).
The resulting cellulose nanofibers can form randomly arranged structures — non-
woven fabrics or infinite fibers wound on a spool. [11]

Fig. 4: Textil yarns prepared for textile processing - a portfolio of Lenzing AG. [9]

Cellulose spinning is a process in which cellulose is converted into fibers using
chemical and physical processes. This process is important for the production of
textile materials, paper, filter membranes, and biomedical products. Cellulose fib-
ers remain an important part of the industry with a growing emphasis on green
solutions and innovation.
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Abstrakt: Due to the scarcity of wood in some countries, it is necessary to replace it
with other raw materials and, at the same time, use the waste material. This research
aims to use waste biomass to convert potential lignocellulosic materials efficiently.
Their suitability for the production of composites is assessed based on selected mecha-
nical properties. Tensile and burst indexes have been identified as critical properties
of pulp from waste biomass. Better mechanical properties, i.e., tensile strength index,
were achieved for poppy straw at 52.7 N-m-g™' for sodium pulp, but the nitrate-alkali
method also showed corresponding values of 45.9 N-m-g’'. The results of this research
are used to evaluate the waste biomass as an alternative feedstock for the production
of biocomposites.

Klucové slova: Straw; nitrate-alkaline pulp; soda pulp; mechanical properties.

1.Introduction

Waste management and renewable energy have become key strategies for miti-
gating environmental damage and optimizing resource use [1;2]. Using lignocellu-
losic waste to produce valuable products implies a sustainable and environmentally
friendly resource potential [3]. The global annual production of lignocellulosic bio-
mass is estimated to be approximately 181.5 billion tonnes [4]. The use of agricultural
residues containing lignocellulosic materials as biomass offers advantages. These ad-
vantages include abundant availability, renewable resources, and cost-effective pro-
duction [5]. Due to concerns about deforestation, extensive studies have been con-
ducted investigating alternative non-timber sources for the forest products industry,
particularly for producing biocomposites and paper [6]. As a result, many agricultural
wastes/wastes and naturally growing annual plants worldwide exhibit chemical and
physical properties similar to wood [6]. These include materials such as poppy stalks
[7], cotton stalks [8], rice straw [9], sunflower stalks [10], sugarcane waste [9].

Using biomass in paper production makes an important contribution to the con-
servation of natural resources. There is a growing interest in using alternative raw
materials to reduce the ecological footprint and conserve natural resources. The raw
materials used in paper production must contain a high cellulose content, a criterion
met by lignocellulosic biomass composed of cellulose, hemicellulose, and lignin [11].
Higher cellulose content and lower lignin content in biomass are associated with in-
creased durability of paper [12].
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This study investigates the possibility of using waste biomass for papermaking
using delignification processes (nitrate-alkali and sodium) with an evaluation of
their properties and environmental and economic impacts.

2.Materials and methods

2.1. Materials

The waste biomass (corn, flax, hemp, poppy, and sisal) was grown and harvested
in fields in the Czech Republic. The waste material had to disintegrate to a chip
length of 1-2 cm to be used for further processing.

2.2, Chemical analysis

Waste material was grounded using an MF 10 BASIC knife mill from IKA
(Germany). For chemical analysis, the following methods were performed using
Tappi methods: extraction, ash, cellulose, and lignin analysis.

The representation of ash as an inorganic fraction in straw was determined by
exposure to 525°C according to the Tappi T211 om-02. Before further chemical
analyses, unwanted extractives were removed. Namely, the sample was extracted
in a binary mixture of ethanol-toluene for six hours in Soxhlet apparatus according
to the Tappi T280 wd-06. Macromolecular substances were determined as cellu-
lose, and lignin. The analysis of cellulose was carried out using the Seifert method.
Lignin was determined in the sulphuric acid Klason method according to Tappi T13
wd-74.

2.3. Nitrate-alkaline pulp

In the case of the nitrate-alkaline method, 6 % nitric acid was used as the cooking
chemical, which nitrated the lignin in our pulp and partially oxidized it to nitro-lignin,
which was removed in the second stage of extraction using 5% sodium hydroxide.
These two stages took only 45 minutes, then neutralization with 1% acetic acid and
a thorough washing.

2.3. Soda pulp

The chips were placed in a laboratory cooker where the soda cook was run. The
cooking chemical used was 19 % sodium hydroxide with a hydromodul of 5:1. The
process of soda cooking consisted of four phases. In the first phase, the raw mate-
rial was cooked to 105°C then impregnated at this temperature for 30 minutes in
the second phase. In the third phase, cooking to 160°C followed, and at this tem-
perature, the raw material was cooked to an H-factor of 1250 h. The cooking time
was 4 hours. Subsequently, the pulp was stripped of the black liquor by a four-stage
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washing process, pulped, separated from rejects, and prepared to produce labora-
tory handsheets.

2.4. Mechanical properties

The laboratory sheets were produced on a RAPID-KOTHEN RK-2A laboratory
sheeting machine (Germany) with a weight of 80 g-m?and subsequently conditioned
according to standard conditions for testing according to I1SO 5269-2.

For both soda and nitrate-alkaline pulp made from waste, laboratory hand sheets
were analysed, specifically for tensile properties 1ISO 1924-2, burst strength according
to I1SO 2758:2014.

3.Results and discussion

3.1. Chemical analysis

The chemical composition of the plant has a significant effect on fibre properties
and pulp yield. Table 1 shows the chemical composition of waste biomass. The
chemical composition of each component may vary according to climate, cultivation,
plant part, and other aspects, so these values may differ from other publications on
waste processing.

Tab. 1: Chemical composition (in mass % of oven dried samples).

Raw Ash Extractives Cellulose Lignin
Corn 8.4 9.9 47.6 20.1
Flax 29 15 39.2 25.1
Hemp 3.6 13 377 248
Poppy 1.7 7.5 35.2 22.7
Sisal 14 0.2 432 19.7

For raw materials, the highest ash content was found for corn, 8.4%, which may be
due to the high silicate content of the flesh. Similar values were obtained for sunflow-
ers at 8.2% [10]. The other crops are more straw-like, hence their lower ash content.
As regards the amount of cellulose, all crops contain sufficient quantities suitable for
paper production.

3.2. Characteristics of pulp

Table 2 shows the pulp characterization variables, Kappa number indicates the
amount of pulp cooked, other parameters are the total production yield and the
amount of rejects.
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Tab. 2: Characteristics of pulp.

Nitrate-alkaline pulp Soda pulp
Pulp Kappa  Totalyield, Amountof| Kappa  Totalyield, Amount of
number % rejects, % number % rejects, %

Corn 22.2 14.1 22.2 45.8 16.9 1.44

Flax 26.6 37.0 26.6 36.8 33.8 1.04
Hemp 27.8 38.8 27.8 33.0 40.2 0.60
Poppy 34.2 37.8 34.2 27.1 40.3 1.03

Sisal 29.8 47.5 29.8 247 48.8 0.71

In terms of total yield, corn pulp was the worst. From the Kappa numbers above,
although the nitrate-alkaline cook is significantly shorter, it achieves a high degree
of delignification and has almost similar results to the industrially used soda cook.

3.3. Mechanical properties

The mechanical properties of the 80 g-m™ paper made from these raw materials
are shown in the graphs in Figures 1 and 2.

Figures 1 and 2 show that the pulp made by the soda method from corn is
the best behaved, but with this pulp, again, only a minimal yield was achieved.
Therefore, poppy stalks are the most suitable raw materials. Although the soda
cook achieved better yields for poppy straw, the nitrate-alkaline method did not
achieve low values either. Other crops such as hemp, flax, and sisal have very low
values for the industrial use of these raw materials for soda pulp production.

Fig. 1: Tensile index.
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Fig. 2: Burst index.

4, Conclusion

Compared with other raw materials, waste poppy is an alternative for pulp pro-
duction, mainly because of its mechanical properties. Because poppy pulp out-
performs many agrarian residues in tensile strength and burst index. Using poppy
straw has environmental benefits such as reducing deforestation and the carbon
footprint, which should position poppy straw as a sustainable alternative as de-
mand for renewable materials increases.
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Effect of the FeTNa solvent on agricultural residues of
wheat, rapeseed, flax and hemp
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Abstrakt: Effect of FeTNa solvent on agricultural residues of flax, hemp, rapeseed and
wheat without chemical separation of the material and its impact on the degree of
polymerization. Determination of the chemical composition of the material from agri-
cultural residues. Assessment of liquid properties such as density, surface tension and
viscosity and their effect on the possible coating of the resulting pulp particles on paper
products. Density, surface tension and viscosity of the solvent increase due to dissolu-
tion. By appropriate cleaning and dilution treatments of the solution, adequate prop-
erties can be achieved for the application of the material to paper products.

Keywords: Cellulose solvent, agricultural residues, liquid properties, degree of polyme-
rization

1.Introduction

Agricultural residues of flax (Linum usitatissimum), hemp (Cannabis sativa),
oilseed rape (Brassica napus) and wheat (Triticum aestivum) were used for this re-
search. The utilization of agricultural residues for pulp production has been investi-
gated in a number of studies. The use of wheat, barley and triticale can replace con-
ventional wood pulp in recycled paper up to 30 % of the pulp content [1]. Another
study describes the production of bleached pulp from wheat for commercial pa-
permaking with a production rate of 150 t/day [2]. Most research describes the use
of agricultural residues for pulp production, as a substitute for conventional wood
pulp, or for the production of special paper products with specific properties. The
use of these post-harvest residues for the production of nanoparticles has been ad-
dressed by a number of studies up to now, as an adequate production method has
not yet been found from an ecological and economic point of view. One study pro-
duced pulp by cooking with isobutanol and peracetic acid from wheat, flax straw
and kenaf. Subsequent acid hydrolysis using 43 % sulfuric acid and a temperature
of 60 °C produced nanocellulose particles, which they applied in the pulp and on
the surface of the paper and paperboard product to improve physical and me-
chanical properties [3]. Another study fabricated CNFs (cellulose nanofibrils) from
wheat straw using steam explosion, acid and mechanical treatments to produce
nanocomposite materials with thermoplastic starch [4]. Another study fabricated
CNFs from wheat straw and soybean hulls using alkaline pretreatment, acid hy-
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drolysis with hydrogen chloride, and mechanical treatment by crushing after freez-
ing in liquid nitrogen [5]. Another approach by was used chemical pretreatment to
remove wax, delignification in acidified sodium chlorite, removal of hemicelluloses
by potassium hydroxide in a repetitive process to produce relatively pure cellulose.
The cellulose was then hydrolyzed with sulfuric acid and CNC (cellulose nanocrys-
tals) were produced from wood, bamboo and wheat straw using ultrasonication
[6]. FeTNa is a complex compound of iron, tartaric acid and sodium in a 1:3:6 molar
ratio for a stable mixture. So far, FeTNa solvent has only been used to assess the de-
gree of polymerization of lignocellulosic materials. The dissolution mechanism of
cellulose in the FeTNa complex is attributed to the strong interaction of the FeTNa
complex with cellulose due to some formation of new bonds between the central
iron atom and the free hydroxyl groups at the C2 and C3 positions in the cellulose
structure. It is further suggested that these hydroxyl groups replace the tartrate
branch molecules at the central iron position of the complex in the FeTNa complex
[7].

2. Materials and methodology

2.1. Materials

Agricultural residues of flax, hemp, rapeseed and wheat were used to dis-
solve the material. These materials were first pre-dried at 60 °C for 12 hours in a
MEMMERT dryer (Swabach, Germany).

Then the agricultural residue sample was crushed in a knife mill MF 10 BASIC
from IKY (Staufen, Germany) with a 3.0 mesh size screen. The material thus crushed
was then sieved into individual fractions, where the fraction 1.50 mm to 3.15 mm
was used for chemical analysis. The same size fraction was also used for dissolution
in FeTNa solvent.

2.2. Chemical analysis

Prior to chemical analysis, the extractives were removed using a binary mixture
of ethanol toluene 7:3 according to Tappi T5 wd-73 standard [8]. The Seifert meth-
od was used for the determination of cellulose [9]. Holocellulose was determined
according to Wise [10]. Lignin was determined according to Tappi 7222 om-11 and
inorganic content in ash was determined according to Tappi T211 om-02 [8].

2.3. FeTNa manufacture

The cellulose solvent FeTNa was made from solutions of sodium tartrate, ferric
nonhydrate and sodium hydroxide. The produced solution was filtered using S2 frit
before use [10].
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2.4. Production of nanocellulose solution

The lignocellulosic material deprived of extractives was loaded at 0.01, 0.02,
0.025, 0.04, 0.05 g/L. The weighed material was placed in 30 ml of FeTNa solution
in PE containers. Then, a number of glass beads were added such that the degree
of space filling was 26 %.

2.5. Determination of the properties of the nanocellulose solution

For the resulting solution, liquid parameters such as dynamic viscosity with
Ubbelohde viscometer, density pycnometrically and surface tension stalagnomet-
rically were measured.

The degree of polymerization of nanocellulose was determined according to
SCAN 266 CM 15:88 [11] and ISO 5351:2004 [12] standards. The viscosity ratio ac-
cording to equation (1), from it the specific viscosity (2), reduced viscosity (3) and
limiting viscosity number (4) were calculated based on the sample discharge time
and the solvent discharge time alone. The average degree of polymerization was
calculated according to equation (5) [13].

Nre=T1/ To, (1
Nep=Nre— 1, ()
Nrea=Nsp/ P (3)
LVN=lim, on.,/p, (4)
DP=193.5.-LV N, (5)

3.Results and discussion

Tab. 1: Chemical composition of materials.

Material Ash Extractives Cellulose Lignin Holocellulose
Wheat 4.33(0.12) 3.54(0.01) 42.64 (0.06) 28.49 (0.04) 75.55(0.10)
Rapeseed 8.70(0.13) 6.83 (0.00) 39.09 (0.01) 27.72 (0.03) 74.66 (0.10)

The individual tables show the properties of wheat, rapeseed, flax and hemp
solutions with different concentrations. In general, for all solutions, the average
density and dynamic viscosity of the solution increase with increasing concentra-
tion. The increase of dynamic viscosity is due to a production of more particles with
lower degree of polymerization that react with each other and increase in these
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way dynamic viscotiy. In particular higher dynamic viscosity makes solution harder
to apply for surface treatment. On the other hand, lower interfacial tension with
higher concentration makes solution easier to absorb when it is applied on the
surface of samples.

Tab. 2: Solution properties of wheat.

. Concentration Density Dynamic Interfacial Degree of po-
Material 5 M . -
. g/l kg/m viscosity tension lymerization
solution
Pa*s mN/m
0.01 1237.84 3.37 72.39 355
0.02 1233.70 3.53 71.57 290
Wheat 0.025 1238.82 4.70 64.80 327
0.04 1235.30 5.54 5241 266
0.05 1239.07 6.37 56.37 252

With this method of nanocellulose production, we suggest either higher con-
centration of material dissolving above 2 % of material concentration in solution,
gels form should be created. These gels could be cleaned in distilled water several
times and used for the application of nanocellulose in the pulp directly. With lower
concentrations, nanocellulose solution for surface treatment is produced, but so
far without cleaning it changes colour of the final product, but increase mechanical
and physical properties The surface tension decreases with increasing concentra-
tion. The degree of polymerisation decreases with increasing concentration.

Tab. 3: Solution properties of rapeseed.

Concentration Density Dynamic Interfacial Degree of
Material solution g/l kg/m? viscosity tension polymeri-
Pa*s mN/m zation
0.01 1235.88 3.17 66.06 263
0.02 1233.20 3.30 63.88 165
Rapeseed 0.025 1237.18 3.52 58.98 165
0.04 1234.61 4.10 61.63 156
0.05 1238.02 4.59 - 153
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Tab. 4: Solution properties of flax.

