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Konkurencieschopnost a trendy rozvoja
celulozo-papierenského priemyslu SR

Miroslav Vajs, Stefan Bohagek, Juraj DIhopol&ek, Maro$ Kovag

Zvaz celulézo-papierenskeho priemyslu SR, Jedlové 41, 974 09 Banska Bystrica
info@vupc.sk

Abstrakt: Rastucu konkurencieschopnost celulézo-papierenského priemyslu SR do-
kazuje jeho pozicia na trhu, realizdcia najnovsich poznatkov v oblasti technologické-
ho rozvoja a z nich vyplyvajice komparativne vyhody. Pozitivne trendy ukazuje vyvoj
v oblasti produktivity, velkosti vyrobnych kapacit a spotreby zdkladnych surovin, pre-
dovsetkym dreva, zberového papiera a vody. Zaujimavé su trendy v oblasti vyroby bu-
nic¢iny a papiera a lepenky. Analyze sa podrobi aj oblast Zivotného prostredia, poukdze
sa na investicné aktivity a pozitivne vysledky odvetvia v oblasti technického rozvoja,
zniZovania emisii, znecistovania povrchovych véd ale tieZ v oblasti zniZzovania energe-
tickej ndrocnosti vyroby.

Kruacové slova: rozvoj, papier, celuléza, konkurencieschopnost, produktivita

1.Uvod

Za poslednych 20 rokov slovensky celulézo-papierensky priemysel zaznamenal
takmer nepreruseny rast vo vyrobe a v spotrebe papiera. Dokonca v rokoch 2008
a 2009, v dobe ked kriza zasiahla ekonomiku takmer vietkych okolitych krajinach,
slovensky celulézopapierensky priemysel zaznamenal najproduktivnejsie roky
v svojej histérii. Vyroba dosiahla takmer milién ton - 921 tis. ton. za rok. Kontinuita
rastu produkcie bola prerusena az v roku 2010 odstavenim prevadzky na vyrobu
flutingu v spolo¢nosti Smurfit Kappa Starovo a.s..

Slovensky celulézo-papierensky priemysel, ako odvetvie orientované na export
bolo krizou zasiahnuté hlavne zniZzenou kupyschopnostou obyvatelstva, ktora
bola zaznamenand u nas aj v okolitych krajinach. Spotreba papiera na Slovensku,
podobne ako v dalsich krajinach v sledovanom obdobi klesala. Statistické tdaje
ZCPP SR potvrdzuju postupné zvysovanie vyroby papiera, ktora stéle nedosahuje
hodnoty spred krizy. Vyroba buniciny sa tiez postupne zvysuje, ktora v ostatnych
rokoch uz dosahuje hodnotu spred krizy.

Vyroba vldknin, papierov a lepeniek mé za celé obdobie od roku 2000 stupajucu
tendenciu, az do roku 2010, ked bola zastavena vyroba flutingu v Starove.

Po poklese vyroby o cca 15 % sa postupne produkcia zvySovala, hlavne posil-
nenim vyroby v sortimente grafickych a hygienickych papierov. Spotreba dreva je
prakticky od roku 2006 stabilna so silnou prevahou spotreby listnacového dreva,
ktorého podiel sa stale zvySoval. Vynimku tvoril rok 2018, ked' spotreba dreva
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vyrazne stupla. Pricinou bolo zvysenie kapacity vyroby, ale aj urcitd zvysena tvorba
zasob z dovodu priaznivych cenovych relacii na trhu s drevom.

VYVOJ VYROBY VLAKNIN, PAPIEROV A LEPENIEK V SPOLOCNOSTIACH ZGPP SR
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Obr. 1: Vyvoj vyroby vldknin, papierov a lepeniek v splo¢nostiach ZCPP.
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Obr. 2 Vyvoj spotreby v spolo¢nostiach ZCPP SR od roku 2000.
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Spotreba ihli¢nanového dreva od roku 2003 klesla a udrZuje sa na nizkej Grovni
az do sucasnosti s vynimkou tiez v roku 2018 a to z rovnakych pricin. Pocet pa-
pierenskych strojov za sledované obdobie od roku 2000 klesa, az po rok 2010,
ked sa pocet papierenskych strojov v prevadzke ustalil a vykonnost, ako nasledok
investicii a rekonstrukcii takmer monoténne mierne rastla.

Ukazovatel 2017 2018 2017/2018
Vyroba vlaknin 708312t 685137t 96,73%
Vyroba papiera a lepenky 749354 t 751 460 t 100,28%
Spotreba dreva 2291851 m’ 2675511 m’ 116,74%
Spotreba zberového papiera 106 903 t 101247 t 94,71%
Trzby 888 mil.€ 959 mil.€ 108,04%
Vyvoz 689 mil.€ 727 mil.€ 105,52%
Podiel vyvozu 78% 76%
Pocet zamestnancov 2 532 osdb 2 587 osob 102,17%
Produktivita prace 351 tis.€ 37 tis€ 105,70%
Priemerna mesacna mzda 1331¢€ 1413 € 106,16%
Investicie 35,82 mil€ 77,31 mil.€ 215,83%

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

POCET PAPIERENSKYCH STROJOV A ICH PRIEMERNA ROENA VYROBA
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Obr. 4 Pocet papierenskych strojov a ich priemerna ro¢nd vyroba.
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VYVOJ POETU PRACOVNIKOV,MIEZD, PRODUKTIVITY
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Obr. 5 Vyvoj poctu pracovnikov, miezd a prodkuktivity od roku 2000 = 62.

Pocet zamestnancov dlhodobo klesd, v désledku automatizacie procesov a out-
soursingu obsluznych prac, zatial ¢o produktivita prace na jedného pracovnika
ma za celé obdobie mimoriadne intenzivne stupajucu tendenciu. Prave raciona-
lizdcia persondlneho zloZenia firiem a predvidavé investicie do vyroby pomohli
s uspechom prekonat krizové obdobie v odvetvi a vytvorili potencidl pre dalsie
investi¢né aktivity.

Spomalenie ekonomiky zasiahlo vietky krajiny, ktoré su organizované v CEPI.
V rokoch 2008 a 2009 bolo zaznamenané znizenie celkovej produkcie o 14 % voci
najvykonnejSiemu roku 2007.V nasledujucich rokoch sa vyroba zlep3ovala, ale ani
v roku 2012 nedosiahla 100 mil. ton, ako to bolo v troch po sebe iducich rokoch
2007 - 2009. Zo statistickych udajov vyplyva, ze celkove eurdpsky celul6zo-papie-
rensky priemysel si pocas krizy udrziaval svoje vykony na vyssej trovni, ako ostatné
energeticky nédro¢né odvetvia.

V porovnani s ostatnymi krajinami v stredoeurépskom regiéne slovensky celu-
|6zo-papierensky priemysel az do roku 2010 odolaval negativnemu vplyvu krizy.
NajsilnejSim zdsahom do hospodarenia rezortu bolo zastavenie vyroby v Smurfit
Kappa Sturovo a.s. v marci 2010. Okrem poklesu vyroby v roku 2010, bol vyrazne
znizeny aj export, pretoze takmer cela vyroba sturovskej prevadzky bola zamerana
na vyvoz.

Odstavenie vyroby flutingu v Sturove, ako najvaésieho spracovatela zberového
papiera na Slovensku, tiez silne zasiahlo trh so zberovym papierom. Nadbyto¢nym
na trhu sa stal nespracovany zberovy papier druhu OCC, ktory tvoria vinité lepenky
a sulfatovy papier, ktorého hlavnym spracovatelom bola vyroba flutingu.
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‘ VYVOJ ZBERU, SPOTREBY PAPIERA A NAVRATNOSTI ZBEROVEHO PAPIERA
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Obr. 6 Vyvoj zberu, spotreby papiera a navratnosti zberového papiera.

Po poklese v rokoch 2008 — 2010 sa spracovanie zberového papiera stabilizo-
val, na Uroven cca 100 tis. ton. V sicasnosti su na Slovensku len dvaja odberatelia
zberového papiera pre svoju vyrobu a to firmy SHP a.s. Harmanec a Metsa Tissue
Slovakia, s.r.0. Zilina. Produkcia obidvoch spolo¢nosti je orientovana na vyrobu hy-
gienickych papierov, preto je posilnend hlavne spotreba zberovych papierov vys-
sich kvalitativnych tried (3.14., 3.15. a2 3.18).

Z obrazku 7 je zrejmé, Ze spracovanie zmiesanych sortimentov zberového pa-
piera a zberu vinitych lepeniek a sulfatovych papierov slovenskym celulézo-papie-
renskym priemyslom dosahuje od roku 2010 takmer nulové hodnoty. Prave tato
skutocnost vytvorila pomienky pre najvacsiu investiciu ostatnych rokov — stavbu
papierenského stroja ¢.19 v Mondi SCP a.s. Ruzomberku, s pldnovanou ro¢nou
kapacitou 300 tis. ton. Po ndbehu nového papierenkého stroja sa aj tieto cisla
zmenia na ovela priaznivejSie a vyznamne sa zvadsi vyroba obalovych papierov
na Slovensku. Celkovad ro¢nd vyroba papiera na Slovensku by mala presiahnut
v roku 2021 poprvé v historii prekrocit magické ¢islo 1. mil ton, ¢o predstavuje rast
odvetvia o neuveritelnych 40 %. Dal3iu investi¢nd akciu zameranu na spracovanie
zberového papiera tychto kvalitativnach tried realizuje Bukéza Invest spol. s.r.o.
na vychode Slovenska. Planovana ro¢na kapacita papierenského stroja je 70 tis.
ton. Len vplyvom tychto dvoch investi¢nych akcii sa celkova vyroba papiera na
Slovensku zvysi o predpokladanych 50 %.

Na dobrej Urovni sa udrzuje spotreba zberového papiera v kvalitnejsich sorti-
mentoch, ako je papier a ¢asopisové papiere vys$3ej kvality. Silné investicie do rezor-
tu, ktoré od roku 1993 do roku 2007 dosiahli takmer 40 mld. EUR, pomohli firmam,
Zvézu celulézo-papierenského priemyslu SR, lepsie prekonavat obdobie spojené
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s ekonomickou krizou. Klt¢ové investicie podnikov organizovanych v ZCPP SR boli
v poslednych dvoch dekadach nasledovné:

SPOTREBA ZP PODLA DRUHOV V SPOLOENOSTIACH ZCPP SR
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Obr. 7 Spotreba ZP podla druhov v spolo¢nostiach ZCPP SR.

MONDI SCP, a. s., Ruzomberok

Investi¢ny projekt Impuls. 200 mil. EUR do rozsirenia vyroby a OZP a 135 mil. EUR
investicia do vyroby buniciny na vymenu kotla.

Produktové portfélio celulézok a papierni Mondi SCP sa uz ¢oskoro rozsiri
pridanim nového obalového vyrobku - karténového papiera s bielym povr-
chom. Ten je vysledkom celkovej investicie vo vyske 340 milionov eur do pro-
jektu ECO plus, ktory zahffia uz prebiehajuce rozsirenie celulézky a novy papie-
rensky stroj (PS19).

Novy druh papiera - karténovy papier s bielym povrchom — kombinuje pevnost,
moznost potla¢e a vzhladové vyhody bieleho povrchového papiera z celulézy
s ekonomickymi vyhodami recyklovanej spodnej vrstvy papiera. Preto sa oc¢akava
spracovanie viac nez 200 000 ton recyklovaného papiera. Kartonovy papier s bie-
lym povrchom sa zameriava na rastuce trhy obalov s bielym povrchom, akymi su
obaly pre maloobchod, marketing v mieste predaja, balenia na mieru, elektronické
obchodovanie, spotrebitelsky tovar s dlhou Zivotnostou a iné $pecializované pou-
Zitia.

Nabeh nového papierenského stroja PS19 sa o¢akava koncom roku 2020. Jeho
ro¢nd kapacita je 300 000 ton. Po nabehnuti plnej vyroby podnik vyrazne navy-
$i mnozstvo vyrdbaného obalového papiera v pomere k silnej zakladni grafickych
papierov, ktoré prevazne produkuje dnes. Bude to tieZ znamenat diverzifikaciu su-
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rovinovej zakladne, kde k sic¢asnej domacej obnovitelnej surovine v podobe dreva
pribudne recyklovany papier.

METSA TISSUE SLOVAKIA, s. r. 0. Zilina

PS1 twin-wire, yankee dryer Instalacia: 1983 rekonstrukcia: 2008

Hlavna rekonstrukcia: 2006 max. rychlost: 1 850 m/min.

Kapacita: 30 000 t/r. Dodéavatel: Andritz AG, Escher — Wyss

PS2 twin.wire, Periformer, Instalacia - 1994, celkové naklady spolu s linkou zberové-
ho papiera 100 mil. EUR, Rychlost 1 800 m/min., kapacita 54 000 t/r.

Investicia do novej linky na spracovanie toaletného papiera a kuchynskych
utierok v hodnote cca 11 miliénov EUR za tGi¢elom zvy3enia vykonu finalizacie pro-
duktov, znizenia spotreby energie, obalového materialu, transportnych nakladov
a zvysenia kvality produkcie.

SHP HARMANEC a. s.

Priprava latky: 2 rozvlaknovace, kapacita: 61 000 t/r instaldcia 1972, 1994
PS 7 Yankee dryer - instalacia v roku 1972, rekonstrukcia v roku 2009
Previnovacie zariadenie 1 - instalacia v roku 1995, kapacita 40 000 t/r
Energetika - 2 kotle - in3talacia v rokoch 2001, 2002, kapacita 24 t/h

Spolo¢nost ECO-BAGS, s. r. 0. so sidlom v Myjave investovala v poslednych 5 ro-
kov do obnovy strojno-technologického vybavenia zavodu takmer 10 mil.€, ¢im
sa produkcia papierovych sac¢kov na balenie chleba a peciva zvysila na 1 miliardu
kusov obalov ro¢ne. Neustale rastuci dopyt po papierovych obalovych produktoch
déva predpoklady na zdvojnésobenie produkcie vyroby na Myjave, kde uz mame
zaskoleni a kvalifikovani persondl, schopni obsluhovat moderné rychlobezné stro-
je najnovsej generacie umoznujuce vyrobu sackov s 6-farebnou potla¢ou umoznu-
jucou splnit ¢oraz narocnejsie poziadavky zakaznikov na grafiku zdielanej informa-
cie. Je stale viac ludi, ktori si radSej zabalia potraviny do ekologickych papierovych
vreciek, nez do igelitovych, plastovych sackov. Papierové obaly vyrdbané v zavode
ECO-BAGS v Myjave spifiaju najvyssie standardy pre bezpe¢nost a ochranu zdravia
a zivotného prostredia

Harmanec - Kuvert, spol. s r. 0. Brezno ro¢ne vyrobi 350 miliénov kusov papiero-
vych tasiek. Investicia v hodnote 10 milionov EUR je odpovedou na silnejuci dopyt
zakaznikov a predajcov po ekologickych formach obalovych materidlov, ktoré po-
stupne nahradzaju neekologické plastové tasky.

Cielom spolocnosti je zabezpecit v nasledujucich rokoch ro¢nu vyrobnu kapaci-
tu cca. 350 mil. kusov papierovych tasiek v hodnote cca. 42 mil. EUR. Na vyrobu pa-
pierovych tasiek sa pouziva kraftovy papier z primarnych a recyklovanych vlakien,
pricom postupne rastie podiel recyklovanych vldkien.

Pocet zamestnancov sa v Harmanec - Kuvert, spol. s r.o zvysi z dne$nych 170
zamestnancov na 270 zamestnancov. V poslednych rokoch sa do zévodu v Brezne
investovalo cca. 50 mil. EUR.
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BUKOZA HOLDING a. s.

Linka bielenia - instalovand v roku 1978 — rekonstruovana v roku 2001 na postup
C/DEpDHD Investicia: 30 mil. EUR
Roz3irenie vyroby buniciny zo 100 na 160 tis. ton

Rekonstrukcia turbin na vyrobu energie, zvysenie vykonu z 25 na 45 MW -
2011, vymena starych uholnych kotlov na spalovanie biomasy - energetickd
sebestacnost, investicia 2 mil. EUR, instalacia v roku 2010, kapacita: 210 tis. ton bio-
masy a 70 tis. ton odpadu, celkovd investicia 18 mil. EUR

Investi¢nd akcia zamerana na spracovanie zberového papiera na vyrobu dvoj-
vrstvové obalové papierov. Pldnovana rocna kapacita papierenského stroja je 70
tis. ton.

SHP SLAVOSOVCE a. s.

Papierensky stroj PS 8 Yankee dryer — rekonstrukcia: 2002, Sirka: 3,6 m, max.
rychlost: 1500 m/min., kapacita 20 000 t/r,

Rezacky 8: instalacia 2004, 2005, 2007, 2010, 2011

linka na vyrobu papierovych kuchynskych utierok v hodnote 160 mil. Sk

inStaldcia v roku 2007, kapacita 8 300 t/rok

Energetika: kotol, instalacia v roku 2000

Vyskumny ustav papiera a celuldzy a. s. Bratislava planuje v ramci budova-
nia Centra excelentnosti lesnicko-drevarskeho komplexu LignoSilva ((kéd ITMS:
3130115735), spolufinancovany zo zdrojov Eurépskeho fondu regionalneho roz-
voja) — uviest do prevadzky univerzalnu skdsobnu linku na testovanie technolégii
vyroby papiera, ktora bude k dispozicii pre cely eurépsky papierensky priemysel
zdruzeny CEPI.

Podakovanie

JJato publikdcia vznikla vdaka podpore v ramci opera¢ného programu
Integrovana infrastruktdra 2014 - 2020 pre projekt: Centrum excelentnosti lesnic-
ko-drevarskeho komplexu LignoSilva (kéd ITMS: 313011S735), spolufinancovany
zo zdrojov Eurépskeho fondu regionalneho rozvoja.”

Dakujeme ¢lenskym organizaciam Zvizu celulézo-papierenského priemyslu SR
za poskytnutie informacii k prednaske.
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Introduction of biodegradable polymeric materials
in the production of printing plates
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Abstract: The aim of this research was to produce the printing plate forembossing pro-
cess made from biodegradable materials. The materials that were used for preparation
of polymeric blends were PLA (polylactic acid), PCL (poly(e-caprolactone)) and coconut
fibers. Characterization of obtained blends was performed by measuring of their dif-
ferent mechanical properties. For visual assessment, 2D and 3D analysis of polymer
materials and printing lates was carried out. Prepared blends were tested in embossing
process for production of relief printed image. The results have shown that there is a
great potential in usage of prepared blends for production of printing plates.

Keywords: printing plate, biodegradable materials, embossing

1. Introduction

The introduction of environmentally friendly materials and processes in the
graphic technology is a subject of interest of manufacturers of graphic materi-
als, as well as of consumers of graphic products. With regards to the printing of
packaging products, significant changes have been introduced in the packaging
industry in the last period [1-3]. The reduction of environmental pollution within
packaging printing has been achieved through improvements in several produc-
tion phases implementation of digital workflow in the prepress and by replacing
the conventional processes with digital ones in the production of printing plates
[4-6]. As printing plates are used as the central media for transferring the printing
ink onto the substrate, their production and quality have a significant influence on
the print quality level [7]. The introduction of digital computer-to-plate technol-
ogy for production of printing plates has improved the environmental aspect of
graphic prepress and graphic technology overall [8].

Embossing process is often used in the packaging reproduction for special dec-
oration of the packaging product. Embosing process enables altering the surface
of the printing substrate by providing a three-dimensional or raised effect on the
selected image areas. The procedure requires the use of two printing plates: the
one that has raised printing elements (reproduced image) and the one that has re-
cessed non-printing elements (Fig. 1). Embossing is based on the principle of pres-
sure of the printing plate into the printing substrate, which causes the controlled
deformation of the substrate.
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Fig. 1: Cross section of relief printing plate (a) and 3D print (b).

Alongside in the production of three dimensional prints (with and without
printing ink), the same type of printing plates can be used in the production of
relief print (with foil), and can also be used for printing Braille’s.

The printing plate that can be used in the embossing process is made of metal
or polymer material [9]. In the production of metal plates, beside conventional
copying process, their production also includes etching of metal surface in acid
with the aim of forming a relief in the metal plate. The used developing and acid
solutions are chemical waste which should be separated on-site into appropriate
waste carboys and properly disposed in order to meet safety, health, and legislative
requirements.

Polymer plates are made of different types of copolymers, photoinitiators, plas-
ticizers, colorants and other additives [9]. In the production process those materi-
als form the printing plate through UV-catalyzed photopolymerization and require
several exposures to ultraviolet radiation, as well as developing in different solvent-
based solutions and drying. Solvents used in the developing process are mainly
organic-based volatile solutions.

A step forward in the production of printing plates has been achieved by imple-
mentation of laser engraving process in the plate making. Laser engraving process
cannot be used for production of all types of printing plates because the interac-
tion of the material surface and laser energy needs to be harmonised in order for
functional printing plates to be made [10-13]. The benefit of this process is in the
natural environment, because it involves no ecologically harmful solvents at all.

In the environmental context, the use of long-lasting materials that build the
printing plate is not justified, especially in the embossing process, because the
printing plate is most often used in one press run and should be adequately dis-
posed of after the printing process.

This research proposes the introduction of biodegradable polymeric materials
into the packaging printing process, more precisely, in the printing plate produc-
tion process. The main purpose of this research is the preparation of new, biode-
gradable polymeric materials for production of relief printing plate for embossing
process. The idea is to increase the application of biodegradable polymeric materi-
als in short-life span products used in packaging production.
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2. Materials and methods

In this paper the polymeric blends made of biodegradable materials PLA (poly-
lactic acid) InegoTM 3251D, Naturale Works LLC (USA), PCL (poly(e-caprolactone)
Capa 6800, Perstorp (UK) and coconut fibers were prepared in different ratios in the
Brabender kneader. The surface and mechanical properties of these blends were ob-
served and adjusted with the aim of obtaining similar i.e. comparable properties to
the ones of commercially used material - thermoplastic polymer poly(oxymethylene)
(POM). The purpose of this was to examine the potential of usage of the said blends
in the production of printing plates.

PLAis a biopolymer obtained from the biological substrate of maize or sugar cane,
and its mechanical properties are similar to those of widely applicable polymers pro-
duced from fossil sources [14-15]. It is biodegradable, has very low or no toxicity and
mechanical properties comparable to those of conventional polymers [16-17]. The
disadvantages of PLA are brittleness and high price. In order to overcome the disad-
vantages and improve the properties, PLA is often mixed with other polymers [18].
PCL is a biodegradable thermoplastic fossil based polyester [19]. Despite not being
produced from renewable raw materials, it is completely biodegradable. PCL has
low tensile strength but very high elongation at break, making it a very good elastic
biomaterial. In previously published paper the potencial of usage of biodegradable
materials in production of printing plates has been presented. In the PCL/PLA blends
the coconut fibers were added in order to increase the miscibility and improve the
properties of blends. Methods of thermal, mechanical and surface analyses of PCL/
PLA composites with the addition of different concentrations of coconut fibres were
performed. Results have shown that produced blends have the potential for the ap-
plication for different types of relief printing plates (letterset, embossing process)
[20-21].

The commercial material used today for production of relief printing plates that
can be used for embossing is thermoplastic polymer POM (acetal) with additives
[22]. In production of printing plates based on POM the laser engraving process with
CO, laser is used due to the fact that this procedure ensures the forming of printing
elements in practically one production phase, without usage of chemicals and eco-
logically unfavorable solutions. However, in the case of laser engraving during the
production of the printing plate, POM releases formaldehyde, a toxic gas, which can
cause skin irritation, eyes and respiratory tract and allergy reactions. POM was used in
this research as a nominal material for comparing the properties of prepared blends
with properties of POM.

For this research the polymeric blends were prepared and subsequent processing
of the obtained materials was carried out by laser engraving in order to create motives
for reproduction. After the engraving, optical 3D analysis of the engraved elements was
performed. The produced plates were tested for embossing of the paper substrate. The
mechanical properties of the polymeric blends were determined by testing hardness
by Zwick Shore D device. 2D and 3D images of materials surfaces were obtained by
microscope Olympus BX51 and AniCAM Troika 3D Scanning Microscope.

20 @ Polygrafia Academica 2020



Pozvand predndska Invited lecture

3. Results and discussion

Results of the measured hardness are presented in Table 1. One can see that the
prepared polymeric blends have different hardness in relation to different PCL, PLA
and fibers ratios. According to the Shore D hardness measurement method, the hard-
ness increases with the higher addition of PLA without fibers. Addition of fibers caus-
es further increase of material hardness, most likel due to the better material bonding
in polymeric blends. The smallest value of hardness is measured on PCL without PLA
and fibers. As the hardness of commercial material (POM) is 71.79 Shore D, further
addition of PLA and fibers would increase the hardness of polymeric blends.

Tab. 1: Results of the hardness (Shore D).

Coconut PCL/PLA
fibers 100/0 | 90/10 80/20 70/30
(%) Hardness (Shore D)
0 42.50 48.95 49.15 52.48
0.5 46.54 50.15 52.01 53.79
1.5 48.65 50.54 50.83 54.11
3 48.81 49.97 54.54 54.06

7 A

Fig. 2: Microscopical images of PCL/PLA/fiber polymeric blends:
a) 90/10/0.5, b) 90/10/1 ¢) 90/10/1.5.

Microscopical images of polymeric blends are presented in Figure 2. One can see
that the surface of the polymeric blends is compact, the fibers are incorporated with-
in the PCL and PLA mixture and they form a complex and solid structure. Figure 3.
presents surface profile of a reproduced line of 0.4 mm and 3D images of the printing
plate made of polymeric blend (PCL/PLA) and made of POM material.

One can see that the profile of printing plate made of POM is correctly formed,
the surface of the printing element is clearly defined and the transition between
the printing elements and non-printing elements is gentle. The profile of the print-
ing plate made of polymeric blend shows the structure and difference in the print-
ing elements and the non-printing elements.
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e 4
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Fig. 3: Profile and 3D images of printing plates made of:
a) PCL/PLA blend and b) POM material.

The transition is sharp and the non-printing element is less correctly formed. The
polymeric blends were tested in the embossing process. The profile of the imprint
and 3D image is shown in Figure 4. Although the profile of the printing plate was not
precisely defined, the printing plate was used in embossing process for production
of the relief print. One can see in the image that the imprint was made and that the
biodegradable material can be used in the production of this type of printing plates.
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Fig. 4: Profile and 3D image of the imprint made by PCL/PLA printing plate.
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4, Conclusion

In this paper the polymeric blends made of biodegradable materials PLA, PCL
and coconut fibers were prepared. The purpose of this was to examine the poten-
tial of usage of the prepared polymeric blends in the production of printing plates.
The idea is to increase the application of biodegradable polymeric materials in
short-life span products used in packaging production.

The results have shown that there is a great potential in usage of prepared
blends for production of printing plates. In further research it will be necessary to
improve the mechanical properties of polymer blends with the addition of PLA.
Furthermore, it was proven that compatibilizer can modify and influence the func-
tional properties of the resulting blends. It is planned to add other compatibilizers,
such as poly(ethylene glycol) (PEG) and nanoparticles of silica (SiO,) in the PCL/
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PLA blends for further investigation of the properties of polymeric blends and their
potential in the production of printing plates for embossing process.
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High Label Production with NIP Technology
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Abstract: Cardboard boxes and label printing is the most cost-effective graphics pro-
duct globally. In the last 5 years, the production of labels has increased by 26.8%, which
in the printed volume represents an increase of 0.31 trillion A4 labels. The reason for
this trend is the new requirements of brands owner and designers to reduce marketing
costs and placement as much information direct on products. Today the share of NIP
printing technology on label production is still small, and flexo printing, offset prin-
ting and gravure are main players due to uniform quality and high production speed.
However, with the development of new Electrophotographic (EP) and Inkjet machines,
high-quality imaging become 1200 dpi and production speeds grew to 80 m/min. Over
the past 2 years, the global growth of labels printed in electrophotography and Inkjet
technology is respectively 6.5% and 150%. This is also reflected in the print volume
where EP has an increase of 9.7 billion and Inkjet in 20.3 billion printed A4 label for-
mats. This professional paper compares currently the two most productive NIP printing
machines on the market (HP Indigo WS 6900 and Durst Tau 330 RSC) and their ability to
print on polypropylene and label paper with a heat-sensitive dye layer. The results show
that something better reproduction on polypropylene (PP) will be achieved by the UV
Inkjet Durst Tau 330 RSC, while HP indigo will give better reproduction on the rougher
label paper with a heat-sensitive dye layer.

Keywords: Label printing, liquid electrophotography toner, UV Inkjet, reproduction
quality, FOGRA 39.

1. Introduction

In the packaging and labeling industry, production and printed labels play a
crucial role. The basic function of labels is to provide information on a packaged
product. Depending on the performance, labels can be divided into two basic
groups: nonadhesive and adhesive. Nonadhesive labels are simpler structures and
can be realized on a variety of coated and noncoated printing substrates. Labels
from category adhesive labels c are increasingly used because they can apply easily
with self-adhesive or moistenable adhesive. Depending on the application request
or possibility of removal, there are two main types of self-adhesive labels: pressure
sensitive (permanent, removable adhesive) and heat-sensitive (instantaneous, de-
layed action adhesive). More affordable are moistenable adhesive labels. They are
activated by pre-moisturizing, which can be applied partially or all over the surface.
[1] Except for information function, labels must achieve good marketing function
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of specified Brand, which entails the achievement of additional aesthetic value. A
print substrate, printing inks and varnishes, and printing technologies play an im-
portant role. [2]

1.1. Trends in label production

In the last 10 years, trends in the production of printed products have signifi-
cantly changed. Thus, we are witnessing a significant decline in the print run of
traditional printed products (books, newspapers) and the increase in printed pac-
kaging. [3] Label printing is characterized by global growth, where money revenue
and print volumes are steadily increasing. Thus, in 10 years period (of 2012 to 2022),
there will be an increase in printed labels in billion dollars of 60.6%. In printed vo-
lume labels in A4 trillion, this means a 66.6% increase.

L wiard amaount prinled labais

3.8 588 8

Labals in § billion

Laible volume prinked in A4 frillion

=
h

53
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M2 2003 2014 2018 2ME 20T M8 2015 R0 2021 02
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M2 2013 2014 2008 206 2MT7 2018 2019 2020 2021 2022

a) years

Fig. 1: Word amount printed labels: a) in billion dollars; b) in volume A4 trillion.

In the printing industry global trend is increasing, the share of digital printing
technologies and the decline of classic printing technologies. In the production of
labels, the majority of production is still printed with conventional printing tech-
nologies (offset, flexo, screen printing, gravure, letterset). However, due to the trend
of decreasing print runs digital printing technology (Inkjet, EP), it is becoming in-
creasingly used. Thus, from 2012 to 2022, financial revenue and print volume in-
crease for all printing technologies 3 are expected. In profit growth in dollars stand
out: Inkjet 41%, electrophotography 9.8%, letterset 8.9%, gravure 7.8%, sheet off-
set 7.2%, flexo 6.7% and screen printing 2.7%. Analysis of the overall print volume
shows that in the last 10 years, the use of digital technologies has also an increasing
amount in printed labels. The increase in print volume is: Inkjet 50%, electropho-
tography 9.3%, letterset 11%, gravure 10.8%, sheet offset from 8%, flexo 6.7% and
screen printing 5.8%. Until 2018, EP printing machines were the dominant digital
printing technology for labels. However, with the development of new Inkjet heads
and UV Inkjet inks, Inkjet technology has taken dominance place in printing low
print runs and personal printing.
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Fig. 2: Word amount printed labels with different printing technology:
a) in billion dollars; b) in volume A4 trillion.

Global trends are followed in a printing house in Czech Republic, Poland, and
other eastern European countries. In the analyzed period of 2012 to 2022, there
will be an increase in printed labels in million dollars of 13.1% in Poland, which cor-
responding to a 10.6% increase in printed volume labels in A4 trillion.

In Czech Repubilic, this growth is slightly lower (printed labels grow 8.9% million
dollars or 7.7% in printed volume). In the same printing category other Eastern
Europian countries (Baltic and Balkan countries, including Hungary, Slovakia,
Slovenia, and Ukraine) have an increase in financial revenue and print volume.
Such projection shows a 10.5% increase in printed labels in a million dollars or a
7.1% increasing in a printed volume. [4]
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Fig. 3: Local amount printed labels with all printing technology:
a) in million dollars; b) in volume A4 billion.
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Electrophotography and Inkjet printing techniques are increasingly being used
for label production. Therefore, it is interesting to analyze the differences between
these imprints and their comparative advantages. The two most productive digital
printing machines were used for analysis: HP Indigo WS 6900 (EP with liquid toner)
and the DURST Tau 330 RSC (Inkjet with UV curable ink). The technical characteris-
tics of the machines used are shown in table 1 and table 2. [5,6]

Tab. 1: Technical characteristic printing press HP Indigo WS 6900.

Printing speed

30 m/min for 4/0 or 40 m/min in higher mode of
productivity; 60 m/min in printing mode 1/0 or 2/0

Image resolution

812 dpi; 2438 x 2438 dpi (HDI = High Definition

Imaging)
Line screens 175,180, 196, 210 Ipi
Max. Image format 320 x 980 mm
Substrate thickness 40 do 380 um

Standard 4-colour printing

Cyan, magenta, yellow, and black

HP IndiChrome 6-colour printing

Cyan, magenta, yellow, black, orange, and violet

HP IndiChrome 7-colour printing

Cyan, magenta, yellow, black, orange, violet, and
green

Inline Priming Unit (ILP*¥)

Application of coatings in thickness of 0,5 g/m2, 1
g/m2.

Tab. 2: Technical characteristic printing press DURST Tau 330 RSC.

High speed mode (CMYK OVG): 80m/min, CMYK

Printing speed OVG +W: 52

Image resolution 1,200 x 1,200 dpi; with droplets of size = 2 pl
Width of printing substrates 165 - 350 mm

:\r/]lqa;gi?um width of the printed 330 mm

Substrate thickness 20 - 500 um

Standard UV colour printing

Cyan, magenta, yellow, and black

Additional UV inkjet inks

Orange, violet, green, white

Printing substrates

Coated and uncoated printing media, white and
transparent film, PP, PE, PVC, PET, BOPP, alumi-
num foil

UV curing

Extra cooling roller, optional inert gas compra for

reducing odors
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Three tests were applied to determine the difference in the quality of the im-
print: a tone color comparison of the prints regarding FOGRA 39, a resolution test
(printing patch in size 1x1, 2x2, 3x3 4x4 pixel) and a microprint reproduction test
(positive and negative text from 1 to 7 pt). For the color reproduction test, we use
FOGRA media wedge CMYK 3.0 wedge (72 patch) and spectrophotometer x-rite
eXact (set up option: MO, wb, compensation curve A and tolerance defined by ISO
standard 12647-7). [7, 8]. The other two tests were performed by visual assessment
microscope enlarged images (print surface dimension 21.8 mm x 16.3 mm) [9]. This
experiment uses 2 printing substrates that are often used in the production of la-
bels. There are adhesive paper with a heat-sensitive layer (the label is additionally
used in thermographic printers) and Polypropylene. The technical characteristics of
the printing substrates are given in table 3 and table 4.

Tab. 3: Technical characteristic printing substrate Termoeco_ScandTherm TCS.

Grammage 76 £59/m21S0 536
Thickness 82+8umISO 534
Adhesive SSP 50AF
Thuckness of liner 54 +4 um ISO 534

Tab. 4: Tech. characteristic printing substrate Arconvert_OPP TC WHITE GLOSS 60.