. Concentration Density Dynamic Interfacial Degree of
Material N ; . . .
. g/l kg/m viscosity tension polymeriza-
solution . :

Pa*s mN/m tion
0.01 1238.40 3.95 76.22 571
0.02 1236.35 5.67 65.84 546
Flax 0.025 1239.00 7.12 62.09 569
0.04 1236.25 10.33 - 487
0.05 1233.20 11.96 - 432

Tab. 5: Solution properties of hemp.

) Concentration Density Dynamic Interfacial Degree of
Material 3 ; . . A
A g/l kg/m viscosity tension polymeri-
solution N .
Pa*s mN/m zation
0.01 1233.70 4.80 79.83 853
0.02 1239.34 6.79 78.70 675
Hemp 0.025 1235.04 10.04 74.71 764
0.04 1238.79 10.50 68.93 491
0.05 1236.31 11.25 71.11 412
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Interakcia celulozy a dreva vo forme stiepok s vodou
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Abstract: Water remains in wood even after its processing into chips. The initial mois-
ture content of wood is not the same in all chips, which causes problems in their sub-
sequent processing. The aim of the paper is to point out the assumptions for homog-
enizing the moisture content of the chips according to the interactions of cellulose
and wood in the form of chips with water. The initial moisture content of spruce chips
placed in a pile reached values ranging from units to tens of percent. Moisture adjust-
ment is possible up to maximum saturation. Saturation was influenced by wood spe-
cies and the maximum amount of bound water determined by a value of up to 35 %.
Cellulose reached a significantly higher moisture content of 38.9 % in a liquid water
environment. The TCl and LOI of cellulose were determined by the FTIR method. For
spruce wood, the TCl and LOIl parameters reached values of 0.625 and 1.000.

1. Uvod

Delignifikécia Stiepok pri vyrobe celulézy je zintenzivnena oproti podobnému
procesu, ktory by sa vyskytoval len vo vyrezoch. Intenzifikacia spociva vo zvacseni
povrchu, a teda plochy kontaktu dreva vo forme Stiepky a delignifika¢ného rozto-
ku. Vyrez spracovavany na bunicinu sa preto $tiepkuje. Stiepka si zachovava inten-
zivne vlastnosti vyrezu po Stiepkovani. Zvysenu pozornost si vyzaduje vihkost ako
miera mnozstva vody v dreve vyrezu a Stiepky. Voda je prirodzenou sucastou dreva.
Zvyseny zaujem ma dve priciny: 1. Kolko vody je vnasané do reaktora? 2. Ako velmi
je priepustné drevo Stiepky pre tekutiny?

Cielom prispevku je ur€enie vlhkosti a jej variability v ramci vyberového suboru
Stiepok zo smrekového vyrezu, homogenizacia vlhkosti v rdmci vyberového subo-
ru a urcenie maximalneho mnozstva volnej a viazanej vody dreva réznych druhov
drevin.

2. Material a metodika

Smrekové drevo (Picea abies, L.) vo forme vyrezov bolo rozstiepkované. §tiepky
s takymto povodom su vlastné a cely proces ich zhotovenia kopiruje podmienky
z vyroby a praxe. Stiepky ziskané rozstiepkovanim piliarskeho odpadu z okrajovych
Casti spracovdvanej smrekovej gulatiny na prizmy su piliarske. Rozmery vlastnych,
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ako aj piliarskych stiepok boli 25 - 30mm x 20 - 25mm X 5mm v smeroch L xR X T.
Pocet skimanych Stiepok bol 2 x 30.

Telesd pre urc¢enie maximalnych vlhkosti pripadajucich na vodu volnu aj viazanu
mali tvar kocky o hrane 1 cm v pocte 30 kusov pre jednotlivé dreviny: buk (Fagus),
smrek (Picea), dub (Quercus), borovica (Pinus), hrab (Carpinus), jedla (Abies), topol
(Populus).

Vlhkost Stiepok bola zistovana gravimetrickou metdédou podfa STN 49 0103.
Hmotnost mokrého dreva m bola vazena v odvazovacke analytickymi vahami
s presnostou 1.107g. Po vysuseni v prostredi susiarne so suchym vzduchom pri
teplote 105 °C bola ur¢ena hmotnost stiepok v absolttne suchom stave m,. Potom
vlhkost bola vypocitand podla vzorca:

w=""" 1009%
mO

Relativna vlhkost bola spocitana z vihkosti:

x100 %

" 100+w
Susina je kladny rozdiel 100 % hodnoty a relativnej vihkosti.

Vlhkost ziskana drevom po dlhodobom macani vo vode, a ktord pripada na
vodu viazanu wg,,,, sa hazyva medza nasytenia bunkovych stien (Babiak & Kudela
1995). Spolu s vihkostou reprezentujicou vodu volnud we,,.,, ktora bola ziskana dre-
vom po dlhodobom macani vo vode, tvoria maximalnu vihkost dreva w,,,,.

VIhkost Wgp. je mozné urcit meranim hmotnosti dreva vazeného v prostredi
vody a urceni tzv. zdanlivej hmotnosti m,. Vlhkost w;,,, je mozné urcit meranim
hmotnosti m,, telesom vytlacenej vo vode. Potom celkova hmotnost vody v dreve
je suc¢tom hmotnosti volnej a viazanej vody. Napokon maximalna vlhkost je uréend
suctom maximalnej vlhkosti pripadajucej na vodu volnt a maximalnej vihkosti pri-
padajucej na vodu viazanu (Hrc¢ka a kol. 2020).

Celuléza bola izolovana zo smrekového dreva podla Seiferta (1956). Metdda
FTIR bola pouzitd na zistenie celkového indexu krystalinity (TCI) a indexu lateral-
neho usporiadania (LOI) celulézy. TCl a LOI bol vypocitany ako pomer medzi inten-
zitami pasov, v tomto poradi: 1370/2900 cm™', 1424/898 cm™ (Poletto a kol. 2014).

3. Vysledky a diskusia

Vonkajsia belova cast smrekového vyrezu je podstatne vihkejsia nez oblast zre-
Iého dreva, obr. 1.
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Uvedené je spdsobené zvacsenym mnozstvom vody v oblasti beli a nie zvysenou
hustotou v suchom stave, ktora je nepriamo Umerna maximalnej hodnote vlhkosti
pripadajlcej na vodu volnu, obr. 2:

Obr. 1: Vlhkost smrekového vyrezu v zavislosti od vzdialenosti od strzna.

Obr. 2: Hustota v suchom stave smrekového vyrezu v zavislosti od vzdialenosti od strzna.

Zvy3ena vihkost v oblasti beli spdsobuje aj zvacsenu vlhkost Stiepky z tejto casti
prie¢neho rezu kmena. Teda piliarska Stiepka dosahovala v priemere vyssiu vihkost
nez Stiepka vlastng, ktord bola vymanipulovana aj z oblasti zrelého dreva.

Znizenie rozptylu vihkosti Stiepok si vyzaduje bud:

— susenie prilis vlhkych stiepok alebo
— vlh¢enie suchych stiepok na dohodnutt rovnovaznu vihkost.
Susenie a vlhcenie Stiepok znazornuju obr. 3, 4:
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Obr. 3: Zmena susiny a absolutnej vihkosti smrekovych Stiepok pri dosahovani rovnovaz-
nej vihkosti susenim od odmocniny ¢asu

Obr. 4: Zmena susiny a absolutnej vihkosti smrekovych Stiepok pri dosahovani rovnovaz-
nej vihkosti mac¢anim od odmocniny ¢asu

Tab. 1: Maximalne vlhkosti vody viazanej a volnej pre nase najzastupenejsie dreviny

Wemax [%0] Winay [%] Varia¢ny koeficient w,,,, [%]

smrek 32,7 182 11
jedla 34,3 221 9,8
borovica 31,5 154 23
buk 34,9 120 7.3
dub 33,5 112 32
topol 34,6 238 4,5
hrab 29,2 94,8 7,8
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Vlhcenie je mozné uskuto¢nit do maximalnej vlhkosti, ktora je zavisla od spra-
covévanej dreviny. Tab. 1 obsahuje maximalne vlhkosti pripadajuce na vodu volnu
aj viazanu pre nase najzastupenejsie dreviny.

Zatial, ¢o maximalna vlhkost viazanej vody je pre rézne dreviny takmer kon-
$tantnd, maximalne mnozstvo volnej vody vyrazne zavisi od dreviny.

Krystalinitu celulézy izolovanej zo smrekovych Stiepok sme zistili metédou FTIR.
Na urcenie pomerného zastupenia krystalickych a amorfnych oblasti celulézy a jej
usporiadania sa pouzivaju indexy krystalinity. Celkovy index krystalinity (TCI) a in-
dex laterdlneho usporiadania (LOI) celulézy bol 0,63 a 1,00.

Pocet molekul vody na jednotku glukopyranézy bol 3,5. Celuléza dosahovala
hodnotu maximalnej vlhkosti viazanej vody 38,9 % v prostredi kvapalnej vody.

4, Zaver

Podstatne vacsiu vlhkost dosahovala piliarska Stiepka vymanipulovana
z obvodu oproti vlastnej Stiepky vyrobenej z celého prierezu smrekového vyrezu.
Homogenizaciu vihkosti v stiepke je mozné dosiahnut susenim. Potom je potrebné
pocitat s vyslednou rovnovaznou hodnotou pod 35 %. Pri zvlhéovani Stiepok je
mozné dosiahnut hodnotu vlhkosti aj nad 35 % az po maximalnu vlhkost, ktora je
dana vlastnostami pouzitej dreviny. Celkovy index krystalinity (TCI) a index lateral-
neho usporiadania (LOI) celulézy zo smrekovej Stiepky bol 0,63 a 1,00.
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Abstract: Current technological advancements and growing environmental aware-
ness are increasing pressure for recycling and efficient use of industrial waste. Black li-
quor, a byproduct of pulp production, is a significant example. Many studies focus on its
processing, primarily on lignin extraction (which constitutes approximately 30% of the
raw material). However, this processing is energy-intensive and chemically demanding,
increasing the cost of the final product. Our research focuses on the direct utilization of
untreated black liquor to enhance the fire resistance of wood-based building materials.

Keywords: Fire resistance, composite material, calorimeter, smoke optical density.

1.Introduction

Lignin, an abundant biopolymeric waste product from pulp production, repre-
sents an attractive and sustainable alternative to fossil fuels. Its versatility allows
for a wide range of applications, from antioxidants and surfactants to components
of biopolymers and other chemicals (1). However, traditional methods of lignin
extraction are energy-intensive and economically unfavorable, hindering its wid-
er use. Therefore, current research focuses on the direct utilization of raw lignin,
minimizing demanding processing and reducing the carbon footprint. Examples
include fire-retardant coatings and polyurethane-based coatings (2, 3, 5, 6, 7),
where lignin replaces conventional fossil-fuel-based materials. This approach fur-
ther supports the principles of circular economy through the efficient use of indus-
trial waste products. The use of waste streams, such as kraft and sulfite black liquor,
for wood impregnation and improvement of its fire resistance represents a step
towards a more sustainable and environmentally friendly future in construction.

2.Material and Methods

2.1 Material

This research investigates the utilization of kraft black liquor, a waste byproduct
from pulp production, as a natural fire retardant in wood composites. Kraft black
liquor, a solution of sodium hydroxide (NaOH) and sodium sulfide (Na,S), is effec-
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tive in lignin degradation and cellulose fiber separation during pulp production. Its
properties, such as high alkaline lignin concentration (29.6 g/L) and specific heat
capacity (12.74 MJ/kg dry matter), indicate its potential for modifying the prop-
erties of wood materials. The black liquor was supplied by Mondi Stéti, a.s. (Stéti,
Czech Republic).

For impregnation, peeled veneers of Scots pine from industrial plywood pro-
duction were used. The veneers were cut oversized to the required format and
layered so that the individual layers were mutually perpendicular. Selected layers
were then pressure-impregnated in a pressure chamber under a vacuum of 0.8 bar
followed by a pressure of 6 bar, using air as a pressurizing medium above the free
surface of the impregnation liquid. After impregnation, the veneers were dried and
conditioned to a standard moisture content of 12 %. After conditioning, the ve-
neers were bonded with phenol-formaldehyde adhesive in a heated press at a cur-
ing temperature of 130 °C. After curing, the boards were cooled to a laboratory
temperature of 20 °C. Test specimens for cone calorimeter measurements (dimen-
sions 100 x 100 x 20 mm) and for smoke optical density measurements (dimen-
sions 75 x 75 x 20 mm) were then prepared from these boards. All samples were
placed in a conditioning chamber before testing to stabilize the moisture content
at approximately 12 % (Tab. 1).

2.2, Methods

Measurements were performed using a cone calorimeter (CLASIC spol. s.r.o.)
according to ISO 5660. The procedure involved placing a precisely defined sam-
ple in a chamber where it was exposed to controlled radiation with a known heat
flux. The instrument continuously recorded the heat release rate (HRR), total heat
released (THR), and mass loss of the sample during combustion. Relevant flam-
mability parameters were calculated from this data, including peak heat release
rate, time to peak heat release rate, and the mass average of the heat release rate
(MARHE). The results provide a comprehensive characterization of the material’s
behavior in a fire.

Smoke optical density was determined according to ISO 5660-2. A sample
with precisely defined dimensions was placed in a chamber and subjected to
controlled combustion. During combustion, the light transmission through the
produced smoke was continuously measured, from which the time course of the
smoke optical density was calculated. The obtained data provide information on
the amount and density of smoke produced during combustion, a key parameter
for assessing its fire hazard. Results are typically presented as the dependence
of optical density on time and allow quantification of the amount of smoke pro-
duced.

Plywoods were manufactured from nine veneer layers with a total thickness
of 20 mm. Variants A and B contained impregnated veneers: five layers in variant
A and seven layers in variant B, while the outer layers remained unimpregmated.
A control sample (Ref) was manufactured from unimpregmated veneers.
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Fig. 1 Modified plywood variants

3. Results

Tab. 1 shows the cone calorimeter test results. The average density of the ply-
wood samples shows only a slight difference, likely due to variations in veneer den-
sity. The MARHE (Maximum Average Rate of Heat Emission) parameter, represent-
ing the maximum amount of heat released in a given time interval, shows a 10.4 %
decrease in variant B compared to the reference sample. Similarly, the total heat
released is also lower in variant B, by 13.6%. Other parameters in Tab. 1 provide sup-
plementary information on the material’s behavior during the test.

Tab. 1: Cone calorimeter parameters of the composite materials

parameters variant A variant B Ref.
Density in [kg/m’] 540,3 592,2 629,2
MARHE [kW/m?] 1124 103,9 116,0
Calorific value [MJ/kg] 171 14,6 16,9
f
Start of permanent 88 80 78
flame [s]
Weight at ignition in [g] 110,4 105,1 103,4
Weight loss rate [g/m?*s] 49 5.2 4,9

Smoke optical density (OD), a key parameter for fire safety, was measured to
assess the obscuration of the space during a fire. The rate of obscuration critically
affects the speed and success of evacuation. Variant A exhibited the lowest cumu-
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lative smoke optical density, which increased over time. As shown in Fig. 2, this
variant remained below a value of 100 throughout the test, representing slightly
reduced visibility and orientation in the space, thus increasing safety in the event
of a fire. In contrast, variant B and the reference sample showed almost identical
smoke optical densities. This suggests that for the overall fire development and
smoke production, the modification and properties of the top layer of the plywood
are most significant.

Fig. 2 Time-dependent development of smoke optical density

Figure 3 presents the derivative of smoke optical density (dOD/dt), representing
the rate of smoke production as a function of time and providing a more detailed
insight into the behavior of the materials when exposed to radiant heat of 20 kW/
m’. Analysis of this derivative reveals differences in the behavior of the individual
plywood variants. Variants B and the reference sample show no statistically sig-
nificant differences in the rate of smoke production, which is due to the identi-
cal unimpregmated top layer. After the rupture of the first bonded layer, the rate
of smoke production changes temporarily; however, after overcoming this more
thermally resistant layer, it increases again until an insulating layer of charred mate-
rial is formed, which limits further degradation. This phenomenon manifests as a
typical acceleration and subsequent deceleration of smoke production. In contrast,
variant A, with its impregnated top layer, exhibits a much more homogeneous
structure and a smoother smoke production profile without a significant decrease
in rate between the wood layer and the adhesive. This indicates a very similar re-
sponse of both materials to radiant heat. From this perspective, variant A appears
to be a much more homogeneous structure.
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Fig. 3: Rate of smoke optical density development over time

4, Discussion

The cone calorimeter and smoke optical density results demonstrate that kraft
black liquor impregnation significantly impacts the fire performance of the result-
ing plywood. Variant A, with its impregnated top layer, exhibited substantially
lower heat release rate (MARHE), total heat released, and smoke optical density
compared to both variant B and the reference sample. Variant B, with only internal
layers impregnated, showed virtually no difference from the reference sample. This
clearly highlights the crucial role of top-layer impregnation in overall fire resistance.
Analysis of the smoke optical density derivative (dOD/dt) reveals that variant A dis-
plays a more homogeneous response to radiant heat, with no significant changes
in smoke production rate between wood layers and adhesive. In contrast, variant B
and the reference sample show characteristic changes in rate after the first bonded
layer is breached. These differences underscore the importance of top-layer im-
pregnation in reducing smoke production and improving overall fire performance.
Further research could focus on optimizing the impregnation process, testing vari-
ous black liquor concentrations and wood species. Furthermore, spread of flame
tests and an assessment of long-term impregnation stability would be beneficial.
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Deep eutectic solvents and their future in the pulp
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Currently, significant attention is being directed toward the development of
new eco-friendly solvents in line with the principles of green chemistry. At the be-
ginning of the 21st century, several new types of green solvents were introduced,
including deep eutectic solvents (DESs) [1]. These solvents have broad applications
in biomass processing and fractionation. DESs are obtained by mixing two or more
compounds in a specific molar ratio, where at least one component acts as a hydro-
gen bond donor (HBD) and another as a hydrogen bond acceptor (HBA). Molecular
association occurs through hydrogen bonds and van der Waals forces, resulting in
a mixture with a melting point significantly lower than that of its individual compo-
nents [2]. Research has shown that selected DESs are effective in dissolving primar-
ily lignin and hemicelluloses from lignocellulosic raw materials [3-4].

DESs have great potential for use in the pulp and paper industry as well as in
recycling. The application of these solvents to wood chips or annual plants in the
pulping or delignification process reduces the energy required for pulp production.
From an environmental perspective, DESs are considered eco-friendly solvents due
to their biodegradability, recyclability, and reusability.

Most commonly used DESs have a pH below 7 [5]. In recent years, studies have
reported the use of alkaline DESs in biomass fractionation. In the study by Lim et al.
[6], an alkaline DES based on potassium carbonate and glycerol in a 1:7 molar ratio
was used for the pulping process of rice straw. Chemical composition analysis and
FTIR analysis confirmed that this alkaline solvent was capable of partially removing
hemicelluloses and lignin from the lignocellulosic matrix. Another study [7] utilized
two alkaline DESs for lignin extraction from Populus deltoides samples. Specifically,
the solvents consisted of a mixture of choline chloride and urea in a 1:2 molar ratio
and choline chloride with imidazole in a 3:7 ratio. The reaction was carried out at el-
evated temperatures (115 and 150 °C) for 15 hours. Both solvents resulted in lignin
dissolution and depolymerization.

Oxygen delignification is an essential technology in the production of bleached
pulps. It enables the additional removal of 40-50 % of lignin, with the goal of re-
ducing the consumption of chemicals in subsequent bleaching stages. This pro-
cess leads to partial degradation of the cellulose chain, with a delignification time
of 1.5 to 2 hours. Therefore, the aim is to introduce new eco-friendly methods, such
as green solvents in combination with oxygen. It is expected that the synergistic
effect of solvents and oxygen will enhance lignin removal from pulp/fibers. The
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application of this post-delignification stage should increase delignification effi-
ciency by more than 50% while preventing cellulose chain degradation.
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The wood processing industry is a major producer of by-products generated dur-
ing the processing of lignocellulosic biomass [1]. One of the primary by-products
of this industry is tree bark, which accounts for approximately 5-25 % of the total
weight of trees. During wood processing, the bark is commonly incinerated for en-
ergy production [2].

However, several studies have demonstrated that tree bark contains significant
amounts of secondary metabolites, including phenolic compounds. These substanc-
es play a protective role in plants against fungal, viral, and bacterial infections, as well
as protection against UV radiation. The bioactive properties of phenolic compounds
have been successfully utilized in human medicine due to their antibacterial, antivi-
ral, and antifungal effects, as well as their demonstrated neuroprotective, anticancer,
and cardioprotective activities. Therefore, tree bark remains a subject of scientific in-
terest [3].

The primary objective of this study is to explore alternative extraction techniques
that align with the principles of green chemistry and to optimize these methods to
maximize both total extraction yield and the recovery of target compounds, such as
catechin, quercetin, taxifolin, and resveratrol. For selective extractions, deep eutectic
solvents (DES) based on choline chloride and carbohydrates were employed in moral
ratios of 1:1 (1,5), 1:3, 1:5. A two-factor, five-level experimental design was applied to
bark samples of silver fir (Abies alba) and European beech (Fagus sylvatica). The ex-
traction parameters of our design of experiment (DoE) were extraction time (60-180
minutes) and temperature (30-100 °C). The results of these experiments will be sta-
tistically evaluated to determine the optimal extraction conditions for the studied
bark samples.

Kluicové slovad: Extraction, DES, bark, wood-processing industry, by-products, phenolic
compounds
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A significant part of traditional information carriers (books and archival docu-
ments) is precisely on acidic paper, which is more easily degraded [1, 2, 3]. The effort
to stabilize it and extend its lifespan is the subject of extensive research [3, 4, 5, 6].
The fundamental prerequisite for the successful extension of acidic paper’s lifes-
pan is to understand the changes caused by ageing and to look for more effective
methods of protection/deacidification [5, 6, 7, 8].

The aim of the study was to observe the impact of paper structure and its chem-
ical composition due to ageing. Four types of paper were selected: two model
acidic papers (with the presence and absence of lignin), a real book (published in
1953), and Whatman paper (pure a-cellulose). The paper samples were subjected
to accelerated ageing in a sealed environment at a temperature of (98+2)°C ac-
cording to the ASTM98-02 standard for 10 days. The following properties were
tested: chemical (molecular weight distribution via GPC, surface pH), mechanical
(folding endurance, zero-span), and spectral (XRD —crystallinity index of cellulose).
Additionally, the relationship of the paper to water was monitored using absorp-
tion isotherms and contact angle measurements.

Changes in cellulose structure occur across structural levels. The chemical com-
position of the fibres changes, affecting the mechanical properties of the paper
itself. The paper’s relationship to water is very important in paper production, pro-
cessing of the final product, and long-term preservation-in maintaining its func-
tional properties.

Keywords: cellulose, structure, aging, alum sizing, water, MWD
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Abstract: The enhancement of the elastic properties of paper is an important area of
research, especially given the growing demand for materials that combine flexibility,
strength and sustainability. This study presents research on mechanical and chemi-
cal modifications to improve elasticity of paper. Mechanical treatments, particularly
microcreping, were investigated, showing potential in increasing the paper’s elonga-
tion capacity without significantly compromising its structural integrity [1, 2, 3, 4]. In
addition to mechanical modifications, chemical treatments were also investigated, in-
cluding the use of a dispersion of Duvilax in combination with the cationic polyelectro-
lyte Magnafloc, polyvinyl acetate (PVAC) and the cellulose-based additive DuraPulp
[1, 2, 4. 5]. These additives were tested at various concentrations, showing improve-
ments in the strength properties of the paper, while their effect on elasticity was ob-
served to vary. Specifically, the addition of DuraPulp and PVAC demonstrated some
enhancement in the paper’s elongation, although the improvements were less prono-
unced compared to the mechanical modifications [1, 2, 5]. Furthermore, the study also
explores the role of pulp refining, with preliminary results suggesting that higher degre-
es of refining can lead to increased elongation properties. These partial findings lay the
groundwork for future research into the mechanisms influencing paper elasticity [4, 6].
The insights gained will help guide further research to develop more effective methods
for improving the elastic properties of paper, expanding its potential for a variety of
applications.

Keywords: elastic properties; elongation; mechanical modification; chemical additi-
ves; modification in papermaking
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Abstract: Nova-Institute study published with CEPI in 2023 shows an increasing inte-
rest in paper and paper products made out of non-wood fiber, sourced from the ag-
ricultural and textile sectors. Perspective alternative of wood fiber is corn kernel fiber
which is the shell or bran around each corn grain, and it is mainly composed of cel-
lulose. Our analysis confirmed that holocellulose content in corn kernel fiber is about
60 % and this type of waste as a by-product of starch production based on corn has an
average dry matter content of 46%. This work deals with the selected type of treatment
of corn kernel fiber combined with wood pulp—beating. The mixture of corn threshes
based on corn grain and softwood pulp was beaten and the effect of addition of corn
kernel fiber from corn threshes to coniferous pulp on WRV (Water Retention Value) and
°SR (Schopper-Riegler degree) was investigated. The suitability of corn threshes for pa-
permaking was confirmed and the corn kernel fiber is also potentially suitable for bo-
ard production.

Keywords: Beating, corn kernel fiber, holocellulose, °SR (Schopper-Riegler degree),
softwood pulp, WRV (Water Retention Value).

1.Introduction

Corn bran is a by-product of dry — or wet-milling in corn kernel processing
[1]. Corn bran mainly comes from the pericarp, which is another by-product de-
rived from the production of corn starch [2]. Dry-milling process involves milling
of clean, tempered grain (moisture content of 200 g.kg™”) to separate its compo-
nents: endosperm, germ and bran [3, 4]. The major products of dry milling are corn
grits, meals and flour. Wet-milling of corn kernel involves firstly steeping of grains
in water and sulphur dioxide. During this process the moisture content increases
to about 450 g.kg™ and grains are softened to facilitate separation of the compo-
nents: starch, gluten, fiber and germ [4, 5]. Both corn bran and corn fiber are mainly
composed of the pericarp, however, corn fiber also contains cell wall material from
the endosperm, which is not contained in corn bran [6]. The aim of this work was to
determine chemical composition of the corn threshes and corn fiber based on corn
bran to compare it with kraft pulp and to determine suitability of obtained materi-
als for production of wrapping paper by WRV monitoring.
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2.Materials and methods

Corn threshes and corn fiber were obtained from Tate & Lyle Boleraz, Ltd.
(Slovak Republic). Non-bleached coniferous kraft pulp was obtained from Mondi
Steti, JSC (Czech Republic). International standards such as I1SO 1762, T 264 cm-07,
T 222 om-98, Tappi UM 250, Wise’s method and ISO 692 were used. Extractives were
determined by the extraction method with dichloromethane according to ISO 624.
When determining the Klason lignin content, this content was corrected for the
ash content. Lignin soluble in sulfuric acid as well as total lignin was determined.
The content of holocellulose-cellulose and hemicelluloses, and cellulose itself was
determined. Finally, the ash content was also determined.

The beating of pulp suspensions was performed in laboratory beater Valley ho-
lander according to the I1SO 5264-1. Samples of pulp were taken at period of 0, 20,
40 and 60 minutes. The Schopper-Riegler (°SR) values of the pulp samples were
measured according to the STN ISO 5267-1. The water retention value (WRV) was
determined according to the ISO 23714:2007. Five types of pulp suspensions were
beaten as follows: corn threshes and coniferous pulp in ratio of 75:25 (M1) and
25:75 (M2), corn fiber and coniferous pulp in ratio of 75:25 (M3) and 25:75 (M4) at
dry mass weight of components. The kraft pulp was also beaten without additional
pulp based on corn kernel (M5).

3.Results and discussion

Chemical composition of corn fiber, corn threshes and coniferous kraft pulp
(Fig. 1) is shown in Tab. 1.

Fig. 1: Corn fiber, corn threshes and coniferous kraft pulp.
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Tab. 1: Chemical composition of corn fiber, corn threshes and coniferous kraft pulp.

Proportion of analyzed components
(% w/w o.d.)
Component Method
Corn Fiber corn Kraft
threshes pulp
Ash 1.67 7.10 0.25 1SO 1762
Extractives 291 1.56 2.70 1SO 624
Tappi T 222
*Klason lignin 6.84 4.00 27.17 app!
om-98
Tappi UM
Acid soluble lignin (ASL) 8.54 8.80 0.19 ap2p5|0
Total lignin 15.38 12.80 27.36
Holocellulose 60.10 43.10 69.69 Wise
Cellulose 19.90 13.40 41.90 1SO 692

*Klason lignin content was corrected for the ash content.

The holocellulose content in corn fiber (60.10 %) is comparable to that in kraft
pulp (69.69 %). In case of corn threshes holocellulose content (43.10 %) is approxi-
mately 1.6-times lower than that in kraft pulp. The cellulose proportion in corn fiber
(19.90 %) is half that of kraft pulp (41.90 %). The lowest proportion of cellulose is
determined in corn threshes (13.40 %). The total lignin in kraft pulp (27.36 %) is ap-
proximately half that of corn fiber (15.38 %) and corn threshes (12.80 %). Corn fiber
contains ash consisting of inorganic compounds, at a rate almost seven times high-
er than that of kraft pulp. In case of corn threshes the ash content is about twenty-
eight t higher than that in kraft pulp. The extractives content is slightly higher in
case of corn fiber (2.91 %) compared to kraft pulp (2.70 %), the lowest content of
extractives is in case of corn threshes (1.56 %).

The WRV value was calculated according to formula (1):

m —-m
WRV = —%<" % +100 %
My ()

where: WRV-Water Retention Value [%],
m,,.—mass of moist/wet sample of lignocellulosic material [g],
mg,—mass of oven-dried sample of lignocellulosic material [g].

As shown in Tab. 2 the °SR and WRYV values rise with increasing beating period.
It can be concluded from the results that there is no significant difference in °SR
values at time of beating 0 minutes except of M1 beating. It is evident that the
initial °SR values for M2 (13 °SR), M4 (11 °SR) and M5 (12 °SR) beatings are more
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balanced. The required °SR value ranging from 22 °SR to 38 °SR for terminal beating
is achieved in period of 40 minutes. In this checkpoint WRVs for M2 (174.7 %), M3
(171.3 %), M4 (172.3 %) and M5 (171.2 %) are comparable and consistent with our
previous findings [7].

Tab. 2: Schopper-Riegler (°SR) and WRYV values for pulp types depending on beating period.
WRYV values are average of 4 measurements.

sample Be?;:?r?ufeesr)iod °SR WRV (%) Standa\;\;iRc\i/e(\;/ioa;tion of
0/M1 0 21 140.3 1.10
20/M1 20 31 160.6 522
40/M1 40 63 168.0 2.31
60/M1 60 77 180.4 1.21
0/M2 0 13 136.0 1.07
20/M2 20 17 157.5 1.65
40/M2 40 23 174.7 1.31
60/M2 60 37 186.1 1.57
0/M3 0 16 151.6 2.12
20/M3 20 23 163.3 1.17
40/M3 40 38 171.3 0.97
60/M3 60 60 178.7 0.29
0/M4 0 11 140.4 0.64
20/M4 20 15 158.8 1.17
40/M4 40 29 1723 3.48
60/M4 60 39 184.2 5.97
0/M5 0 12 140.6 4.65
20/M5 20 19 160.0 4.18
40/M5 40 22 171.2 0.77
60/M5 60 29 182.7 1.74

As the resulting °SR and WRV values generally suggest, the combination of beat-
en corn fiber as a by-product of starch and non-bleached coniferous kraft pulp is,
from this point of view, suitable for wrapping paper production, as the obtained
suspension has similar properties to OCC (Old Corrugated Containers) after pulp-
ing into suspension [8]. Obtained lignocellulosic materials converted into suspen-
sion are therefore suitable for wrapping paper production and in production of
packaging materials. However, studies need to be conducted in the future for the
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combination of OCC and corn kernel fiber, the suspension of which will be poten-
tially suitable for production of special wrapping papers based on secondary fiber
and waste material.