Grammage 45 g/m21S0 536

Thickness 60 um I1SO 534

Adhesive PF2 = Acrylic adhesive in water emulsion
Thuckness of liner 56 um ISO 534 (CB62)

3. Results and discussion

3.1. Color tone reproduction - comparison to FOGRA 39

Due to the printing substrates used reference value for the color tone reproduc-
tion test is FOGRA 39. In that case printing condition are: mode MO, backing wb,
curve A (13%) and B (16%), color sequence KCMY, paper type 1/2 for illustration
printing (woodfree white, glossy/matt coated), line screening 60-80 Ipc, total ink
limit 330%, ICC profiles ISO Coated v2 (ECI) or ISOcoated_v2_eci.icc. Color differ-
ences of FOGRA references and HP Indiga and Durst Tau 330 imprints on two print-
ing substrates are shown in Figure 4.

On a printing substrate termoeco, the Dust Inkjet printing machine achieved
average color change DEdurst = 3.89, while HP Indigo generates a larger color
change DEHP6900 = 6.08.Thus, the durs will have a problem with the realization of
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Fig. 4: Color differences between HP Indigo and Durst Tau imprints to Fogra 39 reference
values: a) patch 1 to 24; b) patch 25 to 48; patch 49 to 72.
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3 tone patches, while the HP Indigo has a problem with the realization of 10 color
patch (color change are above FOGRA defined tolerance).Experimental prints on
white polypropylene film produce more expressed color changes in relationship
of Fogra 39 refernce. Durst machine again give better quality (average color devia-
tion of the Media wedge is AEdurst = 3.95. Significant variation occurred in 5 color
patch. When HP indigo machines printing on polypropylene substrate must be
coated with primer unit. Because of that HP Indigo prints unfortunately have large
color difference. Thus, the use of yellowish primer will require additional calibration
process. The average color changes are AEHP6900 = 7.50 with larger deviations of
19 patch.

3.2. Resolution test

The resolution test shows the ability to generate the smallest print elements.
Figure 5 shows an enlarged photo printed resolution wedge (8 x 5 mm) together
with an ideal display screen.

E AN EEEER
- .

1x1 2x2 3x3 4x4  1x1 2x2 3x3 4x4 1x1 2x2 3x3 4x4

1x1 2x2 3x3 dx4

1x1 2x2 3x3 4x4

Fig. 5: Enlarged wedge images for resolution test: a) HP Indigo on Termoeco substrate; b)
Durst on Thermoeco substrate; ¢) HP Indigo on PP substrate; d) Durst on PP substrate; )
the original display screen (monitor).

With less high-quality print media (greater absorbency and less whiteness), the
resolution test has shown that the HP Indigo machine gives a better footprint. In
this case, the textual part and the dot screen part are better noticed. When the
printer uses higher quality and smoother printing substrates (PP), UV Inkjet inks
are better to attach, forming a dot screen structure that is identical to the EP print-
ing machine. The 1x1 pixel resolution is well printed and visible. The better print
quality of the durst imprint on the PP can be attributed to the direct application
ink to the printing surface. Higher quality HP indigo imprint on PP can be achieved
with additional application fluid primer which reducing surface tension. Then the
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Electroink will not uncontrollably dissipate and will give a greater sharpness to the
imprint. This method reduces the whiteness of the printing substrate which affects
the printing contrast achieved.

3.3. Text Reproduction Test (positive-negative)

An integral part of the label is declaration text which gives important product
information. Due to the small size of the labels, the text size is very small. The qual-
ity of the reproduced positive text on two digital printing machines is shown in
Figure 6.

e Sairea 3
FC Hansa Rostock 4
Eintracht 5

FC Erzgabirge Aue 6 E‘g";’“"“"’“‘“m A
1. FC Union Ber 1. FG Union Ber

iy
ik Biaiadekd 3
FC

FC Hanss Rostook 4 FC Hansa Rostock 4 o
Eintracht Braunschweig 5 Eintracht 5  Eintracht Braunschweig 5
FC Erzgebirge Aue 6 FC Erzgebirge Aue 6 F1'-C Egl;ablr?c AuBc 6
1. FC Union Ber 1. FC Union Ber nion Ber

Fig 6. Enlarged images of positive text: a) HP Indigo to Termoeco substrate; b) Durst to
Thermoeco substrate; c) HP Indigo to PP substrate; d) Durst to PP substrate; ) the original
display screen (monitor).

Both tested technologies gave satisfactory results. The text size of 2 pt stays vis-
ible without unwanted linkage text. The difference is only evident in paper with a
dye thermal layer, where durst Inkjet machine achieves a font of slightly greater
thickness. Modern label design for pharmaceutical and food industries demand
text in negative. Figure 7 shows the segments of the reproduced negative text in
EP and UV Inkjet printing technology.

Fig 7. Enlarged images of negative text: a) HP Indigo to Termoeco substrate; b) Durst to
Thermoeco substrate; c) HP Indigo to PP substrate; d) Durst to PP substrate; e) the original
display screen (monitor).
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With negative text, HP Indigo imprint performs slightly better results. The more
absorbent Thermoco substrate gives visual recognition negatives text in 3 pt.
Unfortunately, this is not possible with liquid UV Inkjet ink (print is lower quality).
But on PP substrate, UV Inkjet technology has proven better quality reproduction
with the possibility of reproducing negative text on 2 pt. Because of the obligatory
using HP Indigo Primer liquid, this effect is not possible to achieve.

4, Conclusion

Label as a graphic product printed in UV Inkjet and Electrophotography defi-
nitely has a positive perspective. The reason for that are trends in reducing print
run and the possibility of printing greater content variations. Possibility modular
design with a larger number of Inkjet heads will accomplish further increase the
dimension machines and prints which results in higher production. Compared to
conventional offset printing techniques (FOGRA 39 references), both systems test-
ed (Inkjet and EP) produce labels with top quality, with minor differences.

The Durst tau 330 achieved slightly better results in the reproduction of second-
ary and tertiary tones on polypropylene foils. Therefore durst showed better color re-
production and more uniform color tone quality. Microtext tests and resolution tests
are satisfactorily performed to ensure the printing of more complex images and text.

On the rougher and more absorbent substrate (Termoeco label paper), the HP
Indigo WS 6900 machine gives better image reproduction. Although the deviation of
the HP Indigo tones varies more than Durst, the tests of resolution and test of reproduc-
tion micro text are much better realized. Compared to the FOGRA 39 reference values,
an additional calibration of the system is required in the print preparation process. That
includes one adjustment TVI reproduction curves (curve compensation).

To get the right information about the stability of these technologies, the future
plan is to perform a long-term reproduction test (larger print run). This test will
show the real reproducibility of color label reproductions.
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Certifikovany natlacok
podla normy ISO 12647-7:2016
alebo tiez FOGRA 51 a 52

Ludovit Karpinsky

TYPOSET, s.r. 0., Bratislava, karpinsky@typoset.sk

Od oktébra 2015 mdme v polygrafii pre tlac a ndtlackovanie vseobecne akceptovant
normu ISO 12647-2:2013. Znamend to tieZ, Ze mdme novu definiciu farebnosti urce-
nu referencnymi hodnotami FOGRA 51 a 52. Pre zhotovenie certifikovanych ndtlackov
dnes pouzivame normu ISO 12647-7:2016. Mnohé slovenské tlaciarne dnes uz preslina
tieto nové smerné hodnoty.

Na ¢o sluzi natlacok vo vseobecnosti

Natlacok sluzi na to, aby sme este pred tym, ako zhotovi tlaciaren tlacové for-
my mohli odkontrolovat predpokladanu farebnost produkénych vytlackov. Pini
tiez tzv. kontrakta¢nu Ulohu — ztcéastnené osoby svojim podpisom davaju suhlas
s produkcnou farebnostou tlacoviny. Je tiez podkladom pre tlaciara na nastavenie
tlacového stroja a je dolezZitou sucastou pripadného reklama¢ného konania.

Aké data pouzit na vyrobu natlackov

Na zhotovenie certifikovanych nétlackov vzdy pouzivame data identické s data-
mi uréenymi na produkéna tlac (,data” pre CTP). V pripade nedodrzania tohto pra-
vidla riskujeme pripadné zavazné farebné odchylky produkénej tlace od natlacku.

Dnes najcastejsie pouzivany format je PDF. Standardne sa pouZiva PDF verzie
1.3 (Adobe Acrobat 4.0), bez vlozenych ICC profilov, vietky objekty definované vo
farebnom priestore CMYK. Pouzitie $pecifikdcie PDF/X-1a alebo PDF/X-3 a vklada-
nie ICC profilov do PDF konzultujte s tlaciarnou vopred. Podrobnt Specifikéciu ndj-
dete napr. na www.typoset.sk sekcia Specifikacia tla¢ovych dat alebo poZiadajte
o $pecifikaciu tla¢ovych dat,svoju” tlaciaren.

Objednavanie certifikovaného natlacku

V objednévke je nutné uviest aky typ tlace a potlacaného materidlu chcete
natlackom simulovat. Zvycajne natlacky simulujice tla¢ harkovym ofsetom na
natierané alebo nenatierané papiere. Casté je aj poziadavka simulovat kottcovu
ofsetovu tlac (rotacky), tla¢ na novinové papiere alebo priame farby.
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Certifikovany natlacok verzus farebny nahlad

Certifikovany natla¢ok ma vzdy spolu s natlackom vytlacenu aj kontrolnu ska-
lu (UGRA/FOGRA Media Wedge). Na certifikovanom natlacku sa musi nachadzat
certifikat, ktory obsahuje popis simulovanych podmienok tlace a detailné infor-
macie o ,presnosti simulacie” — teda odchylky delta E a delta H od prislusného
standardu. Certifikovany natlacok je kedykolvek (aj spatne) verifikovatelny a di-
zajnér i tlaciaren ma istotu Ze natlacok naozaj simuluje vysledok produkénej tlace.
Necertifikovany natlacok kontrolnt $kalu ani jej merania neobsahuje. Neviete s is-
totou, ¢o takyto,nétlacok” simuluje a neviete ani ako ,presna” je simuldcia. Spatna
kontrola,presnosti” natlacku je bez kontrolnych $kal nemozna.

Simulacia priamych farieb na certifikovanych natlackoch

Simulacia priamych farieb na natlackoch je mozna. Prax je v3ak takd, Ze farebna
skala (gamut), ktoru dokézu vytlacit digitalne natlackovacie systémy je mensia ako
napr. gamut systému Pantone (PMS). Simuldcia mnohych priamych farieb je velmi
presnd (delta E ¢asto mensia ako 2), mald skupina PMS farieb vsak vykazuje velké
farebné odchylky. Norma ISO 12 647-7: 2016 po prvy krat popisuje a upravuje pod-
mienky natlackovania priamych farieb.

Natlackovanie podla novej normy ISO 12 647-7: 2016

Po niekolkoro¢nom vyvoji v oktébri 2015 boli zverejnené nové smerné hodnoty
a nové ICC profily, ktoré zodpovedaju tlaci podla normy ISO 12 647-2: 2013. Od
roku 2016 sa natlackovanie riadi normou ISO 12 647: 2016. Detailné informéacie ngj-
dete na www.eci.org a www.fogra.org.

Velmi zjednodusene povedané FOGRA 51 popisuje tla¢ na natieranych papie-
roch a FOGRA 52 na bezdrevnych papieroch (papieroch bez nateru).

Dovody zavedenia noriem ISO 12 647-2: 2013 a 12 647-7: 2016

Hlavnym dévodom zavedenia novych referené¢nych hodnét bola v case stale
sa zmensujuca zhoda certifikovanych natlackov s produkcénou tlacou, ked predtla-
Cova priprava a certifikované natlacky boli zhotovované podla doteraz platnych
smernych hodnét.

Pritomnost optickych zjasnovacov sama o sebe a ich sustavne sa zvysujuce
mnozstvo v realne vyrdbanych tlacovych papieroch, ktoré si dodavané na potlac
do tlaciarni v priebehu poslednych rokov spésobila, ze predovsetkym svetlé farby
na vytlackoch vykazuju z dévodu transformacie UV Ziarenia pritomného v dennom
svetle (ale i v umelych zdrojoch osvetlenia) na vinové diéky vo viditelnej oblasti
posun tychto svetlych farieb do,,modrych” oblasti. Zjednodusene povedané —
z dévodu pritomnosti optickych zjashovacov v tlacovych papieroch biela papiera
uz nie je neutrdlne biela ale lahko namodrald a nasledne dochadza k farebnému
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posunu predovsetkym svetlych farieb do modrej oblasti. Tento posun nebol v sta-
rych smernych hodnotach a ICC profiloch vobec merany (meralo sa v rezime MO)
a ani nijako zohladneny.

Vsetci, ktori kazdodenne pracuju s certifikovanymi natlackami a snazia sa do-
siahnut zhodu s produkénymi vytlackami mohli toto kazdodenne v svojej praci
pozorovat.

RiesSenie farebnej nezhody ,starej” normy

Tento problém, ktory sa prakticky kazdym rokom prehlboval (tak ako vyrobco-
via papiera do papierov pridavali stéle vacsie a vacsie mnozstvo optickych zjasrio-
vacov) a bol vieobecne zndmy nema Uplne jednoduché riedenie. Riedenie je na
svete v podobe zverejnenych smernych hodnét FOGRA 51 a 52.

Prakticka implementdcia si ale vyzaduje ,rekalibraciu” ofsetovych tlaciarni na
nové normosmerné hodnoty a pouzivanie spektrometrov, ktoré dokazu merat v re-
Zime M1 (maju zdroj aj UV svetla a zaznamenavaju aj hore opisany farebny posun).

Koho sa tieto zmeny dotykaju

a) Dodavatelov digitalnych certifikovanych natlackov. Je nevyhnutné pouzivat
nové natlackovacie materidly s prislusnou fluorescenciou zodpovedajticou
novému Standardu, softvérové rieSenia zodpovedajice novému Standardu
i zodpovedajlce meracie pristroje — spektrometre merajlce podla standardu
M1.

b) Predtlac¢ovej pripravy. Grafici a DTP oddelenia budd musiet pouzivat nové ICC
profily a definovat pozadovanu farebnost v sulade s novymi ICC profilmi.

c) Ofsetovych tlaciarni. Je nevyhnutné aby do svojho workflow implementovali
novu normu.

Nové ICC profily

Ten, kto poznal a pouzival ICC profily vyhotovené podla predchadzajucej ver-
zie normy pouzival tieto ICC profily: ISO Coated v2 (ECI) — FOGRA 39L — pre
natierané papiere (leskld a matnd krieda), PSO Uncoated — FOGRA 47L — pre
nenatierané papiere (bezdrevné).

Nové ICC profily pre harkovu ofsetovu tlac su: PSO Coated v3 — FOGRA 51 —
pre natierané papiere (leskld a matna krieda), PSO Uncoated v3 — FOGRA 52 —
pre nenatierané papiere (bezdrevné).

KedZe mame k dispozicii nové ICC profily, tak ich grafici a predtlacové studia uz
zacali pouzivat. Znamena to, ze definuju farebny vysledok produkénej tlace v CMYK
hodnotach, ktoré uz predpokladaju odozvu tlacového systému v tlaciarni podla
novej normy. Znamena to tiez, ze certifikovany natlacok zhotoveny podla,,starych”
smernych hodnét uz nezobrazuje pozadovanu definovanu farebnost. Nové ICC
profily si moZete stiahnut zo stranky: www.natlacok.com alebo www.eci.org.
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Pozvand predndska Invited lecture

Na zaver

Len skuto¢né pochopenie témy standardizovana ofsetova tlac a certifikova-
né natlackovanie a jeho dosledna aplikacia v kazdodennej praxi suc¢asne na stra-
ne: grafikov, predtlacovej pripravy, zhotovitelov certifikovanych natlackov a tlaciar-
ni povedie k predvidatelnej a opakovatelnej farebnosti produkénych vytlackov.

TYPOSET, s. r. o. — FOGRA certifikovany dodavatel natlackov

*e e Spolo¢nost TYPOSET, s. r. 0. na slovensky trh dodéva
certifikované natlacky uz viac ako 20 rokov a je jedi-
nym FOGRA certifikovanym vyrobcom certifikovanych
natlackov na Slovensku. Standardne dodava natlacky
podla: FOGRA 51, FOGRA 52, FOGRA 39L a natlacky simulujice novinovu tlac.
Viac informdcii ndjdete na: www.natlacok.com a www.typoset.sk.

cert
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Certificate

Ocdered by TYPOSET, 5.7, 0.

For TYPOSET, s. r. o
Raianska 7508{190
B31 06 Bratislava

The proaf print, delivered by the sbove mentioned company,
fuifilled all of the necessary criteria according the Fogra
Certification report no. 33031,

Printing conditions FOGRAS1,
(Offset printing, paper type 1, according to IS0 12647-
22013

FOGRAS2,
Offset printing, paper type 5, according to IS0 12647-
2203

Results The resuits are documented in the certification report no,
33037 dated Jul.24,2019.

W therefore hold the option that the company TYPOSET, 5. r. 0,
is able to create contract proof prints.

Valid until 2020-07-25

Munich,2019-07-24
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Zazité konvencie pre digitalnu tlac uz neplatia
Igor Bozo, Petr Jitel, Lubo$ Novotny

XEROX LIMITED, o. z., Xerox Corporation, Bratislava, Slovensko
igor.bozo@xerox.com

Abstrakt: Kym este pred niekolkymi rokmi bola digitdlna tlac spdjand skér s kanceldr-
skymi aplikdciami, Cistou polygrafiou ¢i reklamou, navyse v spojeni s mensimi zdkazka-
mi a mnoZstvom obmedzeni v moznostiach potlacitelnych materidlov a formdtu, dnes
stdle castejSie spdjame digitdlnu tlac so svetom obalov a etikiet, ktoré so sebou naviac
moZzu niest aj dalsie personalizované odkazy. Vysoku kvalitu tlace so vsetkymi poZado-
vanymi benefitmi pontka hned' niekolko technoldgii od spoloc¢nosti Xerox. O tom, Ze
digitdina tlac md nezastupitelné miesto ako v polygrafii, tak aj v obalovom priemysle,
dnes u? urcite nikto nepochybuje. Nakoniec tomu nasvedCuje aj masivny vyvoj digitdil-
nych strojov, ktoré sa stdle Castejsie prisp6sobuji vyrobe obalov. V suvislosti s digitdl-
nou tlacou sa casto hovori o personalizdcii. Jednou z hlavnych vyhod digitdlinej tlace
je, Ze na rozdiel od konvecnych tlacovych technoldgii nepouZiva tlacové formy na jed-
notlivé typy motivov i farieb. Predovsetkym z tychto dévodov (zmena motivu zdkazky
sa vdaka absencii tlacovej formy neodrdza v cene) je idedlnym riesenim pre tlac per-
sonalizovanych zdkaziek. Dalsou vyhodou digitdlnej tlace je jej spojenie so spracova-
telskou produkciou, ¢i uz konvencného typu v podobe planzetového vyseku, s tplnou
digitalizdciou vyroby, teda predovsetkym v spojeni s produkcnym vysekom bez formy
v podobe vyrobnych plotrov ¢i laseru.

Personalizacia nie je iba reklama!

Variabilné data mozu byt textové, obrazové, tvarové alebo sa mézu tykat iba
samotnej farby.

Personalizaciu je mozné, teda okrem reklamy, Uspesne vyuzit aj v dalSich ob-
lastiach, napriklad vo farmdcii, kde sa pomocou digitélnej potlace lieku da realizo-
vat spOsob davkovania pre kazdého pacienta a pod. Naviac sa ukazuje, Ze cielené
oslovenie jednotlivcov réznymi spdsobmi sa bude podla demografickych progndz,
ktoré hovoria o tendencii rastu mensich spolocenstiev a jedno¢lennych domécnos-
ti eSte dalej prehlbovat, predovietkym s rastom kupnej sily najmladsej generécie Z,
ktora je zvyknutd pracovat s roznymi informacnymi kanalmi. K nim predovsetkym
patri zdielanie individualnych nazorov, ¢o v kone¢nom désledku nahrava dalsiemu
rozsireniu personalizacie. Nakupovanie pre tito generdciu nie je len nutnostou, ale
aj zazitkom a od predajcov sa teda automaticky ocakava, Ze ich budu oslovovat
osobne, s cielom prekvapit, potesit. Popri etiketach, letdkoch ¢i spotrebitelskych
obaloch, predstavuje digitalna tla¢ velky potencidl aj pre eshopy, B2B zakaznikov,
oblast cateringu ¢i darcekové a prileZitostné obaly.

Polygrafia Academica 2020 @ 39



Ofsetovy Standard preberaju digitalne stroje

Roky je v tla¢ovej produkcii zaZitd ako Standard ofsetova tla¢. Podobne, ako aj
konkurencné technolégie, tento Standard preberd aj Xerox. Matny toner umoz-
nuje lepsie napodobnit vzhlad ofsetovej tlace a rozsirit skalu tlacovych uloh. Na
rozdiel od inych digitalnych technolégii, kde je pomerne néro¢né kvoli manualne-
mu nastaveniu udrzat konzistentnu kvalitu tlace, je v zariadeniach Xerox integro-
vana automatizacia, ktord umoznuje efektivnu tla¢ vo vopred ocakavanej kvalite.
Kombinacia toneru a developeru umoznuje tla¢ konzistentnych farieb od prvého
do posledného vytlacku zakazky. S funkciou automatického dédvkovania develope-
ru uz obsluha nemusi prerusovat tla¢ na jeho vymenu a stroj tak moze dlhsie tlacit
a tym sa zvysuje jeho celkova produktivita.

Jednou z moznosti realizécie obalov s pridavkom moznej personalizécie predsta-
vuje produk¢ny stroj iGen. Farebny digitalny tlacovy stroj iGen 5 méze tlacit az s pia-
timi tlacovymi jednotkami (CMYK+) a je unikétny aj svojim formatom B3+ v spojeni
s vysokym produkénym vykonom. Aktualnou technologickou novinkou je predizeny
tla¢ovy harok o dizke 889 mm a flourescenéna zIta doplnkova farba. Produkéné stroje
iGen pridavaju k tla¢i oranZovou, zelenou a modrou, ako rozsirujucimi farbami, aj tla¢
s flourescenc¢nou Zltou, bielou alebo transparentnou farbou. Nové moznosti farebnej
tlace ponuka vyber parcidlnych a plosnych efektov, ¢im vylepsuju tlac fotografii a vo-
doznakov. ZIty toner je $pecialne vytvoreny tak, aby Ziaril pod UV svetlom. Je vhodny
napriklad na tla¢ bezpecnostnych ochrannych prvkov, obélok na knihy, obalov a di-
rect mailu.

Esteticko-ekonomické benefity

Digitalnu tla¢, je mozné zvlast u prémiovych obalov pouzit aj v kombindcii s dalsim
dokoncovacim spracovanim. Popri moznosti stieracich vrstiev, ¢i lakovania disperz-
nymi lakmi, je mozné pouZzit aj soft touch lakovanie ¢i lamindciu. Z hladiska Uspe3né-
ho predajného marketingu predstavuje predovsetkym soft touch silny nastroj, ktory
ma vyznamny vplyv na rozhodnutie o kipe vyrobku. Prijemny zamatovy efekt na
dotyk zapoji u spotrebitela do rozhodovania okrem zraku aj hmat. Potlacené obaly je
mozné dalej zuslachtovat strukturdlnymi lakmi, vratane lakov digitalnych. Atraktivnu
alternativu predstavuje,digitdlna razba“ Na rozdiel od skuto¢nej horucej razby, tu nie
su potrebné dalsie ndklady na obstaranie finan¢ne naro¢nej technoldgie ¢i drahého
Stocku. Transférova félia prilne Uplne presne len na miesta s predtlatenym motivom.
Novou technolégiou je mozné nanasat aj najjemnejsie rastre. Oproti konkurencii ma
iGen omnoho jednoduchsiu konstrukciu, ¢o prindsa hned’ niekolko dalsich vyhod.
Nielen z hladiska nakladov na prevadzku ¢i pripadny servis, ale tato technoldgia riesi
aj socialny problém z hladiska zamestnanosti. V stic¢asnosti sa prakticky vietky vyrob-
né odvetvia potykaju s nedostatkom kvalifikovanych pracovnych sil. Vdaka jednodu-
chej a rychlej obsluhe je mozné na tuto technoldgiu zaskolit aj menej kvalifikovanu
pracovnu silu v porovnani s tla¢iarom na ofsetovom stroji, o v kone¢nom désledku
usetri ¢as pri ndro¢nom vyberovom procese na trhu prace, ale aj mzdové naklady.
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Xerox Iridesse - Uspesny pribeh, ktory zaéal na prazskom
vystavisku

Technolégia Xerox Iridesse Production Press mala na vystavisku PVA EXPO
v Prahe-Letiany pred necelymi dvomi rokmi eurépsku premiéru. Tato technoldgia
zaujala aj komisiu Obal roku, takze v tom istom roku ziskala aj toto ¢eské najprestiz-
nejsie ocenenie. Nakoniec tato technoldgia ziskala v priebehu dvoch rokov hned
niekolko oceneni. Jednym z nich bolo napr. ocenenie v ramci FESPA Global Print
Expo v Mnichove, kde bola tato technoldgia Uspesna hned' v troch odvetviach -
naklady, efektivita a kvalita. Novy vysokorychlostny digitalny tlacovy stroj Xerox
Iridesse Production Press vynika excelentnou kvalitou CMYK vytla¢kov a zaroven
umoznuje tla¢ zékaziek s unikdtnymi metalickymi vizualnymi efektami. Jednym
prechodom, pouzitim zlatého, strieborného a ¢ireho toneru v spojeni s CMYK to-
nermi, je mozné vytvarat iridescentné vizualne efekty, ktoré su pre zdkaznika velmi
atraktivne. Nova technolégia s patentovanou technolégiou HD EA toneru (High
Definition Emulsion Agregate Toner) umoziuje rovnomerné nanasanie tonerov az
Siestich farieb. Vdaka tomu je mozné dosiahnut vyssiu kvalitu obrazu pre vektoro-
vu grafiku, jemnejsie linie a textury, plynulejsie gradienty bez viditelnych skokov
v prechodoch a to vsetko v Ultra HD tla¢ovom rozliseni 2 400 x 2 400 dpi, naviac
s nizSou spotrebou toneru a bez pouzitia fixa¢cného oleja.

Vysoky stupen automatizacie

Produkény stroj Iridesse ponuka dizajnérom a poskytovatelom digitalnej tlace
rozsirenie obchodnych a realiza¢nych aktivit vdaka novym sofistikovanym funk-
cionalitdam ¢i vyssej tlacovej kvalite v spojeni s moznostou pouzitia metalickych
efektov. Velkou vyhodou je aj prinos vyssej flexibility pri nizsich ndkladoch a pre-
dovietkym vysoka miera automatizacie. Uplne automatizované su vietky vstavané
nastroje na kalibraciu, profilovanie a celkové nastavenie stroja. V priebehu tlace je
kvalita farieb opakovane kontrolovand, pripadné odchylky ¢i potrebné Gpravy su
urobené ihned’ a automaticky. Nadstavbou je softvérovy nastroj Xerox FreeFlow
Core, ktorého uUlohou je selektivne a automaticky konvertovat grafiku a text na tla¢
v zlatej a striebornej farbe bez toho, aby musel byt editovany zdrojovy dokument.
Vdaka rychlosti tla¢e az 120 stran za minutu, Sirokej skdle volitelnych inline dokon-
Covacich zariadeni a schopnosti poradit si so Sirokou paletou materialov s plosnou
hmotnostou (gramazou) az 400 g/m?, sa da dosiahnut vysoka efektivita nakladov,
produktivita a rychla navratnost pociato¢nej investicie. Dal$im dévodom rychlej
ndvratnosti investicie je aj fakt, Ze Xerox Iridesse odstrariuje potrebu pouzivania
niekolkondsobnych tlacovych postupov, ktoré si bezné pre dekorativnu tlac.
Odhadovana marza pre poskytovatelov tlacovych sluzieb v oblasti dekorativnej
tlace sa moze pohybovat medzi 50 az 400 %.

Polygrafia Academica 2020 @ 41



Compressible flexographic sleeve exploitation
influence on print uniformity
and colour difference

Sasa Petrovi¢, Nemanja Kasikovi¢, Zivko Pavlovi¢, Sandra Dedijer,
Gordana Bo3njakovi¢, Ana Lili¢

Faculty of Technical Sciences, Trg Dositeja Obradovica 6, petrovic.sasa@uns.ac.rs

Abstract: Flexographic printing process is affected by a large number of different ma-
terials, components and parameters. However, the least researched, yet very impor-
tant components are sleeves and sticky back tapes. Therefore, the orientation of this
research is towards compressible sleeve exploitation influence on print uniformity and
colour difference as some of the most critical print quality parameters and printing pro-
cess stability indicators. The aim of this research is the improvement of the print quality
and printing process predictability through characterization of changes in the afore-
mentioned print quality parameters. The parameters are affected so that the colour
difference through the print-run becomes greater after exploitation, as well as the print
non-uniformity, expressed through the values of coverage. However, if expressed using
the values of mottle, the non-uniformity reduces due to the changes in various factors
concerning different materials used in the printing process.

Keywords: print uniformity, color difference, flexographic sleeve, exploitation, printing
process stability

1. Introduction

The sleeves and sticky back tapes are the components of the flexographic print-
ing process needed to ensure plate mounting. They are the least researched com-
ponents, although they can have a significant impact on the printing process. The
importance of the sleeve characteristics was emphasized in the paper [1].

Mottle represents visible heterogeneity of the print and is tightly connected
to the irregularities occurring upon transfer and absorption of the ink. [2] On the
other hand, ink transfer and absorption are affected by the printing substrate, ink
properties and printing conditions such as pressure or speed. Depending on the
type of non-uniformity, there are many different ways of its quantification to be
found in the literature [3, 4, 5, 7, 8, 9, 10].

In flexography, mottle can occur due to insufficiently clean main components of
the printing process inside the press or due to inappropriate combinations of the
ink and the substrate. Typical problems which lead to the non-uniformity of the
prints are unstable ink viscosity, the roughness of the printing substrate, uneven
thickness and absorption properties of the substrate, non-homogenous surface of
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the printing form, poor choice of the anilox or inappropriate combination of the
printing speed and the pressure. [11, 12]

2. Methods and materials

For the purposes of the study, Twinlock sleeves of medium hardness rank were
used. One set of sleeves was composed of brand new sleeves (further on referred
to as 1x sleeves), whereas the others set included sleeves previously used for
320 times (further on referred to as 320x sleeves) for the printing of around 5 000
000 m of material.

The sleeves were fitted with nyloflex FTP flat top dot printing forms, manufac-
tured by FlintGroup.

The substrate used for the printing is the CLC/C multilayer semi-cardboard coat-
ed with calcium carbonate featuring a smooth surface. This type of substrate was
used in order to avoid non-uniformity of print (in the form of non-printed areas)
due to the surface roughness of uncoated substrates.

The printing of the samples was performed at the VT Flex 175 ES printing press.
The printing speed was 600 m/min.

The sampling was performed by cutting out the printed material along the
width of the roll (from four different points), three sets of samples per length, both
for the print order deploying 1x sleeves and the print order deploying 320x sleeves.
Expressed in meters of print after reaching the full printing speed, the samples were
taken at 300, 18 300 and 27 300 m of the print run, at full speed, which corresponds
to the beginnings of the first (1.r), fifth (5.r) and seventh roll (7.r), respectively.

The quantification of the print non-uniformity was performed using software
analysis of the images of the patches obtained using the FAG Flex3Pro device with
a camera in the accompanying software for analysis

The measuring of the colour difference (dE®) was performed using the x-rite
eXact device, belonging to the group of spectrophotometers. Regarding the set-
tings of the device, M1 measurement condition was used (using D50 CIE standard
illumination) accompanied by the two degree standard observer.

3. Results

3.1. Print uniformity

Values of mottle, coverage and ISO 13660 graininess, measured on the cyan
solid tone patches for the 1.r, 5.r and 7.r printed using both 1x and 320x sleeves are
shown in Fig. 1.

Regarding the cyan patches, one of the main observations is that a drop in the
mottle values occurs with the increase in the number of printed rolls. The drop
is more significant for the 320x sample combinations. Furthermore, the values of
mottle are lower for the 320x samples, except for the 320x-1.r sample.
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Fig. 1: Print uniformity parameters - Cyan samples.

The values of coverage for cyan patches are somewhat more stable than the
values of mottle. They are as well becoming lover with the increase of the number
of printed rolls, except in the case of 320x-7.r sample. This means that the coverage
of 320x samples does not have a regular, decreasing trend, as in the case of 1x sam-
ples. Furthermore, there is no rule when it comes to the ratio between the values of

coverage between 1x and 320x samples.

The difference and the changes in ISO 13660 graininess values for cyan patches
are low and without any noticeable trend. Apart from that, the ISO 13660 graini-
ness values are low themselves, thus having no significant impact on the quality.

As for the magenta patches, the values of the print non-uniformity parameters
(Fig. 2) are somewhat higher, while retaining the same trend of changes as cyan

samples.
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Fig. 2: Print uniformity parameters — Magenta samples.
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3.2. Colour difference

The colour difference values measured using dE® formula for the solid tone
cyan and magenta patches for all of the samples are shown in Fig. 3. The colour
difference measured between the 1.r and 7.r is higher than the colour difference
between 1.r and 5.r, with the difference being the lowest between 5.r and 7.r in all
of the cases. The values of the colour difference for the cyan samples are different
from the values for the magenta samples while keeping the same trend of changes.
However, the colour difference values measured on the 320x samples are always
higher than the values measured on the corresponding 1x samples.

Wil ase

Fig. 3: Colour difference — All samples.

4, Discussion

4.1. Print uniformity

The changes in the resilience of 1x sleeve are of lower intensity and need more
time to manifest themselves fully. This means that the ink transfer is more stable,
as well as the viscosity of the thin film of ink on the printing plate due to the lower
values of hysteresis losses. All of this leads to a less pronounced change in the val-
ues of mottle.

The trend of the reduction following the growth in the number of printed rolls
occurs due to the change in hardness (resilience and stress-induced hardening)
of the sleeve compressible layer and printing plate combination. Apart from that,
the global growth of optical density occurring with an increase of the number of
printed rolls or use of 320x sleeves additionally contributes to the growth in the
print uniformity.

The drop in the values of mottle is much more pronounced in the case of 320x
sleeves. This occurs not only because of the aforementioned more significant drop
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in the resilience or increase of the hardness of the sleeve-plate combination but
due to the changes in the ink properties as well. Namely, the ink transfer is im-
proved and the viscosity reduced (increased fluidity), while a larger amount of
transferred ink enables better covering of unprinted areas and easier obtaining of
the uniform ink layer.

However, faster drying and growth in the penetration of the ink reduce its abil-
ity to cover larger non-uniform surfaces. The hysteresis losses of the compressible
layer of the sleeves and the resulting drop in the viscosity of the thin film of ink on
the printing plate are most pronounced during the printing of the 320x-7.r sam-
ples. Furthermore, the values of the coverage for these samples show growth due
to the faster drying and ink penetration.

The changes in the values of ISO 13660 graininess are negligibly small and in-
conclusive.

The changes in the uniformity parameters of the magenta samples follow the
trend of changes for the cyan samples. The individual values are higher and the
differences lower most likely due to the different rheological properties of the ink.