4, Conclusions

Non-woody material, based on agricultural post-harvest residues, shrubs, or
other lignocellulosic materials, is a suitable raw material for the paper industry.
Waste from processing of corn grain into starch is also an alternative to wood pulp.
Corn fiber and corn threshes are by-products from such processing. The holocel-
lulose content in corn fiber (60.10 %) is comparable to that in kraft pulp (69.69 %).
In case of corn threshes holocellulose content (43.10 %) is approximately 1.6-times
lower than that in kraft pulp. The total lignin in kraft pulp (27.36 %) is approxi-
mately half that of corn fiber (15.38 %) and corn threshes (12.80 %). The impact of
beating on suspension of corn fiber and corn threshes combined with kraft pulp
was characterized by °SR and WRV values. Both values show rising trend with in-
creasing beating period. With a holocellulose content of about 60 %, corn fiber is a
prospective alternative to wood-based pulp and a suitable material for wrapping
paper production due its analogical properties with OCC susupension based on
determination of °SR and WRV and their comparation with professional literature.
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Abstract: Verdigris refers to a group of green and blue copper-based pigments that have
been widely used throughout various historical periods to adorn and enhance artworks.
However, over time, these pigments pose a significant risk to the stability of the paper
substrates they are applied to, due to the release of mobile copper ions during the age-
ing process. These ions can accelerate degradation, threatening both the integrity of the
pigment and the paper. Methods of chemical stabilisation offer promising solutions for
preserving not only the verdigris pigments themselves but also the underlying paper
materials. The model system, which was prepared, was subjected to accelerated ageing
and stabilisation processes. Three different stabilizers —1H-benzotriazol, tetrabutylam-
monium bromide, and calcium phytate — one modifier, sodium hypochlorite, and water
which are commonly used in the conservation of verdigris pigment or paper, were tested
for their effectiveness in preserving the materials. This research aims to contribute to the
understanding of how stabilisers and modifiers influence the paper substrate, providing
valuable information for the conservation and long-term preservation of artworks.

Keywords: stabilization; verdigris; paper; accelerated ageing
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Emission of VOC from wood-rubber particleboards
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Abstract: Newly prepared composite materials should not endanger the hygiene, he-
alth and safety of workers, residents or the environment during their life cycle. For a
comprehensive view of the properties of newly prepared single-layer particle boards,
VOCs emitted from particle boards (PB) containing waste rubber (GWR) from scrapped
cars were therefore analyzed using the HS-GC-MS method. Particle boards (PB) were
prepared from spruce wood particles (0.25 mm to 4.0 mm) and granulate (1.0-3.0 mm)
from a mixture of waste rubber (carpet, insulators) was used as an additive. The GWR
granulate consists of a mixture of processed materials polyester, glass fibers, poly-
urethane, paper and EPDM (ethylene propylene diene monomer). For the molding of
single-layer PB with the addition of GWR, a commercially available UF resin Kronores
CB 1100 F was used. 4 tests were performed at different temperatures. In the first test,
VOCs emitted from prepared PBs with different GWR contents were analyzed at 30 °C
(a temperature that is common in summer and inside buildings). In further tests, at
temperatures of 60 °C, 80 °C and 100 °C (temperatures that materials reach e.g. in the
summer season or in the initial stages of a fire, when the material is just heating up
and thermal degradation begins). For comparison, VOCs emitted from particle boards
without the addition of GWR as well as the granulate itself were also analyzed. The
analyses of VOC (Volatile Organic Compounds) were performed on an Agilent 7890A
GC / 5975C MSD system with an Agilent Headspace Autosampler 7697A. The VOCs
were identified by comparing the measured spectra with the NIST20 mass spectra lib-
rary. At 30 °C and 60 °C, no VOCs were identified that would be released either from
the particleboard itself or from PB with different GWR contents. No VOCs were emitted
from the GWR granulate itself even at 80 °C, and at 100 °C, only a-pinene was emitted
from GWR. Toluene, a-pinene, B-pinene and 3-carene were released from PB without
GWR addition at 80 °C. At 100°C, other volatile terpenes and also hexanal were emitted.
a-Pinene was dominant, accounting for up to 79 % of VOC emissions from PB. In com-
posite materials with 10 %, 15 % and 20 % GWR content at 80 °C, except for a-pinene,
no other volatile organic compounds were identified in the emissions. VOC analysis at
100 °C indicates an 85 % decrease in the total VOC emissions in the sample with 20 %
GWR addition. Sorption of the released a-pinene and other VOCs by the GWR granulate
is likely to occur.

Keywords: VOC, particleboard, spruce wood, recycling, rubber
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Abstract: Wood-plastic composites are wood products made from recycled plastic and
small wood particles. They are relatively new products compared to the long history of
natural lumber or traditional wood composites such as particleboard or fiberboard.
The aim of this work was to assess the influence of plastic/rubber filler (waste from the
automotive and construction industries) on the mechanical and physical properties of
particleboards (PBs). Plastic (painted - PBu, unpainted bumpers - UPBu, fuel tanks — FT)
and rubber (tires — T, gasket and carpet mixture — GC, non-flammable — NFBC, flam-
mable building cables - FBC) particles, at a volume of 10 %, were added to the middle
layer of a three-layer particleboard made from spruce wood particles. From the mecha-
nical properties, density, tensile strength (TS), modulus of rupture (MOR) and modulus
of elasticity (MOE) were monitored according to applicable standards. Based on the
results, density of PBs ranged from 0.69 g.cm-3 for PBs containing GC to 0.74 g.cm-3 for
PBs containing NFBC. The higher value of TS (0.52 MPa) was obtained for PBs without
plastic/rubber filler, comparable value (0.49 MPa) for PBs containing UPBu and other
PBs had lower values of this characteristic. All PBs achieved the results for TS specified
by the standard EN 319/2005. From point of view of MOR, all PBs reached comparable
results ranged from 10.50 MPa to 12.63 MPa. The same could be state for MOE, values
ranged from 2010 MPa to 2240 MPa. It can be state that PBs containing plastic/rubber
filler reached very good results of mechanical properties and can be used in the con-
struction or furniture industry.

Keywords: spruce wood, particleboard, recycling, plastic, rubber, tensile strength, mo-
dulus of rupture, modulus of elasticity
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Abstrakt: In papermaking, every fiber is important. Today, the starting material for the
cellulose pulp production of paper is various types of fibrous plant material. These are
obtained from softwood and hardwood trees, as well as from other plants such as flax,
bamboo and cotton, etc. Wood is currently the main source for the production of cellulo-
se fibres used for papermaking. In practice, the paper industry consumes just over 10 %
of the harvested wood. Non-wood fibre sources represent around 5-10 % of global pulp
production, for a variety of reasons including seasonal availability and chemical recovery
problems. Alternative sources of fibre for the preparation of paper materials are increa-
singly being explored and used to make the best and most efficient use of renewable reso-
urces. Recently, there has been an increasing focus on making the best use of agricultural
waste. This paper deals with the use of wheat and barley straw for the preparation of pa-
per material by the soda process and a comparison of its properties with conventionally
produced papers. Pulp made from wheat and flax straw has half the ecological footprint
of pulp made from forests.

Klicovd slova: Bunicina, jednoleté rostliny, mechanické vlastnosti, elasticita

1.Uvod

Jednoleté rostliny neboli jednoletky jsou oznac¢ovany jako rostliny, u kterych jejich
zivotni cyklus probéhne béhem jednoho roku. Mezi jednoletky fadime rostliny, které
nepreckavaji zimu, at jiz celé rostliny, jejich semena nebo vytrusy. V teplejsich pod-
nebich, vyjimecné v nasem klimatickém pasmu mohou jednoleté rostliny vytrvat do
dal3iho roku. V Ceské republice mezi nejznaméjsi jednoleté rostliny fadime prevazné
obili, len, ¢i konopi a rostliny s velmi kratkou vegetacni dobou jako je agave sisalo-
vé [1]. Prispévek se zaméfuje na zpracovani zemédélskych odpadu, mezi které patfi
nejcastéji slama, naté, znehodnocena krmiva, listi ovocnych dfevin, nadzemni hmota
plodin jako jsou jeteloviny, luskoviny, olejniny a byliny [2].
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2.Experimentalni cast

2.1. Laboratorni pfiprava buniciny z je¢mene a pSenice

Sldma z je¢mene a p3enice dodané Farmou Tiebesov byla zpracovana v labo-
ratornim varaku typu V5-01/84 (vyrobce VUPC Bratislava). Pfed varkou bylo nutné
stanovit vlhkost vzorku slamy. Pfi stanoveni bylo postupovano podle normy Tappi
T210cm -03[3].

Susina vzorku vyjadiena hmotnostnim zlomkem v rovnici (1)

S my, M
pro vlhkost vzorku vyjadfenou jako absolutni hmotnostni zlomek vody uvedené
v rovnici (2), bude platit, ze

Xy =1-Xs )

Pred vlastni varkou bylo také stanoveno chemické slozeni sldmy je¢cmene a p3e-
nice, viz tabulka 1.

Tab. 1: Chemické slozeni slamy

Surovina Popel (i);tf::rlig:/—rt]cl)llztel;y) Celuléza Lignin | Holoceluléza

P3enice pramér 4,33 3,54 42,64 28,49 75,55
smér. odch. 0,12 0,01 0,06 0,04 0,10

Je¢men prdmér 6,09 2,25 40,77 29,58 73,14
smér.odch. 0,07 0,00 0,03 0,02 0,06

Varka sldamy p3enice a je¢menu probihala podle zvolenych parametrd, které
muzeme vidét v tabulce 2.

Tab. 2: Parametry varky

H-faktor Chemikalie Aktivni alkalie Hydromodul
2800 h 25% NaOH 19 % 5:1

Pfipravena bunic¢ina byla vyprana ve Ctyfech stupnich. Vyprana bunicina byla
kvantitativné prevedena do nadoby rozvldknovace. Vlozené mnozstvi buniciny
bylo zalito 1,5 | vodovodni vody a po dobu 10 minut byla rozvlaknéna. U bunic¢iny
byl nasledné stanoven vytézek varky a Kappa cislo, uvedené v tabulce 3.
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Tab. 3: Parametry bunicin

Surovina Celkovy vytézek Kappa Cislo
P3enice 42,3 % 20,7
Jecmen 27,5% 22,4

Na laboratornim archovaci bylo pfipraveno nékolik zkusebnich listd s riznou
ploSnou hmotnosti z bunicin ziskanych varkou slamy z psenice a je¢mene. Pro po-
rovnani, byly pfipraveny i zkusebni listy ze sulfatové buniciny.

2.2, MéFeni mechanickych vlastnosti zkusebnich listli z buniciny z pSenice
a jeCmene

Zkusebni listy pfipravené na laboratornim archovadi Rapid K&then na Univerzité
Pardubice byly podrobeny mechanickému testovani na pfistroji Instron 3365 na
ODCP, FCHPT, STU v Bratislave. Byly proméfeny mechanické vlastnosti-pevnosti
v tahu pro jednotlivé laboratorni arsiky, véetné protazeni podle normy STN EN I1SO
1924-2 [3]. Namérené hodnoty jsou uvedeny v tabulce 4.

Tab. 4: Mechanické vlastnosti

. Plosna Tloustka, Tr’ivné . Index pietrh- Relatferi
Surovina hmotn?st, mm F, N zatizeni, nuti, Nm/g prod’louze—
g/m kN/m ni, %
Sulfat primér 62,5 0,138 29,3 1,955 313 1,26
Z Z]cef: - 0,0042 14 0,093 15 0,10
Pienice | primér 75 0,124 78,0 5,220 69,3 1,80
Z Z‘;: - 0,0055 41 027 36 0,18
priimér 83,2 0133 833 5,55 66,7 173
Z’;‘ce}: - 0,015 46 031 3,7 0,15
priimér 933 0,148 104,6 6,97 74,7 1,60
ZZ‘:': - 0,0084 3,1 021 22 0,070
Jecmen pramér 83,6 0,124 56,1 3,75 44,7 0,65
Z’;‘Ce; - 0,0055 18 0,12 14 0,07
primér 89,3 0174 75,4 5,02 56,3 1,86
;z‘;: - 0,0055 30 020 22 0,098
primér 1044 0,148 116,1 7,74 74,2 1,93
;’;’:}: - 0,0043 29 0,20 1,9 013
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Laboratorni arsiky byly pripraveny pouze z rozvlaknéné, nemleté buniciny.
Tomu odpovidaji jednotlivé namérené hodnoty.

Obr. 1: Hodnoty indexu pretrhnuti pro jednotlivé suroviny.

Jak je vidét z obr. 1, pro p3enici a je¢men dosahuji hodnoty indexu pretrhnuti
vyssich hodnot, nez je tomu u buniciny sulfatové. Pro psenici 66,7 Nm/g, 69,3 Nm/g
a 74,7 Nm/g, pro je¢cmen 44,7 Nm/g, 56,3 Nm/g a 74,2 Nm/g, zatimco hodnota pro
sulfat je pouze 31,3 Nm/g. Rozdil mlize byt samoziejmé také ovlivnén rozdilnymi
plosnymi hmotnostmi jednotlivych vzorkd. Hodnoty pro psenici jsou pak kom-
paktnéjsi, zatimco u je¢mene se k témto hodnotdm pfiblizila az hodnota pro arsik
s nejvyssi plosnou hmotnosti 104,4 g/m?.

Obr. 2: Hodnoty relativniho prodlouzeni pro jednotlivé suroviny.
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Hodnoty relativniho prodlouzeni, které jsme také sledovali, dosahuji az na vzo-
rek je¢mene s plosnou hmotnosti 83,6 g/m? pro psenici a je¢men vyssich hodnot
nez pro sulfat, jak je vidét i na obr.2. Pro psenici 1,8 %, 1,73 % a 1,6 %, pro je¢men,
jiz zminénd hodnota, ktera se vymyka ostatnim mérenim 0,65 %, déle pak 1,86 %
a 1,93 %, a pro sulfat byla dosazena hodnota relativniho prodlouzeni 1,26 %.

Tyto data jsou prvotnimi vysledky, které bude do budoucna vhodné doplnit dal-
$imi mérenimi. Také by bylo zajimavé rozsitit vysledky o hodnoty ziskané pfi vyrobé
laboratornich list( buniciny, kterd bude upravena mletim.

3.Zaveér

V této praci jsme se zaméfili na zkoumani potencialu pseni¢né a je¢menné slamy
jako alternativnich zdrojl bunicinovych vlaken pro ptipravu novych papirenskych
material{. V laboratornich podminkach se podatilo pripravit bunic¢inu z je¢mene
a pdenice s pomérné vysokym vytézkem (42.3 % pro pSenici a 27,5 % pro je¢men).
Analyzou mechanickych vlastnosti vyrobenych laboratornich listl z téchto slam je
patrné, Ze obé suroviny nabizeji zajimavé moznosti pro vyrobu papiru. Dosazené
hodnoty jak pevnostiv tahu, tak i relativniho protazeni ukazuji, Ze existuje jisty po-
tencidl pro vyuziti téchto surovin pfi hledani novych papirenskych materialt s lep-
$imi elastickymi schopnostmi.

Podékovdni

Tuto praci podpofila Agentura na podporu vyskumu a vyvoja SR na zaklade zm-
luvy APVV-22-0277 a projekt VEGA 1/0651/23.
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Improvement of paper elastic properties by addition
of DuraPulp and mechanical modification
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Abstract: In today’s world, the use of paper as a packaging material is on the rise, re-
flecting the demand for eco-friendly alternatives in various industries. However, the-
re are challenges, mainly when it comes to the elastic properties of paper, which still
have certain limitations. This work explores ways to improve the elasticity of paper. The
aim was to study new opportunities in papermaking, specifically focused at improving
elastic properties through mechanical modifications and addition of additives. One of
the monitored parametres was relative elongation. The mechanical modification in-
volved creating a relief surface on the paper using felts and pressing force on wet paper
(microcrepe) and utilizing shrinkage during drying. DuraPulp was selected for modi-
fication through additive addition, applied to the suspension in two grinding stages
(25 °SR and 50 °SR). By adding DuraPulp in different concentrations (2,5 % - 20 %), the
strength properties of the paper were enhanced. Microcrepe increases the relative elon-
gation while at the same time decreasing strength properties of paper. The advantage
of combining these two techniques is the production of paper with elevated elongation
and improved strength properties.

Keywords: elongation; modification in papermaking; DuraPulp; mechanical modifi-
cation
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Abstract: Hemp fibers are promising biomaterials that have many advantages, such
as biodegradability, low production costs, and rapid growth. They can be used as alter-
natives to other cellulosic fibers that have higher environmental impacts. In this work,
we used a new and green solvent, called deep eutectic solvent-like mixtures, to delignify
hemp biomass [1]. Deep eutectic solvent-like mixtures are made from choline chloride
and lactic acid, which are cheap, safe, and biodegradable. We tested different combi-
nations of temperature (80-160 °C), time (60-240 min.), and solvent amount (1:10-
1:60) to find the best conditions for delignification. We measured the Kappa number,
which indicates how much lignin is left in the fibers, and the efficiency of delignifica-
tion, which indicates how much lignin is removed. The Kappa number of delignified
hemp fibers ranged from 10.7 (144 °C, 204 min, 1:30) to 21.8 (160 °C, 150 min, 1:17).
The results showed that the optimal conditions to obtain the smallest Kappa number
representing 6.6 are the boundary conditions of 160 °C, 240 min, and a ratio of 1:60.
This method is more sustainable and environmentally friendly than the conventional
methods, and it can help achieve the goal of sustainable development for mankind.

Keywords: DES-like mixtures, hemp fibers, choline chloride, lactic acid
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Elektrochemické senzory: 3D tlacené uhlikové
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Abstrakt: Fused deposition modelling (FDM) is a 3D printing technology that constructs
parts layer by layer by selectively depositing melted thermoplastic material along a pre-
determined path. This method utilizes filament-based thermoplastics to produce physi-
cal objects and is widely used across industries, including the medicinal field and electro-
chemical sensing, due to its versatility. In this work, two types of electrochemical sensors
were fabricated using conductive polymer filaments consisting of polylactic acid (PLA)
combined with carbon black (CB) and carbon nanotubes (CNTs). Following the fabrica-
tion of the electrodes, air-plasma treatment was applied to enhance the surface proper-
ties. Increasing the duration of plasma treatment led to a more significant removal of the
polymer, exposing the underlying conductive carbon particles—carbon black and carbon
nanotubes. This process of activation improved the electrochemical characteristics of the
sensors. By prolonging the plasma treatment, the electrochemical performance of the
electrodes was significantly enhanced, demonstrating the potential of this technique for
creating high-performance, 3D-printed electrochemical sensors.

Klucové slovd: electrochemical sensors, 3D-printed electrodes, polylactic acid, pla-
sma, carbon black, carbon nanotubes

1.Uvod

3D tlacové systémy vyuzivajuce technolégiu FDM funguju na principe extruzie
zohriateho termoplastického materiadlu a nasledne jeho depozicie vrstvy po vrstve
na pracovnu podlozku na zaklade digitalnej predlohy. Umoziuju rychlu a nizkona-
kladovu vyrobu findlnych produktov zo Sirokej skaly materidlov. Vdaka ich vSestran-
nosti nachadzaju uplatnenie v mnohych odvetviach priemyslu, v medicine, ako aj
v senzorickej analyze [T, 2].

Na produkciu elektrochemickych senzorov zhotovenych 3D tlacou sa vyuzivaju
aj kompozitné vodivé polymérne filamenty. Ako nosny a stavebny material v kom-
pozite figuruje termoplast, najc¢astejsie vyuzivany akrylonitrilbutadiénstyrén (ABS)
alebo kyselina polymlie¢na (PLA). Dal3ou zlozkou filamentu su vodivé uhlikové na-
nocastice, menovite sadze (CB), grafén alebo uhlikové nanorurky (CNT). Nevodivy
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termoplast brani elektrochemickym dejom prebiehajucim na povrchu elektrédy
v procese elektrochemickej analyzy. Za Ucelom odstranenia prebyto¢ného nevo-
divého polyméru z povrchu elektréd a vylepsenia ich elektrochemickej aktivity je
realizovana aktivacia povrchu. Medzi pouzivané metddy sa radi chemicka, fyzikal-
na, elektrochemickd, mechanickd a plazmova aktivacia. Vhodna elektrochemicka
aktivita mé vyznam pre detekciu zluéenin z roztoku pocas senzorickej analyzy [3, 4].

2.Experimentalna cast

Pracovné elektrody boli vytlacené 3D tlatovym systémom vyuzivajicim tech-
nolégiu FDM z kompozitného filamentu kyseliny polymlie¢nej a sadzi (Protopasta
Composite Conductive PLA, PLA/CB) a kyseliny polymlie¢nej a uhlikovych nanoru-
rok (FiloAlfa ALFAOHM, PLA/CNT). Zhotovené elektrédy boli nasledne podrobené
plazmovej Uprave difiznym koplanarnym povrchovym bariérovym vybojom v pro-
stredi pracovného plynu-vzduchu, z oboch stran. Na vymedzenie miesta aktivacie
elektrody bola pocas pdsobenia plazmového vyboja aplikovana na neaktivovany
povrch kaptdnova paska. Vplyv plazmovej Upravy na povrch elektréd bol skumany
skenovacim elektrénovym mikroskopom (SEM). Meranie povrchovej energie bolo
realizované metddou kontaktného uhla zmacania a vyhodnotené Owens-Wendt
metddou. Metddou cyklickej voltampérometrie (CV) boli skimané elektroche-
mické vlastnosti elektréd. Cyklicka voltampérometria bola realizovand v prostredi
[Fe(CN)¢]*"* - s podpornym elektrolytom KCl.

3. Vysledky a diskusia

Snimky obdrzané skenovacim elektrénovym mikroskopom zachytévaju vplyv
plazmovej Upravy na Strukturu povrchu elektréd. Povrch elektrédy bez upravy
(Obr. 1 Ref) je pokryty vrstvou PLA, pricom su viditelné vycnievacjice nerovnos-
ti-sadze. PrediZenim pdsobenia plazmového vyboja dochadza k dokladnejsiemu
odleptaniu vrchnych vrstiev PLA do vi¢sej hibky, désledkom ¢oho su spristupnené
vodivé sadze.

Posobenie plazmového vyboja na povrch 3D tlacenych kompozitnych uhliko-
vych elektrod ma vyznamny vplyv na ich elektrochemicku aktivitu. Z cyklickych
voltampérogramov je mozné odcitat, Ze neaktivované elektrédy nevykazuju odo-
zvu (Obr. 2) Elektrody, ktoré podstupili aktivaciu disponuju priaznivejsimi hodnota-
mi pikovych prudov a velkostou separa¢ného potencidlu.
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Obr. 1: Povrch 3D tlac¢enej PLA/CB elektrédy nasnimany SEM pre neupravenu
vzorku (Ref), ¢asy Upravy od 5 s po 160 s, a) rozhranie neplazmovaného
a plazmovaného povrchu, b) zhluky uhlikovych nanocastic

Obr. 2: Cyklické voltampérogramy 3D tlacenych uhlikovych elektréd PLA/CB (vlavo)
a PLA/CNT (vpravo) v prostredi [Fe(CN)s*” - bez aktivacie a aktivovanych plazmou.

4.Zaver

Uprava povrchu plazmovym vybojom ma pozitivny vplyv na elektrochemicku
aktivitu 3D tla¢enych kompozitnych uhlikovych elektréd. Plazmova Uprava je rych-
la, efektivna, nevyuziva toxické chemikélie a dosahuje porovnatelné vysledky ako
Standardné metddy aktivacie.
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Abstract: Among all printing inks, black is the most widely used, particularly evident in
the production of achromatic halftone and monochrome images, as well as text. This
paper examines the lightfastness of black-and-white prints produced with the Kyocera
TASKalfa 15000c Inkjet printer, which utilizes water-based pigment ink. Designed spe-
cifically for uncoated substrates, the Kyocera TASKalfa 15000c was paired with MONDI
Maestro Print paper, featuring a grammage of 120 g/m> Following the printing pro-
cess, the final black-and-white halftone prints underwent accelerated aging through
lightfastness testing in a xenon light chamber, the SolarBox 1500e. The simulated expo-
sure periods for the experiment were established at 3, 6, 9, 12, 15, and 18 months. The
resulting changes in black tones were quantitatively evaluated using CIE LAB AE values,
measured with an X-Rite eXact Advanced spectrophotometer. Graphical representa-
tions of the variations in black halftones (AL, AE) over time were created using Origin
8.2 software. The findings reveal that the most pronounced changes occur within the
initial 3 months, after which the prints exhibit no further color alterations. Moreover, as
surface coverage increases, the deviations in achromatic tones are observed to decre-
ase.

Keywords: Kyocera, Black water-based Inkjet ink, Xenon test, BW print quality,
CIELABAE color difference.

1. Introduction

The The ancient Egyptians primarily used carbon black to make the first inks
(used for writing on papyrus scrolls). Carbon black mixed with animal glue is also
known as the oldest ink, used by the Chinese around 2500 BC. Intensive work on
improving the process led to the invention of black ink for calligraphy and draw-
ing. Achromatic black inks have been most commonly used since the earliest be-
ginnings of printing. The main reason is that applying it to white paper (printing
substrate) achieves the highest printing contrast and the greatest possible visual
visibility and resolution of fine details. Carbon pigments formed by combustion
at high temperatures are the primary substance in printing inks that gives black
color tone. Although carbon blacks are most commonly used in the production of
tires (pneumatics), about 6% of the total produced quantities are used in the form
of pigments that serve to achieve the desired optical purpose (in the production
of polymer materials, varnishes and printing inks). Depending on the applied ap-
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plication unit (viscosity), the size of the black pigments and their composition can
vary, whereby we distinguish between conventional inks (lithographic offset, flexo
printing, gravure, screen printing) and inks for digital printing (electrophotography
and inkjet). [1,2].

2.Theoretical part

2.1. Carbon black pigments

Crude carbon black is a fine powder comprised of elemental carbon, with par-
ticles that are agglomerates of graphite-like crystals. It is produced through the
partial combustion of hydrocarbons and is characterized by a small particle size
and a large surface area, both of which are essential for creating a deep shade of
black. Its low production cost makes it the leading black pigment used in the paint
industry, including in printing inks. Various methods have been developed to pro-
duce carbon black, each differing in technology and the geographical sources of
raw materials utilized. Among these, the Furnace Black Process is the most effi-
cientand widely used today. Additionally, other methods such as the Thermal Black
Process and the Gas Black Process (also known as the Degussa Process) can also be
employed.

The Furnace Black Process of carbon black utilizes petroleum and natural gas
hydrocarbons as its primary raw materials. These hydrocarbons are introduced into
a reactor, where they undergo thermal decomposition. Importantly, they are only
partially combusted within a controlled environment of temperature and oxygen.
This process leads to the formation of carbon black particles, which manifest as
powdery agglomerates with primary sizes ranging from 10 to 80 nm. The condi-
tions under which carbon black is formed can be adjusted, thereby influencing
properties such as structure and surface characteristics. To facilitate handling, the
powder can be compacted into grains. Modern reactors also allow for additional
surface treatment of pigments, enhancing their properties for specific applications,
including pigment dispersion and inkjet ink production. This particular process
represents the largest segment of global carbon black production.

The Thermal Black Process entails the introduction of natural gas into a heat-
ed, inert furnace. Within this environment, the gas undergoes decomposition, pro-
ducing carbon black and hydrogen. Due to the absence of oxygen, the resulting
carbon black particles form more slowly, leading to a product that is purer, larger,
and has a finer structure compared to carbon black produced in a traditional fur-
nace. The production process utilizes two furnaces: one for preheating the gas and
the other for the decomposition of natural gas into carbon black. Additionally, the
hydrogen gas generated as a byproduct of this decomposition can be repurposed
to preheat the second furnace, enabling the discontinuous process to continue ef-
ficiently.

Degussa carbon black process was developed in Europe using tar distillate.
The oil in the tar is generally heated until it evaporates, after which the pure vapor-
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ized oil is transferred to the combustion chamber using a hydrogen-rich carrier
gas. Since oxygen is present, the carbon black produced has a high degree of func-
tionality because it contains oxygen functional groups on its surface. This produc-
tion process creates a high-purity, small particle-size carbon black ideal for making
black printing inks and coatings. Other carbon black production processes include
lamp black, channel black, and the acetylene black process.

It is estimated that during the production of 15 million tons of carbon black, be-
tween 29 and 79 million tons of carbon dioxide are emitted. There is a potential to
reduce the carbon footprint by 19% if hydrogen were used instead of natural gas.
Additional environmental impacts include the release of carbon monoxide, volatile
organic compounds, sulfur oxides, and nitrogen oxides. However, poor recycling of
carbon black also poses an environmental risk. Over the past 30 years, the introduc-
tion of high-performance filtration systems has reduced the emission of released
soot particles. New trends include the production of carbon black from renewable
sources (from waste materials such as tires). Living Ink produces carbon black from
waste biomass in a negative carbon footprint process. Carbon black pigments de-
rived from biomass are produced by combustion in an atmosphere with limited
oxygen, like traditional carbon black. They are used in screen printing, lithographic
offset, and flexographic printing inks. [3].

2.2, Black inks for industrial inkjet

For industrial Inkjet, the key physical properties of black carbon include the most
accurate size of the pigment particles, their shape and tone. To achieve precise inkjet
prints, the size of the carbon black particles must be less than 1 um (only fine parti-
cle sizes will ensure flawless discharge of ink droplets through the inkjet printhead
nozzles). Ultimately, this allows for the formation of high-resolution prints. For safe
Inkjet printing, the golden rule is that in order to prevent nozzle clogging, the largest
dimensions of the carbon black pigment particles must be at least 20 smaller than
the diameter of the printhead nozzle (usually 20-25 pum). In addition, for better print
quality and the formation of nano-droplets of dye, the tolerance in the variation of
the size of the dispersed particles must be as small as possible. [4]

The structure of black pigments for Inkjet inks must have a large surface area to
increase the ability to absorb and scatter light, which leads to deeper and richer black
tones. Although the measurement in square meters per gram (m*/g) is used in the
production of printing inks, Inkjet carbon black manufacturers use the OAN number
(OAN = Qil Absorption Number). If the oil absorption is higher with an absorptom-
eter, more pigment will be absorbed and the printed area will be larger. In Inkjet inks,
the OAN number can vary significantly and is important information for ink manufac-
turers who want to achieve high-quality black dispersion.

In Inkjet inks produced for industrial inkjet printers, carbon black must be well
dispersed and remain stable throughout the entire printing process. To achieve a
dispersion that will be stable over a long period of time and under different storage
conditions, carefully selected dispersants and their formulation are required. Finding
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the optimal ratio of carbon black pigment, dispersant and synergist will give high-
density pigment dispersions that are low in viscosity and stable over time. An impor-
tant property for ink manufacturers is also the Jetness or blackness of the pigment.
The property refers to the depth and intensity of the black produced. High carbon
black purity is desirable for creating rich and dark prints. Although the blackness of
a color depends on the hue, the property manifests itself by attempting to achieve a
color with an L* coordinate <1.To achieve such shades in the CIELAB space, it is pos-
sible to add cyan pigments to black Inkjet inks.