4.2, Colour difference

The colour difference values measured on the solid tone patches show a regu-
lar, repeatable and expected trend of change. Namely, the larger the difference
between the numbers of the printed rolls, the larger the values of the colour dif-
ference. The changes in the mechanical properties of 320x sleeves are faster and
more pronounced. This further leads to a more pronounced and faster the changes
in the parameters dependent on these properties (stress-induced polymer hard-
ening, change in the hardness of the sleeve-printing plate combination, change
in the viscosity and ink transfer). Due to the previous facts, the colour differences
between different rolls are more significant for 320x samples than for the 1x sam-
ples whose changes in the mechanical properties of the compressible layer are less
pronounced and require more time to occur, as is the case with the parameters
influenced by them.

5. Conclusion

The sleeve exploitation leads to the changes in the quality and process stabil-
ity parameters caused mostly by influencing other printing process parameters or
changing other material properties. The parameters and the materials most influ-
enced by the changes in the sleeves mechanical properties are the pressure on the
printing plate, changes in printing plate properties and change in the viscosity of
the thin film of ink further leading to changes in ink transfer and drying.

Regarding the print uniformity parameters and colour difference, the ability of
covering of larger non-uniform surfaces on the 7.r is lower due to the changes in
the ink viscosity, as seen through the higher values of coverage as one of the ways
to express non-uniformity of the printed surface. The colour difference is greater
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due to the more pronounced changes in the mechanical properties of the sleeve
compressible layer further expressed through the stress-induced hardening of the
polymer, change in the hardness of the sleeve-printing plate combination, and the
change in the viscosity and ink transfer.

On the other hand, improvement of the print quality parameters can be seen
through the reduction of the mottle influenced by stronger and faster stress-in-
duced hardening of the printing elements, the larger amount of transferred ink and
optical density and the reduction in the ink viscosity.

The stability of the printing process is negatively influenced through the more
pronounced reduction in the values of mottle with an increase in the number of
printed rolls.

Knowing the trend and the intensity of the changes induced by the sleeve ex-
ploitation makes it easier to choose the right sleeves depending on the motives to
be printed. The characterization of the sleeve influence on print quality parameters
can help in discovering the causes of many occurrences and changes in the print-
ing process, further leading to increased predictability of the product quality.
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Oddelenie technolégie a inovécii - Chemosvit Félie s. r. 0., Starova 101, Svit,
sarisky.d@chemosvit.sk

Abstrakt: The articel is written about green or sustainable possibilities in flexible pac-
kaging business. The main topic, why we are focusing on green and sustainable solu-
tions is waste, plastic waste. Why this plastic waste is so visible in oceans, seas, rivers?
Because of density of plastic, they are lighter like water, or metal, glass. The second re-
ason for such great pollution is the lack of well-developed waste management. The
European Union has developed new provisions to improve waste management as well
as to help the transition to a circular economy. These provisions are set out in Directive
(EU) 2018/852 amending Directive 94/62/EC on packaging and packaging waste. The
European Union is a pioneer when it comes to pursuing the principles of circular econo-
my. Numerous strategies are underway to address this, including:

Keywords: designing packaging that makes recycling easier, improving recycling,
plastic waste processing, development of alternative materials

1. Uvod

V dnesdnej dobe zauZivany konzumny spdsob zivota a marketingovy tlak na r6z-
norodost produktov je markantnym prispevkom k narastu spotreby plastov. Plasty
sU dnes beZnou sucastou v kazdodennom zivote ¢loveka. Mechanicko-fyzikalne
vlastnosti syntetickych polymérov vyhovuju Sirokej skale aplikacii a taktiez dokazu
nahradzat na zaklade tychto vlastnosti tradi¢né materidly kovy, sklo, papier. Plasty
su taktiez zname odolnostou voci réznym typom degradacii, vratane biodegra-
décie, ¢o sposobuje rapidny nérast plastového odpadu. To sa stalo prvotnym im-
pulzom postupnej ndhrady polymérov vyrabanych z ropy za biodegradovatelné
ekvivalenty. Hlavnym zdmerom je riesit ekologické problémy suvisiace s ndrastom
objemu plastového odpadu v odpadovom hospodarstve, ¢o ma negativny vplyv
na zivotné prostredie.

Prvotna snaha o odstranenie narastu plastového odpadu viedla k recyklacii uz
pouzitych obalovych materidlov. Ale tento proces je ekonomicky naroc¢ny, pretoze
pre samotnu recyklaciu je nutné odpad triedit a Cistit. To zapricifiuje zvysenie ceny
recyklatu v porovnani s novou surovinou. Tazba a spotreba fosilnych zdrojov su-
rovin organického povodu (ropa, uhlie, zemny plyn) prispieva k rasticemu podielu
sklenikovych plynov v atmosfére (najma CO,), ¢o suvisi s problematikou globalne-
ho oteplovania.
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Najviac rozsirenou aplikac¢nou oblastou plastov je obalovy priemysel. Riesenie
tychto problémov spociva v hladani vhodnych modifika¢nych technik, ¢i uz for-
mou Upravy spracovatelskych podmienok, vhodnou skladbou polymérnej zmesi,
alebo kombindciou oboch faktorov.

Tento prispevok sa venuje vhodnym modifikaciam a komplexnym rieseniam pre
celd radu produktov a technologickych rieeni vyuZzivanych v obalovom potravi-
narskom priemysle, nielen pri findlnom produkte ale aj na jednotlivych technolo-
gickych uzloch.

Obr. 1: Priklad plastového odpadu v ocedne.

WHERE MISMANAGED PLASTIC WASTE IS GENERATED

Obr 2: Mapa nedostato¢ného odpadového hospodarenia, kde ¢ervena farba znazormuje
najvacsie znedistenie.
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Ni¢ neochrani tak potraviny ako flexibilné filmy
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Obr. 3: Grafické znazornenie pomeru zabaleného produktu voci vahe obalu.

2. Riesena problematika

Chemosvit Folie s.r.o sa zaobera vyvojom a vyrobou flexibilnych obalov uz nie-
kolko dekad. V technologickom portféliu spolo¢nosti sa nachadza zakladna vyroba
folii cez potlacové technoldgie a nasledny findlny konverting félii a vyrobu réznych
typov vreciek.

Velkym fenomémom dnesnej doby sa stal “hon” na polyméry a nasledne plasto-
vé vyrobky z nich, k ¢omu aj vo velkej miere napomahaju rézne ,ilustracie” Siriace
sa najma novodobymi komunika¢nymi kanalmi (obr. 1). [1]

Takze aj v Chemosvit Félie sa uz dlhodo zameriavame na riesenie tejto stranky
veci. Vsetky projekty sa riesia pod hlavickou ,sustainable” a vyhovuju EU smernici
2018/852, ktort dopifia smernica 94/62/EC [2] o obaloch a odpade z obalov, kde do
roku 2025 musi byt recyklovatelnych 50 % obalov a do roku 2030 az 70 % obalov.

Samozrejme to neznaméng, ze kazdy produktu bude musiet obsahovat regra-
nular, je to len stanoveny priemer. Niektoré produkty budu moct byt vyrabané aj
z0 100 % regranuldtu a niektoré len z ¢istého polyméru, ¢o by sa samozrejme uréo-
valo na zaklade poZiadavky baleného produktu. Napriklad obal zo 100 % regranu-
[atu by sa mohol vyuzivat na:
balenie chemikalii a priemyselnych produktov
vyrobu folii pre stavebny alebo konstruk¢ny priemysel
tasky
vrecia pre zahradkarské produkty

Pre vietky typy baleného produktu su stanovené legistivne poziadavky ako
migracné parametre, vhodnost polyméru pre priamy kontakt s potravinou a pod.
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Co je hlavnym dévodom tejto situacie, pre¢o ndm do rozbehnutej linearnej eko-
nomiky vstupuje velké mnozstvo smernic? Je to znecistenie, chybajlca legislativa
a nedostatok rozvinutého odpadového hodpodarstva naprie¢ svetom (obr.2).[3]

Novym modelom rieenia je zavaddzanie cirkularnej ekonomiky vo vsetkych
oblastiach priemyslu, jej podstatou je spravne uz na zaciatku dizajnovat plastové
vyrobky a obaly tak, aby po ich pouziti sa vedeli bezodpadovo spracovat a vrétit
naspat do retazca. Aby sa ,zivotny cyklus” dokazal predlzit na maximalnu moz-
nu mieru, a to aj v pripade obmedzeni, ako je degradacia polymérnych retazcov
a z toho vyplyvajuca vysledna zmena vlastnosti polymérov. Dal3imi spésobmi, ako
dosiahnut poziadavky europského parlamentu, su redukovanie hmotnosti obalu
a spravne dizajnovanie obalu este pred vyrobenim tak, aby bol vhodny na recyk-
laciu a taktiez aby produkt bol zabaleny vo vhodnom obale, tako to uvédza Studia
graficky znazornena na obrazku 3 [4], na ktorom je mozné vidiet, ako vytaznost
obalu zabezpecuje znizovanie odpadu.

2.1. RieSenie problematiky v Chemosvit Félie s. r. o.

A ako sa pasuje spolo¢nost Chemosvit Folie s tymito nastavenymi cielmi? Je to
rozbehnuté na viacero stran a uhlov pohladu, cez zavadzanie programov na Setre-
nie energie, vymeny kompletného 3pecidlneho osvetlenia, ktoré v tlaciarenskych
vyrobnych halach je kld¢ovou podmienkou pre bezproblemové dosahovanie kva-
litativnych parametrov, az po nastavenie logistickych systémov a baliacich faktorov
zameriavajucich sa na znizovanie odpadu z prepravného obalu, pouzivanie vrat-
nych plastovych paliet a pod.

Z technologického uhla pohladu zakladnym faktorom je dizajn a vyroba oba-
lovych materidlov s moznostou naslednej recyklécie, kde sme si stanovili zaladnu
klasifikaciu folii:
monofdliové struktury
lamina¢éné Struktury na polyetylénovej polymérnej baze
laminacné struktiry na polypropylénovej polymérnej baze
laminacné struktury na polyesterovej polymérnej baze
vrecka s funkciou viacndsobného pouzitia

Dolezité je taktiez zniZzovanie hrubok jednotlivych félii, implementacia farieb
s lepsou vytaznostou a znizenou spotrebou riedidlovych systémov. Priprava recep-
tov pre vyrobu zakladnych folii s percentudlnym zastipenim PIR — post industrial
recyclate alebo PCR - post consumer recyclate.

Dal3im faktorom je implamentacia novych technologickych zariadeni do vyrob-
ného portfélia, ako su regranulacné linky. Vietky nové tlacové stroje uz su dizaj-
nované na znizenie spotreby energii, zvysenie efektivity a automatizaciu ¢innosti.
TaktieZ instalujeme inovativne tlaciarenské technoldgie, ako ofset na potlac flexi-
bilnych félii s vytvrdzovanim farieb elektronovym lic¢om, kde vplyv na Zivotné pro-
stredie je minimalny v porovnani s doteraz zndmymi a beZne vyuzivanymi tlacovy-
mi zariadeniami s riedidlovymi systémami.
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Samozrejme v portféliu je este niekolko rozpracovanych projektov, z ktorych

velké mnozstvo je v pripravnej faze alebo oc¢akévani na prvotné vysledky.

Podakovanie

Dakujem kolektivu oddelenia technolégie a inovacii, bez ktorych by tieto pro-

jekty nemohli napredovat. Taktiez vdaka patri aj celému timu ludi, ktori podporuju
tieto projekty, ¢i uz v komunikaciii s dodavatelmi alebo zakaznikmi.

3.

1.
2.

3.
4.
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Neografia vcera, dnes a zajtra
Aurel Hricov, Igor Arvensis

Neografia, a. s., Martin-Priekopa, Slovensko
aurel.hricov@neografia.sk

Historia

Pociatky vzniku tlaciarni v Martine (vtedajsom Tur¢ianskom svatom Martine) sia-
haju do druhej polovice 19. storocia, ked' v roku 1869 vznika zdruzenie malych, lo-
kalnych tlagiarni pod skratkou KUS - Knihtlaciarsky U¢astinarsky spolok. Produkcia
vacsinou zahfnala vydavanie a tla¢ po slovensky pisanych textov. DéleZitou bola
blizkost Matice slovenskej, slovenskej kultirnej ustanovizne, ktora bola zalozena
v Martine na prvom valnom zhromazdeni 4. augusta 1863.

Tradiciu vydavatelskej cinnosti a vyroby knih prevzala neskér Neografia.
Spisovatel Jozef Ciger Hronsky, vtedajsi predseda Matice Slovenskej, zaloZil v roku
1942 novu tlaciaren spojenu s vydavatelstvom knih a ¢asopisov, pod ktoru pre-
Siel aj Knihtlaciarsky tGcastinarsky spolok. Projekt dostal meno,Neografia’, ktoré je
kombinaciou gréckych slov,,néos” a,graphia“, oznacujucich starodavnu reproduk¢-
nu techniku s predponou ,nova”.

Neografia v roku 1948 vytlacila prvu slovensku farebnu obrazovu publikaciu,
subor fotografii Antonina Becvara — Vysoké Tatry.

Pociatku exportu do krajin zapadnej Europy v roku 1956 predchadzala rozsiahla
modernizécia strojového parku hlavne pre ofsetovu a hlbkotlacovu produkciu, kto-
ré sa stala zdkladom pre spracovanie naro¢nych obrazovych publikacii.
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Postupne pribudali nové moderné viacfarbové harkové ofsetové stroje a kotu-
Cové ofsetové stroje vo forméte 16 stran A4, neskdr dva vykonnejsie a formatovo
vacsie — 32 stran A4. Popritom sa pravidelne modernizovali stroje dokonc¢ovacieho
spracovania.
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Posledna vyznamna modernizéacia prebehla v roku 2013 otvorenim nového
vyrobného aredlu mimo centra mesta o velkosti troch futbalovych ihrisk. Su¢asne
prebehla dalsia obnova strojového parku. Postupne sa zakupili dve nové osvitové
jednotky s automatickym naklada¢om platni, dva nové harkové ofsetové stroje for-
matu BO, nova kombinovana linka na zavesovanie makkej a tvrdej vazby a imple-
mentoval sa novy vyrobny a informacny systém.

Sucasnost

Aj v sucasnosti patri Neografia a.s. medzi popredné polygrafické podniky
v strednej Eurépe, ¢i uz ide o pocet zamestnancov, ro¢né trzby alebo mnozstvo
potlaceného papiera.

Statistika za rok 2019

Obrat [tis. €] 40 851
Pocet zamestnancov 467
Mnozstvo potlaceného harkového papiera [tis. harkov] 108 243
Mnozstvo potlaceného harkového papiera [ton] 11576
Mnozstvo potla¢eného kotucového papiera [ton] 14 005
Pocet vazieb V1 [tis. ks] 48773
Pocet vazieb V2/V4 [tis. ks] 18 259
Pocet vazieb V7-9 [tis. ks] 4857

Podnik sa musel vyrovnat s postupnym znizovanim produkénych nakladov po
vypuknuti financ¢nej krizy v roku 2008. Ak sa predtym priemerny néklad pohybo-
val okolo 15.000 kusov, sucasny pokles sa pohybuje na hranici 3.000 kusov. Nie su
vzacne ani naklady knih pod 500 kusov.

Medzi najvdcsie vyzvy v sucasnosti pre polygrafické podniky patri Siroké rozpatie
poziadaviek zakaznikov, ¢i uz ide o spracovanie naro¢nych grafickych navrhov, po-
uzitie novych netradi¢nych materiadlov alebo o vyslednu formu produktu. Niektoré
zakazky uz nie su jednoduchymi objednédvkami, ale su to v podstate projekty, kde
v réznych fazach spracovania, po¢nuc u vydavatela a konciac v tlaciarni, sa musi
stanovit optimalne rieSenie, ako postupovat dalej.

Ako priklad mozno uviest pripravu a prvu tlac¢ faksimile Gutenbergovej biblie
zroku 1454. Hlavnu zasluhu na vydani diela ma profesor Stephan Fussel, pdsobiaci
na Ustave kniznych vied Univerzity Johannesa Gutenberga v Mainzi.

KedZe z pravdepodobnych 180 vytlackov sa dokazatelne zachovalo 49 a vacsina
je netplnych, bolo potrebné vyhladat taky exemplar, ktory by popri Uplnosti spifial
aj podmienky pre ¢o najkvalitnejsiu vyslednu reprodukciu vhodnu do tlace.

Biblia bola tlacend na viackrat a Gutenberg pouzil zakazdym iny druh papiera.
U vacsiny zachovanych knih bol papier stmavnuty a tla¢ pisma na miestach vybled-
nutd az neviditelnd. Nakoniec prisne kritéria pre reprodukovanie splnil vytlacok,
ktory pochadzal z Univerzitnej kniznice v Gottingene.
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GUTENBERG.-
BIBEL

Von 1454

Vydania publikacie sa ujalo vydavatelstvo Taschen, ktoré je povestné vysokymi
narokmi na grafickd Upravu diel a nasledne na kvalitu spracovania. Niekolkokrat
boli prerokovavané a vyberané zlatiace félie, kapitaliky, stuzky a kniharske platno.

Bolo vyrobenych niekolko makiet aj s razbou na platno. Specialna pozornost
bola venovana transportnému obalu (mail-boxu), nakolko komplet pozostaval
z dvoch dielov a jednej brozury sluziacej ako komentar k vydaniu.

Titul bol realizovany v Styroch jazykovych mutéciach a jeho vydanie zazname-
nalo Siroky ohlas u odbornej aj laickej verejnosti. Pre Neografiu, a. s., bol ako prejav
uznania kvalitnej remeselnej prace moment, ked' jeden vytla¢ok Gutenbergovej
biblie prevzal ako dar z ruk prof. Flissela osobne papez Frantisek.
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Pohlad do buducnosti

Aj v buducnosti sa bude Neografia, a. s., prispésobovat novym poziadavkam
trhu a pruzne reagovat na zmenu spotrebitelskych navykov. Klucovou ulohou je
skracovanie ¢asov vyrobného retazca, hlavne standardizaciou procesov a materi-
alov.

Zékaznici sa na trhu chcu vyraznejsie odlisit od konkurencie, preto su neustéle
kreativnejsi a pozaduju vyssiu pridand hodnotu svojich vyrobkov vy$Sou mierou
zuslachtenia vyrobkov. Tla¢iarer na tieto vyzvy musi byt pripravena. Ci uz pravidel-
nou modernizéaciou strojov a zariadeni, alebo automatizaciou procesov manipula-
cie s materidlmi, ich nakladanim a vykladanim.

Nemenej dolezitd je stabilizacia ludskych zdrojov a ich vychova vo vlastnej rézii.
Neografia, a. s., v sucasnosti ako jedina tlaciaren na Slovensku realizuje vychovu
mladych odbornikov v polygrafii v ramci dudlneho vzdelavania.

Predpoklada sa, ze aj napriek zvySenej produkcii v digitdlnej podobe polygrafic-
ka produkcia knih a ¢asopisov preZzije aj toto storocie.
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Fiber composites in 3D printing
Diana Gregor-Svetec

University of Ljubljana, Faculty of Natural Sciences and Engineering, Snezniska 5, Ljubljana,
Slovenia, diana.gregor@ntf.uni-lj.si

Abstract: Today, several methods of printing polymer composites using 3D technol-
ogy are available; one of them is Fused Deposition Modeling (FDM). A FDM process
can be utilized to print thermoplastic filaments filled with fibers. In our research, bio-
composites made with the addition of cellulosic fibers to the PLA polymer were stud-
ied. Mechanical properties of 3D printable composite filaments were determined and
compared with PLA filament. The addition of fibres resulted in better resistance of fiber
composites to compression and bending, whereas tensile properties deteriorated. To
evaluate tensile properties of 3D printed parts, test specimens with two fill densities
were printed. Higher fill density resulted in better tensile properties, though the differ-
ence is quite small. Among tested fiber composites, the best results were obtain for the
composites made with the cotton fibres.

Keywords: PLA, fiber composite, cellulosic fibers, 3D printable filament, FDM.

1.Introduction

Extrusion-based processes are among the most widely used AM technologies,
currently dominated by fused deposition modeling (FDM) [1]. The most common
materials used in FDM are amorphous thermoplastics, such as ABS, PLA, PA and PC
[2]. To improve some properties and broaden applicability, PLA polymer is blended
with resins and mixed with fillers, such us micro-and nanoparticles or fibres [3, 4].
PLA reinforced with a tiny chopped strands of carbon fibers, gives typically weak-
er polymer added strength and stiffness [5]. PLA filament filled with glass fibers
is stronger, tougher, and more flexible than pure PLA filament [6]. Printed object
made from filament filled with wood fibers looks and feels wood-like, also smells
like real wood [7]. Natural fibres (flax, hemp, jute, cotton, bamboo, wood fibres)
added to PLA polymer give 3D printed object natural look, resembling plant or
wood products [8].

In our research, biocomposites made with the addition of cellulosic fibers to
PLA polymer were studied. Mechanical properties were determined.

2.Experimental

The 3D printable filaments were produced from PLA polymer, blended with
the textile cellulosic fibres at the Faculty of Polymer Technology in Slovenj Gradec,
Slovenia. Among cellulosic fibres, cotton fibers, and two regenerated cellulosic fi-
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bres, viscose and lyocell, were used. Fibres were added to the PLA polymer in the
same mass ratio, 10 wt.%. A pure 3D printable PLA filament was also manufactured
and tested as a reference sample.

Linear density of filament was determined with the weighing the predeter-
mined length of filament on the analytical balance Mettler AE2000. The diameter
of the filament was measured with a micrometer Mitutoyo at 20 kPa. The density
was calculated as a ratio of mass per unit volume. The colour coordinates mea-
surement, according to standard EN-ISO 105-J01, was performed using the spec-
trophotometer Spectraflash 600 PLUS (Datacolor), under following conditions:
d/8° D65/10°.

The time of sound wave propagation through a filament at a frequency of 160
Hz was measured using Pulse Propagation Meter PPM-5R (H. Morgan, Co). The lon-
gitudinal speed of sound waves traveling through the filament was calculated as a
ratio of the distance and time of the pulse propagation.

The tensile properties of 3D printable filaments were determined according to
ASTM D2256 using the tensile testing machine Instron 5567 (Instron). The gauge
length of test specimens was 100 mm and the testing speed was set to 10 mm/
min. The bending resistance was determined with the 2-point bending test. The
force required to obtain a 15° deflection of a test specimen at 50 mm distance was
recorded. The compression force was measured by compressing the filament to
half its thickness, using an Instron 5567 tensile testing machine.

Test samples were printed using a commercial FDM 3D printer Zmorph 2.0 SX.
The printing temperature was set at 195°C and the building platform temperature
at 80°C. The 3D printed tensile test samples were prepared according to ISO 527-2
with fill density 40% and 100%. The maximum force, tensile stress and strain were
recorded and elastic modulus was calculated as a tangent of the slope of the stress-
strain curve.

3.Results and Discussion

3.1. 3D printable fiber composite filaments

The addition of textile cellulosic fibers has some influence on the visual ap-
pearance of 3D printable filaments (Fig. 1). Added fibers are seen as small specks
in the filament. PLA filament is transparent with smooth surface. All three fiber
composites exhibit surface irregularities as a consequence of viscoelastic insta-
bility during extrusion. Flow instability is represented as a roughening of the sur-
face and distortion of the filament, also known as sharkskin effect. The highest
surface irregularities are seen at PLA/LYOCELL filament. Fiber composites differ
also in colour as seen from Fig. 1 and Tab. 1. The highest lightness and whiteness
exhibists PLA/COTTON fiber composite, whereas fiber composites made with re-
generated cellulosic fibres are more yellowish. The highest value of coordinate b*
and yellowness is seen at PLA/VISCOSE filament.
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Tab. 1: CIE L¥, a*, b*, C*, CIE whiteness (CIE W) and yellowness (YI) for 3D printable fiber
composite filaments.

L* a* b* CIEW Yl
PLA/ 88.89 -1.63 3.1 57.08 18.75
COTTON
PLA/ 53.74 -0.63 9.55 28.24 26.84
LYOCELL
PLA/ 57.55 1.19 11.02 25.97 28.61
VISCOSE

PLA/COTTON  PLA/LYOCELL PLANISC

Fig. 1: Visual appearance of 3D printable fiber composite filaments.

Tab. 2: Technological properties (linear density, diameter), density and sound wave velocity
of 3D printable filaments.

Sample Linear density Diameter Density Sound wave
[ktex] [mm] [g9/cm?] velocity
[km/s]
PLA 2,63 1,67 1,273 2,69
STDV 0,313 0,058 0,072 0,453
PLA/COTTON 3,06 1,84 1,150 3,24
STDV 0,057 0,032 0,0034 0,254
PLA/LYOCELL 2,39 1,73 1,021 2,72
STDV 0,109 0,026 0,0065 0,045
PLA/VISCOSE 2,37 1,68 1,064 2,78
STDV 0,369 0,095 0,0221 0,083

The 3D printable filaments containing regenerated cellulosic fibers (lyocell,
viscose) have almost identical technological properties (linear density, diameter),
similar density and sound wave velocity, that suggests a similar structural order
(Tab. 2). The 3D printable filament made with cotton fibers has higher diameter,
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consequently higher linear density (20%) and density (10%), as well as sound wave
velosity (15%). Compared to PLA filament, both fiber composites containing regen-
erated cellulosic fibers, show at similar thickness up to 20% lower density, but the
same sound wave velocity.

Tab. 3: Mechanical properties of 3D printable filaments.

Sample Tensile Strain at Elastic mo- Force at Force at
stress break [%] dulus [GPa] compres- bending
[MPa] sion [kN] [cN]
PLA 54,45 4,63 1,91 4,81 21,37
STDV 3,26 2,60 0,19 0,35 5,53
PLA/ 45,81 345 1,74 7,93 58,01
COTTON
STDV 5,754 0,363 0,219 0,270 4,762
PLA/ 38,66 3,34 1,52 7,53 38,84
LYOCELL
STDV 2,230 0,356 0,069 0,294 3,041
PLA/ 40,17 3,22 1,66 6,66 41,67
VISCOSE
STDV 3,325 0,406 0,048 0,793 8,509
* PLA/COTTONM * PLA/LYOCELL PLAVISCOSE PLA
B0
PLA

50
PLA/COTTON

g PLA/LYOCELL

FLANVISCOSE

Tensile stress (MPa)

20

0 0s 1 15 2 25 3 35 4 45 5
Strain (%)

Fig. 2: Tensile stress vs. strain curves of 3D printable fialments.

The 3D printable PLA/COTTON filament shows the best mechanical properties
among fiber composites, as seen from Tab. 3. The tensile stress at break is higher by
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15%, strain by 7%, elastic modulus by 13%, compression force by 10%, and flexural
force by 35% compared to the other two fiber composites. The fiber composites
containing regenerated cellulosic fibers (lyocell, viscose) have more similar me-
chanical properties. They differ more in rigidity and compressibility than in tensile
properties; elastic modulus, the force required to bend or to compress the filament
differ by up to 10% (Tab. 3).

The most obvious change in tensile properties seen from Fig. 2 is lower drawa-
bility of fiber composites compared to pure 3D printable PLA filament. The strain
at break is between 3,2% and 3,45%, lower for 1,5%. Also the stress at break is sub-
stantially lower, expressed in percent, 15 to 30%. Addition of cotton fibres didn‘t
affect the behaviour of filament under increasing tensile force acting on it, except
at break. Addition of regenerated cellulosic fibres has greater influence, especially
addition of viscose fibres. For this two filaments, a lower tensile force is needed to
achieve a certain degree of elongation, meaning that they are less strong, more
prone to deformation.

Addition of fibers to PLA polymer improved resistance of 3D printable fiber
composite filaments to compression and bending. The force needed to compress
the filament to half of its diameter is higher 40 to 65%, and the bending force is
2-fold higher. Mechanical properties are in good correlation with the sound wave
velocity (r,, = 0,86-0,9).

3.2. 3D printed parts

Tensile properties of 3D printed parts, fabricated from fiber composites,
with two different fill densities are shown in Fig. 3.

5
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1

100% fill
WPLA/COTTON  =PLALYOCELL PLANMISCOSE b
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(I
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I =
B

n

)
s
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H

40% fill 100% il

SPLACOTTON =PLALYOCELL #PLAVIS BPFLA/COTTON  =PLALYOCELL #PLANVISCOSE

(o]
o

Fig. 3: Tensile properties of filaments and 3D printed parts with 40% and 100% fill density:
a) tensile stress, b) tensile strain, c) elastic modulus, d) tensile energy.
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As seen from the Fig. 3, some differences in tensile properties between 3D
printed specimens that were printed with a different fill density exist, though they
are quite small. The elastic modulus, tensile strain and tensile energy are higher at
all three fiber composites printed with 100% fill density, as well as tensile stress,
with one exception. The smallest difference in tensile properties is for PLA/LYOCELL
prints, the highest for PLA/VISCOSE printed samples.

Compared to the tensile properties of filaments, the 3D printed fiber compos-
ites have inferior tensile properties. At 3D printed fiber composites containing re-
generated cellulosic fibers (lyocell, viscose), the tensile strength is reduced by 10 to
30% and elastic modulus up to 50%. At the 3D printed fiber composite made with
cotton fibres, elastic modulus is about 30% lower, while the tensile stress is several
percent higher.

3.Conclusions

Behaviour of the 3D printable fiber composite filaments under tensile, bending
and compression load was evaluated. The addition of cellulosic fibres resulted in
better resistance to compression and bending, but also in deterioration of tensile
properties. 3D printed parts show higher stretchability and toughness, lower stiff-
ness and tensile strength compared to filaments. The best results were obtained at
PLA filled with the cotton fibres.
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Abstract: This paper provides a brief overview of the world of pretreatment for ink-
jet décor. Décor consists of a carrier (e.g. chipboard) with a covering “décor” layer. This
décor layer consists of a printed décor paper, which is dipped (impregnated) in a (me-
lamine/urea) resin and subsequently laminated (high pressure @ 140 - 230 °C) onto
a chipboard or similar substrate. The papers used are optimized for gravure printing
technology, which is actually the most common printing process on the market. That
means therefore that the substrates are porous for high speed, which is completely
the opposite to inkjet, which needs slow speed and semi porous substrates. Hence the
reason for pretreatment being done prior to printing in order to keep the ink on the
top surface to get the best color gamut. During impregnation, the resin fills the hol-
low areas of a paper substrate, and afterwards, during lamination, the crosslinking of
mono- and oligomers occurs: polycondensation i.e. condensation is occurring. For this
process, glycols and OH carriers can be integrated in the process. Some of them are in
the inks as humectants, some of them can be integrated in the precoating. Here we
report on 4 different glycols — in different concentrations — and their influence on the
quality aspects of the final laminated product. The samples were checked for steam-
and scratch-resistance, color and Gurley measurements were also done.

Keywords: décor, inkjet, single pass, glycol, precoating

1. Introduction

Here we provide a brief overview of the world of pretreatment for inkjet décor.
Décor consists of a carrier (e.g. chipboard) with a covering “décor” layer. This décor
layer consists of a printed décor paper, which is dipped (impregnated) in a (mela-
mine/urea) resin and subsequently laminated (high pressure @ 140 — 230 °C) [1]
onto a chipboard or similar substrate. The papers used are optimized for gravure
printing technology, which is still the most common printing process on the mar-
ket. That means therefore that the substrates are porous for high speed, which is
completely contrary to inkjet, which likes slow speed and semi-porous substrates.
Hence the reason for pretreatment with precoating done prior to printing, to stop
and spread the ink on the top surface to achieve the best color gamut and get
sharp lines. [2,3]
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During impregnation, the resin fills the hollow areas of a paper-substrate, and
afterwards during lamination, the crosslinking of mono- and oligomers occurs: po-
lycondensation, i.e. condensation is emitted [1]. For this process, glycols and OH
carriers can be integrated in the process. Some of them are in the inks as humec-
tants, some of them can be integrated in the precoating. Here we report about
4 different glycols in different concentrations and their influence on the quality
aspects of the final laminated product. The samples were checked for steam- and
scratch- resistance, color and Gurley measurements were also done.

The simple schematic polycondensation reaction could be compared with the
work of Mahler [1]. The monomers of triazin can first be stabilized by an alcohol or
formaldehyde. Special diols or triols can influence the subsequent resin product
with regard to plastic characteristic or brittleness [1].

Hence the reason why we study the influence of the composition of such a layer
on the quality behaviour of the whole product.

2. Experiment, results and discussion

On a laboratory web printing machine (Fig.1), décor paper (Koehler white,
65 g/m?) was pretreated with precoating fluid. The lab coating unit is comparable
with a RotaJET coating system for décor application: Anilox cylinder with a theoreti-
cal volume of 10 ml/m? transferring to a flexo roller and then to a paper, the wet lay-
down was approx. 4 g/m> The viscosity was determined by an ISO — 4 mm cup with
15 =17 seconds. The addition of glycols did not influence the viscosity significantly.

The basic fluid (CCF XP13) is a standard precoating developed by Koenig &
Bauer Digital & Webfed AG & Co. KG - for the décor application which was modified
by adding glycols in different concentrations. The added glycols were of technical
quality.

Tab. 1: Concentrations of added glycols in precoating: monoethylene glycol (MEG), diethy-
lene glycol (DEG) and polyethylene glycol (PEG) with 4000 and 6000 M,,.

conc. [wt%] MEG DEG PEG 4000 PEG 6000
1 X X X X
2 X X X X
3 X X X X
5 X X X X

The printing speed was 30 m/min, the applied amount of ink was @ 100% ap-
prox. 6,5 g/m?, the ink limit was set @ 250% (total ink laydown of 15 - 16 g/m?). The
Samba G3L HF print head from Fuji Dimatix was used for printing. The precoating
and the ink were dried by IR-drying unit in combination with hot air. The drying
time was less than 1,5 seconds in total. The ink is commercially available especially
for the decor application, the pigments are tested for lightfastness. (Ink: RotaColor
222, coming from Koenig & Bauer)
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Fig. 1: Laboratory R2R printing machine: mini RotaJET. After unwinding we have the flexo-
graphic coating unit for precoating with a doctor blade chamber (DBC), gravure cylinder
(GCQ) and flexo cylinder (FC). The precoating layer is than dried in an NIR-dryer. The web is
then printed at the central cylinder (CC) and dried in the IR-dryer, after which it is finally

rewound.

Porosity of the substrate is necessary for impregnation. The common way of
checking it is with the Gurley measurement system. For industrial impregnation,
a value below 25 seconds is aspired. All measured values were below 20 seconds.

The printed samples were impregnated in melamine resin. An overlay was
placed on the printed surface as top layer. The HPL pressure was p = 298 bar for a
time of 5 minutes at T = 140 °C; subsequently cooled down to 30 °C. KT conditions
for chipboard were 2 minutes at 175 °C. The plate surface was matt.

After a minimum of 24 hours the samples were evaluated in a laboratory. There
is a small decrease of optical density with the samples with DEG, but in general,
no significant color differences could be observed with regard to the content of
glycols in the precoating. The chipboard samples show less difference in the values
than the thin HPL products.

Optical density on Foil samples
2,0

1 2 3 5 1 2 3 5 1 2 3 5 1 2 3 5 0

MEG DEG PEG4000 PEGE000  XP13-L42
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Fig. 2: Optical densities on 100% ink covering areas of foil samples.
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Optical density on chipboard samples
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Fig. 3: Optical densities on 100% ink covering areas of chipboard samples.

Steam & scratch-test on chipboard samples
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Fig. 4: Results from steam and scratch test on chipboard samples as illustrated:
best result 5, worst result 1.

A steam test was done: for one hour the sample was placed above a beaker
with boiling osmotic water. After 1 and 24 hours the differences on the surface
were controlled. The test was not fully in conformity with DINEN438-2, as described
in point 14, there was no shield against IR radiation [4]. Evaluation of the steam
test: no change: 5 points; small change visible under glossy angle on the surface:
4; change visible and haptic perception possible: 3. All results were in this region,
the values of scratch-test scatter of the HPL products were a little bit higher than
for chipboard but similar in optical density but differing depending on additive.

A scratch test was done with a cutter. # shaped lines were notched into the sur-
face at 100% coverage areas of cyan (C), red (R), yellow (Y) and black (K). The adhe-
sion of the top resin layer on the printed surface was in view. (See Fig.6)
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Tab. 2: Classification for scratch test.

top layer completely split off the coloured paper

nearly everything split off the colored paper

cutting line can be recognized, strong split-off

light split-off along the cutting line

vk w|INn |-

no split-off

The cutting lines were slightly worse with PEG 4000 with both types of carrier.
The differences were difficult to define despite the classification table. In general,
the addition of glycols to precoating reveals better performance with regard to
brittleness. This corresponds to expectations from the work of Mahler [1].

On some samples, small remains of bubbles could be observed. (Fig.7) This
could be caused by vaporising water from the condensation during the lamination
process and could be observed only on samples with EG content.

Fig. 5: Detail of samples at cross-cut position: with sharp edges without split off (left),
and small split off, ca. 200 x 100 um (right, red arrow).

Steam & scratch-test on Foil samples
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1 I I I
i 2 3 51 2 3 51 2 3 5 1 2 3 5 0
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Fig. 6: Results from steam and scratch test on foil samples as illustrated:
best result 5, worst result 1.
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Fig. 7: Surface glossy areas shows defects; EG 3% - chipboard - sample.

3. Summary

Different glycols in various concentrations were tested in addition to a CCF XP13
commercial precoating developed at Koenig & Bauer. The HPL and KT lamination
was done at INTERPRINT. Slight differences in the results could be observed be-
tween the lamination products depending on the carrier: the thin HPL product
seems to be more sensitive to changes in the precoating in both characteristics:
optical density and mechanical/chemical strength.
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tesa® CaRes - inovativne pasky v papierenskom
a polygrafickom priemysle
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Abstract: The increased use of calcium carbonate (CaCO3), particularly as a pigment
for coated papers, represents a major challenge for repulpable adhesives. Calcium ions
are released by the pigment and migrate into the adhesive. The results: increasing ad-
hesive varnishing, declining adhesive strength and possible seam failure, particular-
ly in so-called permanent splices. This effect has been successfully reproduced in the
Hamburg tesa laboratory which has produced an effective solution to this problem, the
new tesa® CaRes series

1. CaCO,: Uspesny pribeh v papierenskom priemysle

Uhli¢itan vapenaty (CaCO,) preziva velky rozmach v papierenskom priemysle
ako povrchovy néter aj ako plnidlo v papieri. Pouzivanie CaCO, ako plnidla je atrak-
tivne jednak kvoli dobrym moznostiam Upravy vyslednych vlastnosti papiera, ako
aj kvoli znizeniu materidlovych nakladov.

Pouzivanie CaCO; ako plniva a naterového pigmentu v rdmci ¢lenskych krajin
CEPI sa medzi rokmi 1991 a 2018 viac ako zdvojnasobilo. (Obr. 1)

CEPI Non-Fibrous Materials Consumption

Million Tannes

@ Clays Calcium Carbonates @ Starches Other Non-Fibrous Materials

Obr. 1: Spotreba nevldknitych materidlov v ¢lenskych krajinach CEPI .
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Predpokladom uspechu pri pouziti CaCO; pri vyrobe papiera je vyrobny proces,
ktory sa nepretrzite prispdsobuje vysokym podielom pigmentu. Kazda vyrobna
faza musi spifat vysoké normy kvality a bezpe¢nosti. Vyrobné kroky, pri ktorych
sa pouzivaju lepidla alebo lepiace pasky, si vyzaduju osobitnl pozornost, pretoze
prichddzaju priamo do styku s povrchom papiera. A to znamena priamy kontakt
s potencidlne velkym percentudlnym podielom CaCO..

Cim viac uhli¢itanu vapenatého sa pouziva, tym délezitejsie je pouzitie lepidiel,
resp. lepiacich pasok, ktoré su specificky prispdsobené na kontakt s CaCO;. Ak sa
pouziju standardné vodorozpustné lepiace pésky, nie je zarucené, Ze ich lepivost
bude trvala. To méze byt problematické pri permanentnych spojoch, ktoré musia
zostat spolahlivo zataZitelné po dlhu dobu. Pre standardné vodorozpustné pasky
moze ale presne toto byt velkym problémom.

2.Vodorozpustnost lepiacich pasok: zakladné predpoklady

Vietok odpad z vyroby, ktory vznikd pocas vyroby papiera, musi byt plne vodoroz-
pustny, aby sa mohol vratit do buniciny ako cennd surovina. Vodorozpustnost vsetkych
surovin a pomocnych materidlov je preto v dnesnej vyrobe papiera Standardom.

Zvysky z nerozpustnych lepidiel sa tu stavaju skuto¢nym problémom. Zhlukuju
sa spolu, kontaminuju vodolatku vo forme zhlukov, ktoré sa potom musia naro¢ne
filtrovat, pricom je velké riziko, Ze tieto zhluky vo vodolatke zostanu. V najhorsom
pripade sa dokonca moze stat, Ze sa tieto zhluky dostant az do papierenského stro-
ja, kde je velké riziko roztrhnutia pasu papiera pocas prechodu papierenskym stro-
jom, ¢o predstavuje zna¢né naklady nielen stratou vyrobného ¢asu ale aj zlozitym
Cistenim papierenského stroja.

Adhesion Cohesion
T, |
RN

Substrate

Substrate

Bonding stength inner strangth of the achesive —
of tha adhesiva (0 1ha substrate “Holding Powar”

Wetling of adr

Obr. 2: “Magicky trojuholnik’, spektrum vlastnosti lepidla, vyvazenie adhézie,
kohézie a okamzitej lepivosti. Zmena jednej vlastnosti
ma priamy vplyv na ostatné dve.
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PIna vodorozpustnost je preto zékladnym predpokladom pre vysoko kvalitné
lepiace pasky uréené na pouzitie v papierenskom priemysle. Vyzvou pre lepiace
pasky je okrem toho aj spravne vyvazenie ich troch zakladnych vlastnosti, adhéziu,
kohéziu a pociato¢nu lepivost (tzv.,tack”)

To je mozné ilustrovat na priklade lepiacej pasky urc¢ené na trvalé spoje: vysoka
pociatocna lepivost je velmi dolezita pre jej funkénost, ked spoj sa robi pod velkym
¢asovym tlakom a paska musi ihned vytvorit pevny spoj. Vysoka adhézia je dolezita
pre pevné spojenie oboch substratov a kohézia urcuje pevnost v Smyku vytvore-
ného spoja.

Optimalizacia tychto troch vlastnosti v takzvanom ,magickom trojuholniku”
(obr. 2) vyzaduje velké skusenosti nakolko vylepsenie jednej vlastnosti sposobi
zhor3enie ostatnych dvoch.

3. Lepiace vlastnosti: Vodorozpustné lepidla su zranitelné.

Ziadne lepidlo vyrabané komeréne nie je plne odolné voci problémom spdsobe-
nym interakciou s CaCO;. Je to dané specifickym chemickym zloZzenim umoznujicim
vodorozpustnost. Standardom na trhu st vodorozpustné lepidla ktoré maju dihé po-
lymérne Struktiry na akrylatovej baze s vysokym podielom kyseliny akrylovej.

Tento podiel kyseliny akrylovej je dblezity pre vodorozpustnost aj ako reaktant
pre kontrolované presietovanie lepidla.

Vysledkom je, ze vodorozpustné lepiace pasky su zlozené z makromolekdl, s po-
cetnymi kyslymi skupinami, ktoré robia lepidlo vodorozpustnym.

Pomocou vhodného sietovacieho cinidla je mozné pomocou tychto kyslych
skupin nastavit potrebnu kohéziu lepidla. Dve az tri kyslé skupiny na molekulu
polyméru su na tento Ucel spojené s kyslymi skupinami inych molekul polyméru.
Pouzivaju sa sietovacie ¢inidld, ako su idny kovov. Reaguju s funkénymi kyslymi
skupinami réznych molekul polyméru a kombinuju ich. V tomto je doélezité dav-
kovanie sietovadla: Zosietovat moéze iba zlomok zakladnych skupin. Ak je ich prilis
vela, molekularna siet sa stava prilis hustou, kohézia je nadmerne vysoka, zatial ¢o
miera adhézie a pociatoc¢nej lepivosti klesa. V idealnom pripade tvori teda lepidlo
v lepiacej paske presietovana struktira makromolekul s dostato¢nou kohéziou pre
danu aplikaciu. Pohlad na,magicky trojuholnik” tento Gc¢inok objasnuje.

Pretoze nadmerna miera kohézie znizuje adhéznu silu, lepidlo straca svoju p6-
vodnu funkcnost. Nefunkénou sa preto méze lepiaca paska stat aj v pripade ked
bola v ¢ase aplikacie plne funkénou - vplyvom vonkajsich podmienok.

Rovnaky CaCO,, ktory je tak vyhodny v mnohych dalsich ohladoch, ma takto
negativny vplyv na vodorozpustnu lepiacu pésku.

4. Riziko sposobené pigmentami: iony vapnika znizuju silu
adhézie

Vyskumy v laboratériach spolo¢nosti tesa Hamburg potvrdzujd, Ze pigmen-
ty mozu sposobit rovnaké poskodenie ako prilis vysoka koncentracia sietovadla.
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Pocas vyskumov sa nanasalo vodorozpustné lepidlo na papier obsahujuci CaCO,
a zmeny vlastnosti lepidla sa sledovali v Case. Paralelne sa zistovali aj zmeny v che-
mickom zloZeni tohto lepidla. Tieto vyskumy sa robili pomocou kombindcie snimok
z rastrového elektrénového mikroskopu a rontgenovej analyzy. Najvyraznejsie zis-
tenie:V objeme lepidla sa koncentracia idnov vapnika Ca** zvysuje so znizujucou sa
vzdialenostou k ploche papiera. (obr. 3, vpravo).

Interpretacia je jednoznacna:V priebehu ¢asu Ca?* idny, ktoré sa uvolnili z uhlici-
tanu vapenatého v papieru, migruju do lepidla (obrazok 4). Tam reaguju s pocetny-
mi volnymi funkénymi kyslymi skupinami pritomnymi v polymérnych Strukturach
lepidla. Tymto sa vlastne stavaju Ca?* iony sietovadlami. Ale na rozdiel od zamerne
pouzitych sietovadiel pri priprave lepidla, tento proces nie je kontrolovany.

Obr. 3 ukazuje priebeh procesu. Zaporny gradient iénov Ca*, t.. klesajuca kon-
centracia v lepidle so vzdialenostou od povrchu papiera, znamend, ze migracia
idnov pokracuje, pretoze koncentracie vapenatych iénov v papieri a lepidle este
nie su v rovnovahe. Pretoze v papieri je vysoky prebytok ibnov Ca?*, migruju tieto
prakticky nepretrzite do lepidla. Nachddzaju tam mnozstvo volnych kyslych skupin
a presietuju takto polymérnu strukturu daleko za uroven, ktora umoznuje funkc-
nost lepidla.

Adhesiva

Coating with
Caco3 pigments

Obr. 3: Vrstva lepidla na papieri obsahujiucom CaCO; na elektrénovom
mikroskope (vlavo). Spektrum koncentracie Ca2+ - iénov v lepidle
(vpravo). Koncentracia Ca2+ - iénov sa zvysuje priblizovanim
sa k povrchu papiera.

Tymto presietenim sa vyrazne zvysi kohézia lepidla pricom sa znizia adhézne
vlastnosti. Koncentracia ionov Ca?* sa prirodzene zvysuje najrychlejsie na povrchu
lepidla na papieri (obr. 4). Prave tam, kde by lepidlo malo prilnut k podkladu, sa
adhézna schopnost najviac znizi.
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Zvysujuca sa kohézia moze viest k Uplnej strate adhéznych vlastnosti a tiez k vy-
raznému znizeniu vodorozpustnosti.

Obr. 4: Ca?* idny sa uvolnuju z CaCO, v papieri a migruju do lepidla. Koncentracia je najvys-
sia na rozhrani medzi vrstvou lepidla a papierom a znizuje tak pevnost spoja.

5. Analyza poskodenia v laboratdriu: strata lepivosti je otazkou
casu

Aby sa zistilo, ako rychlo nastava strata lepivosti, bolo na papiere s roznym ob-
sahom CaCO; nanesené vodorozpustné lepidlo. Boli vybrané kritické podmienky
skladovania, ktoré vyrazne urychlili tento, v standardnych podmienkach, pomaly
proces. To umoznilo pozorovat, ako sa vlastnosti lepidla menia v kratkych ¢asovych
intervaloch. Obréazok 5 zobrazuje priklad zmeny lepivosti..

Takéto vysoké rychlosti su realistické iba v horucich a vlhkych oblastiach, ako
st napriklad papierne v Azii, kde sa klimatické podmienky priblizuju klimatickym
podmienkami v laboratériu. V miernejsich klimatickych zénach su tieto chemické
procesy samozrejme pomalsie, avsak prebiehaju nepretrzite. Preto vzdy dochadza
k migracii idbnov Ca** do lepidiel a s tym aj spojenej strate povodnych vlastnosti
lepidla

Tieto chemické efekty mézu mat aj zna¢né ekonomické doésledky. Kym sa totiz
potlaci kott¢ papiera zlepeny lepiacou paskou, méze prejst od jeho vyroby dost
¢asu. UZ popisanym pdsobenim Ca?" iénov sa zlep ¢asom stava krehkym a v tlaco-
vom stroji sa mozZe v mieste zlepu potlac¢any kotu¢ papiera roztrhnut. Tento prie-
trh spOsobi zastavenie tlacového stroja a tym padom aj financ¢né straty tlaciara.
Dodavatel papiera musi potom pocitat s reklamaciou.

Vyrobcovia papiera uz vplyv CaCO; registruju . Aj ked'trvalé spoje lepiacimi pas-
kami zriedka zlyhaju pocas kratkych skladovacich ¢asov v papierni, problémy mézu
vzniknut z jednostrannych alebo obojstrannych pasok pouzitych na ukoncovanie
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kotucov. Posobenim CaCO; sa straca vodorozpustnost tejto pasky a v pripade, ked’
sa tato paska dostane naspat do rozvlaknovaca, moze spdsobit svojou nerozpust-
nostou problémy vo vyrobnom procese papiera.

Kazdy vyrobca papierov s obsahom CaCO,, ktory chce zabranit skodam spo-
sobenym zlyhanim vodorozpustnych pasok vo vlastnej vyroby, alebo u zédkaznika
preto potrebuje nové technologické riesenie.
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Obr. 5: Strata adhéznej sily standardného lepidla (svetlomodra krivka) a nového lepidla
vyvinutého v spolo¢nosti tesa (tmavomodra krivka) v laboratérnych podmienkach (85 %
relativna vihkost, 40 °C).

6. Upravené chemické zlozenie lepiacej pasky: Problém CaCO; je
rieSitelny

Vodorozpustnost a adhézne vlastnosti je mozné zachovat aj napriek vysokému
obsahu CaCO, v papieri, ktory sa ma lepit. Specialnou modifikaciou lepidla je moz-
né sietovaci uc¢inok iénov Ca* spomalit tak efektivne, Ze takto upravené lepiace
pasky prislusnom ¢asovom ramci uz nepredstavuju ziaden problém (obr. 5).

Zatial ¢o adhézne vlastnosti normalnych lepiacich pasok na papieroch s obsa-
hom 50 % CaCO, vo vrchnom natere klesne pod jednu Stvrtinu pévodnej hodnoty
do troch dni v laboratérnych podmienkach, hodnota lepiacich pasok s novymi mo-
difikdciami zostava na hodnote 98,2 % v rovnakom ¢asovom obdobi. Aj o mesiac
neskor sa znizila pevnost lepidla o menej ako 10 %. Lepidlo v takto upravenych
lepiacich paskach zostava trvalo elastické, pevné a zatazitelné.

Medzitym, po dokonceni komplexnych testov, sa takto modifikované lepiace
pasky dostali do Standardnej ponuky spolo¢nosti tesa. Sucasné vyrobky produkto-
vej série tesa® CaRes na lepenie kotucov a trvalé spoje su teda inertné voci vplyvu
CaCo3. Zlutitelnost modernych vyrobnych procesov v papierenskom priemysle
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s rieSeniami lepenia pre hladku prevadzku zostéva trvalym, hlavnym predmetom
vyskumu spolo¢nosti tesa
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Abstrakt: The authors outline the main packaging trends focused the circular econo-
my. The six key areas are: consumerism, technology, economics, fashion & design, retail
revolution and sustainability in circular economy. Consumers today are more consci-
entious and self-sufficient. The long-term consumer engagement through packaging
is an effective way of reaching these changing consumers. The Internet of Things (loT)
is revolutionising the packaging industry. Brexit and the outcome of the US election
have signaled a possible de-globalization trend. There is a risk of markets becoming
less international. This will impact the packaging industry. Packaging is often inspired
by fashion design. With e-commerce growing globally, packaging also quickly needs
to adapt to the new ways consumers complete their shopping particularly through the
internet. Sustainability is one of the main drivers in the packaging industry. All pack-
aging stakeholders (from raw material suppliers and converters/distributors to brand
owners and consumers) have started to focus increasingly on circular economy. In re-
sponse to the EU circular economy initiatives and to implement EU Extended Producer
Responsibility requirements, some EU countries have taken legislative steps to increase
both the packaging recycling rates as well as influence the use of recycled content in
packaging.

Key words: consumerism, technology, economics, fashion & design, retail revolution
and sustainability in circular economy

1.Uvod

K spravnej analyze aktudlnych trendov determinujucich buducnost obalového
priemyslu nesmieme opomenut niektoré dolezité oblasti: konzum, hospodarsky
vyvoj, ekologicka udrzatelnost, modu a revoltciu maloobchodu.

Sucasny spotrebitel sa stdva ¢oraz pozornejsim a sebestacnejsim. Oc¢akavaju sa
autentické informacie a typickou poziadavkou spotrebitela je aj to, ze chce vsetko
rychlo, najlepsie okamzite. Z dévodu dlhodobého udrzania si zakaznika by mohlo
byt uZito¢né vyhoviet spominanym spotrebitelskym poziadavkam aj prostrednic-
tvom obalu produktu.
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2.Crty eurépskeho trhu s potlaéenym obalovym materialom

Trh s potlacenymi obalovymi materidlmi sa neustale vyvija. Hlavnou hybnou si-
lou si zmeny spotrebitelskych preferencii, vyhody vyplyvajuce z moznosti novych
tla¢ovych postupov, svet a prostriedky komunikacie. Aj z toho dévodu sa ocakava
vSeobecny rast v oblasti obalovych materidlov do roku 2023, hlavne v oblasti oba-
lov s vy3Sou pridanou hodnotou.

Segmenty trhu s obalovymi materialmi a prostriedkami su vinita lepenka, kar-
tény, flexibilné obaly (plastové, metalizované, papierové a ich kombinacie), tuhé
a kovové kontajnery.

AZ 70 % eurdpskeho trhu obalovych materidlov tvoria obaly s potlac¢ou, ale me-
dzi jednotlivym kategdriami su signifikantné rozdiely, napr. vo flexibilnych obaloch
je az 75 % spotrebitelskych obalov s potlacou, zatial ¢o u priemyselnych obalov
je tento podiel iba 20 %. Co sa tyka podielu na vyrobe, jednoznaé¢nymi lidrami su
zapadoeurdpske krajiny, kym Vychodnd Eurépa sa podiela na produkcii len s asi
12 % obalov. Ocakavame, Ze flexotlac zostane aj v buducnosti dominantnou v ob-
lastiach vyroby obalov z vinitej lepenky a flexibilnych obalov. Avsak rast podielu
digitélnej tlace bude nadalej dynamicky stupat. Celkovy obrat trhu s potlacenymi
obalovymi materidlmi z roku 2017 v sume 77,4 miliardy € dosiahne rast vo vyske
2,2 % a oc¢akava sa, ze do roku 2023 dosiahne hodnotu 86,5 miliardy €. Rast bude
najvyssi v oblasti Vychodnej Eurépy. Podla aktudlnych trendov zostane segmen-
tacia trhu bez znacnej zmeny. Neocakava sa ani prevratna zmena tykajuca sa po-
dielov jednotlivych tlacovych technolégii. Sice s miernym poklesom, ale flexotlac
zostane dominantnou tlacovou technolégiou. Aktudlny, priblizne 30 % podiel of-
setovej tlace sa takisto nezmeni. Najvyssi narast podielu je o¢akdvany v oblasti di-
gitalnej tlace, ktory vsak podla predpokladov bude maximalne na trovni 5 %. Ak
sa vsak pozrieme na rast digitalnej tla¢e z pohladu generovaného vykonu, nérast
bude znatelne vyraznejsi. Ro¢ny obrat digitdlnej tlace bol v roku 2017 0,9 miliardy
€.V pripade tejto tlaCovej technolégie o¢akavame vysoky, az 27,4 % nérast vykonu,
¢o znamena predpokladany obrat v roku 2023 priblizne na Urovni 3 miliardy €, ¢o
by znamenalo, Ze z celkového patroc¢ného rastu trhu s potlacenymi obalovymi ma-
terialmi by az 38 % prisluchalo digitalnej tlaci.

3. Hlavné trendy produkcie potlacenych obalovych materialov v
Eurdpe

Pat hlavnych trendov vyroby potlacenych obalovych materidlov urcuje vo svo-
jom hlaseni z roku 2018 firma Smithers Pira nasledovne:

Digitélna tla¢

Obehové hospodarstvo a udrzatel'nost’ obalov
Inovacia

Elektronické obchodovanie (e-commerce)
Priemysel 4.0

nnhwWwN =
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3.1. Digitalna tla¢

V poslednych rokoch ziskava digitalna tla¢ ¢oraz viac na svojej popularite, tym,
ze ponuka nové moznosti na zvysenie efektivity a Standardov sluZieb, a zarover je
schopna rychlo reagovat na meniace sa potreby spotrebitelov. Avsak zatial v oblas-
ti podielu na trhu nedokaze byt plnohodnotnym konkurentom flexografickych a li-
tografickych systémov hlavne preto, lebo sucasna digitalna tla¢ nie je dostato¢ne
efektivna pri vyrobe velkych mnozstiev obalovych materidlov. Digitalna tlac sa este
musi vyrovnat s niekolkymi klu¢ovymi vyzvami, konkrétne je tu potreba vytvorenia
hospodarsky tak prinosnych rieseni, ktoré nep6jdu na ukor kvality, efektivity a for-
matu. Existuju ale silné argumenty podporujuce SirSie vyuzivanie digitalnej tlace
v obalovom priemysle. Tieto ,hnacie sily” mo6zeme identifikovat v nasledovnych
oblastiach:

Digitalizacia

Zrychlenie technologického vyvoja a inovacii
Vyhodna vyroba aj malych mnozstiev
Obnova dodavatelskych retazcov

Prinosy pre zivotné prostredie

3.2 Obehové hospodarstvo a udrzatelhost obalov

V sucasnosti patri udrzatelnost k hlavnym cielom v rdmci rozvoja obalového
priemyslu. Kazdy element retazca - od dodavatelov surovych materialov, vyrob-
cov, distributorov, vlastnikov znaciek az po spotrebitela - je ¢oraz viac zamerany na
obehové hospodarstvo. Obehové hospodarstvo je alternativou klasického linear-
neho hospodarstva, v ktorom nasim cieflom je udrzanie zdrojov ¢o najdlhsie a tym
aj maximalizacia ich hodnoty.

Jeho princip zahffha aj postupné oddelenie hospodarskej ¢innosti od vyuziva-
nia obmedzenych zdrojov a rata aj s postupnym vyradovanim odpadu zo systému.
K snaham obehového hospodarstva patri aj predizenie Zivotnosti produktu vytva-
ranim trvacnejsich vyrobkov, zniZzovanie produkéného odpadu, povzbudzovanie
spotrebitelov k recyklacii alebo opakovanému pouzivaniu produktov. Na druhej
strane ale prechod do obehového hospodarstva nepozostava len zo zmien znizu-
jucich negativne vplyvy linedrneho hospodarstva. Znamena skor taku zékladnu
zmenu, ktord vybuduje dlhodobu flexibilitu, obchodné a hospodéarske moznosti
a zaroven zarucuje aj ekologické a spoloc¢enské vyhody.

Cielom stratégii Eurépskej unie je vytvorenie nového plastového hospodar-
stva a podpora opdtovného pouzitia, opravy a recyklacie udrzatelnejsich materi-
alov. Cielom je posilnenie inovacii, obmedzenie znecistovania prostredia plastmi
a pomoc v dosiahnuti cielov Parizskej globalnej klimatickej dohody v oblasti trvalo
udrzatelného rozvoja do roku 2030. Eurépska komisia prijala novy balik opatreni.
Zahtna to v rdmci ,Stratégie EU o ulohe plastov v recyklaénom hospodarstve” stra-
tégia osobitne zamerand na plasty zamerané na zmenu dizajnu, vyroby, pouZitia
a recykldcie plastov a vyrobkov z plastov v Eurépe. Medzi jeho ciele patri recyklo-
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vatelnost vietkych plastovych obalov do roku 2030. Tato ,Eurdpska stratégia pre
plasty v obehovom hospodarstve” prindsa postupy zamerané vyslovene na plasty
a jej cielom je rekonstrukcia dizajnu, vyroby, pouZivania a recyklacie plastov a plas-
tovych vyrobkov v Eurépe. Medzi jej ciele patri aj Uplna recyklovatelnost vietkych
plastovych obalov do roku 2030.

3.3 Inovacia

V prvom rade je vyzvou uz pri vyvoji obalov najst rovnhovahu medzi znizovanim
hmotnosti obalu pri si¢asnom zachovani ochrannej funkcie obalu a maximalizova-
ni funkcie obalu s vyssou pridanou hodnotou.

Aby sa nasiel sprdvny kompromis, je dolezité brat do Uvahy Zivotnost produktu
a ndjst tu spravnu rovnovahu medzi hmotnostou a rozmerom balenia za re$pekto-
vania vonkajsich vplyvov na produkt a samozrejme zachovanie ochrannej funkcie
obalu.

Prehodnocovanie obalov - vytvdranie rovnovahy — Prostrednictvom neusta-
leho znizovania mnozstva a hmotnosti materidlov su principy trvalej udrzatelnosti
a obehovej ekonomiky hlavnymi hnacimi silami vyvoja trhu s obalovymi materidl-
mi. Odvetvie je tlacené do spominanych inovacii aj prostrednictvom cien, kedze
mensie mnozstvo pouzitych surovych materidlov znamend nizsiu cenu a tym pa-
dom podporuje ekologickejsi pristup. Rozhodujicim faktorom vo vyvoji budu aj
nanotechnologické materialy, kedZe by mali byt schopné posilnit iné materialy do
takej miery, ze budeme potrebovat ovela mensie mnozstvo pévodného surového
materialu, aby sme dosiahli rovnaku odolnost daného obalu.

Rastlinné a biologicky rozlozitelné plastové obaly - Pouzivanie celulézy,
Skrobovych ¢i inych prirodnych materidlov zaziva momentalne rozkvet, a ich apli-
kacia v obalovom priemysle prechadza vyznamnym rozvojom. V stcasnosti sa pre-
javuju snahy o zlep3enie vlastnosti plastov na rastlinnej baze, pretoze si vhodné
ako néhrada plastovych materidlov vyrobenych z ropnych zluéenin. V niektorych
pripadoch by mohli byt vhodné aj na zasttpenie obalov s vy$sou hmotnostou, ako
je sklo a kov. Avsak ich cena a ekologicka stopa zatial zatieriuje ich SirSie uplatnenie.

Papier namiesto plastov — Viaceri vyrobcovia obalov hfadaju nové alterna-
tivy k plastom. V mnohych pripadoch méze byt prave papierovy obal vhodnym
rieSenim. Podla zisteni spolo¢nosti Smithers Pira sa trhovy podiel papiera v rdmci
obalovych materidlov opéat zvysuje. Ocakava sa narast podielu papierovych a kar-
tonovych obalov do roku 2022 aZ na 218 miliénov ton, ¢o je vyrazny narast oproti
162 miliénom z roku 2012. Medzitym sa aj na globalnom trhu zvySuje dopyt po
Specidlnych funkénych a hermetickych baliacich papieroch.

Inteligentny obal - S pouzitim inteligentnych obalov sa stretdvame ¢oraz ¢astej-
Sie. Spolocnosti zacinaju pouzivat inteligentné etikety s cielom informovania spot-
rebitelov, ktorych zdmerom je zabezpeclenie spravnej recyklécie, znizenie miery
plytvania potravinami v ponakupnej faze podporujic tym mieru recyklacie obalu
na konci zivotného cyklu. Obalovi odbornici, ako napriklad skupina STI, vyrabaju
obaly so skrytym kédom RFID, ktory je tlaceny na obal. Etiketa posle identifikacné
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signély technoldgie do ¢itacky, napr. na smartfén a umozni tym automaticku ko-
munikaciu. Tato technoldgia umoziuje okamzité zistenie aktualneho stavu daného
produktu. Blockchainova technolégia zabezpecuje transparentnost dodavatelské-
ho retazca pomocou needitovatelnej informacie o povode produktu, jeho cesty na
trh a jeho certifikate originality. Inteligentny obal sa da pouzit aj na sledovanie cer-
stvosti potravin. Obaly s tymto Gcelom sa vyvinuli v Deutsches Kunststoff-Institut
(DKI) v Nemecku aj na University of Southampton vo Velkej Britanii.

Vedci vyrobili materidl s opalovym polymérnym povrchom, ktory dokaze
zmenit svoju farbu. Zmenu na obale vyvolavaju zmeny teploty (termochromické
materidly) alebo svetla (elektrochromické materialy) a materidl sa prefarbi. Takyto
inteligentny obal méze napriklad naznacit bliziaci sa datum exspiracie, nevhodné
skladovanie a iné.

Intelligentné obaly |
Marketing & Ochrana

Intelligentny obal  RFID znaky -
2019 Greener Package 2019

Johnnie Walker 2019

Tagené balérie | itvissen 2019
Smart .
Packaging
2019 RFID znaky na etiketach |
§|@ aliexpress 2019

Obr. 1: Priklady inteligentnych obalov.

3.4 E-commerce

Elektronické obchodovanie sa stava ¢oraz populdrnejsim v sic¢asnosti a pod-
poruje aj rast obalového priemyslu. Tomuto trendu napomaha lahka dostupnost
a popularita smartfénov a tabletov, ¢o ulahc¢uje spotrebitelom uskuto¢novat on-
line nakupy. Na konci roku 2017 bolo v Eurépe zaznamenanych 465 miliénov zm-
[Uv na predplatné mobilnych telefénov a sluzieb, ¢o zodpoveda 85 % eurdpskej
populdcie. Obaly sa stavaju pre vlastnikov znaciek eSte dolezitejsSim nastrojom
na svoju prezentdaciu a na demonstraciu odlisnosti od konkurentov v ramci ele-
ktronického obchodovania. Ecommerce vyzaduje odolnejsie, trvacnejsie bale-
nie, pretoze s online zakdpenymi produktmi sa ovela viac manipuluje v procese
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expedicie. Elektronicky obchod je tiez spojeny s uz spominanymi trendmi, a to
s digitalnou tlacou a s inovaciami. Rast spominaného segment trhu vplyva aj
na zvysovanie dopytu po obaloch z vinitej lepenky. Ocakava sa, Ze spolo¢nosti
zamerané na elektronické obchodovanie pouziju obaly z vinitej lepenky globalne
priblizne v hodnote 20 milidrd dolarov a obalovy trh na ucely elektronického ob-
chodovania bude rychlo rast.

3.5 Priemysel 4.0

Pojmom priemysel 4.0 su v su€asnosti pomenované trendy v automatizacii
a datovom transfere vyrobnych technoldgii. Tymto vyrazom su obsiahnuté po-
¢itacové systémy, internet veci (IoT), cloud computing a kognitivna vypoctova
technika. Je to v podstate Stvrta priemyselna revolucia a podporuje aj koncepciu
tzv. inteligentného zavodu. Plne inteligentna vyroba je schopna systémovo in-
tegrovat a prevadzkovat celu vyrobnu siet za u¢elom vyroby, udrzby, inventury
a digitalizacie operdcii.

Koncept iniciativy Priemysel 4.0 sa vztahuje na plne automatizované vyrob-
ne a sklady, tyka sa vietkych sektorov vyroby. Kli¢ovym bodom priemyslu 4.0 je
internet veci (IoT), ¢o umoziuje komunikéciu a transfer dat medzi pocita¢mi, za-
riadeniami, ¢i inymi objektmi. Identifikacia nedostatkov a nasledna optimalizacia
vyrobnych procesov by mohlo viest k vyraznym finan¢nym a ¢asovym dsporam
a zaroven k zvySovaniu spokojnosti zakaznikov.

4. Odporucania pre odvetvie potlacenych obalovych materialov

e Vsetci Ucastnici tohto priemyselného odvetvia musia byt pripraveni zmenit svo-
je stratégie a sposob myslenia.
Vznikaju nové obchodné modely, objavuju sa nové skupiny spotrebitelov.
Porozumenie novym revolu¢nym technolégidm je klic¢om k uspechu — aktivna
inovacia v polygrafickom aj obalovom priemysle je nevyhnutna.

e \Vytvorenie ¢o najlepsieho produktu je podmienené aktivhou spolupracou do-
davatelského a vyrobného retazca.

e Spolocnosti, ktoré nebudu schopné tuto zmenu akceptovat, moézu mat problé-
my s prezitim.
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Materialovy tisk sensort a funkcnich vrstev
Michal Vesely, Petr Dzik
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Abstrakt: Material printing is one of the dynamically developing techniques for for-
ming structured thin films from liquid formulations. Here are presented methods
of material printing leading to the preparation of functional photocatalytic layers,
electrophotocatalytic cells, photochemical and chemical sensors, UV dosimeters, elect-
rochemical UV sensors, identification elements and other elements arising from func-
tional liquids printed on various substrates. Attention is paid to the printing techniques
used, the procedures and the final areas of use, as well as the product properties.

Klicova slova: Sensor, materidlovy tisk, elektrofotokatalyza, fotokatalyza, dozimetr,
ozon.

1. Uvod

Materidlovy tisk je proces, pfi kterém se na potiskovany substrat dodava funkcni
kapalina. K tomu se vyuzivaji klasické tiskové techniky nebo digitaIni. ProtoZe viak
jeden z rozmérl vzniklych vzor( je typicky 0,5-2 um velky, pouziva se nékdy pro
materidlovy tisk vyjadieni 2,5 D tisk. Vytvafi se tak plosné i vyskové strukturované
vzory. Nejjednodussim prikladem materialového tisku jsou ovrstvovaci techniky,
nejcastéji pouzivanymi tiskovymi technikami jsou flexotisk, hlubotisk, tamponovy
tisk, sitotisk a inkjetovy tisk.