Novel black Inkjet inks are very low in viscosity and can contain various polar
and non-polar solvents. Therefore, one of the most common and environmentally
friendly solvents is water. Water-based inks consist of carefully selected chemicals
that enable superior print quality and, in addition to water, contain alcohols, ethers,
glycerol, carbon black pigment and additives. The fastest high-performance water-
based Inkjet machines (which print from sheets) can achieve production speeds
of 150 A4 pages/min, where the flow of black ink must be impeccable. In this pa-
per, black prints printed on a Kyocera machine TASKalfa Pro 15000c were analyzed,
whereby light fastness was analyzed, and possible use over a period of 18 months
was determined. [5-8]

3. Experimental part

When evaluating the quality of printed products, various parameters are consid-
ered. Depending on the application and design, we assess attributes such as solid
tone reproduction, halftones areas, line reproduction, as well as light fastness, tem-
perature fastness, and humidity fastness. For this experiment, we investigated the
light fastness of black prints produced using the TASKalfa Kyocera 15000c Inkjet
printing machine. Even though it is a color Inkjet machine, we focused exclusively
on a print of the black separation using Kyocera IK-7125K ink. The Kyocera IK-7125K
Inkjet ink has a viscosity ranging from 5 to 10 mPa-s at 25°C. This ink consists of 40-
60% demineralized water, 10-20% polyhydric alcohol, 10-20% ethers, 5-10% glycerol,
5-10% carbon black pigment, and less than 0.05% additives. The additives include
preservatives formulated as 1,2-benzisothiazol-3(2H)-one and 2-methyl-2H-isothia-
zol-3-one. [9] For this study, we used uncoated Mondi Maestro Print paper weighing
120g/m?[10] The printing form utilized was the standard Fogra Media Wedge, which
contains 74 fields. Measurement was conducted only on the achromatic fields print-
ed with black ink. All files were prepared using Fiery PS50 RIP software, and a total of
50 black and white SRA3+ prints were produced.

After printing, one of the samples was set aside as a reference, while the remain-
ing sheets were subjected to testing in the accelerated aging chamber Solar Box
1500e. The samples were exposed for six different time periods: 92 hours, 184 hours,
276 hours, 368 hours, 455 hours, and 546 hours, which approximates to ages of 3
months, 6 months, 9 months, 12 months, 15 months, and 18 months, respectively.

Once the aging process was complete, all samples were measured using an
X-Rite eXact Advance colorimeter and spectrophotometer to compare them with
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the reference sample. CIE LAB color values for black and gray halftones were ob-
tained. These measurements were then processed to calculate the CIE LAB AE2000
color differences. Using OriginPro 8.5 software, we generated the final reproduc-
tion curves and deviations for, CIE LabAE, and CIE LabAL.

4, Results and Discussion

To assess the short-term durability of prints (defined as printed products with
a lifespan of up to 18 months), it was necessary to produce samples promptly.
Exposure to elevated temperatures and UV light accelerates the degradation
of both ink and paper, which can result in a noticeable loss of image tonality.
Colorimetric measurement methods are therefore useful for detecting these deg-
radation changes. Figures 1, and 2 illustrate the observed color differences (CIE LAB
DE) and brightness differences (CIE LAB DL) between unaged and aged black half-
tone prints.

Fig. 1: The color difference is influenced by the exposure time to the xenon arc light: a) CIE
LAB AE for light tone areas; b) CIE LAB AE for dark tonal areas.
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Analysis of accelerated aging revealed that the most significant color differ-
ences occur within the first three months. The most notable change was observed
in the unprinted paper substrate, which experienced a AE,,,.,= 6,7, indicating that
this type of paper is very unstable with respect to aging. When a small amount of
blackink (10% TV) is added to the surface, there is a slight decrease in the color dif-
ference, AEp,, 1007v= 0,8; compared to the unprinted paper. For the print with 10%
TV, increasing the surface coverage to 20% TV further decreases the difference by
AE 051y 10%1v = 0,6. When gray tones reach 40% TV, the color difference falls into the
category of significant deviation, with a change amounting to AE,y.= 4,2. As ag-
ing continues and halftone values increase, additional changes and degradation
in the quality of the black print can be observed. After six months of aging, the
paper substrate shows a difference of AEqunt smount= 1,3 At 10% of the raster area,
the difference is AEg ount smount = 1,1 @t 20% TV, AEg ount smount = 1; @and at 40% TV,
AEE»mv:)untjmount = 017

After this period, the print stabilizes, and no further color changes occur in the
black print. The print has reached its maximum change, and the results have lev-
eled off. The average color values are as follows: AE,,...= 7,9; AE gy = 7; A0y =
6,3; and AE,qv = 4,8.

Black prints with higher surface coverage show a medium to slight change in
tone. After three months, a halftone area of 60% TV experiences a color difference
of AEgv = 2,9, while at 80% TV, the color difference is AEgy,y= 1,6. The full tone
does not exhibit significant change compared to 80% TV, remaining imperceptible
to the human eye.

With continued aging over three months (184 hours in the solar box chamber),
minimal color change is noted: for the 60% TV patch, AEg onth 3month = 0,6, While for
the full tone, the difference is AE4 onth 3montn= 1,1. Similarly to other analyzed half-
tone values, prints stabilize afterward and do not undergo any further changes.
Black halftone fields demonstrate that greater surface coverage results in a more
stable black print. Lower amounts of water-based Kyocera Inkjet ink contribute to
more pronounced tone changes, with the paper substrate being responsible for
the most significant degradation and subsequent color change.

The chromatic changes of achromatic black after exposure to UV light and tem-
perature are consistent with the CIE LAB AE color change. After 18 months, the
change trends and aging patterns are completely identical.

A detailed analysis of the lightness value (AL) reveals a general trend of decreas-
ing values with accelerated aging. This results in a reduction in brightness, causing
both black and gray tones to appear darker. The only exception is observed in a
black surface with a 20% tonal value, which becomes slightly lighter after three
months, after which it begins to darken again.

It has been noted that the black surface with a 10% TV shows almost a linear col-
or change up to 12 months, followed by a decline in brightness. After three months
of aging, the reduction in brightness is measured as ALgonin 3 montn =-0,15. After six
months, ALypnonth smontn= — 0,27; after nine months, ALy, ot smontn = — 0,3; and after
twelve months, ALgnonth 12menth= — 0:4.
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Fig. 2: The lightness difference depends on the exposure time to the xenon arc light: a) DC
bright tonal areas and b) DC dark tone areas.

Following a brief stabilization period, the final measurement at 18 months indi-
cates AL ont 1smontn= — 0,4 compared to the unaged print. For paper substrates, the
most significant color changes occur within the first six months, with ALy ot smonth=
-0,46.This is followed by a linear decline in brightness that continues until the final
measurement at 18 months, which shows a change of ALyt 18montn=— 0,5, indicat-
ing stabilization and uniformity. As the surface coverage of black prints increases,
the tones become more vibrant in brightness. It has been observed that prints ex-
perience the most significant brightness changes during the first six months, after
which stabilization occurs with minimal decline.
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5. Conclusion

Based on the conducted experiment, it was observed that as the surface cover-
age of the black Kyocera Ink increases, there is a corresponding decrease in color
changes across all analyzed tones.

The unprinted paper serves as the baseline and shows the most significant de-
viations, which peak after six months. Following this period, the color of the black
sample stabilizes.The application of black ink from Inkjet printers reveals that the
most critical color changes occur within the first three months, particularly in prints
with 10 % and 20 % TV, where the upper limit of apparent deviation exceeds AE > 5.
During the first six months, halftone values of 40 % and 60 % experience noticeable
changes that reach the threshold of AE > 4.5. In contrast, prints with full tonal val-
ues exhibit minimal color changes, typically ranging from AE 1 to 2, which are near-
ly insignificant.Kyocera black ink is not suited for light tonal areas and gray tones
in images. However, it is recommended for use in straightforward text elements
and monochrome black-and-white applications. Halftone prints can definitely be
utilized for short periods, specifically within the first three months.

Additionally, it is clear that with increased exposure time to accelerated aging,
brightness decreases and black prints become progressively darker. The most sig-
nificant changes in the prints are related to chromaticity.
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Abstract: Steganography is a branch of cryptology and involves hiding secret messa-
ges within an ordinary, unclassified message so that this classified information is not
normally detectable by unauthorized persons.

Document security is a critical aspect of information protection in the digital age.
In today’s world, documents play a fundamental role in everyone’s life. They prove
our identity, enable access to education, employment, healthcare, social benefits, etc.

However, with the growing importance of documents, the problem of their alte-
ration also increases. Altered documents are used for fraud, obtaining illegal benefits
and avoiding liability. In this context, protecting documents from alteration becomes
a task of paramount importance.

By comparing an unknown document with known samples, it is possible to as-
sess whether the document is an authentic original or a copy or an altered copy.
Thanks to knowledge of the unique properties of documents, altered documents can
be successfully identified. Using microscopy, we can analyze in detail the properties
of a document, including paper, ink, and printed information, not only in the visible
range, but also in the ultraviolet range (fluorescence).

The non-destructive method of assessing the authenticity of a document is pa-
ramount, which is also assisted by various spectroscopic methods such as infrared,
X-ray, and ultraviolet spectroscopy. Destructive methods can only be used in excep-
tional and serious cases. After all, what good would it do for the holder of Albert
Einstein’s signature to know that the signature on the document is genuine if we cut
out part of his signature and used the dissolved ink to identify the composition and
the age of the ink used at that time. Such a document would be significantly deva-
lued and would lose its financial and historical value.

Creating document security features

There are several ways to protect documents:

— protection in the mass of the printed material: watermark, security and textile
fibers, holographic and metallic strips, holographic paper, plastics...

— physical and chemical protection: infrared, luminescent (fluorescence) and
magnetic protection, photochromic and thermochromic colors, optically va-
riable colors, holograms...

— protection with special printing patterns using printing techniques: iris printing,
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guilloche, line and dot screens, co-impression mark, microtext, combination of

printing techniques, steganography...

Example of infrared photography of historical inks (right), first line of the picture
presents atraments—iron gall (IG), sepia, IG, IG, indian ink, IG, bister. Left-photogra-
phy in visible light spectrum.

Example of ball pen ink fluorescence in UV/Vis spectrum. Left-light fluorescen-
ce of ink (light red in the centre), right-ink witout fluorescence (black). You can
watch light fluorescence of the paper in the background.

History of steganography

It originated before the beginning of our era, but it only got its name in the
Middle Ages at the turn of the 15" and 16™ centuries and became a part of com-
puter science (mathematics) at the end of the last century. While cryptographically
encrypted information can be read by anyone, but not understood, no one knows
about steganographically secret information. This method of secrecy fails when so-
meone else notices the hidden secret information.

Recent uses of steganography:

1. Use of slang words, synonyms in ordinary text-it was used mainly during the
world wars, where these words expressed the positions and numbers of troops or
military equipment.

2. Microdots—secret agents during and after World War Il used photographical-
ly produced microdots to covertly send information. These microdots contained a
microphotograph of, for example, the entire page. They were usually as small as a
classic dot at the end of a sentence (about 1 mm) and were glued to the paper in
the place of this dot. Given that the film material was shiny and the paper matte,
they could be identified under a certain angle of incident light. A smaller microsco-
pe was sufficient for reading. Currently, the term microdots also refers to special
small holograms (microholograms) with text in the size of 0.1 to 0.2 mm (or less)
glued to a protected document and visually appearing as, for example, dirt from
printing ink or as part of the paper.

3. Hidden messages in printed documents-this is the modification of the text to
contain encrypted text-stegotext. Text encryption uses changing the size or color
of letters, marking with spaces, using different fonts, introducing typos into the
text, reading every other letter, for example...

4. Protection with invisible ink-which could only be read after a certain chemi-
cal change-increasing the temperature, chemical reaction with a certain agent...

Modern steganography

History of steganography used with color laser printers start in 1962 with com-
pany Fuji-Xerox.

In 2004 it was revealed that several printer manufacturers use steganography to
hide information about printer serial number and the manufacturing code to track
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conterfeits—Brother, Canon, Dell, Epson, HP, IBM, Konica Minolta, Lanier, Lexmark,
Ricoh, Toshiba and Xerox.

Modern steganography use two selectet models, for example:

1. Hidden messages in digital images (digital audio, metadata)-this involves
modifying the original tonal values of a digital image to contain encrypted text.

2. Printer steganography-some modern color laser printers integrate a dot mat-
rix code made of small yellow dots on each printout to make the printed document
traceable. The arrangement of these dots (stegogram), which are not recognizable
or visible to the naked eye, contains information such as the printer model, serial
number and time stamps, which allow the printed documents to be traced. The
redundancy of the stegogram is important so that if the document is damaged,
it still carries classified information, but on the other hand it must be sufficiently
inconspicuous.

A few times we heard on television about printing or copying secret documents
and even about identifying the perpetrator. However, they did not mention the
method of proving the act, whether the printed materials were identified using
steganography, or whether the digital trace of logging in to the printer via a com-
puter was examined, for example.

| personally first encountered printer steganography in 2007, when | read an ar-
ticle in the PC REVUE magazine from the summer issue of July-August. At that time,
| did not have the opportunity to verify this information, since color laser printers
were used to a lesser extent.

I most recently encountered steganography while working on my bachelor’s
thesis as a student this year, where we encountered steganography completely
by chance. We originally tried to reproduce very fine details similar to raster dots
on the printer and evaluated their change (deformation) or their complete loss.
When scanning the thus reproduced test pattern at high resolution, we identified
the disappearance of some small raster dots. Other raster dots were not placed in
the correct place, which we confirmed microscopically that the raster dots did not
change their place during printing, but additional raster dots were added, which
we identified after examination as steganography.

Basically, we planned to simulate steganography using the created screen dots,
but after scanning the printed patterns, we managed to identify the original stega-
nography, since the yellow screen dots of our test pattern interfered with the pat-
tern of the original steganography.

Steganography uses small dots with a diameter of less than a millimeter, which
can be printed on documents using color laser printers. These dots are invisible to
the naked eye and can be located in different parts of the document. Each prin-
ter has a unique set of yellow dots that can be used to identify the printer that
was used to print a document. This allows the authenticity of the document to be
verified and ensures that it has not been tampered with. The yellow dots can be
arranged in a specific order and spaced precisely, which can provide additional
information. For example, a specific pattern of yellow dots can be used to represent
binary data such as text or an image.
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Complete steganogram from a Xerox printer (original size about 13 x 9 mm) and color-edi-
ted for readability in black.

Example of a solution to an older steganogram from Xerox. Printing time-12.50 h, date-21.
6.2005, serial number-21052857 or 052857.

From the output of the image analysis from the microscope, we obtained the
area of these dots in the range of 28000-30000 um? (about 0.03 mm?). Their width,
respectively. height is in the range of 191-198 um (about 0.2 mm), so we can fit
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5 such dots in one millimeter. This means that they are so small that an ordinary
observer has no chance of identifying them, they are located all over the paper and

the yellow color is generally less visible.

Real image of yellow dots of steganogram from a microscope (modified image)

We managed to identify a similar steganogram on a Hewlett Packard printer.
However, the steganogram here was twice as large, probably containing a larger

amount of encrypted data.

Steganogram from a Hewlett Packard printer colored in black. Two identified stegano-
grams right-light gray on the left and black on the right), left-original.

Unfortunately, we were unable to identify the steganographic recording from
either printer, so we could not check our recorded data when printing with the
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manufacturer’s encrypted data in the steganograms. After contacting both printer
manufacturers, we were informed that the data is confidential and the decryption
key is available only for forensic analysis purposes. An ordinary user has no chan-
ce of accessing such information. Even the Al's response to the steganogram data
decryption solution was very vague and rather evasive, with the need for further
study. All Al provided was a description of the possibilities of hiding information
through steganography and software tools for its identification, only finding the
steganogram itself (not decrypting it).
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Abstract: This paper investigates the application of chemometric methods to analy-
ze the material composition of modern cultural heritage objects containing softened
polyvinyl chloride (pPVC). By integrating UV-Vis-NIR and ATR-FTIR spectroscopy with
principal component analysis (PCA), the study focuses on detecting and quantifying
the plasticizer di(2-ethylhexyl) phthalate (DOP) in pPVC samples. Accelerated thermal
aging experiments simulated long-term degradation, and the spectro-chemometric
approach reliably distinguished samples based on their DOP content. The results de-
monstrate that this non-destructive method can effectively monitor plasticizer con-
tent, offering a valuable tool for the conservation and preservation of polymer-based
cultural heritage objects.