Vyhody zavedenych tiskovym technik pro materidlovy tisk jsou nasnadé. Jsou
to pfedevsim vysoka reprodukovatelnost nanaseni funkénich kapalin, pfesny sou-
tisk vice vrstev, vysoka produktivita, ovéfené technologie, snadny up-scaling, mala
spotieba drahych funkénich kapalin proti jinym technikdm pripravy tenkych vrstev
z kapalin. Vyznamnou vlastnosti je i schopnost nanaset vrstvy kapalin v tloustkach
od 10 nm do 100 um, tedy v rozsahu az 10*x pfi opakovaném tisku. V nasledujicich
kapitolach jsou uvedeny pfiklady tisku sensort a funkénich vrstev na pracovisti au-
tord.

2. Vodivostni sensor na skle

K tisku byla pouzita digitalni technika inkjetového tisku specializovanou ma-
teridlovou tiskarnou Fuji Dimatix 2851 a zlaty rezindtovy inkoust Hereaus RL Au
01913 nebo stfibrny inkoust Novacentrix MetalonJS-B25HV. Oba inkousty vyzaduji
nasledné termické opracovani, minimalni teplota pro rezinatovy zlaty inkoust je
400 °C, coz zna¢né zuzuje vybér plastové podlozky. Uspésné byly tistény zlaté vodi-
vostni sensory na polyimidové folii a slinutém oxidu hlinitém. [1]
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Obr. 1: Materidlova tiskdrna Dimatix a zlaty vodivostni sensor na oxidu hlinitém.

3. Elektrofotokatalyticky clanek na skle a PET

Pro tento elektrofotokatalyticky clanek bylo tfeba kombinovat dvé tiskové tech-
niky. Inkjetem byla tisténa vrstva oxidu titanic¢itého v organokiemicitém pojivu
tvoricim anodu a sitotiskem izolator s oxidem hlinitym a nasledné bud’ uhlikova
katoda sitotiskem a nebo zlato inkjetem. Elektrofotokatalyticky ¢lanek byl uspésné
pouzity na desinfekci vody pfi extrémné nizkém poctu bakterii E. coli. [2,3,4]

Obr. 2: Elektrofotokatalyticky ¢lanek na skle i PET.

4, Elektrochemicky UV sensor na PET félii a PES tkaniné

Plosny, tistény elektrochemicky UV sensor byl vyvinuty z polovodicové for-
mulace nanesené na uhlikové elektrody. Pfes elektrody a polovodivou vrstvu byl
nanesen elektrolyt v polymernim gelu a zafixovany nalednym UV iniciovanym si-
tovanim reaktivniho polymeru. Elektrody a elektrolyt byly tistény sitotiskem, polo-
vodicové formulace tamponovym tiskem. Aktivni elektrochemické UV sensory po
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ozéfeni produkuji fotoproud linedrné umérny intenzité ozareni. Jednotlivé vrstvy
je mozné tisknout na sklo, PET félie, a PES tkaninu. Kalibrace byla provedena na
0,5-8 mW.cma 0,05-0,5 mW.cm™ pro UVA.

Proud (jA)

Obr. 3: Elektrochemicky UV sensor na PET a PES tkaniné.

5. Jednorazové UV svétlené sensory na PET folii

Svételny senzor, reagujici na absorbovanou davku svétla (davku ozéareni v UV
oblasti) je chemickym dozimetrem. Protoze davka ozafeni je soucinem intenzity
ozafeni a ¢asu, barevnad zména dozimetru muze indikovat nejen celkovou absor-
bovanou déavku zéfeni, ale pfi konstantni intenzité ozafeni indikuje ¢as a pfi kon-
statnim ¢asu primérnou intenzitu ozareni. Stavaji se tak chemickymi hodinami.
Byl pfipravem chemicky dozimetr pro UVA+UVB zafeni, indikujici barevnou zmé-
nou pozadovanou erytemalné ucinnou davku zareni 100, 200, 300 a 400 J.m™ Na
Fakulté chemické VUT v Brné je pfipravovany v poloprovoznich podminkach na
roll-to-roll materialové tiskarné Coatema Smart Coater (obr. 4 a 7). Tiskova formu-
lace o konzistenci 22 s z Fordova kelimku ¢. 4 se nandsi nejvyhodnénji technikou
Slot-die (Stérbinové nanaseni). UV dozimetr slouzi primarné ke kontrole opalovani,

ale Ize vyuzit jeho citlivost pro UV zafeni a zaroven absolutni necitlivost pro viditel-
né svétlo od 380 nm. [5]

@ Polygrafia Academica 2020 @ 87



Obr. 4: Materialova tiskarna Coatema Smart Coater.

Obr. 5: UV sensory — jednorazové dozimetry ve formé funk¢nich vzorka.

6. Jednorazové VIS a ozonové svételné sensory na PET folii

Podobné jako dozimetry v kapitole 5, jednorazové svételné sensory (dozimet-
ry) jsou tistény na PET félie. Jsou urceny pfedevsim na kontrolu osvitu vidételnym
zarenim v galeriich a muzeich, kam nepronika UV zafeni, ale i viditelné zareni, ze-
jména z modré oblasti spektra, mize zplsobovat poskozeni citlivych predméta.
Citlivost téchto dozimetrl je kalibrovana na osvity 10 az 40 kix.h nebo na 40 az
200 kix.h. Tenké vrstvy dozimetru a PET fdlii se pfipravuji technikou Slot-die.

Pfizemni ozon, pronikajici i do budov tvofi nebezpecny polutant pro fotogra-
fie, tisky a jiné predméty. Rychle oxiduje barviva, a proto byl pripraven i chemicky
dozimetr na pfizemni ozon. Zménou barvy indikuje absorbovanou davku ozonu
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podle barevného etalobu. Kalibrace je vytvofena pro rozsah do 40 mg.h.m=, resp.
do 34 ppm.h (w/w). [6]

COLORCLOPK  COLORGLACK

Matching scale for the Matching scale for the
evaluation of the color change
of the light exposure dosimeter

0 kbeh
12 klch
42 kls.h

100 kix.h

Obr. 7: Funk¢ni vrstva oxidu titanicitého pfi tisku. Smart Coater s technikou Slot-die.

7. Fotokatalyticky aktivni prvek na PET folii

Fotokatalyticky aktivni vrstvy byly pfipraveny ze smési oxidu titanicitého a syn-
tetizovaného organokfemicitého pojiva v Dowanolu PM, aby v tenké suché a opra-
cované vrstvé byly nanocastice oxidu titanicitého zakotveny vyslednym anorganic-
kym pojivem na povrchu libovolného substratu. Mleti oxidu titani¢itého na velikos-
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ti blizké 100 nm urcuje vysledné fotokatalytické vlastnosti tisténé vrstvy. Specidlni
opracovani suché vrstvy zahrnuje bud kalcinaci pfi 450 °C, coz je pro plastové folie
nemozné, nebo expozici UVC zafenim a nebo plazmatickym opracovénim, napf.
koplanarnim bariérovym vybojem, pfi némz teplota materidlu neprekroci 70 °C.
Pomouci tiskarny Smart Coater bylo pfipraveno 1000 bm félie s fotokatalyticky ak-
tivni vrstvou, kterd bude soucasti fotokatalytickych reaktor(i pro docistovani bazé-
nové vody.[7]

8. Pokrocily identifika¢ni prvek s chemickym kédem

Pro pozdéjsi identifikaci majitele ukradenych archivalii nebo dokumentd, au-
torizaci tisténych fotografii a jinych dokumentt byl vyvinuty specidlni tiskovy in-
koust, poskytujici chemické kody, prokazatelné netecny k papirovym podlozkdm
rizného druhu. Vytisténa znacka je neviditelna na svétle, necitelna ani v UV svétle,
identifikovatelnd jen spektroskopicky, rozpoznani chemického kédu Ize jen pomo-
ci specializovaného zafizeni a softwaru. Cesky patent byl udélen. [8]

Obr. 8: Tisk identifika¢niho prvku.

9, Zavér

Z uvedenych pfikladl materidlového tisku pro laboratorni ptipravu nebo vy-
robu sensor(, dozimetr(i a funkénich, fotokatalyticky nebo elektrofotokatalyticky
aktivnich vrstev je vidét variabilita pouziti tiskovyh technik pro uvedeny ucel.
Jednoznacné se projevi vyhody tiskovych technik pro nanaseni tenkych struktu-
rovanych vrstev, jako jsou pfesnost soutisku, vysoka produktivita a snadny up-sca-
ling.
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Abstract: In this work, solution-processable graphene oxide (GO) dispersions were
used for a simple preparation of thin GO layers (50 nm thick), which were reduced by
low-temperature hydrogen plasma. Hydrogen plasma reduction (ideal treatment time
of 8 sec) led to a decrease of oxygen-containing groups and consequently, in the trans-
formation of sp>-carbon oxidized domains to preferable sp*-carbon aromatic domains
in rGO layers (XPS). GO and rGO layers were used as counter-electrodes (CEs) in printed
dye-sensitized solar cells (DSSCs). DSSCs with rGO CEs reached an increased conversion
efficiency of n = 0.9% compared to DSSCs based on GO CEs with n = 0.4%. This can be
attributed to the higher catalytic activity of plasma reduced rGO CEs in the presence of
iodine electrolyte and lower sheet resistivity (<100 MQ/a) compared to GO CEs.

Keywords: Graphene oxide, plasma, dye-sensitized solar cell, printed electronics

1.Introduction

Dye-sensitized solar cells (DSSCs) belongs to the promising 3™ photovoltaic
generation which has several benefits compared conventional silicon-based solar
cells such as transparency (possibility for both side illumination), reasonable ef-
ficiency at artificial light conditions, use of low-cost materials and the possibility of
printing production (roll-to-roll) on a various flexible substrate [1-2]. The standard
DSSCs structure consists of three main components: mesoscopic metal nano-oxide
photoanode (TiO,, ZnO) sensitized with dye (ruthenium, porphyrin and various or-
ganic dyes), iodide liquid electrolyte and Pt counter electrode (CE).

The counter electrode has a key role in electron collection from the external
circuit to the electrolyte, where iodide ions are reduced. Therefore, CE should meet
several important properties: high conductivity, high catalytic activity and stabil-
ity, transparency in the UV-Vis region and mechanical stability [3]. For its excellent
catalytic activity in the presence of iodide electrolyte and high transparency, the
Pt is often used as the standard and reference CE. However, the high cost of Pt, its
corrosion caused by liquid electrolyte and requirement of the high-temperature
treatment of Pt CEs for the high DSSCs conversion efficiency are serious drawbacks
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for its large-scale preparation by printing and coating techniques. As the alterna-
tive and printable materials for CEs, carbon-based materials (graphene, graphene
oxide, CNT, MWCNT, graphite, carbon black) reached a lot of research attention [4].

Graphene (G) and graphene oxide (GO) are two-dimensional materials with car-
bon atoms arranged in a hexagonal lattice structure. G has several unique proper-
ties, such as high electrical and thermal conductivity, high optical transmittance,
large surface area thanks to which it is often studied as an alternative CE [5-6]. In
contrast to G, the GO (functionalized graphene with peroxide, hydroxyl and car-
boxyl groups) is electrically insulating material. This is due to the change in GO
conjugated system of bonds where sp? hybridization of functionalized C-C bonds is
changed to sp® hybridization. However, compared to G, the GO is hydrophilic mate-
rial and thus can be prepared in the form of stabile water or organic solvent-based
coating and printing inks. Moreover, different techniques (thermal, chemical, UV
light, plasma) enable the reduction of oxygen-containing groups in GO which le-
ads to partially restored electrical properties of reduced graphene oxide (rGO) and
its application as CE in DSSCs [7-8]. Among these reduction techniques, plasma
treatment has great benefits of short reduction time (several seconds), low-tempe-
rature (up to 70 °C), no need of toxic chemicals and can be directly incorporated in
the roll-to-roll process [9].

Here, we report on a simple and large-scale applicable preparation process
of rGO CEs for DSSCs. Low-viscosity water-based GO dispersions were spin-coa-
ted onto FTO glass substrates (fluorine-doped SnO,) without any further drying.
Prepared GO layers were afterward reduced by low-temperature dielectric dischar-
ge barrier hydrogen plasma (DCSBD) at atmospheric pressure. The positive effect
of plasma treatment on the rGO chemical structure was studied by X-ray photo-
electron spectroscopy (XPS). rGO was used as CEs in printed DSSCs. DSSCs with
rGO CEs reached a double increase in conversion efficiency compared to GO CEs.
However, still a very high electrical resistivity of rGO have a significant effect on
overall low electrochemical performance of rGO (cyclic voltammetry) and sub-
sequentially on the lower photovoltaic performance of DSSCs (I-V characteristic).

2.Experimental

2.1.DSSCs preparation

Mesoscopic TiO, electrodes (photoanode - PA) were prepared from screen-
printable TiO, highly viscous inks. The detailed preparation process of TiO, ink and
the screen-printing process is described in our previous work [2]. TiO, electrodes
were printed onto cleaned and UV treated FTO glass slides (covered with TiCl,
blocking layer). Then, electrodes with a controlled final thickness of 10 um were
sensitized for 24 h in 0.4 mM ethanol solution of N719 ruthenium dye (Solaronix,
Switzerland). GO counter electrodes were prepared by spin-coating of 5 mg/ml
water-isopropyl alcohol GO dispersion (1-5 um particle size, Ossila, England). The
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dispersion was spin-coated onto cleaned and UV treated FTO glass slides. GO layers
were afterward treated for 8 s by DCSBD plasma (100 W/cm?, ROPLASS s.r.0., Czech
Republic) in H, reduction gas. DSSCs were assembled as sandwich-type cells by the
addition of 16 pl of liquid electrolyte (lodolyte AN-50, Solaronix, Switzerland) be-
tween the PA and CE. Electrodes were afterward connected by bonding polymeric
film (Meltonix 1170, Solaronix, Switzerland).

2.2. Measurement and characterization

The plasma for the reduction was generated by diffuse coplanar surface barrier
discharge (DCSBD, Roplass s.r.0., Czech Rep.). The DCSBD generated thin, high pow-
er-density plasma in H, gas with power density 100 W/cm?. The effect of plasma
reduction on the chemical composition of rGO electrodes and nontreated GO elec-
trodes was investigated by XPS measurement (Al Ka ESCALAB 250Xi, ThermoFisher
Scientific). The morphology of prepared GO layers was analyzed by AFM (Ntegra
Prima (NT-MDT). Cyclic voltammetry (CV) measurements were performed in a
three-electrode electrochemical cell in a supporting electrolyte acetonitrile solu-
tion containing 0.1M LiCIO,, 10.10* M Lil and 1.10® M |, using a sample of CE as the
working electrode, a Pt wire as the auxiliary electrode and Ag/AgCl/3 mol L™ KCl as
the reference electrode, respectively. The photovoltaic performances of DSSCs (I-V
characteristic) were characterized under simulated day-light (AM1.5) exposition of
100 mW cm™.

3.Results and discussion

Topography and thickness of spin-coated GO layers were evaluated by AFM
and profilometry measurements. Analyzed GO layers consisted of particles with
size from hundreds of nm up to 3 um (Figure 1 - left). The average layer thickness
of one time spin-coated (2000 rpm) 5 mg/ml GO dispersion was approx. 50 nm
(Figure 1 —right).
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Fig. 1: Topography (AFM, left) and profilometry (right) of spin-coated GO layer.
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Profilometry analyses show (Figure 1 - right) that spin-coated GO layers have
high roughness with the lowest thickness locality = 10 nm up to the highest points
= 160 nm. Because of plasma treatment is efficient only at the material surface, the
high layer roughness is beneficial for large surface area reduction.

The chemical surface composition of the prepared GO and plasma reduced rGO
samples were analyzed by XPS. Figure 2 shows C1s peaks of GO before (GO) and
after hydrogen plasma reduction for 8s (rGO). GO C1s peak at 286 eV correspond-
ing to C-C bonds in sp? and sp? hybridization state. After plasma treatment (rGO) is
this peak shifted towards lower binding energies which can be contributed to the
decrease of sp® - bonded carbon (Figure 2-right). The second peak at 288 eV can
be attributed to carbon-oxygen bonding. After plasma treatment, the quantitative
decrease of carbon-oxygen bonds is evident and is also plotted in Figure 2-right.
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Fig. 2: XPS C1s spectra of GO and rGO (reduced in hydrogen plasma for 8 s) chemical com-
position (left) and relative content of carbon bonds in GO and rGO (right).
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Fig. 3: |-V characteristics of DSSCs assembled with GO and rGO CEs under 100 mW cm™
illumination, with inserted calculated photovoltaic parameters.
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Figure 3 shows I-V characteristics with inserted calculated photovoltaic properties
(Vo — open-circuit voltage, Jsc — short-current density, FF - fill factor, n — conversion
efficiency) of prepared DSSCs with GO and rGO CEs. DSSCs with rGO CEs reached in-
creased overall photovoltaic properties with n = 0.89% compared to n = 0.44% evalu-
ated for GO CEs. The non-standard shape I-V curves measured for GO and also for rGO
can be assigned mainly to the high series resistance (low electrical sheet resistivity of
rGO R, = 100 MQ/) of the DSSCs with low FF., = 0.27 and FF,¢, = 0.29.

4, Conclusion

Based on the results obtained in this work we can conclude that DCSBD hy-
drogen plasma reduction (treatment time = 8 sec) significantly reduced the pres-
ence of carbon-oxygen bonds and subsequently the presence of sp® hybridization
domains in rGO layers (XPS) prepared by simply spin-coating of water-based GO
dispersion. Plasma reduction also led to a decrease in rGO electrodes electrical
sheet resistance. rGO electrodes were used as counter electrodes in printed dye-
sensitized solar cells. Although the DSSC with rGO CE reached an increased conver-
sion efficiency compared to DSSC with GO CE, the overall low photovoltaic perfor-
mance of both GO and rGO CE can be ascribed to the low conductivity of both CEs.
Moreover, the evaluated non-standard shape of the |-V characteristic of GO and
rGO CE can be attributed to the low catalytic stability of the CEs in the presence of
liquid iodide electrolyte. This phenomenon should be the subject of further study.
Here we can conclude that the deeper study of various ink components, GO parti-
cle size and studying the effect of the GO layer thickness can increase the effect of
hydrogen plasma reduction on rGO electrical properties as well as on the photo-
voltaic performance of DSSC.
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Inkjetova tla¢ UHF RFID antén na natieranych
papieroch
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Abstract: Barrier coating, top hydrophilic coating, cationic polymer content in
the top coating, surface roughness, surface pore content and sintering con-
ditions influenced electrical resistance of the UHF RFID antennas printed by
inkjet ink with Ag nanoparticles on papers. After impregnation of the coated
paper with a 2-4 % cationic polymer solution of PDADMAC, electrical resis-
tance of the antennas decreased. The influence of sintering by UV exposure,
hot press and their combination on electrical resistance of the antennas was
evaluated. Sintration with a hot press was most preferred. Antennas printed
on coated paper with surface roughness above 6 % were non-conductive. An
antenna printed on barrier paper with a top hydrophilic coating had electrical
resistance as an antenna printed on PET foil.

1. Uvod

Vyhodou papiera v porovnani s plastami je biodegradovatelnost, kompostova-
telnost, 5 az 10 krat nizsia cena a tiez to, ze je vyrobeny z obnovitelnych surovin
a jeho povrchové vlastnosti mozno upravovat podla poZiadaviek koncového uzi-
vatela. Pre vyssiu vykonnost elektroniky je potrebné viastnosti papiera optimalizo-
vat, aby sa ziskal hladky a rovnomerny povrch funkénej vrstvy, ktora by bola dobre
potlacitelnd (Rebros a kol. 2008). Rychlost absorpcie atramentu na povrchu papie-
ra moze mat vplyv na kvalitu tla¢enych funkénych vrstiev a vodivosti (Hrehorova
a kol. 2007).

RFID antény sa vyrabaju chemickym leptanim, lisovanim za tepla alebo tlac¢ou.
Tla¢ je zaujimava technika najma pre vyrobu UHF RFID antény, pretoze pre toto
frekvencné pasmo méze byt hrubka antény mald, ¢o znamend Usporu materidlo-
vych nakladov. Existuju rézne tlacové techniky, ktoré mozno pouzit na tla¢ antén
pomocou pasty alebo atramentu s vodivymi nanocasticami.

Strieborné nanocasticové atramenty sa pouzivaju pre inkjetom tlacenu elek-
troniku na réznych substratoch, vratane papiera, vzhladom na moznost relativne
nizkej teploty sintrovania a ich relativne vyssiu vodivost v porovnani s inymi atra-
mentmi zaloZzenymi na nanocasticiach, ako su atramenty na baze medi a zlata (Kim
a kol. 2015).

Bez vytvrdzovania (sintrovania) kovovych nanocastic atramentu je vytlacena
stopa izolatorom (Greer a Street 2007). Pre dosiahnutie elektrickej vodivosti sa sin-
tracia uskutocnuje bezne pri zvysenej teplote. Nanocastice striebra su potiahnuté
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stabiliza¢nym polymérnym naterom a ponorené do rozpustadla s pripadnym pri-
davkom chloridovych i6nov (Grouchko a kol. 2011) pre iniciovanie sintrovania pri
nizsich teplotach (Obr. 1). Pri zvy3enej teplote sa rozpustadlo odpari a polymérny
nater sa roztopi, odtecie z medzicasticovych oblasti a vytvori adhéznu vrstvu me-
dzi atramentom a substratom. To umoziuje, aby kovové castice prisli do kontaktu
a vytvorili vodivé stopy.

" s
. Nanoéastice Ag

=4y Stabilizaény polymér

Obr. 1: Pohyb nanocastic striebra a stabilizacného polymérneho nateru pri sintracii
(modré body reprezentuju chloridové idny).

2. Experimentalna cast

Cielom prace bolo zistit vplyv bariérovej vrstvy, vrichného hydrofilného nateru,
obsahu katiénového polyméru v nateri, povrchovej drsnosti a podmienok sintracie
na elektricky odpor UHF RFID antén.

2.1 Material

Natierany papier pre impregnéciu 0,2 - 5 % vodnymi roztokmi katiénovych po-
lymérov PDADMAC (polydialyldimetylamoénium chlorid) a SMAI 1000 (kopolymér
monomérov styrénu a dimetylamino-propylamin-maleimidu v pomere 1/1), bez-
bariérovy a bariérovy papier s vichnym, hydrofilnym naterom a komer¢na PET félia.

2.2 Metody

Impregnacia papierov vodnymi roztokmi katiénovych polymérov v glejacom
lise Werner Mathis, susenie 10 min pri 110°C. Bariérova vrstva bola pripravena na-
tieranim s PVOH a vrchnd hydrofilna vrstva disperziou na baze zraZaného uhlicita-
nu vapenatého. Hladenie v kalandri Kleinewefers dvoma prechodmi papierov pri
teplote 60°C a tlaku 260 kPa. Povrchova drsnost papiera sa vyhodnotila fotoklino-
-metrickou metédou (Gigac a kol. 2013, 2014, Kasajova a Gigac 2013) pomocou
optickej variability povrchu OVS. Meraci systém pozostava zo svetelného zdroja
osvetlujuceho povrch papiera pod uhlom 10° a kamery, ktord nasnima osvetlenu
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Cast. Pre spracovanie obrazov na histogramy bol pouzity softvér Imagel. Opticka
variabilita povrchu bola vypocitana ako aritmeticky priemer merani varia¢nych
koeficientov Urovne sivej z histogramov povrchovej mapy. Inkjetova tla¢ antény
A1 (Obr. 2) nanocasticovym striebornym atramentom Metalon JS-B25P v tlaciar-
ni Epson Stylus C 88*. Susenie tlacenych antén 5 min pri 115 °C, sintracia 20 s pri
130 °C, tlaku 75 kPa a sintracia 5-20 min UV lampou. Elektricky odpor antény sa
meral pristrojom UNIT-T, model UT70B.

Obr. 2: Obrazova predloha antény A1.

2.3 Vysledky

Vplyv impregnacie a hladenia natieraného papiera na elektricky odpor striebor-
nych antén je na Obr. 3. Povrchova drsnost papierov bola pod 5 %. Antény po suse-
ni a sintracii hordcim lisom boli vodivé len v oblasti 2-4 % koncentracie katiénové-
ho polyméru. Po sintracii sa zvySovanim koncentracie PDADMAC z 2 na 4 % znizil
elektricky odpor z 135 na 71 Q. Naslednou UV sintraciou sa elektricky odpor antén
na hladenom impregnovanom natieranom papieri znizil na 63-65 Q.

I
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Elektricky odpor Ag antén A1 (Q)
8

o
o
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Doba expozicie antén UV Ziarenim (min)
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Obr. 3: Vplyv kationového polyméru PDADMAC a UV expozicie na elektricky odpor
striebornych antén na hladenom impregnovanom natieranom papieri.
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Na Obr. 4 je prezentovany vplyv procesov susenia a sintracie na elektricky od-
por striebornej antény vytlacenej na bariérovom papieri s vichnym naterom, ktory
obsahoval 2 % PDADMAC. Sintracia antény sa uskutocnila troma spésobmi, expozi-
ciou UV ziarenim, v horicom lise a kombinaciou UV Ziarenia a horuceho lisu.
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Obr. 4: Vplyv procesov susenia a sintracie na elektricky odpor striebornej antény vytlacenej
na bariérovom papieri s vichnym naterom.

Vplyv povrchovej drsnosti hladeného vrchného néteru s 2 % obsahom katiéno-
vych polymérov SMAI 1000 a PDADMAC na bezbariérovom papieri na elektricky
odpor antén A1 je na Obr. 5. Elektricky odpor antén bol meratelny len na vrchnych
nateroch papiera s obsahom PDADMAC a povrchovou drsnostou pod 6 %, nad tou-
to drsnostou papiera (6,6 a 7,0 %) boli antény nevodivé. Papiere s vrichnymi natermi
s obsahom SMAI poskytovali len nevodivé antény a to aj pri povrchovej drsnosti
papiera pod 6 %.
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Obr. 5: Vplyv povrchovej drsnosti na elektricky odpor striebornych antén na bezbariéro-
vom papieri s hladenym vrchnym nédterom s katiénovymi polymérmi.
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Na Obr. 6 su porovnané elektrické odpory antén vytlacenych na bezbariérovom
papieri s hladenym vrchnym naterom, bariérovom papieri s nehladenym vrchnym
naterom a PET folii. Papiere boli pripravené nasou technolégiou tak, aby sa v ¢o
najvyssej miere priblizili kvalite plastovej folii. Vrchny hydrofilny nater na bezbarié-
rovom a bariérovom papieri mal zasadny vplyv na elektricky odpor antén. Anténa
na bezbariérovom papieri s hladenym vrchnym naterom mala elektricky odpor
12 Q a na bariérovom papieri s nehladenym vrchnym néterom len 3,6 Q. Elektricky
odpor antény na PET félii bol na trovni 3 Q.
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Obr. 6: Porovnanie elektrického odporu striebornych antén na réznych substratoch.

2.4 Zaver

Aplikacia katiénového polyméru PDADMAC vo forme vodnych roztokov alebo
pridavku do vrchného hydrofilného nateru na povrchu papierovych substratov
mala pozitivny efekt na elektricky odpor striebornych antén tlacenych inkjetovou
technikou.

Antény vytlacené na bezbariérovom papieri s vrchnym hydrofilnym naterom
nemali dostatoc¢ne nizky elektricky odpor, preto bol pod vrchny hydrofilny nater
aplikovany bariérovy nater odolny proti vodnej pare z ovzdusia. Bariérovy nater
zvysil rozmerovu stalost papiera a zabezpedil zakotvenie nanocastic striebra atra-
mentu vo vrchnom hydrofilnom nateri a tym znizenie elektrického odporu strie-
bornej antény.

Znizenim povrchovej drsnosti hydrofilného nateru papiera pod 6 % sa dosiahol
elektricky odpor antén porovnatelny s anténami vytlacenymi na PET félii.

Tieto vysledky sa vyuzili pri konstrukcii UHF RFID tagov z antén tlacenych na
papierovych substratoch.
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Abstrakt: This work was focused on the preparation of homogeneous compact
TiO, blocking layers by spin-coating technique from TiAcAc, Ti(BuO),, and TTIP
precursors and their optimization by the addition of TiCl, with the appropriate
concentration. Prepared blocking layers were applied in the screen-printed
mesoporous perovskite solar cells with carbon back electrode. Blocking
layers have several crucial functions, such as the collection and transport of
electrons from the perovskite layer to the relevant electrode while blocking the
flow of holes that prevents internal short circuits. Therefore, it is important to
optimize these layers. The best efficiency (7.8 %) was achieved by cells using
blocking layers, prepared from mixed precursors: 0.06 M TiCl, in TiAcAc.

1. Uvod

Hlavnym zdrojom energie v dne3nej dobe st fosilne paliva. Tazbou a ich spalo-
vanim dochdadza k devastacii prirody a vzniku sklenikovych plynov, ktoré sp6sobu-
ju globdlne oteplovanie, kyslé dazde a iné celosvetové problémy. Preto je dolezité
hladat alternativne zdroje energie, ktoré nebudu nepriaznivo vplyvat na Zivotné
prostredie. Vyuzivanie energie priamo zo slne¢ného Ziarenia moze byt alternativ-
nym spdsobom k naplneniu potrieb ekologickej spotreby energie so zanedbatel-
nymi vplyvmi na zivotné prostredie. A prave, fotovoltické zariadenia predstavuju
slubny sp6sob premeny slne¢nej energie na elektrickd energiu [1].

Vyskumne a aplika¢ne su zaujimavé najma fotovoltické zariadenia 3. generacie,
hlavne organické solarne ¢lanky (OPV), farbivom scitlivené soldrne ¢lanky (DSSC)
a perovskitové solarne ¢lanky (PSCs), ktoré vyuzivaju tenké funkéné vrstvy na baze
nanomateridlov organickej i anorganickej povahy (uhlikové nano-materialy, nano-
-Struktdrované oxidy, vodivé polyméry a nizkomolekulové organické vodivé latky)
[2].

Perovskit predstavuje latku s krystalickou kubickou Strukturou, ktord ma Speci-
fické usporiadanie so vieobecnym vzorcom ABX3 (CH;NH;Pbl,), kde A je organicky
kation (etylamoénium, metylamdnium a formamidinium), B je katién dvojmocného
kovu (Pb* a Sn*) a X je anién halogenidu (CI, I'a Br) [2].

Perovskitové solarne ¢lanky mézeme na zéklade usporiadania funkénych vrstiev
v ¢lanku, polohy vrstvy transportujucej elektrény alebo diery rozdelit na zariade-
nia s n-i-p a inverznou p-i-n strukturou, kde i zodpoveda vlastnému (intrinsic) po-
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lovodicu (perovskitu). PSCs s n-i-p struktirou mézeme dalej rozdelit na planarne
a mezoporézne (Obr. 1). Obe Struktlry pozostavaju z piatich réznych vrstiev. Na
rigidnom (sklenenom) alebo flexibilnom (plastovom, PET) podloZznom substrate sa
ako prva vrstva nachadza vodivy transparentny oxid (TCO). Najcastejsie sa vyuziva
flubrom dopovany oxid cinu (FTO) alebo indiom dopovany oxid cinu (ITO). Dalou
vrstvou v poradi je elektron transportujica a diery blokujica vrstva (ETL), ktora
méze mat planarnu alebo mezoporéznu konfiguraciu. Dalej nasleduje perovskito-
va fotoaktivna vrstva absorbujica dopadajuce svetlo zo sinka, diery transportujuca
vrstva (HTL) a poslednou vrstvou je zadnd elektroda, ktord moéze byt kovova (zlata,
striebornda, medena) alebo nekovova (uhlikova) [2].

hi=e]

Substrate

Mesoporous n—i-p Planar n—i-p Planar p~i-n
HTL
Perovski
rouskite | Perovslite | Perovikite
mp-ETL [
Substrate Substrate

Obr. 1: Mezoporézny perovskitovy solérny ¢lanok s n-i-p Strukturou (vlavo), planarny pe-
rovskitovy soldrny ¢lanok s n-i-p Strukturou (v strede), inverzny planarny perovskitovy so-
larny ¢lanok s p-i-n Strukturou (vpravo).

PSCs si velku pozornost pritiahli vdaka rychlo sa zvysujucej ucinnosti konverzie
svetelnej energie, ktora za posledné roky rapidne stupla z 3,8 % na viac ako 25 %
(v laboratérnych podmienkach), nizkej cene materidlov, moznosti ekologickej pri-
pravy tlacovymi technikami (sietotla¢, flexotlag, inkjet) a roll to roll technolégiou,
ktora umoznuje masovu velkorozmernu produkciu [2, 3].

Vyskum v pripade PSCs so standardnou Strukturou (Obr. 1 vlavo) je zamera-
ny hlavne na zvysenie stability fotoaktivnej perovskitovej vrstvy, na hladanie al-
ternativnych diery transportujucich materidlov (HTM) akymi su anorganické oxi-
dy, vodivé polyméry a ich kompozity a novych elektron transportujucich vrstiev
na anorganickej a organickej baze [4, 5]. Zadné elektrédy sa pre vysoko vykonné
PSCs pripravuju vakuovym tepelnym naparovanim uslachtilych kovov (zlato alebo
striebro), ktoré sa vyznacuju vynikajucou odolnostou voci koroézii a vodivostou. Ich
nevyhodou je vysokd cena, energetickd ndro¢nost v procese depozicie a interakcia
s halogénmi v perovskite, ¢o spésobuje jeho degradaciu [6]. Kone¢nej komercnej
vyrobe PSCs brania aj ndrocné HTL materidly: 2,2,7,7-tetrakis(N,N-di-p-metoxy-
-fenylamin)-9,9-spirobifluorén (Spiro-OMeTAD), polytriarylamin (PTAA), poly-3he-
xyltiofén (P3HT), ktoré patria medzi najpouzivanejsie a najvykonnejsie HTL av3ak,
trpia nedostatkami akymi su vysokd cena, podmienky pripravy vyzadujuce inertnu
atmosféru a taktiez ich citlivost na migraciu halogenidovych a kovovych idnov, kto-
ra vedie k ich degradacii [4, 7].
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Objav ambipolarnych vlastnosti perovskitovej vrstvy viedol k priprave PSCs
s roznorodou Strukturou bez nutnosti zaradit problematicki HTM vrstvu do sys-
tému [8]. Najuspesnejsimi predstavitelmi su tzv. PSCs so zadnou uhlikovou elek-
trédou (C-PSCs) (Obr. 2), ktoré vyuzivaju miesto kovovej zadnej elektrédy uhlikové
nano-materialy a ich kompozity. Vdaka hydrofébnej povahe uhlikovej elektrédy su
C-PSCs stabilnejsie ako PSCs so standardnou Struktirou a jednotlivé funkéné vrstvy
je mozné pripravit tlacovymi technikami [9].

uhlikovy zadny
kontakt

perovskit

mezoporézna
vrstva ZrQ,

mezoporézna
vrstva TiO;‘I

|sk|o s vrstvou TCO |

Obr. 2: Struktira mezoporezného C-PSC.