Keywords: pPVC; DOP; Chemometrics; ATR-FTIR Spectroscopy; Cultural Heritage.

Ochrana kulturneho dedicstva je neoddelitelnou sucastou konzervatorskej praxe,
najma ked ide o moderné umelecké diela, v ktorych sa ¢asto vyuzivaju polymérne
materialy. Makceny polyvinylchlorid (pPVC) patri medzi najrozsirenejsie polyméry,
no jeho dlhodobd stabilita je ohrozend degradéaciou spdsobenou vonkajsimi aj
vnutornymi faktormi. Degradacia pPVC je Uzko spdtad s migraciou pridanych zmak-
Covadiel, najma di(2-etylhexyl)ftalatu (DOP), ktoré znizuju mechanicku a chemicku
odolnost materidlu. Vzhladom na vysoky pocet umeleckych artefaktov obsahujicich
tento polymér v zbierkach pamatovych institucii je klucové vyvinut spolahlivy pri-
stup na monitorovanie a identifikaciu tychto zmien [1].

Boli pripravené modelové vzorky pPVC s roznymi koncentraciami DOP. Tieto
vzorky boli nasledne vystavené urychlenému tepelnému starnutiu, o umoznilo si-
mulovat dlhodobé ucinky environmentélnych podmienok na material. Spektralne
data boli ziskané pomocou ATR-FTIR spektroskopie a UV-Vis-NIR spektroskopie, pri-
¢om merania odhalili zmeny v chemickom zlozeni a Strukture materidlu v zavislosti
od stupna degradacie. Na spracovanie ziskanych udajov bola pouzita analyza hlav-
nych komponentov (PCA), ktord umoznila rozlisit vzorky podla ich spektralnych
charakteristik a ziskat kvantitativne hodnotenie pritomnosti DOP.

Vysledky modelovych experimentov naznacuju, ze vzorky PVC obsahujuce niz-
Sie koncentracie zmakcovadla DOP podliehaju dehydrochlorécii ovela intenzivnej-
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Sie ako vzorky s vyssim obsahom. Tento jav sa prejavuje nielen vizualnou farebnou
zmenou, ale aj vyraznymi rozdielmi v ATR-FTIR spektre, ¢o sved¢i o intenzivnejsej
degradécii materidlu. Pri urychlenom teplotnom starnuti vzorky s mensim podielom
DOP tmavnu ovela vyraznejsie, ¢o je pravdepodobne désledkom tvorby polyéno-
vych sekvencii. Sucasne vzorky s nizsim obsahom zmakcovadla obsahuju vy3si po-
mer tepelnych stabilizatorov, konkrétne stearanu védpenato-zino¢natého, ktory moze
ovplyvnit proces degradacie. Zistenia naznacuju, ze nizsi podiel zmakcovadla vedie
k rychlejsej degradacii polyméru, zatial ¢o vyssi obsah DOP sice spociatku zvysuje
flexibilitu materialu, avdak nasledne podporuje migraciu zmakcovadla, ¢o vedie k fy-
zikdlnym zmendam, ako je zafarbenie a znizena mechanickd pevnost [2, 3]

Degradécia PVC prebieha v dvoch fazach. Pociato¢na induk¢na faza je pomald, no
medzi 25. a 27. diom starnutia dochadza k zna¢ne vyraznejsim zmenam, ¢o sved¢i
o zrychleni degradacie. Meranim 45 FTIR-ATR spektier na kazdej vzorke sa preukazala
nehomogenita materidlu, pricom rozdiely boli najvyraznejsie u vzoriek s nizs§im obsa-
hom DOP. Tento jav potvrdzuje, Ze polymerné materidly mézu byt nejednotné a ich
charakterizacia je komplikovanejsia.

Pri analyze UV-Vis spektier pomocou chemometrického modelu PCA bol prvy
hlavny komponent zodpovedny za 52 % variability a druhy za 28 %, ¢im spolu vy-
svetluju 80 % variability dat. Rozptylenie dat umoznilo rozdelit vzorky do deviatich
skupin podla koncentracie DOP. Zistilo sa, Ze so zvySovanim hodnoty prvého hlavné-
ho komponentu klesd obsah DOP vo vzorkach. Modelové vzorky sa dali rozdelit do
dvoch hlavnych skupin, pricom vzorky s DOP 25, 30, 35 a 40 hm. % (s negativnymi
hodnotami PC1) boli navzajom dobre odlisitelné, zatial co vzorky s nizsim obsahom
zmakcovadla sa rozliSovali menej jednoznacne.

Chemometricky model zaloZzeny na ATR-FTIR datach vykézal vysoku ucinnost, ke-
dZe prvy hlavny komponent pokryva 85 % variability a druhy 9 %, ¢im spolu predsta-
vuju 94 % celkovej variability. Redlna vzorka Kacera, obsahujuca DOP, sa nezaradila
do Ziadnej definovanej skupiny, ale umiestnila sa medzi suspensnou PVC a vzorkou
s 10hm.% DOP.Tento vysledok m6ze naznacovat nizky obsah zmakcovadla v dosledku
migracie, ako aj vplyv veku a pigmentacie vzorky. Vysledky experimentov zdoraznuju
potrebu vykondvat merania na viacerych miestach vzhladom na inherentnu neho-
mogenitu polymérov a odporucaju dalsie studie pre zdokonalenie chemometrickych
metdd, ktoré by mohli byt vyuzité pri analyze redlnych objektov a ochrane historic-
kych materidlov.Tento pristup poskytuje dolezité poznatky pre buducivyskum v praxi.
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Abstract: The graphic industry, especially the printing sector, contributes significantly to
environmental pollution in the Republic of Serbia, through the discharge of colored was-
tewater, which often contains a mixture of different pollutants. Printing dyes, used from
newspapers and magazines to packaging and labels, are a group of compounds that are
difficult to degrade. These dyes can pose a serious threat to wastewater treatment and
the environment, especially if discharged untreated into water bodies. The possibility of
using an adsorption treatment to remove Yellow printing dye from synthetic solution and
real wastewater was investigated. Commercially available activated carbon was used as
adsorbent and yellow colored wastewater was obtained after the flexographic printing
process. The optimization of the adsorption process and the physicochemical charac-
terization of the wastewater were carried out. The results indicated that increasing dye
concentration, adsorbent mass, and reaction time, along with decreasing pH, enhanced
adsorption process, concurrently leading to 71 % dye removal efficiency and 36.9 % mi-
neralization degree.

Keywords: adsorption, activated carbon, flexo printing dye, wastewater treatment

Introduction

Waste generated after the printing process is the residue of dyes, varnishes,
solvents, oils, lubricants and similar substances. Dyes used in the printing industry
contain heavy metals and organic compounds that are difficult to degrade. Their
release into the environment via wastewater leads to pollution of the aquatic eco-
system and contamination of water sources [1]. For these reasons, it is necessary to
pay particular attention to the proper and most efficient treatment of wastewater
in order to prevent the deposition of numerous toxic and persistent substances in
the environment. By optimizing the wastewater treatment process and analyzing its
physico-chemical properties, the appropriate treatment can be determined in order
to achieve a satisfactory purification standard and put an end to everyday pollution
and environmental threats, at least in the printing industry [2].
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The subject of this work is to explore the potential of using adsorption treatment
with commercially available activated carbon to remove Yellow printing dye from
both synthetic solutions and printing wastewater. The aim is to optimize the adsorp-
tion process and to conduct the physicochemical characterization of the wastewater.

Materials and methods

The following chemicals were used in the experiment: activated carbon (AC, Norit
Row 0.8 Supra), Yellow flexographic dye (Flint), sodium hydroxide (>98.8 % POCH,
Poland) and hydrochloric acid (>96 %, J.T. Baker - Fischer Scientific, USA). Deionized
water and analytical grade chemicals were used to prepare all working solutions of
the desired concentrations.

The physicochemical characteristics of activated carbon as a adsobent are: iodine
number 1050 mg g™, specific surface are 1150 m? g, ash content 7 %, moisture con-
tent 2 %, pH 4,6 and density 390 kg m3[3].

In the adsorption tests, a sample of a synthetic solution of Yellow flexographic
printing dye, which belongs to the group of azo dyes, was used as an adsorbate, as
was a sample of wastewater collected after the flexographic printing process.

Concentration of the Yellow dye in the wastewater sample (121 mg ") was car-
ried out using the calibration curve. The absorbance of the printing dye solution was
measured with a UV/VIS spectrophotometer (Genesys 10S, Thermo Fisher) at the de-
termined maximum wavelength for Yellow dye (437 nm).

Based on the measured dye concentration in the wastewater, model systems with
different dye concentrations of 20, 100 and 180 mg |"" were prepared in the experi-
mental part. In this way, a broader range of the influence of different dye concentra-
tions in wastewater samples on the efficiency of the applied treatment was investi-
gated.

Definitive screening design (DSD) analysis was used to investigate the influence of
four process parameters: dye concentration, adsorbent mass, pH and reaction time.
Jump 13 software was used for the experimental design and statistical analysis [4].

The adsorption treatment of the aqueous solution and real wastewater is de-
scribed in our previous work [4].

The physico-chemical characterization of the wastewater before and after adsorp-
tion treatment included measurements of pH, electrical conductivity, temperature
(AD110 Adwa device), turbidity (Turb 430 IR WTW) and total organic carbon (TOC)
[5].

Results and discussion

For the four numerical factors, the Jump 13 software used for the statistical anal-
ysis of the data in this study generated a table with 15 experiments. The efficiency
range was set at 1.35-94.70 %.

Figure 1 shows how the efficiency of the adsorption process changes depend-
ing on one variable, while the other variables remain constant.
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Figure 1. Optimization diagram

The optimization diagram clearly shows the pronounced influence of all vari-
ables, with the adsorption treatment being favored by high dye concentration, ad-
sorbent mass and reaction time, as well as a lower pH value. At the same time, the
highest efficiency of the applied treatment of 83 % was suggested for the removal
of Yellow dye under optimal process conditions: dye concentration 166 mg I, ad-
sorbent mass of 0.09 g, pH 3.2 and reaction time 55 min.

In order to determine the feasibility of the optimized adsorption treatment, a
real wastewater, which is produced after the printing process, was subjected to
the same treatment at the determined optimum values of the process parameters
(adsorbent mass 0.09 g, pH 3.2 and reaction time 55 min). The highest decoloriza-
tion efficiency of 71.2 % was achieved after 90 minutes of reaction time, which
confirms the lower activity of activated carbon in the treatment of real wastewa-
ter compared to a synthetic solution with pure dye. Nevertheless, the experiments
conducted in this work confirm that activated carbon has a satisfactory potential
to remove organic dyes in the adsorption process.

The results of the physicochemical characterization of the wastewater before
and after treatment are shown in Table 1.

The pH value of the treated wastewater remained unchanged, as it was set at 3.2
as the optimum pH value at the start of the experiment. The increased conductivity
after treatment indicates the formation of degradation products and the release of
inorganic ions, which may also originate from the dye molecule itself. A decrease in
the turbidity of the solution was also observed after treatment. The degree of dye
mineralization is interpreted in terms of the determination of the TOC value. The
determined degree of mineralization of 36.9 % indicates the fragmentation of the
Yellow dye molecule, which is assumed to have been degraded to certain aliphatic
products.
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Table 1. Physicochemical characterization of the Yellow-coloured wastewater before and

after treatment

Parameter Before treatment After treatment

pH 8.2 3.2

Conductivity (uS/cm) 423 680

Temperature (°C) 22.3 23.4

Turbidity 182 220

TOC (mgC ™) 120.2 75.8

Conclusion

The printing industry needs to develop effective wastewater treatment process-
es to remove inorganic and organic pollutants before discharging wastewater into
the environment. The aim of this study was to remove Yellow flexographic dye by
adsorption with activated carbon. The results showed that a higher dye concentra-
tion, adsorbent mass and reaction time together with a lower pH improved adsorp-
tion. The treatment removed 83 % of the dye from synthetic solutions and 71 %
from real wastewater. Physico-chemical analyses showed a possible degradation of
the Yellow dye with a mineralization rate of 36.9 %. In light of growing environmen-
tal concerns, research into efficient methods of dye removal that avoid secondary
pollution and allow wastewater reuse is crucial.
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Abstrakt: Lignin, the second most abundant biopolymer on Earth, is a key component
of renewable biomass, offering advantages such as lower production costs, biocom-
patibility, and biodegradability. This study compares two methods for isolating lignin
from black Kraft liquor and alkaline lignin: acid precipitation and cavitation. A Design
of Experiments (DoE) approach was used to optimize the isolation conditions (pH and
temperature) and streamline the experimental process. The results were analyzed to
determine the most suitable conditions for obtaining lignin with desired properties for
specific applications. Acid precipitation, a traditional method, is energy-intensive, while
cavitation, which involves bubble implosion, is more efficient and sustainable. The iso-
lated lignins were characterized using UV-Vis, FTIR, TGA, and elemental analysis (C, H,
N, and S). These techniques provided insights into the chemical and thermal properties
of the lignins, which are critical for their potential applications in biocomposites, poly-
meric materials, and other biotechnological products. The study demonstrates that
cavitation offers a more sustainable and efficient alternative to acid precipitation for
lignin isolation, with the potential to support the development of eco-friendly materi-
als and contribute to a more sustainable bioeconomy.

Klucové slovd: Kraftovy cierny luh; alkalicky lignin, lignin; izoldcia ligninu; kavitdcia;
kyslé zrdZanie

1.Uvod

Polyméry syntetizované z lignocelulézovej biomasy sa vyznacuju ako mimori-
adne zivotaschopna a revolucna alternativa k tradi¢nym polymérom ziskanym z fo-
silnych zdrojov, ponukajuce presvedcivé vyhody, ako je vyrazné znizenie vyrob-
nych nakladov, vynikajuca biokompatibilita a pozoruhodna biodegradovatelnost.
Lignin, ako druhy najpocetnejsi biopolymér na Zemi, zohrava klucovu ulohu ako
zdkladna zlozka obnovitelnej biomasy [1]. Vdaka svojej jedine¢nej a komplexnej
Strukture so sietovanymi vdzbami aromatickych skupin ma lignin vynimocné
vlastnosti, ktoré ho stavaju do pozicie velmi slubného surového materialu pre
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siroku skalu priemyselnych aplikécii a otvéraju cestu k vyvoju prielomovych ma-
teridlov s vyrazne vylepSenymi charakteristikami [2]. Hoci bol historicky vnimany
prevazne ako vedlajsi produkt celulézového-papierenského priemyslu, kde sa vy-
uziva v procesoch zhodnocovania energie, najnovsie pokroky ukazuju, Ze strate-
gické modifikacie jeho molekuldrnej struktdry mozu vyrazne zvysit jeho reaktivitu.
Systematickymi zmenami reaktivnych miest v zakladnej matrici ligninu, sa moze
docielit k vzniku sirokého spektra produktov s pridanou hodnotou. Funkcné sku-
piny ako hydroxylova, karbonylova a metoxylovéa vykazuju vynimocnu reaktivitu
a cielenou modifikaciou sa mozu vyrazne upravit, ¢o vedie k vyraznému ulahceniu
syntézy inovativnych biodegradovatelnych polymérov [3].

2. Metodologia

Tato praca skima dve metodoldgie izolacie ligninu z cierneho Kraftového Ithu
a alkalického ligninu: kyslé zrdZanie a kavitaciu. Cielom bolo ziskat ligniny s poza-
dovanymi vlastnostami a vykonat charakterizéciu pripravenych ligninov. V metéde
kyslého zrazania bol lignin izolovany modifikovanim pH pomocou kyseliny sirovej.
Postup zahffal Upravu pH ¢ierneho Idhu/alkalického ligninu pomocou kyseliny siro-
vej, naslednu filtraciu cez Biichnerov lievik a susenie ligninu na dosiahnutie konstant-
nej hmotnosti. Na zvysenie efektivity experimentalneho procesu bol pouzity pristup
Design of Experiments (DoE). Izolované ligniny boli ndsledne porovnané a charakte-
rizované pomocou analytickych metéd. Optimalizaciou procesu boli identifikované
najvyhodnejsie parametre (pH a teplota) na syntézu ligninov s optimalnymi vlast-
nostami. V metdde kavitacie bola izoldcia ligninu vykonana zmenou pH a teploty
a urcenim procesného kroku, v ktorom bola aplikovana kavitacia (pred/po zrazani).
Kavitacia bola uskutocnena pouzitim dvoch zariadeni: ultrazvukovej sondy a ultraz-
vukového kupela. Cierny luh a alkalicky lignin sluzili ako vychodiskové materialy pre
tento postup. Ligniny ziskané z oboch technik boli analyzované pomocou UV-Vis
spektroskopie, FTIR, TGA a elementarnej analyzy (C,H,N aS).

3.Planovany experiment — Design of Experiments (DoE)

Planovany experiment bol implementovany na zistenie optimalnych podmienok
teploty a pH pre vhodnu izolaciu ligninu.V praci sa vyuzil 5-Urovnovy, 2-faktorovy ex-
periment, zamerany na teplotu a pH ako hlavné faktory zaujmu. Hodnotenie bolo za-
lozené na podmienkach pripravy a kvalite vysledného produktu. Vzorky ligninu boli
pripravené zrazanim vstupnej suroviny pomocou kyseliny sirovej za r6znych pod-
mienok, pricom boli systematicky upravované pH a teplota pocas procesu izolacie.

Na zaklade literarnej reserse a predbeznych experimentov boli stanovené roz-
sahy vybranych faktorov pre planovany experiment. Kone¢né hodnoty boli pre-
pocitané z kédovanych hodnét a nasledne ziskané pomocou experimentalneho
programu implementovaného v MS Excel (ANOVA). Optimalizacia podmienok na
pripravu optimalneho ligninu bola vypocitand pomocou doplnku Solver v MS
Excel.
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Tab. 1: Rozpis pre planovany experiment.

Faktor -alfa (-a) -1 0 1 alfa (a) Yi
Teplota [°C] 40,0 47,3 65,0 82,7 90,0 17,7
pH 2,0 24 33 41 4,5 09

Matematické hodnoty Redlne hodnot

Vzorka Teplota pH Teplota [°C] pH
1 -1 -1 47,32 2,37

2 1 -1 82,68 2,37

3 -1 1 47,32 4,13

4 1 1 82,68 4,13

5 -1,414 0 40,00 3,25

6 1,414 0 90,00 3,25

7 0 -1,414 65,00 2,00

8 0 1,414 65,00 45

9 0 0 65,00 3,25
10 0 0 65,00 3,25

11 0 0 65,00 3,25

12 0 0 65,00 3,25

13 0 0 65,00 3,25

4.Experiment - Kyslé zrazanie ligninu z alkalického ligninu
a c¢ierneho Kraftového luhu

Lignin bol izolovany postupom, kde sa najskor alkalicky lignin rozpustil vo vode
v pomere 1:8.Vyslednd suspenzia bola podrobend zraZzaniu pomocou 50 % kyseli-
ny sirovej pri neustalom miesani. Po dosiahnuti pozadovanej hodnoty pH, v rozsa-
hu od 2 do 4,5 sa reak¢na zmes zahriala na pozadovanu teplotu. Ked suspenzia do-
siahla pozadovanu teplotu v rozmedzi od 40 °C do 90 °C, mie3anie pokracovalo po
dobu 1 hodiny. Nasledne bola suspenzia filtrovana cez Blichnerov lievik. Vysledny
filtracny kola¢ bol premyty hortdcou vodou na neutralizaciu zvyskov kyseliny.
Vysledny filtra¢ny kolac sa susil do konstantnej hmotnosti.

V pripade cierneho Kraftového lihu bola na zaciatku koncentracia ¢ierneho
[Uhu upravend pridanim demineralizovanej vody. Nasledne bola suspenzia postup-
ne zrdzana 50 % (alebo 2 M) kyselinou sirovou, aZ sa dosiahlo pozadované pH 4.
Zmes bola potom zahrievana na pozadovanu teplotu v rozmedzi od 60 do 90 °C. Po
dosiahnuti Specifikovanej teploty bola zmes ponechana na tejto konecnej teplote
po dobu 30 minut. Po uplynuti tejto doby bola suspenzia dalej upravena na do-
siahnutie pozadovaného pH. Filtracia bola vykonana pomocou papierového filtra.
Po filtracii bol vysledny filtracny kolac suspendovany v okyslenej destilovanej vode
(pH 3) a nasledne podrobeny filtracii. Vysledny ligninovy produkt bol suseny pri
teplote v rozmedzi od 38 do 42 °C.
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5.Experiment - Kavitacia

Experimenty s ultrazvukovym pristrojom (ultrazvukové sonda) boli vykonavané
s roztokom kyseliny sirovej, pripravenym z demineralizovanej vody, aby sa dosiahol
pozadovany objem. Lignin bol pridany do zriedeného roztoku kyseliny v mnozstve
v pomere 1:8. Amplitida pre proces sonifikacie bola nastavena na 90 %. Experiment
sa vykonaval bez prekrocenia maximalnej teploty 60 °C. Na zabezpecenie tejto tep-
loty sa experimenty vykondvali v ladovom kupeli. Jedind premennd, ktora sa me-
nila, bol ¢as. Filtracné a premyvacie postupy boli rovnaké ako v predchadzajucich
metddach. Podobné experimenty boli tiez vykondvané v ultrazvukovom kupeli,
bez pouzitia ladového kupela, pri predizenych ¢asoch trvajucich od 15 do 120 mi-
nut. Experimentalne parametre, ako pH, zdroj ligninu (Cierny Iuh alebo alkalicky
lignin) a postupnost kavitacie a Upravy pH, boli upravené podla tabulky uvedenej
nizsie (Tab. 2).

Tab. 2: Rozpis pre experimenty s pouzitim metddy kavitacie.

Vzorka Zdroj Proces Postup
BL1 AL Kapel pH 4,51>Kav.
BL2 AL Kapel pH 3,25>Kav.
BL3 AL Kupel pH 2,01 Kav.
BL4 CL Kuapel pH 4,50>Kav.
BL5 CL Kuapel pH 3,27>Kav.
BL6 CL Kuapel pH 2,01-> Kav.
BL7 CL Kuapel Kav.>pH 4,51
BL8 CL Kapel Kav.=> pH 3,26
BL9 CL Kapel Kav.~pH 2,00
PL1 AL Sonda Kav.~>pH 4,52
PL2 AL Sonda pH 4,53 Kav.
PL3 AL Sonda Kav.=> pH 3,02
PL4 AL Sonda pH 3,05 Kav.
PL5 CL Sonda Kav.> pH 4,50
PL6 CL Sonda pH 4,53 Kav.
PL7 CL Sonda Kav.> pH 2,98
PL8 CL Sonda pH 2,97 Kav.

*CL - ¢ierny lah, AL — alkalicky lignin
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6. Zaver

Merania preukdzali zna¢nu variabilitu v dosledku rozdielnych metéd izolacie.
Vyrazne lepsia izolacia ligninu bola dosiahnutd pomocou kavitacie, pri ktorej sa
v uvodnej faze surovina (Cierny luh/alkalicky lignin) okyslila na pozadované pH
pred zacatim kavitacie. Zhromazdené udaje boli dokladne analyzované s ciefom
urcit optimélne podmienky na pripravu ligninu s pozadovanymi vlastnostami pre
jeho planované vyuzitie v réznych Skalach priemyslenych aplikacii.
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Abstract: Nowadays, it is known that many researches are focused on the substitution
of fossil fuels for renewable sources. However, the same applies to chemicals used in
various industries and production processes. There are ever-increasing demands to
maintain environmental and health standards. Therefore, chemists and researchers
around the world are looking for new greener solvents to replace conventional, toxic
organic or inorganic solvents of daily use in industry [1]. In recent years, deep eutectic
solvents as green solvents have shown many advantages such as high stability,
economic availability, recyclability, and biodegradability [2]. They also show results
in delignification, which could be used in the pulping process. A review of studies of
deep eutectic solvents used for delignification is described in the literature [3]. Even the
Confederation of the European Paper Industry (CEPI), according to the roadmap ,2050
Road to a low-carbon bioeconomy’, has chosen deep eutectic solvents (DES) as one of
the most promising alternatives to carry out sustainable delignification of wood [4].
Currently, there are already a large number of studies confirming the effectiveness
of deep eutectic solvents in the delignification process. These articles investigate the
effects of different solvent mixtures in different proportions, under different conditions
[2], [5] or the effectiveness of their aqueous solutions [4]. So far, the delignification
properties of these solvents on a raw sample of wood or other biomass have rather
been investigated. Or even use in a post-delignification process, in which green solvents
would replace oxygen delignification [6].

However, this work focuses on the use of deep eutectic solvents specifically in the
oxygen delignification process, where the sample is unbleached pulp specifically
from the Mondi SCP RuZomberok production process. The plan is to find out how
solvents react in combination with oxygen as an oxidizing agent. To get the outputs,
whether oxygen will increase the efficiency, will have no effect or even will decrease
the efficiency of delignification. By this we want to find out the possibility of replacing
the chemicals used in the oxygen delignification process with alkaline green solvents.
Six solvents will be monitored at the ratios that, according to the literature, show the
highest delignification efficiency on biomass.
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Abstract: Nowadays, the production of paper packaging is increasing, replacing other
types of packaging materials. It is for this reason that the aim of this work is to impro-
ve the physical and mechanical properties of paper. We mainly focused on increasing
the elasticity of paper, which is an important property in the production of paper pac-
kaging. In this work, we have studied the production of laboratory sheets with a high
degree of grinding (31 °SR, 40 °SR, 52 °SR, 60 °SR and 71 °SR) and the characterization of
their properties. With increasing degree of grinding led to changes in the physical, me-
chanical and surface properties of the paper. With increasing grinding degree, we ob-
served rising in the shrinkage of the individual sheets, which reached a value of 17.92%.
By increasing the degree of grinding and shrinkage, the relative elongation values de-
veloped to 13% compared to the initial 9%. In this work, we were able to enhanced the
elasticity of the paper without significant changes in the strength of the paper, such as
tensile strenght.

Keywords: elongation; increasing elasticity of paper; modification in papermaking
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Abstract: Paper-based information carriers represent a crucial part of cultural herita-
ge, but their longevity is threatened by cellulose degradation. The primary mechanisms
responsible include acid hydrolysis, oxidation, photochemical degradation, alkaline
hydrolysis, and biological degradation, with acid hydrolysis being a key factor in paper
deterioration [1, 2]. To counteract this, stabilization and mass deacidification methods
have been developed, though current conservation capacities remain insufficient [3,
4]. Various deacidification techniques utilize alkaline compounds, solvents, and appli-
cation methods, with the Bookkeeper process being among the most widely used [5,
6]. However, challenges persist, necessitating the search for alternative deacidification
agents. Hydrotalcites (HTCs), a class of anionic clays, have been widely used as stabili-
zers in polyolefin production and as antacids in medicine [7, 8]. Their ability to neutrali-
ze acids makes them promising candidates for paper stabilization and deacidification.
This study explores the application of various HTCs in acidic paper conservation, con-
sidering differences in their synthesis, including surfactant addition, precursor mate-
rials (nitrates vs. chlorides), and Mg/Al composition. The influence of these factors on
HTC effectiveness was analyzed, contributing to the development of improved paper
preservation strategies [9]. The effect of modification on stabilization during accelera-
ted aging was studied by measuring chemical (surface pH, glycosidic bond cleavage),
mechanical (folding endurance - coefficient of relative increase of the lifetime), and
optical (colorimetry) properties.

Key words: Paper; Degradation; Deacidification; Hydrotalcites; Dispersion
Acknowledgment

This work was supported by the Slovak Research and Development Agency un-
der Contract no. APVV-18-0155

204 @ WP PA 2025



References

1.

2.

Area, M. C, and Cheradame, H. (2011).“Paper aging and degradation: Recent findings and
research methods,” BioResources 6(4), 5307-5337. DOI: 10.15376/biores.6.4.5307-5337
Vajova, . (2017). U¢innost konzerva¢nych technolégii na predizenie Zivotnosti knih a do-
kumentov, Master’s Thesis, Slovac University of Technology, Bratislava, Slovakia.
Jablonsky, M., Vizarova, K., and Tino, R. (2013). “Moznosti vyuzitia masovych technolégii
pri ochrane a konzervovani objektov kultdrneho dedicstva,” Slovac National Museum.
Katuscak, S., et al. (2009). “Preservation, stabilization, and conservation of traditional
carriers of information in Slovak Republic,” KnihaSK, State program of R&D, Ministry of
Education, Slovak Republic, no. 20035P200280301 (2003-2008), final report.
Stauderman, S. D., Bruckle, I, and Bischoff, J. J. (1996). Observations on the Use of
Bookkeeper® Deacidification Spray for the Treatment of Individual Objects.

Hubbe, M. A., Smith, R. D., Zou, X, Katudcak, S., Potthast, A., and Ahn, K. (2017).
“Deacidification of acidic books and paper by means of non-aqueous dispersions of al-
kaline particles: A review focusing on the completeness of the reaction,” BioResources
12(2), 4410-4477.DOI: 10.15376/biores.12.2.4410-4477

Thirmer, A. (1998). “Acid scavengers for polyolefins,” in: Plastics Additives. Polymer
Science and Technology Series (Vol. 1), G. Pritchard (ed.), Springer, Dordrecht, pp. 43-48.
DOI: 10.1007/978-94-011-5862-6_6

Fink, J. K. (2010). A Concise Introduction to Additives for Thermoplastic Polymers.
Scrivener Publishing, LLC, Beverly, MA, USA.

JuriSova, J., Danielik, V., Male¢kova, S., Guzikiewiczov4, E., Krdlik, M., Vizérova, K., Ambrova,
M., and Fellner, P. (2023). “Preparation and characterization of hydrotalcites colloid dis-
persions suitable for deacidification of paper information carriers,” Chemical Papers. DOI:
10.1007/511696-023-03200-9

WPP PA 2025 @) 205



Poznamky

206 @ WP PA 2025



@ WPP PA 2025 @ 207



208 @ wpp PA 2025 @



' Generalny sponzor:
wmondi scp
Platinovi sponzori:

KOENIG & BAUER

Strieborni sponzori:
aluprint Rochling

Bronzovi sponzori:

@ Pecntfton u

—aIGE TYPOSET g
_ AP

g I graifopal Service

tlaceny zbornik/printed proceedings
ISBN 978-80-8208-155-1
PDF zbornik/PDF proceedings, wpppa.educell.sk

081

ISBN 978-80-8208-154-4 H“ H H

8082



1921 - 2025

Slovenska Gr«
Print & Finishing Ser

TLACIME HISTORIU SLOVENSKA.
WE PRINT THE HISTORY OF SLOVAKIA.

WIR DRUCKEN GESCHICHTE IN DER SLOWAKEI.
MBI [TEYATAEM CTOPUIO B CJIOBAKUI.

Www.grafia.sk




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PATRIA_PDFX1a'] [Based on 'PATRIA_PDFX1a\(1\)'] [Based on 'PATRIA_PDFX1a\(1\)'] Use these settings to report on PDF/X-1a compliance and produce PDF documents only if compliant. PDF/X is an ISO standard for graphic content exchange. For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide. The PDF documents can be opened with Acrobat and Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