Nizsia konverznd ucinnost tlacitelnych C-PSCs v porovnani so $pickovymi Stan-
dardnymi PSCs (15 % [10] vs. 25 % [3]) je pripisovana najma nedostatocnej kvalite
a homogenite velmi tenkej bloka¢nej vrstvy (~ 30 nm) a zloZitej aplikacii roztoku pe-
rovskitu, ktory je nanasany infiltraciou cez poréznu uhlikovu elektrédu. Morfolégia
kompaktnej vrstvy zavisi od pripravy a zloZenia pouzitych disperzii, ktoré urcuju jej
hrabku, drsnost a kompaktnost. Morfoldgia blokacnej vrstvy vyrazne ovplyvriuje
fotovoltické vlastnosti C-PSC a preto je nutné zvolit vhodnu depozi¢na techniku.
Idedlna blokacna vrstva je velmi tenka (<30 nm), ¢o ma za nasledok vznik defektov,
ktoré sposobuju vnutorné skraty pri prieniku perovskitu k TCO vrstve. Na druhej stra-
ne ak je vrstva prili§ hrubd dochddza k nérastu sériového odporu a k rekombindcii
elektrénov s dierami, ¢im sa znizuje pradova hustota a Ucinnost ¢lanku. Preto je po-
trebné pre dosiahnutie vysokého vykonu C-PSC, venovat sa priprave bezporucho-
vych kompaktnych bloka¢nych vrstiev s optimalnou hrabkou, ktoré ulahcuju zber
a transport elektrénov z perovskitovej vrstvy na prislusné elektrédy a zaroveri bloku-
ju tok dier ¢&im zabranuju vnatornym skratom [5].

2. Vysledky prace a diskusia

V prvom kroku sme zhotovili vysokoteplotné C-PSCs s diery blokujucimi (blo-
kacnymi ,BL’) vrstvami na baze TiO, so Struktirou znazornenou na obrazku 2.
Blokacné vrstvy sme pripravili z prekurzorov TiAcAc (diisopropoxid bis(acetylace-
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tonat) titanu), TTIP (isopropoxid titanu (IV)), Ti(BuO), (butoxid titanu (IV)) metdédou
s6l-gél a nanasali sme ich narigidny komercny FTO/sklo substrat rotacnym ovrstve-
nim. Ostatné komeréné funkené vrstvy sme naniesli sietotlacou okrem perovskitu.
Perovskit sme aplikovali na uhlikovu zadnu elektrédu jednokrokovo, kvapnutim.

V dalsom kroku sme pripravili C-PSCs s modifikovanymi bloka¢nymi vrstvami.
Oxidové bloka¢né vrstvy sme modifikovali pridavkom 0,08 M roztoku TiCl, do roz-
toku prekurzorov TiAcAc, TTIP a Ti(BuO),.

Z nameranych vysledkov fotoprudu solarnych ¢lankov mozno usudit, ze prida-
vok TiCl, vyrazne zlepsil skratovl prddovu hustotu (J,), a tym aj u¢innost C-PSC,
ktory vyuzival bloka¢nu vrstvu pripravenu z prekurzoru TiAcAc (Tab. 1). Tento
Uspech mozno pripisat homogénnejsej blokacnej vrstve, ktord bola bez vyraz-
nych prasklin, dier a necist6t. Preto sme sa rozhodli pracovat uz len s prekurzorom
TiAcAc a v dalsom kroku sme hladali najvhodnejsiu koncentraciu pridavaného roz-
toku TiCl,.

Tab. 1: Parametre C-PSCs s TiO, bloka¢nymi vrstvami pripravenymi metédou sé6l-gél z pre-
kurzorov TiAcAc, TTIP aTi(BuO), bez a s 0,08 M pridavkom TiCl,. Meranie pri Standard-
nom dennom osvetleni (AM1.5, 1000 W/m?).

Joo (MA.cm?) V.. (V) U¢innost (%) FF

TiAcAc sél- 14,00 0,69 5,10 0,52
gél

TTIP sol-gél 10,60 0,84 4,10 0,46

Ti(BuO),sol- 13,40 0,72 4,90 0,51
-gél

TiAcAc +TiCl, 19,00 0,78 7,50 0,50

TTIP +TiCl, 12,50 0,81 5,00 0,50

Ti(BuO), + 19,00 0,64 5,40 0,45
TiCl,

Zéatazové J-V krivky (Obr. 3) maju Standardny tvar s relativne dobrym plnia-
cim faktorom (FF), ¢o naznacuje dobry medzifdzovy kontakt medzi perovskitom
a mezoporéznou TiO, vrstvou. Najlepsie vysledky dosiahli solarne ¢lanky s blo-
kacnou vrstvou, ktord obsahovala 0,06 M a 0,08 M pridavok roztoku TiCl, (Tab. 2).
Postupnym zvySovanim koncentracie pridavaného roztoku TiCl,z 0,02 M do 0,1 M
sa menili aj fotovoltické paremetre C-PSCs: skratova prudova hustota (J,), napatie
naprazdno (V,) a uéinnost. U¢innost po najmensom pridavku TiCl, (0,02 M) naj-
prv klesla, potom vzrastla (0,06 M) a nakoniec zase klesla (0,1 M). Narast ucinnosti
z229%na78%al.z7,7 mAcm?na20,1 mA.cm?je pravedpodobne spojeny s po-
tlacenim seriového odporu a s ndrastom obsahu vytvorenych TiO, nanocastic, kto-
ré nevytvorili aglomeraty ale rovnomerne sa rozlozili do kompaktnej, homogennej
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a takmer bezporuchovej blokacnej vrstvy. Zvysenim koncentracie pridavaného
roztoku TiCl, 0,08 na 0,1 M sa kvalita vrstiev zhorsila z dovodu pribudnutia mikro-
defektov a vzniku TiO, aglomeratov, ¢o malo za nasledok pokles tGc¢innosti.

22 .
=—sol-gel TIAcAC
20 J208M = 0,02 M TiCl, v TiAcAc
i - = =0,04 M TiCl, v TiAcAc
jocem — 0,06 M TICI, v TiAcAc
16 - P 0,08 M TiCl, v TiAcAc
14 10M A T == 0,7 M TiCl, v TiAcAc

Fotopridova hustota (mA.cm™)

T T T T T T T T T T T
0 100 200 300 400 500 600 7OO 800 900
Napatie (mV)

Obr. 3: Fotoprudové zatazové krivky C-PSCs s bloka¢nymi vrstvami na baze TiO, s rdznou
koncentraciou pridavanéhoTiCl,.

Tab. 2: Parametre C-PSCs s TiO, bloka¢nymi vrstvami pripravenymi metddou sél-gél z prekur-
zoru TiAcAc s roznym pridavkom TiCl,,.

Jo (MA. V. (V) U¢innost FF
cm?) (%)

TiAcAc bez TiCl, 14,00 0,69 5,10 0,52
0,02 M TiCl, v TiAcAc 7,70 0,64 2,90 0,54
0,04 MTiCl, v TiAcAc 8,90 0,76 3,60 0,52
0,06 MTiCl, v TiAcAc 20,10 0,78 7,80 0,50
0,08 M TiCl, v TiAcAc 19,00 0,78 7,50 0,50

0,1 MTiCl, vTiAcAc 10,90 0,77 4,20 0,50

Nakoniec sme porovnali nasu najlepsiu modifikovanu sél-gélovu blokacnu vrs-
tvu (0,06 M TiCl, vTiAcAc) s komer¢nou TiO, bloka¢nou vrstvou zo Solaronixu, ktora
bola pripravena sietotlacou. S nasou s6l-gél BL sme dosiahli ovela vyssiu J,. (20 vs.
13,4 mA/cm?), Gcinnost (7,8 % vs. 5,3 %) a sériovy odpor celého C-PSC bol nizsi (10
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vs. 15 Q.cm?). Tento Uspech mozno pripisat tensej a bezporuchovej sél-gél blokac-
nej vrstve (35 vs. 50 nm).
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Abstract: The paper investigates the contemporary and essential topic for the techno-
logically driven world - user interface (Ul) design — and analyses the previous research,
advantages, drawbacks, effects, and possibilities for improvement. Human-Computer
Interaction (HCI) has gained much importance in recent years. The usage of electronic
devices in everyday life is strongly bound to the user interface. Every improvement in
the technology of the user interface puts on challenge both human perception and
performance, as well as the usability of the system. Concerning possible issues, conse-
quences and lack of required performance when interacting with the user interface, the
effect of the design elements of the user interface should be thoroughly investigated.
The paper presents the most common factors of design elements and their influence
on the usability of the user interface. Additionally, the analysis of the elements is aimed
to aid the enhancement of the future user interface design. The paper reviews previous
research on the user interface topic, while outlines the advantages and drawbacks of
these researches and gives the preposition for further research.

Keywords: user interface design, usability, design elements

1. Introduction

The use of digital devices nowadays is fully dependant on computer technol-
ogy, and electronic devices are in most cases programmable. These circumstanc-
es brought closer and made electronic devices globally accessible to people.
Communication with electronic devices is enabled via the physical and digital
user interface, whereas this paper is focused on the virtual computer interface. The
user interface can be accessed and controlled using a computer mouse, keyboard,
touchscreen input or physical button input. Additionally, the development of the
different hardware devices introduced new ways of interacting with the devices
including gesture, voice, gaze and new hardware devices such as virtual reality (VR)
controller.

This paper is focused on general concepts of user interface design. Previous re-
search analyzed several design factors influencing the usability of the user inter-
face.
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2. User interface design - definition, overview

There are a lot of differences among the users, as well as the purpose of inter-
face design. These differences regarding users and purposes of the interface are
enveloped in various definitions. These definitions imply the factors and concepts
that are essential for the user interface design.

The definition which is directly connected to the researches of the user inter-
faces is the definition of usability defined by 1509241 [1]: ,the extent to which a
product can be used by specified users to achieve specified goals with effective-
ness, efficiency, and satisfaction in a specified context of use”. This definition im-
plies three factors that many authors and researchers in the field of user interface
design outline as the most important factors affecting user interface design. These
factors are effectiveness, efficiency, and satisfaction. Additionally, from the defini-
tion, the specified context of use is also a widely researched topic in the user inter-
face design field. Furthermore, the great question that has always been the striving
goal, is the universality of the interfaces — in terms of accessibility for everyone.

3. Previous researches on the user interface design factors

Previous researches on the user interface design are researched these three fac-
tors: effectiveness, efficiency, and satisfaction.

Important design factors are color and lightness. Researches Lin et al. [2] point-
ed out that the ambient illumination is an important factor that should be taken
into consideration when planning the workstation for visual display terminal. Their
results confirmed that character identification performance increases with increas-
ing background screen luminance on the TFT-LCD display terminal. Furthermore, at
the normal office levels, there was no significant effect on character identification
performance, whereas at the high ambient illumination character identification
performance is more affected by background luminance of the screen rather than
contrast ratio or contrast sensitivity.

Not only ambient illumination affects display luminance, but also the inconsist-
ency of the chromaticity coordinates of the primary colors [3]. Authors Shieh et al.
[4] also confirmed that the color combination is an important factor for the VDT
display design. Results showed that performance and preference are improved
when the luminance ratio increased and when the darker targets were presented
in lighter backgrounds.

Some researchers noticed that the color of ambient illumination can have differ-
ent effects regarding association that particular color causes to the user. According
to authors Lu et al [5], this fact is in direct relationship with the productivity, perfor-
mance, and ease of understanding feedback information of the message from the
system. The study investigated the energy consumption behavior under different
ambient illumination feedback in combination with tasks with different cognitive
load. In the version with consistent association feedback, in both levels of cogni-
tive load (low and high cognitive load tasks), the performance was equally fast and
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indeed consumed less energy than participants who received weakly associated
lightning feedback. So that strong color associations help users to easily perform
the task. In the second experiment, consistency of color association was investigat-
ed (exp. for the inconsistency - for low energy consumption there was more red in
the color, and for the high energy consumption there was more green in the color).
Results showed that participants processed feedback messages with inconsistent
color association feedback more slowly than in the version with a strong associa-
tion color.

Regarding touchscreen display, button characteristics such as the button size,
space between buttons, shape of the button, and visual feedback, highly affect the
user performance, mental workload as well as the user preferences [6]. The results
from this experiment showed better user performance on the middle-sized (17.5
mm) and large (20 mm) buttons square-shaped. Additionally, users preferred the
button design with space between buttons rather than the version without space.
However, the time required to identify a specific button could be longer with larger
spacing. This could affect task scenarios and the complexity of keyboards.

Some researches outline that the previous experience of the user plays an im-
portant role in designing the above-mentioned factors. Regarding the icon size on
the touchscreen displays, results of user preferences varied depending on previous
user experience [7]. According to authors [8] users without experience consider
the size of the icon the irrelevant factor to the usability. They also discovered that
experienced users preferred the text-based system, whereas novices preferred GUI
systems.

The special importance of the user interface design can be found in an indus-
trial environment, production systems, and management and maintaining high-
risk systems. In these environments, the design of user interface elements can be
a cause of mistakes and can negatively affect the performance of the worker [9].
In this experiment, the tool for configuring the user interface was created. Results
confirmed that participants learned to handle the complex tasks better with the
reconfigurable interface, and liked the reconfigurable interface more.

4, Adaptation, Customisation, and Personalisation

Besides previous, there are researches concern the layout of the user interface
as a whole. Regarding the layout of the user interface, the several propositions
towards improvement and facilitating the use of user interface emerged. Those
propositions regard customization, adaptation, and personalization of the user in-
terface.

Authors [9] proposed the idea that the machine operator can customize their
user interface, which can lead to higher performance, better user acceptance,
awareness of the situation and the decreasing mental workload. Another author
states the same emphasizing that customization of technological tools such as
user interfaces can lead to higher efficiency and safety [10]. Additionally, it is stated
that the individual-centered approach, customization, give the users the oppor-
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tunity to customize interfaces and systems according to their own needs [10]. It
is also claimed that the error rate can be decreased if the user interface is well de-
signed [11].

Authors [12] have proposed the concept of ephemeral adaptation of the user
interface. The ephemeral adaptation uses a combination of abrupt and gradual on-
set of the dropdown menu items in order to drag the user’s attention to the loca-
tion where are the suggested items appear. When the user opens the dropdown
menu, the suggested items appear abrupt, while the rest of the menu items appear
gradually. Results showed that ephemeral adaptation provides better results in the
user performance, unlike a static menu. Additionally, the speed of onset delay of
the unsuggested menu items, as well as the accuracy of the algorithm for predict-
ing items, affect the user performance.

5. Prepositions, suggestions, and plans for further research

Authors [2] suggested that the effect of ambient illumination under outdoor
illumination conditions with TFT-LCD should be investigated.

Furthermore, the shape of the button for different functionalities should be in-
vestigated, since the shapes are the main factor for recognisability of an object, and
every shape has a different meaning in human perception.

Regarding colors, different color groups and contrasts should be investigated.
Previous researches examined the primary colors only, but primary colors are rare-
ly used in user interface design — more frequently the different tones of color are
used in the user interface design. Regarding that, the color contrasts should be
investigated in combination with the user interface elements, and their different
functionalities.

Furthermore, according to authors [13], future research should examine the
influence of the age of the user, level of expertise, and other social factors that
can affect the performance of adaptive, adaptable, and combination of these two
interfaces. In addition, the adaptation is perceived differently from different users,
so authors [14] suggest that the influence of the predictability should be further
investigated as well as the frequency of adaptation, and accuracy of adaptation on
the user’s performance.

Our proposition is that further research should be oriented towards a more de-
tailed investigation of possibilities for adapting and personalizing user interface
with respect to the skill level and learning.

6. Conclusion Why research user interfaces?

From the beginning, authors and researchers established best practices for the
interface design. On the other hand, the constant evolution of the devices requires
constant changes in terms of usability and all established practices, as well as new
types of interaction, new types of adaptation of the user interface to the new types
of hardware, and novice users of the new technology. The important fact is that the
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ideas for user interface design that appear good in theory and during the develop-
ment process are not always corresponding in practical use. Consequently, it is nec-
essary to do detailed researches constantly and investigate the whole context of use.

The problems and solutions outlined in this paper from the perspective of user
interface design elements directly affect user experience. Furthermore, user expe-
rience is directly related to the context of use and specific situation in which the
interface is placed. Regarding that, the user interface should be examined from the
user experience point of view, in the specific context of use, with different types of
adaptation for the specific group of users. This could be beneficial to the industries
in order to facilitate its use, improve performance, and reduce the error rate.
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Abstract: This paper examines the effect of paper properties (roughness, whiteness,
and yellowness) of 15 different papers (one of which is synthetic and six recycled
papers) on the print nonuniformity. The prints were printed with InkJet technology.
Print mottle was quantified by the Print Quality Attributes method — GLCM method.
We used only two GLCM parameters — Entropy and Energy parameters. Prints were
digitised by the flatbed scanner, with 1200 spi resolution. The results showed that
paper roughness influences the appearance of nonuniformity, as opposed to optical
properties.

Keywords: paper roughness, whiteness and brightness, digital printing, print nonuni-
formity, print mottle

1.Introduction

The printing process always involves interaction between the printing ink and
the printing material, i.e. the paper. The same ink applied to different papers may
differ significantly in the appearance. Paper type, especially surface properties, is
fundamental to the appearance of the finished printed features [1, 2]. This was also
the initial idea of this research, which examined the influence of different papers,
and therefore different properties of paper on print quality, in the sense of analys-
ing the print nonuniformity. According to [3], paper parameters can be grouped
into three main categories: structure & composition, optical & appearance, electri-
cal & thermal. Three parameters were selected, one from the first group (surface
roughness, R,) and two from the second group (whiteness and yellowness). So far,
it has been shown that roughness has an impact on the print, precisely on the mi-
cro-nonuniformity [4], while optical properties affect the visual experience of the
print [5].

Today, both recycled and synthetic papers are used in the printing industry.
The question is whether they can replace the natural fiber papers and is the print
quality on them good enough. According to the results from the article [6], the
difference between 100% recycled paper and the paper made with virgin fibers
were minimal. The conclusion was reached for monochromatic prints, printed by
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electrophotography. In this paper, we only analysed one print quality attribute -
print nonuniformity. Print nonuniformity could be quantified using different meth-
ods: NU index [7], GLCM method [8, 9], standard I1SO 13660, the method by [10],
etc. Common to all methods is that they are based on the Print Quality Attributes
method. All methods use the digitised sample for obtaining the numerical value of
a print quality attribute which is evaluated. The only difference between themis in
the processing of the digitised sample; some of them use gray level of pixels, some
Fast Fourier Transform, etc. We used two GLCM parameters, Entropy and Energy
because it has been shown that they are most suitable for the analysis of nonuni-
formity (both random and systematic variations) [11].

2, Materials and methodology

For this experiment, we used 14 different papers, one of which is synthetic (Agfa
Synaps OM) and six recycled papers (Nautilus Superwhite and Universal with differ-
ent grammars). Papers are commercially available. Names of papers and its gram-
mage are shown in Table 1. Papers used in the experiment were characterized by
optical properties (whiteness and yellowness) and geometrical characteristic of a
surface (surface roughness R,). For evaluation of the paper optical properties, we
used measurement device SpectroDens with D50 illuminant and viewing angle
10°. The whiteness index is measured according to CIE and the yellowness index
according to American standard ASTM D 1925 [12].

Surface roughness was measured with portable surface roughness tester TR200.
The cut-off was set up according to the range of measured value. Other settings
were: filter Gauss, measuring range +/- 20 um, resolution 0.01 um and head move-
ment speed Vt = 0.5 mm/s.

Test image used for the experiment contained a patch (150 x 150 mm) with
C: 65, M: 50, Y: 50 and K: 50 %. FOGRA proposes that proportions of CMYK for the
evaluation of print nonuniformity [13]. Samples were printed with InkJet printing
machine Canon PIXMA MP230.

After printing, samples were digitized for further analysis. Digitisation was per-
formed with a flatbed scanner Epson Perfection V370 Photo Scanner with a resolu-
tion of 1200 spi. After digitisation, samples were cropped to 7000 x 7000 px, with-
out any image processing.

For print nonuniformity measurement, we used the GLCM method - parameters
Entropy and Energy [11]. GLCM calculations were performed in MATLAB software.
When building the GLCM, parameters like a number of grey levels, the distance be-
tween two pixels of the GLCM (d) and orientation (8) should be taken into account.
In this experiment, we used grayscale image and the distance (d) between two pix-
els whose repetition was examined, was selected to 10 px [11]. For the orientation
(6), the average of the possible four (0°, 90°, -45° and 45°) was taken into account.
The test image was divided into 100 tiles, and for each tile, GLCM parameters were
calculated. In the end, the mean value was taken into account for further analysis.
The results are presented in the next chapter.
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3.Results and Discussion

The results of the paper properties measurement are shown in Table 1. The re-
sults show that whiteness and yellowness are in a strong direct correlation, only
negative (Figure 1). Most papers have a high whiteness, and a bluish tone. Only
recycled papers (Nautilus Universal) have lower whiteness and higher yellowness,
as expected. However, no relationship was found between roughness and optical
properties. Pearson’s coefficient of correlation of roughness with whiteness and
yellowness is 0,14 and 0,01.

Tab. 1: Paper properties: roughness, whiteness and yellowness.

Samples [g/m?] Ra [um] Whiteness | Yellowness
1 Nautilus Superwhite 250 3,911 114,44 -13,56
2 Nautilus Superwhite 160 3,654 112,42 -12,36
3 Nautilus Superwhite 70 3,962 107,40 -13,16
4 Nautilus Universal 250 3,706 77,63 0,84
5 Nautilus Universal 160 3,882 74,13 1,22
6 Nautilus Universal 70 3,921 7544 1,67
7 HP mat 220 2,632 109,56 -8,62
8 HP semi gloss 220 1,027 112,34 -12,43
9 HP high glossy 220 0,170 115,33 -14,01
10 Fabriano 200 3,037 129,34 -19,31
1 Agfa Synaps OM 170 0,422 93,58 -2,30
12 Perfect Proof semi | 155 0,786 99,79 ~7,96
13 Perfect Proof Semi 185 0,776 9770 638
Matte
14 P;;ﬁgté]gs’f 175 0,353 103,51 -7,78

Lower Entropy values and higher Energy values indicate a better print quality,
that is, a more uniform print surface. Pearson’s coefficient of correlation of Entropy
with Energy is — 0,99. According to that, the most uniform print surface is on syn-
thetic paper Agfa Synaps OM (Entropy is 0,0282 and Energy is 0,992). Sample print-
ed on recycled paper Nautilus Universal 250 g/m? has the largest nonuniformity
(Entropy is 1,0193 and Energy is 0,4619). Scanned patches of those samples are
presented in Figure 2.

A graphical representation of the results of print nonuniformity is given in
Figure 3. Samples are ordered from the best to worst. It can be seen that there
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was a grouping of samples based on Entropy and Energy values. The synthetic pa-
per has the best uniformity, followed by HP papers. Poor quality was obtained on
Perfect Proof papers and Fabriano paper, with the worst being recycled papers.
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Fig. 1: Correlation between optical paper properties.

Fig. 2: Two representative examples of print nonuniformity: a) Sample 12 - Agfa Synaps OM
paper with the smallest nonuniformity and b) Sample 4 — Nautilus Universal 250 g/m? with
the largest nonuniformity.
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Fig. 3: Graphical representation of the results of print nonuniformity.
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Based on the obtained results, a mean correlation was found when the print
nonuniformity parameters were compared with the roughness, which is another
confirmation as in the paper [4]. On the other hand, no correlation was obtained
with the optical properties of the paper. Pearson’s correlation coefficient of com-
parison of all parameters is given in Table 3.

Tab. 3: Pearson’s correlation coefficient of comparison of all parameters.

R, Whiteness Yellowness
Entropy 0,71 -0,38 0,21
Energy -0,74 0,39 -0,23
4. Conclusions

Based on the results obtained in this study, paper roughness was found to influ-
ence the appearance of print nonuniformity. On samples with less roughness, the
print is more uniform. The synthetic paper has proven to be the best in print uni-
formity. Print uniformity measurements have shown that specific recycled papers
can replace natural fiber papers. Recycled bleached papers (Nautilus Superwhite)
have quite similar values of entropy and energy as Fabriano and Perfect proof papers.
Therefore, they can be used for products that do not require perfect print quality.
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Abstract: Consumers have many choices when choosing between products and
brands; consequently, every detail is important when making purchasing decisions.
The use of intelligent elements, such as QR code, RFID or NFC tag enables additional
interaction with the consumer. In our research, we explored the presence of interacti-
ve packaging and its usefulness through consumers and producers perspective in the
segment of fast-moving consumer goods (FMCG). We explored the Slovenian market,
and the results showed that food producers use QR codes for traceability purposes, in
support of trade-marketing activities, most often prize games or rewarding purchases.
Most consumers are familiar with QR code and NFC, but only 60% use these elements.
In most cases, they use them to access the website. The consumers are mainly interes-
ted in the origin of food, in the case of dairy products, the milk traceability and produc-
tion process are the most significant interest, as well as information about ingredients
and nutrition table. The goal of our research was also to estimate the implementation
of intelligent elements on the packaging of dairy products from a financial perspective
and made the approximation of the cost per unit for the selected dairy products.

Keywords: intelligent packaging, QR code, RFID, NFC.

1.Introduction

Intelligent packaging (IP) is gaining importance in food packaging sector be-
cause of the increasing use of incorporated data carriers, such as 2D barcodes and
radiofrequency identification (RFID) tags, enabling better product differentiation,
traceability and other interactive features [1]. A 2D barcode is an optical, machine-
readable representation of data, stored in the horizontal and vertical directions;
therefore, it occupies less space and allows 360-degree reading [2]. One of the
most popular standardized 2D barcodes is a Quick Response code (QR code), which
includes an independent database with complete freedom of movement, allowing
immediate access to data regardless of location. The benefits of QR code is small
physical size, scalability, big capacity of data storage and high data density, high
durability and built-in error corrector for error checking and correction [3].

RFID offers several benefits to the food packaging, by improving traceability,
inventory management, facilitating automation and antitheft prevention or coun-
terfeit protection [4]. Compared to optical bar codes, RFID tags can carry much
more information, up to 1 MB, have more extended reading range, line-of-sight
is not necessary, and can work under extreme temperatures and different pres-
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sures [5]. Real-time information updates can be obtained as the tagged items move
through the supply chain; also, multiple RFID tags may be read simultaneously at
a rapid rate.

Near Field Communication (NFC) is a wireless communication protocol and
technology based on the use of radio waves, enabling fast and easy wireless con-
nectivity. NFC operates as a passive RFID HF tag. Devices equipped with NFC tech-
nology can function as electronic identifier devices that can read and process em-
bedded data or information from NFC-tagged objects [6]. NFC has the advantage
of exceeding the RFID’s one-way limitation (reading only information on a chip,
not able to write new information) with two-way communication, card emulation
or peer-to-peer communication. On the other hand, NFC can only send and receive
very small packets of data and has a limited range (20 cm).

The use of interactive packaging can be of high added value. It can extend or
increase the communication of the consumer with the product before and even
after the purchase. Today, the consumer is exposed to a large number of products,
and in supermarkets, there are up to thirty thousand items on average. At the same
time, the consumer is confronted with an increasing number of commercial brands
and imitators of original brands [7]. The use of interactive packaging allows ad-
ditional interaction, distinctiveness from other products and a greater connection
between the product and the consumer. It provides quick and easy access to use-
ful, product-relevant information on demand and in the real environment.

In our study, the presence of interactive packaging and the usefulness of imple-
menting QR code, RFID or NFC for fast-moving consumer goods (FMCG) through
consumers and producers perspective was studied.

2.Methods

Interviews with the marketing specialists, food and beverage producers in the
FMCG sector were done by phone and face-to-face meetings.

Data from consumers were obtained by two online surveys with the purpose
to obtain information on the use of interactive packaging in Slovenia from a ran-
dom selection of consumers. For data collection, we used an online tool Moja
anketa (www.mojaanketa.si), and most questions were in closed form. Over the
one month, we gathered a total of 337 fully completed and usable surveys. The
respondents were divided according to gender, age, level of education and geo-
graphical region.

3.Results and discussion

There are a limited number of surveys dealing with the application of data car-
riers (QR code, RFID, NFC) in FMCG sector, from the producers and consumers per-
spective. In our research, we were focused mainly on the dairy segment while it
plays a vital nutrition value and cultural role in the daily diets of people around the
world. Dairy products are bought daily, the market is considerably large, with the
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presence of numerous companies. Additionally, it is a lower added value segment
(excluding ice cream), where an increase in the costs (i.e. for packaging) are ap-
parent compared to premium or bio-products, alcoholic beverages, and in general
higher-priced products, like chocolate, coffee, champagne.

3.1 Producers perspective

The number of packaging in FMCG sector equipped with QR code, RFID or NFC
is meager. Products with implemented interactive data carrier on the packag-
ing are most commonly higher added values products, like sparkling wine, wine,
pumpkin oil and related products, vegetable oils and mayonnaise, vinegar, ham,
organic beef, other organic products, chocolate and children food. Especially in a
dairy segment, we did not find examples of interactive packaging, with one excep-
tion. We found QR code on long-life milk and ice-cream packaging.

In most cases, the primary purpose of use was a link to the company website,
in one case, to Facebook profile. In some cases, the link was directed to the de-
scription of the product and its ingredients. One of the first companies that started
to use QR code in Slovenia years ago, uses QR code for meat tracebilty and links
the meet to the designated eco-farmer. Also, some other food producers have the
same purpose of use. Two dairy producers use QR code for tracking of dairy prod-
ucts, in one company only for reading in their system for traceability purposes.
Food producers use QR codes only for a shorter period in order to support trade-
marketing activities, most often prize games or rewarding purchases. We did not
found NFC applications in the FMCG sector, mostly is used on technical devices and
specialised events for more accessible information.

One of the reasons for a deficient presence of interactive packaging in the dairy
sector is that product tracking is quite easy, and the existing system using GS1-
128 and EAN-13 is well implemented. The producers see the possibility for RFID
implementation if the whole supply-chain and retailers would use it. To include QR
code is easy, but if most consumers do not use it, the producers have no interest
to implement it.

3.2 Consumers perspective

In two online surveys, a total of 337 respondents aged from 19 to 64, with an av-
erage age of 34.8 years provided complete, and usable answers for analysis. More
than half of respondents were from central Slovenia that is from the most devel-
oped region of Slovenia. As much as 55.7% of respondents had 6/2 level of educa-
tion or higher, 23.2% had 5 or 6/1 and 21.1 had the level of education below 5.

The survey on QR code showed that 94.2% of the respondents are familiar with
the image element representing QR code, and 65.5% of respondents have already
scanned the QR code. NFC survey showed 72% of responded knows NFC in graphi-
cal appearance and only 50% knows word NFC and 46,3% its meaning. Most people
have scanned the QR code on leaflets, followed by vouchers, then business cards
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and packaging of technical products, only 16.2% on food packaging products (Fig.
1). While NFC was found on payment cards by 25.6%, followed by packaging of
technical devices, ID bracelets, business cards, posters (Fig. 2).

Business cards Respondents

scanning the QR
68,8% code
m Respondents
detecting the QR
59,5% code

Vouchers

Web pages

Adds

Posters 61,3%

Flayers 70,5%

Technical.. 67.1%

Food packaging 60.1%

Fig. 1: Applications with QR codes, that were detected and read by consumers.

Payment cards 25,6%
Posters
ID bracelets
Packaging of.. 18,9%

Bussines cards 11,6%

Respondents (%)

Fig. 2: Applications with NFC tag, that were detected by consumers.

Link to the website or Facebook

Prize games
The origin of the ingredients and the site.. 68,8%
Possibility of use and recipes
Ingredients, nutritional table 64,7%

Respondents (%)

Fig. 3: Informations embeded in QR code.
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The majority of survey respondent scan QR code to access a website. Second most
relevant content to which consumers accesses via QR code is text information and
links for voucher (referrals), tickets. The least important, in their opinion, was a link to
social networks. The type of information they are interested most for food products
are ingredients, nutrition table, the origin of the product and the site of processing,
as seen from Fig. 3. Similar answers were for obtained dairy products; the most im-
portant is the origin, quality of product and production process.

3.3 Costs estimation

As the dairy segment is mainly a commaodity, the implementation of intelligent
elements could have a significant influence on the product price. Application of QR
code is easy and has no additional cost. An approximated financial estimation of the
implementation of RFID on three different dairy products was reported by Zurbi [8].
The estimated price for the passive RFID tag is 0.10 euros for a quantity of more than
10 million tags per year. For the 1-litre long-life milk, the cost of tag represents more
than 15% of the net price value and more than 30% of the production cost and pack-
aging. In the case of 1-litre fresh yoghurt, the cost is approximately 10% of the cost of
production and packaging. Only for the 1-litre ice cream, the estimated cost is in an
acceptable range, around 3%.

4.Conclusions

The use of IP in Europe is increasing, and the complete intelligent pack solutions
will be more efficient, offering faster applications and interactivity also in the food
and beverage segment. A survey by Deloitte Consulting LLP, involving more than
400 business leaders from manufacturers and retailers, indicates a trend toward in-
telligent and active packaging investments [9]. In our view, the growth trends in the
use of IP in FMCG sector should be treated with caution, since the use of these ele-
ments for most products is in the experimental phase. Applications mostly happen in
smaller series for the purpose of prize games or additional marketing support to an
existing campaign, which does not provide growth in use and familiarity. Although
the use of IP is somewhat perceived in pharmacy, clothing and luxury goods, the
food segment is slowly evolving. We expect an increase of use also in FMCG sector,
mainly for food safety, lowering food waste and informing the customer.
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Abstract: This paper aims to determine the influence of humidity and temperature
exposure of samples, on the stability of playing cards prints at controlled microenvi-
ronment in the artificial aging test. Playing cards printing substrate is a special paper
regarding their specific purpose, and thus such substrate should be more resistant to
light, moisture, bending, and general wear. Prints of yellow and black colour step like
wedges ranging from 10% to 100% screen value were made by offset presses. Printed
and unprinted paper substrates were exposed to artificially ageing test in a test cham-
ber according to ISO 5630-3 standard, during 3, 6, 9, 12 and 15 days. Samples were ex-
posed to moist heat treatment method at temperature of 80°C and 65 % RH. Mentioned
microenvironment conditions have the effect of artificial accelerating aging. The re-
sults of measured colorimetric characteristics showed visible differences between the
aged and non-aged prints and paper substrate. The results show that AE* for yellow
prints is bigger than for black prints.

Keywords: playing cards prints, accelerating ageing, moist heat treatment, colorimet-
ric characteristics

1. Introduction

Microenvironment can influence the stability of paper or printing substrate and
prints by heat, humidity, oxygen, light and pollutants (HOS, NOx, dust, etc.)'. The
mentioned microenvironmental conditions influence on degradation through ex-
ogenous factors, as well as on degradation through endogenous factor like pH of
paper, the concentration of metal ions and lignin in paper, concentration of metal
ions in dyes or inks, and products that have been produced in the degradation
process.

Complexity of the aging process of the print causes simultaneously process of
aging of more interacting materials. The ageing process of prints occurs by the pro-
cess of aging of the printing substrate and aging process in dyes or inks printed on
the printing substrate. Some researchers have studied different combinations of
printing substrates and printing inks or ageing time (days). Fricker et al. made an
evaluation of humidity sensitivity of Inkjet prints with the conclusion that pigment
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based inks are less sensitive to elevated humidity than dye-based inks for all paper
types?.

Papers major component is natural polymer - cellulose. Another natural poly-
mer lignin is also constituent of paper, while other components are sizing agents,
fillers, etc. In the process of ageing hydrolysis, oxidation and crosslinking occur. The
products of these reactions are the same monocarbon and dicarbon acids, but the
proportions of these final degradation products will differ depending on the tem-
perature and the relative humidity of the system?.

Stability of inks is dependant upon the composition of the inks. Compositions
of inks are complex, depending on the printing techniques and drying methods.
Constituents for offset inks are mixture of vegetable and mineral oils, hard resins,
pigments and additives®. Vegetable oils are drying by the auto-oxidation process.
During this mentioned process, differential components of vegetable and mineral
oils are absorbed into the coating of paper’. Mentioned processes, as well as other
constituents of inks and paper are related to the stability of the prints. In studying
the complexity of the aging process, attention should be paid to the environmen-
tal conditions in which the sample is placed. The change of environmental con-
ditions as humidity, temperature or light, significantly and differently affects the
prints stability results.

For the production of printing playing cards, blackout or stoplight printing sub-
strate can be used, the paper which is classified into the group of special papers.
This printing substrate is a fully opaque, three layers print medium. The medium
layer is composed of black cellulose fibres that do not transmit light. On the both
sides of medium layer white cellulose fibres are added.

2. Experimental

We have printed samples on a monochrome Heidelberg KORa printing press, in
four passages (CMYK was printed in succession). The printed substrate was blackout
paper semi-gloss kunstdruck paper, B1 formatand grammage of 300 g/m? (Figure 1.a)).
This printing substrate is fully opaque print substrate made of three layers. Medium
layer is black cellulose fibres that don't transmit light. On the both sides of the black
layer there is a layer of white celluloses fibres. In the printing process we used Brancher
base colours; they dried by oxi-polymerization process, evaporation and penetration
of liquid components of inks into the substrate. No siccatives are added.

Printed substrate and printed specimens are exposed to accelerated aging test
in microenvironment with increased humidity and temperature in the Kottermann
conditioning chamber over periods of 3, 6,9, 12 and 15 days at 80 °C and 65% RH
(Figure 1.b)) according to ISO 5630-3 standard®.

We measured the optical properties of samples with spectrophotometer X-Rite.
Optical conditions are adjusted according to ISO 3664:2009” while colours of speci-
mens are measured according to ISO 56312, The measurement was carried out on
the printed samples on the original printing substrate and on the prints on printing
substrate with removed black layer.
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Fig. 1: a) Blackout or stoplight printing substrate, b) non aged and aged prints.

3. Results

Values of the chromatic coefficient L* for original printing substrates and print-
ing substrates with removed black layer decreases with increasing of exposure
time of mentioned samples. The results show that the process of exposing the sam-
ples under controlled environmental conditions generates a process of darkening
of the printing substrates. Samples of printing substrate with removed black layer
have higher values than samples on the original printing substrate for about 2%,
respectively they are brighter (Figure 2.).
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Fig. 2: Dependence of exposure time for 3, 6,9, 12 and 15 days on the value
of the chromatic coefficient L* a) printing substrate b) printing substrate
with removed black layer.

Values of the chromatic coefficient L* of exposed black prints for 3 and 6 days
in controlled environmental conditions have been increased in comparison to
non-exposed black prints (Figure 3.a)). The mentioned trend can be noticed on the
samples with tone value from 100% to 40%. For samples exposed for 3 and 6 days
with tone value from 30% to 10%, there is no significant difference in values of
the chromatic coefficients L*. A significant difference is visible in decreasing of the
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values for non-aged samples, samples aged for 3 and 6 days and samples aged for
9,12 and 15 days, for all tone values. By tone value of 100% the chromatic coeffi-
cient is declining around 20%, the difference is reduced and by 60% and 50% tone
value to amounts of 10%, it continues to decline and by 20% and 10% is around
3% (Figure 3.a)).

Value of the chromatic coefficient L* for black prints with removed black layer
aged for 6 days is different for all tone values comparing to the trend of black prints
on original papers. Black prints with removed black layer show a decreasing of val-
ues. Trend that is present in both types of samples is that there are no significant
changes in the value of chromatic coefficient L* by non-aged prints and prints aged
for 3 days with tone value 40%, 30% and 20%. Regularity in the trend is also present
by samples aged for 12 and 15 days, where no significant changes in the value of
chromatic coefficient L* regardless of tone value was observed (Figure 3.b)).
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Fig. 3: Dependence of the tone value and exposure time of black prints for 3,6, 9, 12 and
15 days on the value of the chromatic coefficient L* a) orginal printing substrate b) printing
substrate with removed black layer.

Studied values of the chromatic coefficient L* of the yellow prints clearly show
the dependence of printing substrates and ink on the measured value. The aging
of the printing substrate with exposure in controlled conditions shows that at sixth
day, the value of the coefficient L¥is the most reduced. The mentioned observed
measurement have an impact on the measurement of the prints. Values of the
chromatic coefficient L* of the yellow prints on the sixth day at all tone values, have
the largest decline in predicted or probable trend of value (Figure 4.a)). Such trend
is even more notable on yellow prints with removed black layer also for all tone
values (Figure 4.b)). Values of the chromatic coefficient L* decrease as the exposure
time increases at tone value (Figure 4.a)).

The growth value of the chromatic coefficient L* is present only in specimens
aged for 3 days by tone value from 100% to 40%. Described trend has be expected
in other samples, but due to the darkening of the printing substrate, a trend has
changed (Figure 4.b)) Value of the chromatic coefficient for samples with tone val-
ue from 100% to 70% witch are aged 9, 12, 15 days have linear decrease.
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Fig. 4: Dependence of the tone value and exposure time of yellow prints for 3,6, 9, 12 and
15 days on the value of the chromatic coefficient L* a) orginal printing substrate b) printing
substrate with a removed black layer.

The largest changes in AE values were recorded at 100% tone value. During the
exposure of samples in a controlled environment, for the first 6 days, there were no
significant changes in AE value. The biggest changes occurred on a ninth day. For
the mentioned day, there is no significant difference whether the prints are printed
on the original printing substrate or the printing substrate with removed black lay-
er. Further exploration results show visible differences for the two mentioned types
of printed specimens. On samples with removed black layer, larger changes occur
in AE. Such a trend is more pronounced in yellow prints. On the fifteenth day of
exposure in controlled environment, the value of AE for prints with removed black
layer was 25% higher for black prints and 28% higher for yellow prints.

4, Conclusion

Exposure of prints on the playing cards printing substrate at controlled micro-
environment with increased humidity and temperature (80 ° C and 65% RH) causes
the changes in the optical properties of the specimens. The value of the chromatic
coefficient L* for black and yellow prints is reduced by increasing the exposure
time of 9 days. In this paper, the influence of black layer in playing cards printing
substrate on the value of the chromatic coefficient L* was studied. From the re-
sults it can be concluded that the value of the chromatic coefficient for prints with
removed black layer is higher for papers for all tone values. The black layer in the
printing substrate contributes to the stability of prints and contributes to smaller
change of samples brightness as a result of exposure of samples.

Values of AE for black and yellow prints are mostly below 4, so it can be con-
cluded that any significant changes occurred in the colorimeter properties of the
samples. It must be emphasized that yellow prints have higher values of AE and
their stability is lower. The reason for this behaviour is the composition of the yel-
low ink. Prints with removed black layer have higher AE value for all tone values.

All of the mentioned, emphasizes the connection between inks/dyes and pa-
per when studying the stability of the prints. The complexity of paper and ink/dye
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composition brings a number of factors that must be taken into account in the
chemimetry of the samples, to make the results in such analyses as accurate as
possible.
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Abstrakt: The aim of this thesis was to prepare screen printing dispersions in a poly-
meric binder containing carbon particles and also to prepare a mesoporous electron
blocking NiO layer. The effect of composition on sheet resistance was monitored for
layers of carbon dispersions and subsequently the layers were characterized by an opti-
cal, AFM and SEM microscope. The carbon dispersions with the best parameters have
been implemented in carbon perovskite solar cells (C-PSC). C-PSCs were prepared with
both sintered and low-temperature carbon. The influence of carbon type and NiO layer
on photovoltaic parameters of C-PSC was investigated. The prepared C-PSCs contained
aTiCl,-based blocking layer or TiO,-based blocking layer prepared from the TiAcAc pre-
cursor by the sol-gel method. In the case of C-PSC with sintered carbon, the highest
efficiency was 6,08 %, for C-PSC containing a TiO,-based blocking layer prepared from
TiAcAc precursor by the sol-gel method and commercial carbon dispersion. In the case
of C-PSC with low-temperature carbon, the highest efficiency was 1,76 %. This system
contained a TiCl,-based blocking layer, a perovskite layer prepared by us, applied by a
two-step method and a carbon dispersion containing 35 % C, where 10 % EC at 2BA
was used as binder.

1.Uvod

Tlacena elektronika je vsestranny termin, ktory vyjadruje vytvorenie elek-
tronickych zariadeni tlaCou na roézne substraty. Tla¢ elektroniky je momentalne
jednou z najrychlejsie rasttcich technolégii. Hlavnymi vyhodami tlacenej elek-
troniky su: nizke néklady, jednoducha vyroba, ulahéenie vyvoja funkénych elek-
tronickych zariadeni, potreba mensieho mnozstva vstupnych materidlov a menej
energie na pracu s nimi [1]. Do najintenzivnejsie Studovanej skupiny materialov,
ktoré si nasli uplatnenie v tlacenej elektronike patri uhlik. Hlavnym dévodom,
okrem rozmanitosti jeho foriem su najma jeho elektrickd vodivost, chemicka
inertnost, termicka stabilita a relativne nizka cena. Elementarny uhlik existuje
v niekolkych forméch a kazdéd ma svoje vlastné fyzikélne vlastnosti. V tlacenej
elektronike sa najcastejsie pouziva grafit, sadze, uhlikové nanorurky, grafén ¢i ful-
lerén [2]. Organicko-anorganické hybridné PSC st v sucasnosti jednou z najslub-
nejsich fotovoltickych technoldgii pre vysoko efektivnu vyrobu sine¢nej energie.
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Jednym zo Siroko Studovanych systémov v sucasnej dobe je systém PSC s uhli-
kovou vrstvou (C-PSC), ktora slizi ako zadnd elektréda a na ich vyrobu sa taktiez
vyuzivaju tlacové techniky [3].

2. Experiment

Pripravili sa nizko-teplotné a sintrované uhlikové disperzie, ktoré obsahova-
li roznu koncentraciu spojiva (polymér + rozpustadlo) a uhlika, ¢im sa pozoroval
vplyv na vodivost a spracovatelnost pasty. Najvhodnejsim rozpustadlom bol 2-bu-
toxyetyl acetat (2BA) a ako polymér sa pouzila bud etylceluléza (EC) alebo Paraloid
B-64. Uhlikové disperzie obsahovali rozny pomer grafitu (G), sadzi (CB) a expando-
vaného grafitu (GFG5). Nasledne sa pripravili C-PSC, ktorych $truktura bola tvorena
zo: substratu s transparentnou vodivou vrstvou (FTO), blokaénej a poréznej TiO,
vrstvy, diStan¢nej ZrO, vrstvy, uhlikovej vrstvy a perovskitu. Na dosiahnutie lep3ich
voltampérovych charakteristik sa optimalizovali niektoré vrstvy v systéme C-PSC.
Optimalizécia C-PSC so sintrovanym uhlikom spocivala hlavne v zmene bloka¢nej
TiO, vrstvy a implementdcii NiO vrstvy, ktora funguje ako vrstva extrahujuca diery
a blokujuca elektrény. Pri optimalizacii C-PSC s nizko-teplotnym uhlikom sa nahra-
dil komercny perovskit za pripraveny.

Perovskit-infiltricia

Obr. 1: Struktira C-PSC so sintrovanym uhlikom (vlavo)
a C-PSC s nizko-teplotnym uhlikom (vpravo).

Na zmeranie plosného odporu nizko-teplotnych uhlikov sa pouzila stvorbo-
dova metdda a v pripade sintrovanych uhlikov sa na vodivu stranu FTO skla vy-
leptal nevodivy kanalik, cez ktory sa pretlacila uhlikova disperzia a plosny odpor
sa zmeral dvojbodovou metédou pomocou mutlimetra. Hrabky jednotlivych
vrstiev pouzitych v C-PSC sa urcili pomocou optického a AFM mikroskopu. Na
zaver sa pre kazdy C-PSC zhotovila voltampérova charakteristika (VA) - zévislost
pradu | (A) od napatia U (V). Pri nulovom napati sa zaznamenal maximalny prud,
ktory sa oznacuje ako prud nakratko lsc (A). Zo zvySujicim sa napatim klesal prud
az na nulovl hodnotu. Maximalne napatie pri nulovom prude sa oznacuje ako
napatie na prazdno Uy (V). Z nameranych hodnét prddu a napétia sa vypocitali
dolezité parametre ako prudova hustota na kratko (Js), napatie na prazdno (Ugc),
faktor plnenia (FF) a konverzna ucinnost (n¢) premeny slnecnej energie na elek-
tricku [4].

@ Polygrafia Academica 2020 @ 135



3.Vysledky a zavery

3.1 Charakterizacia vrstiev

Na zaciatku bolo potrebné pripravit uhlikové disperzie vhodné na implemen-
taciu do C-PSC s nizko-teplotnym a sintrovanym uhlikom. V pripade C-PSC s niz-
ko-teplotnym uhlikom sa na zéklade nameranych priemernych plo$nych odporov
Stvorbodovou metddou vybrala uhlikovéd disperzia, obsahujuca 10 % EC v 2BA
a 35 % C. Potvrdeny bol vplyv koncentracie uhlika na hodnoty odporov. C-PSC s da-
nou disperziou predstavoval standard. V pripade C-PSC so sintrovanym uhlikom
sa vhodna disperzia vybrala na zaklade r6znych vykonanych merani, tak aby sa
parametre danej pripravenej disperzie najviac podobali na parametre komercnej
uhlikovej disperzie. Najvhodnejsimi disperziami boli tie, ktoré obsahovali 10 % EC
v 2BA a réznu koncentraciu expandovaného grafitu (25 % GFG5; 22,5% GFG5:2,5 %
CB a 12,5 % GFG5). Po naneseni perovskitu pri merani odporov vrstiev danych dis-
perzii doslo len k miernej zmene odporu, na zaklade coho mézeme skonstatovat,
ze nedoslo k porusdeniu uhlikovej mezoporéznej vrstvy. Taktiez dochadzalo k zlep-
Seniu vodivosti po sintrovani a aj preto s vhodné pre pouzitie v struktture C-PSC so
sintrovanym uhlikom.

Z 3D snimok povrchu vrstiev sa zistilo, Ze vrstvy z pripravenych disperzii s obsa-
hom expandovaného grafitu maju drsnejsi povrch oproti vrstve z komercnej dis-
perzie. Pomocou optického mikroskopu sa zmerali hrabky uhlikovych vrstiev. V pri-
pade vietkych meranych vzoriek nedoslo po sintrovani k vyraznej zmene hrabky,
pricom v pripade vrstiev zhotovenych z vac¢sieho mnozstva uhlika boli zmerané
vyrazne vacsie hribky (22 — 32 um).V pripade vrstvy z uhlikovej disperzie, ktora ob-
sahovala mensie mnozstvo uhlika bola hrubka porovnatelna s komer¢nou (11 um).
Na zaklade merani Specifickych vodivosti vsak mozno skonstatovat, ze vrstvy z pri-
pravenych disperzii s obsahom expandovaného grafitu dosahovali vyrazne niZsie
hodnoty [4].

3.2 Zhotovené C-PSC

Zhotovilo sa $trndst druhov C-PSC so sintrovanym aj nizko-teplotnym uhlikom.
Nahradou komerc¢nej blokacnej TiO, vrstvy za TiCl, vrstvu doslo k poklesu G¢innosti
25,25 % na 3,16 % z ¢oho vyplyva, ze optimalizacia blokacnej vrstvy je klucovym
bodom pri zhotoveni C-PSC (Obr. 2a). Implementaciou NiO vrstvy do systému s TiCl,,
bloka¢nou vrstvou doslo k zvyseniu U, a taktiez FF, ¢im sa zvysila celkova ucinnost
na 3,34 % (Obr. 2b). V dalsom kroku sa TiCl, bloka¢na vrstva nahradila vrstvou na
baze TiO,, pripravenej z prekurzoru TiAcAc metédou sél-gél, ¢im doslo k zvyseniu
Jso, FF a icinnost sa zvysila takmer dvojnasobne na hodnotu 6,08 % (Obr. 2¢). Vsetky
namerané a vypocitané parametre si zazanamenané v tabulke 1 [4].

Nahradou komercnej uhlikovej disperzie za pripravené disperzie z expandova-
ného grafitu doslo k poklesu Ucinnosti a preto je potrebné uhlikové disperzie dalej
optimalizovat.
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Obr. 2: VA charakteristiky C-PSC: a) s komer¢nou blokac¢nou vrstvou (vz. C-PSC_H1) aTiCl,

blokac¢nou vrstvou (vz.C-PSC_H3), b) bez NiO vrstvy (vz.C-PSC_H3) a s implementovanou

NiO vrstvou (vz. C-PSC_H6), ¢) s bloka¢nou vrstvou na baze TiO,, pripravenej z prekurzoru
TiAcAc metddou sol gél (vz. C-PSC_H12).
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Tab. 1: Fotovoltické parametre pre soldrne ¢lanky C-PSC_H1, H3, H6 a H12.

Vzorka Joc (MA.cm?) Uqc (V) FF Nk (%)
C-PSC_H1 13,6 0,81 0,48 5,25
C-PSC H3 10,29 0,69 045 3,16
C-PSC_Hé6 6,86 0,79 0,61 3,34
C-PSC_H12 20,03 0,59 0,52 6,08

V pripade C-PSC s nizko-teplotnym uhlikom bolo pouzitie komeréného perov-
skitu nevhodné a tak sa pripravila perovskitova vrstva, ktora sa nanasala dvoj-kro-
kovou metddou, pricom tieto systémy dosiahli meratelné hodnoty priadov aj na-
pati. Zmena blokacnej TiCl, vrstvy za vrstvu na baze TiO,, pripravenej z prekurzoru
TiAcAc metddou sél-gél mala opacny vplyv ako v pripade sintrovanych systémov.
Systém C-PSC s TiCl, bloka¢nou vrstvou dosiahol u¢innost 1,76 % (Obr. 3). Vietky
namerané a vypocitané parametre su zazanamenané v tabulke 2 [4].
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Obr. 3: VA charakteristiky C-PSC s blokac¢nou TiCl, vrstvou (vz. C-PSC_L7) a s bloka¢nou
vrstvou TiAcAc (vz. C-PSC_L8).

Tab. 2: Fotovoltické parametre pre soldrne ¢lanky C-PSC_L7a L8.

Vzorka Jsc (mA.cm?) Ugc (V) FF Nk (%)
C-PSC L7 6,96 0,80 0,32 1,76
C-PSC L8 3,20 0,83 0,30 0,78
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Abstract: This research focused on electrocoagulation of synthetic printing industry
wastewater containing tri-colour ink (cyan, magenta and yellow). This ink contains
harmful substances and needs to be treated. Electrocoagulation is the in situ formation
ofthe coagulants by electrolytic dissolution of sacrificial electrodes in an electrochemi-
cal reactor. The metal ions formed on the anode by hydrolysis create a large number
of different compounds that are effective coagulants for the treatment of wastewater
such as printing ink wastewater. The study was conducted in a batch laboratory elec-
trochemical reactor. As electrode material it was used iron (steel) and aluminium as
anodes and stainless steel as cathode.

Keywords: printing ink, removal efficiency, electrode material.

1. Introduction

Printing wastewaters are generated in the processes of preparing printing
forms, washing the devices and using inks in the printing industry. Printing inks
contain various organic and inorganic pigments dissolved in a suitable solvent,
which are often toxic and have a harmful effect on the environment. Exposure to
these compounds, whether by skin or by inhalation, largely increases the health
risks for humans. In addition to the textile industry, the printing industry is one of
the largest consumers of synthetic dyes. There are claims that about 15% of syn-
thetic dyes (most are non-biodegradable) are lost during the printing process and
discharged into watercourses [1], [2].

The composition of the wastewater depends on the ink type, pigment type and
additives. They contain higher concentrations of organic substances, heavy metals
and synthetic organic polymers which make them non-biodegradable [3]. Due to
the different composition of wastewater, conventional treatments are often not ef-
fective enough. Because of this, different researchs are carried out, such as applica-
tion of adsorption processes [4], chemical coagulation and flocculation [5], chemi-
cal oxidation, biological and electrochemical treatments [3], fenton processes [6]
and combinated treatments [7], [8].

Electrochemical treatments generally involve electrochemical oxidation, elec-
troreduction, electrocoagulation and electroflotation. Electrocoagulation (EC) is
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the formation of the coagulants by electrolytic dissolution of aluminum or iron
electrodes in an electrochemical reactor. EC is used to treat wastewater in various
industries such as tannery and textile industry, food industry, paper industry, refin-
ery and produced water [9].

In a review paper by Ding et al. [3] based on only two available researchs in
China, it is claimed that electrolysis (electrocoagulation) has many advantages
such as no secondary pollution, simple equipment, high chromium removal, but
high cost and low COD degradation. Papadopoulos et al. have been investigating
treatment of printing ink wastewater using EC with iron and aluminium anodes
at current densities of 20.8, 41.67 and 83.33 mA/cm? [10]. The results show that
the EC process achieved a COD removal efficiency and color ranged between 72
to 86% and 99 to 100%, respectively, in a batch reactor under magnetic stirring.
A toxicity test was also conducted to confirm a significant reduction in toxicity of
printing ink wastewater, thus indicating the efficiency of the proposed EC process.
Similar high COD and color removal efficiencies (94% and 100%, respectively) were
also observed by Thuy et al. in the treatment of printing ink wastewater with about
2500 mg/L initial COD from a paper packaging factory with various operating pa-
rameters (pH, voltage, mixing rate, electrolyte concentration and distance of alu-
minum plate electrodes) [11]. Adamovic et al. studied different electrode combi-
nations (aluminum and iron), electrode distances and current densities (2, 4 and
8 mA/cm?) aiming to maximize the removal percentages of copper, turbidity and
organic substances from offset printing wastewater [12]. The removal efficiency
increases significantly with the increasing of operating time and mainly increases
with the increasing of current density. The application of the EC process showed
higher removal efficiencies (>90%) of turbidity and of copper at a current density
of 8 mA/cm?and interelectrode distance of 1.0 cm, after 5 min.

2. Experimental

Experimental part of the research consist of application of EC treatment for re-
moving printing ink from simulated printing industry wastewater. Electrochemical
batch reactor was made of polypropylene of capacity 250 cm?® with possibility of
constant mixing (300 rpm), which contains two electrodes same dimensions (area),
P=44 cm?, and distance between electrodes, d=20 mm. Electrodes were connected
to digital power source (Atten, APS3005SI; 30V, 5A).

Used electrode materials are made of metals known compositions, and comply
with prescribed standards, respectfully, steel (EN10130-91), aluminium (Al 99.5/EN
AW-1050 A) and stainless steel (EN 1.4301/AISI 304). Steel (Fe) and aluminum were
used as anode and stainless steel (SS) as cathode.

For the experimental purpose it was used commercially available 99.5% sodi-
um chloride (NaCl), 99.5% sodium hydroxide (NaOH), 35% hydrochloric acid (HCI),
acetone ((CH,),CO) (Lachner, Czech) and dyes from ink cartridge “HP inkjet CH562
Series” (HP Inc, United States). Mentioned ink consist of cyan, magenta and yel-
low. In accordance with Material Safety Data Sheet (MSDS), upon decomposition,
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this product may yield gaseous nitrogen oxides, carbon monoxide, carbon dioxide
and/or low molecular weight hydrocarbons[13].

All the experiments were performed at an ambient temperature and with
synthetic wastewater volume of 250 cm?. Initial wastewater concentration was
1.5 mLy/L (0.5 mL of each ink - cyan, magenta, yellow), and it was added sodium
chloride (0.5; 1 and 2 g/L) as supporting electrolyte. Before each treatment, cur-
rent density was set at desirable value (5; 10 and 15 mA/cm?) and electrodes were
mechanically cleaned and washed with detergent and acetone in order to remove
surface grease. Before each treatment electrode surfaces were cleaned by emerg-
ing in diluted solutions of HCI (for steel anode) and NaOH (for aluminium anode).

Treated synthetic wastewater after each experiment was collected and filtered
through filter paper ,Filtres Fioroni”, France (Ref..0015A00007; size:125 mm; qty.:
1000).The ink concentration before and after treatment was determined spec-
trophotometrically (A,.= 539 nm) on UV-VIS spectrophotometer (Perkin Elmer,
Lambda 25) according to standard methods [14].

3. Results and disscusion

Results of ink removal by electrocoagulation are expressed by removal efficien-
¢y, E,, in percent calculated by the followed equation:

E=(c;-c)/c; ¥100% (M

where ¢; and ¢; are the initial and the final concentration of the ink in mL/L. The
ink removal efficiency was researched depending on the anode material, current
density and supporting electrolyte concentration as a function of electrolysis dura-
tion, to determine the optimum process conditions.

The first experiments were based on the examination of the impact of anode
materials on reduction of ink concentration at the different electrolysis time. For
30 minutes of treatment by using steel electrodes (Fe) was achieved higher ink
removal efficiency (Er=97.3%) compared to aluminum (Er=91.3%) electrodes, so in
futher research iron electrode was used as anode (Fig. 1). Also it was examined the
impact of stirring on ink removal efficiency. Under the same experimental condi-
tions (j=10 mA/cm?, yy.c=1 g/L, t=10 min), with stirring it was achieved E£r=95.6%
and without stirring Er=91.9%. It was shown that stirring have no significant effect
on removal efficiency, but since a slightly higher efficiency was achieved in the
further study, mixing was used.

Figure 2 shows ink removal efficiency at different current densities (5; 10;
15 mA/cm?) and different reaction time. For 20 minutes of treatmant it was achieved
almost same removal efficiency at all examined current densities, £r=96,2%
(j=5 mA/cm?), Er=98,0% (j=10 mA/cm?) and Er=97,8% (j=15 mA/cm?), respectively.

Since there is no significant difference in the efficiencies achieved with the ex-
amined current densities (in treatments longer than 20 minutes), in the further
study a current density of 5 mA/cm? was used to reduce the specific energy con-
sumption of the treatment.
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Fig. 1: The impact of anode materials on ink removal efficiency at different electrolysis time
(=10 mA/cm?, yy.=1 g/L, stirring 300 rpm).
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Fig. 2: The impact of of current density on ink removal efficiency at different electrolysis
time (Ynag=1 9/L, stirring 300 rpm).

The influence of the supporting electrolyte concentration on the ink removal
efficiency is shown in Figure 3. For 20 and 30 minutes of treatment it was achieved
almost same removal efficiency at all examined concentrations. Based on these re-
sults, it can be concluded that increasing the concentration of supporting electro-
lyte does not cause a significant increase in the ink removal efficiency.
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Fig. 3: The impact of of supporting electrolyte concentration on ink removal efficiency
at different electrolysis time (/=5 mA/cm?, stirring 300 rpm).

4, Conclusion

This study shows that EC is efficient process for removing of this type of ink in
which most effect has electrode material and reaction time. The treatment charac-
teristic is high efficiency at the very beginning of the treatment. Also, the process
is very efficient at a low current density, which is desirable to reduce the specific
energy consumption.
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Abstract: Nowadays, the conventional learning process is in crisis. Keeping students’
attention has become a big challenge. The highest drop-out rate occurs at the begin-
ning of the learning process when knowledge is low, and the amount of new, unknown
material is the highest. It is at this stage, according to authors, when it is necessary to
make an effort that will make the initial learning process easier, more interesting and
accessible. The digital era requires the improvement of teaching methods, which will
compete with the rich digital content offered to the students daily. The use of video
games is an up-to-date topic that requires more research. The video game is a medium
that could enhance the learning process and enable acquiring the necessary skills to
master 3D modeling. This paper will present a video game that aims to aid, but not re-
place, conventional learning of 3D programs. Also, the paper will analyse current learn-
ing theories and place the video games within them, with an emphasis on the benefits
that this type of learning has to offer.

Keywords: video games, learning, learning theories, 3D modeling, practical skills.

1. Introduction

New technologies are giving rise to terms such as virtual, electronic, digital,
wireless, network, internet, remote. Another important term that is related to the
efficiency of learning is interactivity. Precisely the interactivity is present in most
computer games, in which a person can manipulate the virtual environment in a
way very similar to manipulation in the real world [1][2].

2. Learning problems with the new generation

Interactive learning and in-game learning are derivatives of technological
breakthroughs and represent a student-centred approach. Such an approach in-
volves understanding of the human mind and its ability to adapt multimedia to
improve the learning process [3]. Therefore, “technology should serve us” [4]. This
can be achieved through the use of technology and computer tools that will serve
students by helping them locate, collect the data, manipulate resources, and more
[5]. It is observed that students, like all students of the XX and XXI centuries, react
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differently to the information traditionally presented to them. Prensky claims that
students’ lifestyles are different from their predecessors — they have grown up us-
ing technologies such as computers, video games, digital music players, video cam-
eras, mobile phones and other toys and tools of the digital age [6]. Prensky intro-
duced the term for today’s students - Digital Natives. On the other hand, those who
were not born in the digital age but later in life began to adopt new technologies
are called Digital Immigrants. Prensky further states that the biggest barrier with
today’s education is the existence of a significant distinction between these two
groups of people, educators as Digital Immigrants and students as Digital Natives.

3. Learning theories and computer games

Modern learning theories, which have been accepted as the most effective,
have many features in common with computer games. Most of these theories are
based on constructivist learning theory.

The principles given by Savery and Duffy [7] explain the essence of construc-
tivist learning theory. The first principle is known as Situated cognition. The
idea supported here is that understanding, or constructing of knowledge, oc-
curs when interacting with the environment, and is formed by a combination
of a content, context, activity, and goal. Next principle is Cognitive puzzlement.
This principle refers to the fact that there should be a stimulus for the learning
process, which is determined by the setup and the nature of what needs to be
learned. There must always be a learning objective, and that objective is the pri-
mary factor in determining how the material is constructed. The third principle
is Social collaboration. This principle is based on the assertion that knowledge
is developed through cooperation and negotiation with other people and thus
comes to verification and testing of their understanding of the subject in com-
parison to others.

The stated objectives of a constructivist learning environment are particularly
important for learning through video games.

The idea behind this paper is that computer games can be used as a learning
environment where students can learn by doing, performing purposeful tasks,
gaining experience and performing purposeful tasks, gaining experience wor-
king with others to achieve learning goals with others student to achieve lear-
ning goals [8] [9].

4.The practical part

The game is designed to help students master the different types of modi-
fiers found in 3D modeling programs. Modifiers are a type of lesson that requires
memory of facts and rules, whose characteristics it is necessary to know well to
know in which situation and how they can be applied. When learning this type
of material, there is a problem of monotony and disconnection of facts with the
context in which they can be used. Most often, students are reluctant to adopt
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this type of material and therefore often are not sufficiently motivated when they
were presented with a list of information they should remember.

The use of modifiers within the game has been implemented through game-
play and game mechanics. Modifiers are introduced into the game through a set
of tools available to the player. The player must use modifier tools that will differ-
ently modify a particular part of the object to make a path for game character and
thus move to the next level. This applies to the gameplay. On the other hand, the
mechanics of the game define which objects the player can affect, how they will
be altered, and where the player is allowed to move. Also, the mechanics of the
game define which tool to use to modify the object so that it is possible to cross
the level. Only the appropriate tool applied to a particular object allows overcom-
ing the given obstacle.

To achieve a greater resemblance to the manipulation of the environment, in
the 3D software, an object rotation was introduced, so the player was allowed to
view the object from four angles independently rotating it as needed.

b)

Fig. 1: Appearance of a) tool icons and b) menu.

The in-game interface is designed to resemble, as closely as possible, the ele-
ments from the 3D software. The virtual interface contains an icon for the game’s
main menu (Fig. 1.b), an icon which makes it possible to rotate the scene (Fig. 2.a)
and a group of tools - icons containing tool pictograms (Fig. 1.a) selected by the
player as needed, which are added, removed or modified depending on the level
of play.

The icon that allows user to rotate the view of the object is inspired by the ap-
pearance of the icon used for the same purpose in the software 3ds Max.
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a)

Fig. 2: a) Design of the rotation icon in the game and b) scene view navigation in 3ds Max
software.

Given that the modifiers in the 3ds Max software were presented as a list, with-
out explanation (pictogram or text), it was necessary to devise symbols that would
represent the appropriate tools within the game. For the design of the symbol that
will represent the appropriate modifiers, their meaning or the outcome of their ap-
plication on the object is taken into consideration.

An example of a modifier that bends the object — Bend is shown in (Fig 3. b)),
and its symbol is represented by a bent curve (Fig 3. a)).

.

Fig. 3: a) Design of the Band modifier icon and b) the effect it has on the object.

The application of this game is designed to be used as an additional didactic
tool in the regular curriculum. By playing the game in their spare time, students
will be introduced to the lecture material in a fun way. It is worth noting that when
playing the game, students are not aware of the learning process - it occurs as a
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consequence of performing game tasks that are mapped to lead to the goal, i.e.
learning certain curriculum directly. This phenomenon is called stealth learning.
Considering that it is necessary to remember a list of tools and test their effect on
the object, it is considered that stealth learning is suitable.

After playing the game, students will be familiar with 3D modeling software
environment, the concept of a modifier and the way they affect the model.

Fig. 4: The appearance of a simple and more complex level.

5. Conclusion

The concept of learning that has been given particular attention in recent dec-
ades is learning through play. Historically, this concept is used since there is a man,
but, the new technology and the fast information transfer gave it a completely new
perspective.

The most accepted theory of learning, constructivist, contains many elements
that are recognised in video games or can be used within that medium. Some of
these are situation-based learning, teamwork, learning through experience, prob-
lem-based learning, learning by doing.

The learning style and abilities that can be developed through the game vary,
depending on the genre of the game. Skills that can be developed by playing the
game, depending on the genre are: learning through problem-solving, planning,
strategy, quick thinking, decision making, spatial orientation, verbal skills, numeri-
cal abilities, social interaction, negotiation, managing complex systems, execution
tasks according to a given scenario, teamwork, movement coordination.

Game features that directly affect the gaming quality, making this process fun
are motivation, increased engagement, flow theory, game immersion, covert learn-
ing. Other game features that are also relevant to the learning process are clear
goals, challenges, story, context, interaction, feedback.
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As a conclusion, it can be said that incorporation of learning material in the vid-
eo games is a complex process that needs to be scientifically analysed. Since there
are many advantages to this type of learning, further research in this direction is
noteworthy.
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Abstract: Bioprinting can be defined as an additive three-dimensional fabrication
of tissues or organs using cells, biomaterials and biological molecules. Different
principles, such as extrusion, laser-based techniques or inkjet may be employed.
Every technology has its own advantages, but also its own limits. In general, the
better resolution we want to achieve, the greater challenge it is to prepare the bio-
material with the required rheological properties. The main goal of the field of bio-
printing is the three-dimensional printing of functional autologous organ trans-
plants.

Keywords: bioprinting, extrusion, laser-based bioprinting, inkjet, bioink

1. Motivation

Since the first kidney transplant in 1954, the great progress in organ transplan-
tation has led to an increase in demand for transplantable solid organs. [1-3] In
spite of great success, severe constraints still exist, hindering the development of
transplantation. The major issue is the access of sufficient tissues and organs for all
the patients. Many patients will possibly die waiting for available organs due to the
long transplant waiting lists. [1]

Tissue engineering has grown as a multidisciplinary scientific field, which
combines engineering principles with life sciences to replace damaged tissues or
restore malfunctioning organs by mimicking native tissue. [3] Several traditional
fabrication techniques have been used for tissue scaffolds, including phase sep-
aration, membrane lamination, melt molding, fibre bonding, gas foaming, sol-
vent casting, freeze drying, etc. Most of these techniques are, however, limited in
terms of manufacturing reproducibility and flexibility. [1,3]

Bioprinting, using additive layer-by-layer fabrication manner, has shown the
potential to circumvent the above limitations in traditional solid scaffold-based tis-
sue engineering approach and therefore, has brought hope to patients waiting for
donors. [1]

2. Definition of bioprinting

In general, bioprinting uses a computer-controlled 3D printing device to accu-
rately deposit cells and biomaterials into precise geometries with the goal being
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the creation of anatomically correct biological structures. To date, a complete fully
functional organ has not been printed, but it remains the primary long-term goal
of bioprinting. [4]

3. Principles

A bioprinting system consists of three major components, namely: (1) hardware
system, (2) software system, and (3) the transferring medium to deliver the cells.
Deposition of cells is carried out in a medium using an external source of energy
such as laser, mechanical, thermal, or pneumatic potential energy. The medium,
which is called the bioink, enables the transfer of cells to the printing stage. The
bioink is made of aqueous biocompatible materials that allow cells to grow and
oxygenize sufficiently to keep them viable. [3]

As can be seen on Figure 1, bioprinting techniques can be categorized into
three major groups according to their working principles: extrusion-, laser- and
inkjet-based bioprinting. [1-4]

(a) e cbich (B) ) . o (c) :
Inkjet printing Micro extrusion printing Laser-induced forward
transfer
thermal piezoelectric pheumatic piston sCrew
¥ et
il P 'h ‘— — . energy absorbing layer
1 1 laser pulse
plezoelectnic [
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L) o 1) ——
T f

Fig. 1: Schematic presentation of three major bioprinting techniques [5].

3.1. Extrusion-based bioprinting

Extrusion-based bioprinting systems rely on dispensing of larger polymer or
hydrogel strands through a micronozzle and positioning them via computer-con-
trolled motion either of the printing heads or collecting stage. For this method, pol-
ymer or hydrogel is generally loaded in metallic or plastic syringes and dispensed
via either pneumatic, piston-driven, or screw-driven force on a building platform
(see Figure 1b). The resolution that can be achieved with extrusion-based printing
is in the order of 200 um, which is considerably low compared to laser- or inkjet-
based systems. On the contrary, fabrication speed using this technique is signifi-
cantly higher and anatomically shaped constructs can be generated. [6]
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3.2. Laser-based bioprinting

Laser-based bioprinting utilizes a laser pulse directed via mirrors onto a
bioink layer above the substrate. This induces a high-pressure bubble to be
formed by the ensuing heat, displacing some of the ink and spurring cell-laden
droplets to be deposited on the substrate. Laser-based bioprinting consists
of two types, including processes based on photopolymerization (i.e., stere-
olithography and its modifications) and processes based on cell transfer (i.e.,
laser-induced forward transfer — see Figure 1C). The printing process requires
the biomaterial to be compatible over several criteria, from fluid mechanics
to rapid crosslinking after printing, introducing the great limitation for materi-
als. Laser-based bioprinting has the highest resolution (< 50 um) and precision
among all three methods, however, the need of using this method has to be
considered, as it requires a highly intricate setup, making it the most expen-
sive modality. Also the long-term effect of laser exposure on the cells is still
unknown. [2]

3.3. Inkjet-based bioprinting

Inkjet printing is a non-contact printing technique that takes data from a com-
puter and reproduces it onto a substrate by ejecting tiny ink drops on a drop-on-
demand manner. [1]

Inkjet printers depend on two technologies to fire the droplets. In a ther-
mal inkjet printer (also known as bubble-jet) a small heater, about 50 microns
in diameter, causes a bubble of vapor to form in the ink. The expanding bub-
ble pushes a drop of ink through the nozzle in a few microseconds. The ink
then refills the cavity and the process is repeated at a frequency of 1 kHz or
more. [7]

For a piezoelectric inkjet printing process, ink drops are ejected through ac-
tuation generated by the piezoelectric actuator in the reservoir. A short current
pulse is applied to a piezoelectric element instead of the heater, leading to a
shape change of the fluid reservoir. The fluid is ejected from the nozzle as a result
of the reservoir contraction. After jetting the fluid, the reservoir regains its origi-
nal shape and is refilled for the next ejection. [1,7]

Droplet sizes of inkjet printers are usually quoted in picoliters, with typical
volumes being 1-100 pl, corresponding to a diameter range from 12 to 60 um.
On impact, drops will typically spread to become domes that are 2 or 3 times the
initial drop diameter. [7]

The major advantages of inkjet printing are low operation cost, non-contact
deposition, high automation and organ printing capability. On the other hand,
inkjet printing also faces several challenges, such as nozzle orifice clogging, cell
aggregation in the printer, cell degradation during the printing process or rela-
tively low resolution (approx. 75 um). [1] Overall comparison of bioprinting meth-
ods is summarized in the Table 1.
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Tab. 1: Comparison of bioprinting techniques [8].

Extrusion Laser Inkjet
Viscosity 6—107 (mPa-s) 1—300 (mPa:-s) 3,5—12 (mPa:-s)
Cell density High Medium Low
Cell viability 40—80% >95% >85%
Resolution 200 um <50 um 75 um
Print speed 100 pm/s 2—1600 mm/s 1—10*drops/s
Principle Contact Non-contact Non-contact
Purchase cost Low High Low

4, Bioinks

The ideal bioink formulation should satisfy certain biomaterial and biological
requirements, some of them are presented in the Figure 2.

The printability of the bioink depends on the parameters such as viscosity of
the solution, surface tension of the bioink, the ability to crosslink on its own and
surface properties of printer nozzle. At best, the viscosity of the bioink should be
tunable, to facilitate the usage of the same bioink in different printing machines.
Extrusion and inkjet printers need a bioink with a shear thinning property to com-
pensate the high shear stress developed during the printing. The printed structure
needs enough stiffness to retain the 3D structure as well as it should support the
direct cellular behaviors.

The other important desirable aspects for a bioink include in situ gelation, low
cost, industrial scalability, biomimicking the tissue internal structures, mechanical
integrity, short post printing time for maturation, and immunological compatibil-
ity, when implanted in vivo and wide variety of different types of cells should be
employed. Permeability of oxygen gas, metabolic wastes and nutrient transport
are also important. These basic requirements are very important while selecting a
successful bioink material for 3D bioprinting. [9]

Printability

Biodegradability

In situ gelation

Bioinks

Biocompatibility

Permeability

| Viscoelasticity

Fig. 2: Important requirements for bioinks.
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5. Current applications

Compared to conventional 3D printed devices, current 3D bioprinting mod-
els and tools provide a base for further development of biomedical applications
including, but not limited to scaffolds, tissue constructs, drug screening systems,
etc. [10] Some of the potential applications of bioprinting in tissue engineering are
summarized in the Table 2.

Tab. 2: Examples of potential bioprinting applications of various tissues [9-11].

Organ/tissue Polymeric material Printing method
Blood vessels Acrylated HA-PEG Inkjet
Alginate Extrusion
Bone Hydroxyapatite, PEGDA Inkjet
Nanocellulose, alginate Extrusion
Cartilage Collagen Laser
Polyethyleneglycol Inkjet
Skin Bioink Matriderm® Extrusion
Cornea Collagen+Laminin Laser
Liver Thiol-HA, Gelatin Extrusion
Neural Fibrin Inkjet
Cardiac Collagen Extrusion
Kidney Gelatin-fibrin Extrusion
Skeletal muscle Alginate, gelatin Extrusion

6. Conclusion

Since its inception, 3D bioprinting has made a great progress towards its ab-
solute goal of functional organ printing. Despite an advancement in printing sys-
tems, bioprinting still needs further enhancements in different areas such as bioink
development, resolution improvement, fabrication speed increase, 3D-printed
product commercialization, etc. However, considering the results of the ongoing
research in this field, it is reasonable to expect bioprinting to evolve into an essen-
tial part in patient-specific regenerative medicine.
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Abstract: Carbonless paper was used from half of the 20th century. Nowadays many
forms of carbonless paper are used in different sectors, mainly in banking, insurance
or justice. However, increased use of carbonless paper has increased their criminal
activity. For that, records created on carbonless papers are subject of forensic exami-
nation of documents. Many of them contain elements that are not visible in visible
light. It supposes that these elements could arise from carbonless paper. The aim of
this study was to analyze the composition of carbonless paper. The main attention
was focused on the properties of writing tools and their luminescence in IR light. For
analyzing material the composition of the carbonless paper was used the method
SEM-EDS. Based on this method, it was found that the composition of the carbonless
paper on the top and on the bottom side is different. The top side consists of a receiver
layer with clay particles and an activator serving as a proton donor for reaction with
a dye precursor. The bottom layer is formed by microcapsules which carry the dye
precursor until it breaks down by the pressure.

Keywords: carbonless paper, SEM-EDS, luminescence in IR light.

1. Uvod

Predchodcom samoprepisovacieho papiera je kopirovaci (uhlovy papier), ktory
sa pouzival od 19. storocia. I3lo o papier potiahnuty zmesou vosku a pigmentu,
ktory sa vkladal medzi dva listy papiera za ucelom vytvorenia kdpie sucasne s ori-
ginadlom [1].

Samoprepisovaci papier je Specidlnym typom papiera, ktory sa vyskytuje aj pri
kriminalistickom skimani dokumentov. Tento druh papiera uviedla na trh spo-
lo¢nost National Cash Register Company v roku 1954, pricom sa pouziva dodnes.
Pouziva sa na prenos (kopirovanie) origindlneho, ru¢ne alebo na stroji pisaného
dokumentu na dalsi harok za vyuzitia pritlaku [2].

Pocas forenznej analyzy, sa na skimanych dokumentoch obcas vyskytujua urcité
kontury. Ak sa pouzije velmi silny pritlak pisacieho prostriedku, konttry sa mézu ob-
javit aj na viacerych podloZenych papieroch. Niektoré nie su viditelné volnym okom,
no luminiskuju v IC svetle. V takychto pripadoch sa predpoklada, ze mohli vzniknat
pretlakom pisma cez samoprepisovaci papier na kancelarsky papier (obr. 1).
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Obr.1: Kancelarsky papier, polozeny pod samoprepisovacim papierom.

1.1 Zlozenie a druhy samoprepisovacieho papiera

Mikrokapsule s prekurzorom farbiva

Mikrokapsule v samorepisovacom papieri obsahuju prekurzor farbiva. Ked na
papier pdsobi tlak, mikrokapsule prasknu, uvolni sa prekurzor farbiva a zreaguje
s aktivatorom pritomnym v prijimacej vrstve dalSieho harku samoprepisovacieho
papiera [3].

Prekurzor farbiva je bezfarebnd organicka zlucenina (leuko-farbivo), ktora sa
stava farebnou po reakcii s H* dodaného kyselinou (protonécia). Najpouzivanejsim
prekurzorom farbiva je laktén krysalovej violete [3].

Prijimacia vrstva

V prijimacej vrstve sa nachadza elektrénakceptorovy aktivator, ktory je donorom
proténu pre reakciu s leuko formou farbiva, nachddzajucou sa v mikrokapsuliach.
Typicka prijimacia vrstva je zloZzena z ilov, napriklad z bentonitu [3]. Na obrazku 2 je
znazornené zloZenie samoprepisovacieho papiera.
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Obr. 2: Samoprepisovaci papier [4].
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Existuju dva druhy samoprepisovacich papierov, ktoré st odlisné v usporiadani
jednotlivych vrstiev. Prvym typom je sparovany systém a druhym sebestacny sys-
tém.

Spdrovany systém

Pri sparovanom systéme sa samoprepisovaci papier skladd z dvoch listov pa-
piera. Prvy papier obsahuje na rube vrstvu mikrokapsuliek, v ktorych sa nachadza
zmes bezfarebného prekurzora farbiva a oleja. Druhy papier obsahuje na licnej
strane absorpénu vrstvu. Ak sa na vrchny papier vyvinie tlak, mikrokapsule prask-
nu, ¢im sa uvolni prekurzor farbiva, ktory nasledne zreaguje s aktivatorom v pri-
jimacej vrstve za vzniku viditelného obrazu. Medzi tieto dva papiere sa vkladaju
aj dalSie, ktoré kombinuju predchadzajluce popisané vrstvy. Na licnej strane maju
absorpcnu vrstvu a na rubovej vrstvu mikrokapsuliek s prekurzorom farbiva [5].
Takéto usporiadanie listov papiera umoznuje vytvorit viacero kopii sucasne (obr. 3).

CB - Coated Back
Papier

Timiaci material

CFB - Coated Front and Back Mikrokapsules

prekurzorom farbiva

. Prijimacia vrstva

CF - Coated Front

Obr. 3: Sparovany systém [5].

Sebestacny systém

Pri tomto systéme samoprepisovaci papier obsahuje mikrokapsule s prekurzo-
rom farbiva aj aktivator spolu na licnej strane harku (obr. 4).

Po prasknuti kapsul prekurzor reaguje priamo s aktivatorom, tym padom je po-
trebny len jeden list samoprepisovacieho papiera. [5]

Papier
Safety Paper

Timiaci material

[FYYYI FYYYI FYYrl rrrru Mikrokapsule s
SC (Self-Contained) prekurzorom farbiva

B Frijimacia vrstva

Obr. 4: Sebestacny systém [5].
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2. Experiment

2.1 SEM-EDS analyza samoprepisovacieho papiera

Analyza zloZenia samoprepisovacieho papiera sa vykonala pomocou skenova-
cieho elektronového mikroskopu (SEM).

Z literatury je zname, ze samoprepisovaci papier ma rozdielne zloZenie z vrchnej
a spodnej strany. Na obrazku 5 je elektrénovym mikroskopom zachyteny rez samo-
prepisovacieho papiera pri 500-ndsobnom a 1000-ndsobnom zvdcseni. Jasne vidiet
rozdiel medzi prijimacou vrstvou (hore) a vrstvou mikrokapsul (dole). Tmavy pdés
v strede, ktory sa nachadza medzi nimi, je papier tvoreny zlisovanymi vrstvickami.

Obr. 5: a) Vrchna strana s prijimacou vrstvou (vlavo); b) spodna strana s mikrokap-
sulami (vpravo) samoprepisovacieho papiera zachytena elektrénovym mikroskopom.

Okrem samotného pozorovania sa vykonala aj EDS analyza povrchu samoprepi-
sovacieho papiera. Na jej zaklade sa zistilo, Ze okrem uhlika a kyslika bolo na vrch-
nej strane pritomné znacné mnozstvo vapnika, kremika, hlinika a malé mnozstvo
magnézia, zinku, Zeleza a sodika (obr. 6). Na spodnej strane bola zaznamenana tak
isto okrem uhlika a kyslika pritomnost vapnika, magnézia a kremika, avsak v ovela
mensej miere. To sved¢i o pritomnosti zlu¢enin typu bentonitu.

2.2 Sledovanie luminiscencie laktonu krystalovej violete

Najrozsirenejsim prekurzorom farbiva v samoprepisovacich papieroch je laktén
krystalovej violete. Lakton krystalovej violete patri medzi trifenylmetdnové leuko-
-farbiva, je to lakténovy derivat krystalovej violete. Po naneseni na samoprepisovaci
papier prebehne protonizacna reakcia medzi leuko-formou farbiva a zlic¢eninami
prijimacej vrstvy, ¢im sa na podlozke vytvori farebny obraz.

Ak je podlozkou obycajny (kancelarsky) papier, pritomnost farbiva volnym
okom nie je viditelnd. KedZe laktén krystalovej violete ma luminiscencné vlastnosti,
pomocou vhodného nastavenia vinovych dizok je mozné odhalit jeho pritomnost.
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V experimente sa pouzili rézne filtre v intervale vinovych dizok 380 - 800 nm.
V tabulke 1 su uvedené rozsahy vinovych dlzok, pri ktorych bola sledovana miera
luminiscencie laktonu krystélovej violete.

Obr. 6: EDS analyza povrchu a) vrchnej strany (vlavo); b) spodnej strany (vpravo)
samoprepisovacieho papiera.

V pripade roztokov lakténu, nanesenych na samoprepisovaci papier, bola lumi-
niscencia dobre pozorovatelna v celom pouzivanom rozsahu vinovych dizok, a to
pri vietkych koncentraciach (tab. 1, riadok 1). Laktén vykazoval zndmky luminis-
cencie aj pri roztokoch nanesenych na kanceldrsky papier, aviak nie pri vietkych
vinovych dizkach a v mensej miere (tab. 1, riadok 2). S pridavkom kyseliny octovej
sme luminiscenciu laktonu na kanceldrskom papieri dokézali sledovat aj pri nizsich
vinovych dizkach (tab. 1, riadok 3, stipec 2).

Overili sme, Ze, po naneseni na kanceldrsky papier viditelny zdznam nevznikne.
Je to spOsobené absenciou prijimacej vrstvy s aktivatorom na kanceldrskom papie-
ri. Avéak pozorovanim IC luminiscencie pomocou videospektralneho komparatora
(VSC) sme lakton boli schopni sledovat aj na kanceldrskom papieri, aj ked'v mensej
miere, ako na samoprepisovacom papieri, a nie v celom rozsahu vinovych dizok.
Na zéklade tohto pozorovania sme zistili, Ze laktdn krystalovej violete je schopny
luminiskovat v IC oblasti a jeho pritomnost na kancelarskom papieri sa d4 pomo-
cou vhodného nastavenia vinovych diZok odhalit aj pri velmi nizkej koncentracii.

Toto zistenie je dolezité z hladiska skimania dokumentov a to v pripadoch, kedy
su zaznamenané fragmenty luminiskujicich zdznamov na miestach, kde nie su vol-
ne viditelné Ziadne grafické znaky. Napr. identifikdciou nezndmych grafickych zna-
kov sledovanych vyhradne v IC oblasti mozno odhalit Udaje, ktoré nie su stcastou
dokumentu, ale boli vytvorené na dokumente pri inej ¢innosti vyuzivajicej samo-
prepisovaci papier.

Obsahom dalsich experimentov méze byt sledovanie intenzity luminiscencie
v zavislosti od podmienok starnutia zdznamu, ¢o by mohlo viest k informaciam su-
visiacim s vekom zaznamu.
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Tab. 1: Sledovanie luminiscencie laktonu krystalovej violete na samoprepisovacom
a kancelarskom papieri.

A 380—485 515—-640 585-720

i L AT AL

R R e ne
B @ e

Lakidn na samoprepisovacom
papieri

papieri

Laktdn na kanceldrskom

Lakion + kys.octoyd na
kanceldrskom papieri

3. Zaver

Pomocou elektrénového mikroskopu sa preukazal rozdiel medzi vrchnou (priji-
macou) a spodnou vrstvou. Na zdklade EDS analyzy povrchu samoprepisovacieho
papiera sa zistilo, Ze spodna strana papiera obsahuje synteticky kopolymér, ktory
je sucastou mikrokapsul a vrchnd strana papiera obsahuje chemické prvky, ktoré
sa vyskytuju aj v ile typu bentonitu. Sledovanim luminiscencie laktonu krystalovej
violete na samoprepisovacom a kancelarskom papieri sa zistilo, ze laktén krystélo-
vej violete je schopny luminiskovat v IC oblasti a jeho pritomnost na kancelarskom
papieri sa d4 pomocou vhodného nastavenia vinovych dizok odhalit aj pri velmi
nizkej koncentracii. Takéto zistenie je doélezité pri ziskavani dopliujicich poznat-
kov v procese skiimania dokumentov.
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ANDRITZ screen dilution upgrade

WPPPA 11-12.03. 2020
Presenter: Mark Leonhardt, ANDRITZ Fiedler GmbH

ANDRITZ has developed a screen dilution
upgrade to reduce reject thickening and at the
same time protect the rotor interior from
contaminants

This smart solution leads to huge fiber savings
and reduces maintenance costs.

THE CHALLENGE

During the screening process the stock tends to thicken towards the reject end. This becomes more
critical with narrow slots, which are often needed in order to meet the required screening efficiency.
Thickening leads to higher fiber losses, lower yield, and can even cause plugging.

Secondly, vortex inside the screen, created by the rotor rotation, drags plastics and other
contaminants into the center of the rotor. These particles wrap around the shaft, in the end damaging
the mechanical seal or even the complete bearing unit.

THE SOLUTION

Dilution water is fed underneath the rotor. The water flows through the holes on the rotor shell into the
screen room providing effective dilution already in the screening zone. This leads to reduced
thickening and minimizes fiber losses.

Sealing rings between the rotor and bearing unit keeps the overpressure inside the rotor for controlled
water flow. The overpressure also prevents contaminants entering and accumulating inside the rotor.
Shut-down and cleaning intervals can be extended significantly resulting in reduced maintenance
costs.

RESULTS
This paper includes references as well as an example of a successful upgrade that resulted in
extended maintenance intervals and in enormous monetary benefits.

ANDRITL

ENGINEERED SUCCESS
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Sustainable and feasible forest-based added-value
material solutions

Katariina Torvinen, Jukka Ketoja

VTT Technical Research Centre of Finland Ltd, P. O. Box 1603, FI-40400 Jyvaskyld, Finland,
katariina.torvinen@vtt.fi

Abstract: Meeting today’s global challenges requires continuous renewal of the prod-
uct portfolio of forest industries. The general target is to lower the carbon footprint of
different bio-based, recyclable products for example by replacing plastics with bioma-
terials. There are several research topics, where inherent properties of ligno-cellulosic
materials can be effectively used for new applications exceeding their fossil-based
counterparts.

Keywords: Lignocellulose, biorefinery, material paradigm, recycling, carbon footprint.

1. Introduction

Over-reliance on fossil reserves, resource insufficiency and climate change urge
the renewal of the existing materials paradigm. Advanced bio-based materials can
play an important role in this process. In order to speed up the paradigm change,
the Academy of Finland has launched in 2018 a new competence cluster called
FinnCERES. The cluster is formed by Aalto University and VTT, and it belongs to
Academy’s Flagship Programme. The idea is to impact national economic growth
through cutting-edge research on lignocellulosic materials. The overall target is
double the value of forest sector by 2030 so that more than half of the value of
production would become from new products (see Fig. 1) [1].

Achieving this target requires laying a solid foundation for future biorefiner-
ies that produce required raw-material fractions for added-value products. The
methods to produce pure fractions of cellulose, hemicellulose and lignin have
developed rapidly during the last couple of decades [2]. Several new mechanical,
chemical and enzymatic means and their combinations have been developed to
separate efficiently sufficiently small fibre components so that they suit as building
blocks for high-value products. Further possibilities for all-wood composites are
offered by partial fibre surface dissolution with ionic liquids [3]. The development
is supported by sophisticated material characterization methods which help in in-
vestigating the fundamental interactions in nano-scale that drive the macroscopic
material behavior. Multi-scale modelling and simulations on the hierarchical cel-
lulose structure [4], on its dissolution and structural performance in material ap-
plications will quide the experimental work. Despite the century-long tradition of
cellulose research, we can expect many fundamental scientific discoveries related
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to its nano-scale structure and novel functional properties to take place during this
decade.
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Fig. 1: Targeted growth of the Finnish bioeconomy sector [1]. Comparisons are made
to year 2016.

2. Future solutions

2.1. Cellulose as future plastic and textile raw material

There are several biocomposite solutions that aim at replacing fossil-based plas-
tic materials with cellulose-based alternatives. Many of these technologies have
recently led to new spinnoff companies. Examples of this kind of developments
are biodegradable wood bioplastic composite (Sulapac), cellulose-based wrapping
material (Woodly), and fibre-based alternatives for plastic bags (Paptic). Often the
new material innovations are tightly coupled with the development in process-
ing methods. For example, the foam forming process, in which wet foam is used
as a carrier instead of water, can be used to combine versatile raw materials into
lightweight insulation and filtering materials [5] and into nonwovens combining
traditional wood fibres with very long renerated fibres and yarns [6]. The structure
of the foam helps in tailoring the porous fibre network structure and forming de-
signed complex structures [7] e.g. for cushioning purposes. There are several new
technologies to produce long filaments either from recycled waste material or
directly from wood fibre components. The scale-up of the processing concepts is
carried out spin-off companies like Infinited Fibre Company and Spinnova. On the
other hand, recyclable all-cellulose structures are targeted when developing novel
food packaging where the barrier properties are important. This usually requires
a layered structure, where each layer has its own functionality and therefore special
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form of the applied cellulose material. One award-winning concept was based on
recyclable layered monomaterial structure with thermoplastic cellulose and HefCel
nanocellulose film [8].

Sustainable regenerated cellulose fibers can be produce by environmentally
friendly process, called Biocelsol [9]. The process is based on enzymatical pre-
treatment of dissolved wet pulp in a twin-screw extruder. After cooling, the dis-
solution process is followed by filtration, dearaeration and finally wet spinning.
Furthermore, carrying out chemical modification for the enzyme-treated pulp in-
creased significantly swelling coefficient of fibers. There is no need for bleaching
of the end products as no discolouring chemicals are involved, which is one of the
clear benefits.

2.2. Wood-derived water and air purification systems

Bioinspired water and solvent purification materials and concepts provide fu-
ture green-tech solutions. Multi-level approaches have exploited, like controlled
porosity, hygroscopicity and hydrophilicity, chemical compatibility, capillary forces
and transport functions. Wood-derived materials can be utilized as capturing ma-
terial for microplastics to tackle huge challenges for our environment.

Cellulose-based spun-laid yarns can be used for capturing pharmaceutical mol-
ecules from water [10]. Deep eutectic cellulose (DES) solutions have been devel-
oped to capture nonspecific hormones in aqueous matrices.

2.3. Lignocellulose-based electronics and optics

Cellulose is semiconducting and can become renewable material for sustain-
able electronics. The fact that its electric properties are sensitive to moisture can
be taken as an asset e.g. in nanocellulose-based humidity sensors. Moreover, bio
carbon provides a cost-effective conductive material for solar cells and supercon-
ductors. On the other hand, the optical properties of cellulose enable manufactur-
ing an optical fibre, based on a multi-layer structure from regenerated cellulose
and cellulose acetate [11]. Here the difference in diffractive indices between the
regenerated cellulose core and cellulose acetate shell is responsible for quiding the
light along the filament.

In summary, these few examples show the possibility of not only replacing
some oil-based materials with wood-based solutions but also going beyond that:
towards novel applications where the inherent properties of the renewable poly-
mers like hygroscopicity, variable hydrophilicity/-phobicity, semiconductivity and
moisture sentivity become a critical part of the solution.
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Industrial View on Advances in Biorefinery and Lignin
Research and Education in Austria

Johannes Leitner

Applied Science Technologist at Mondi AG, Marxergasse 4A, 1030 Vienna,
johannes.leitner@mondigroup.com

Abstract: As society shifts consumption patterns and moves away towards more re-
newable materials we are likely to face even greater demand for solutions based on
raw materials from wood and natural fibers. Cascade use of wood in the form of lignin
to replace fossil based chemicals in bio-based materials is also a sustainable way to
store carbon in new materials and thus reduce CO, emissions. One of the key proper-
ties of kraft lignin is the molecular weight, which typically ranges from 1000 g/mol up
to 10 000 g/mol. Experts say that a lower molecular weight is favourable for several
lignin applications. Mondi has developed several processes that allow us to supply two
types of lignin with distinctively different types of kraft lignin: one type that exhibits the
lowest molecular weight at 1300 g/mol that can be offered on the market, as well as
a second type with a regular molecular weight of 5000 g/mol.

Keywords: Biorefinery, Lignin, Low molecular weight, Mondi

1. Biorefinery Education in Austria - an introduction

As society shifts consumption patterns and moves away towards more renew-
able materials we are likely to face even greater demand for solutions based on raw
materials from wood and natural fibers. We must work together now to develop
robust frameworks and tools that will ensure we can meet this need sustainably
and transparently. The role of responsible forestry within a sustainable economy
has never been more vital than it is today.

Mondi believes in a collaborative risk-based approach to meet the need for sus-
tainable wood and fibre. Thus Mondi supports education and research in the field
of biorefinery together with our partners.

As Mondi operates more than 10 chemical wood digesters processing several
million cubic meters of wood per year, we have more than 100 years of experience
in biorefinery technologies and we are leading new developments that can con-
tribute to a more sustainable world.

We believe that education is a key component of sustainability, so Mondi sup-
ports Graz University of Technology with a new master’s programme in Biorefinery
Engineering which was started in 2017 and is led by Professor Marlene Kienberger.

This master’s programme was developed through the Horizon 2020 project
BioEnergyTrain, an initiative that brings together 15 partners from six EU countries
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to create new post-graduate level curricula in key bioenergy disciplines, along with
a network of higher education institutions, research centres, professional associa-
tions, and industry stakeholders encompassing the whole value chain of bioen-
ergy, from field/forest to integration into the sustainable energy systems of build-
ings, settlements and regions.

As of January 2020, 14 students were enrolled in the new master’s programme
and the first master’s diploma was awarded to a student whose thesis is entitled
Reactive solvent extraction of lactic acid from sweet sorghum silage extract.

Marlene Kienberger, Assistant
Professor Biorefinery Engineering

Fig. 1: Dr. Marlene Kienberger and her team of bioprocess engineers
at Graz University of Technology.

Mondi aims to support research projects through effective knowledge transfer
by providing guest speakers, and regularly hosting student events. The students
shall learn how to transfer new technologies through exposure to successful case
studies in biorefinery engineering, such as the extraction of turpentine and tall oil
refinery products, which were successfully implemented.

2. Mondi’s approach and offering

An ongoing topic in the pulp and paper industry is research to extract, purify
and utilise kraft lignin as a new value added product. Lignin is a three-dimen-
sional polymer that has the potential to replace fossil based bulk chemicals. Fig. 3
highlights several new applications of lignin as bio-based raw material. Several
European companies have already invested in technologies to extract and utilise
lignin but a major breakthrough across the pulp and paper industry has not been
achieved yet due to several unsolved topics. Such topics are, for example, how the
mill filtrates loop can be recycled back to the evaporation plant, or how wash wa-
ter consumption can be reduced, and how cost and process disturbances can be
reduced to a minimum.

Cascade use of wood in the form of lignin to replace fossil based chemicals in
bio-based materials is also a sustainable way to store carbon in new materials and
thus reduce CO, emissions. In pursuit of a breakthrough, Mondi is a key partner in
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the FLIPPr project, which was designed to create added value by innovative, knowl-
edge based utilising of co-products from chemical pulping, for example kraft lignin.

One well-known process for extracting kraft lignin from black liquor by lowering
the pH-value of black liquor, is the ‘LignoBoost’ process, which employs synthetic
CO, and mineral acid in two separate process steps. Since synthetic CO, requires
considerable amounts of specific energy during manufacturing, transportation
and storage (2.63 kWh cumulative energy demand per kg liquid CO,, including
production and transportation in Europe; database: Ecoinvent; allocation: point
of substitution), we aim to develop processes which can both utilise and store
CO, that is generated onsite at a pulp and paper mill. Flue gas from the lime kiln
has a concentration of approximately 20 % CO,. Therefore, the researchers at Graz
University of Technology have tested this scenario to close the loop when utilising
flue gases. Fig 2 highlights their finding that a significantly lower concentration of
CO, in the gas stream leads to a severe elongation of the time needed to reach the
desired pH value at which lignin forms solid particles which can then be separated
with filters. However, they also showed that the concentration of CO, does not in-
fluence the formation of particles and thus has no negative influence on the filtra-
tion resistance of the filter cake.
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Fig. 2: (left) pH versus time, T = 70 °C, orange dots = 16 % CO,, purple triangles = 100 %
CO,; (right) filtration resistance. (Pichler 2016)

Additionally, one of the greatest challenges of lignin producers is to have the
right analytical chemistry at hand in order to understand a customer’s’needs. While
the academic partners in the FLIPPr project have developed fast and accurate an-
alytical methods to characterise kraft lignin, researchers worldwide see different
hurdles to using lignin as feedstock in various applications. It seems that the ap-
plication of lignin to manufacture carbon fiber is far from realisation due to high
manufacturing costs. It is well known that several manufacturers in the plywood
industry, a less challenging application, have successfully replaced 50 % of phenol
by kraft lignin.

One of the key properties of kraft lignin is the molecular weight, which typical-
ly ranges from 1000 g/mol up to 10 000 g/mol. Experts say that a lower molecular
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weight is favourable for several lignin applications. Mondi has developed several
processes that allow us to supply two types of lignin with distinctively differ-
ent types of kraft lignin: one type that exhibits the lowest molecular weight at
1300 g/mol that can be offered on the market, as well as a second type with a regu-
lar molecular weight of 5000 g/mol.

Selected lignin-related applications and search-terms
related to economic aspects

ginmanm \ | l 1

Share of total lignin abstract [%

o7

l] Lokl
g P

Selected applications (word stems)

econom, finan W innoy market WL, 5, money W o W paice, prize

Fig. 3: Quantitative analysis of academic publications connect to lignin and the remaining
challenges to market lignin in different applications. (Stern and Wenger 2019)

Mr. Johannes Leitner is one of Mondi’s key-researcher in the FLIPPr Project. For
further information, please send an email to Johannes.leither@mondigroup.com.
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Technological process of thermal modification
of wood color
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Abstract: Targeted color change of wood in the process of thermal modification has
great practical importance especially in the production of furniture and other wood
and decorative products because there is a color change in the whole volume of modi-
fied wood (sawn timber, blanks) and wood acquires more or less rich color shades.
During the technological process of wood thermal treatment, the chemical-physical-
mechanical properties of wood change without adding chemical substances to the
process. Color-modified wood is environmentally and health friendly. By properly con-
trolling the process of thermal wood modification we achieve a new product with a tar-
geted color change.

Keywords: wood, colour wood, thermal treatment, saturated water steam

1. Introduction

The colour of wood is one of the macroscopic features that distinguish-
es the wood of individual species visually from each other. The color of the
wood is created by chromophores, i.e. functional groups of the type: >C=0,
—CH=CH—CH=CH—, —CH=CH—, which are light-absorbing aromatic
cores in the UV-VIS region of the wood'’s chemical constituents (lignin and ex-
tractive substances such as pigments, tannins, resins, etc) [5, 14, 16].

Wood placed in the environment of hot water, saturated water steam or saturat-
ed humid air is heated and its physical, mechanical as well as chemical properties
change, without adding chemicals to the thermal color modification process [1, 4].

Thermal treatments of wood, besides physical and mechanical changes applied
in the process of manufacturing veneers, plywood, bentwood furniture or pressed
wood are accompanied with the changes in chemical properties and colour of
wood [4, 15, 18].

In the past, colour changes when wood becoming darker during the steaming
process, were used to remove the undesirable colour differences between light
coloured sapwood and dark coloured heartwood or to eliminate wood stain col-
ours as a result of mould. Recently, the research focuses on targeted changes in
the wood color of individual wood species to less or more distinct color shades
[5-8,14,17].
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2. Matherials and Methods

Sawing assortments of freshly cut and sawn trunks, in the form of sawn timber
and blanks with moisture above the fiber saturation point, are suitable for thermal
treatment of wood to modify the color with saturated water steam. Different types
of wood as well as thickness of wood can be thermally modified, and only one
wood of the same thickness can be modified in one treatment process to maintain
the desired color modification effect at the end of the thermal process.

Thermal treatment of wood with saturated steam to change the color of wood
is most often carried out in pressure vessels (autoclaves) APDZ 240. The actual pro-
cess of thermal treatment of color modification is controlled according to the con-
ditions shown in the diagram shown in Fig. 1.

I A
I

ma

I

min

g™ 100 °(

0.5 hour 0.5 hour 0.5 hour
.- - -

Temperature of stcam
in autoclave [*C)

a

3 hour 3 hour 3 hour 3 hour

Duration of stcaming [hours]

Fig. 1: Diagram of color modification of wood with saturated water steam [1, 3].

Technological process of thermal modification of wood color by saturated water
steam according to diagram Fig. 1 consists of heating of thermally treated wood
as well as heating of the technological equipment (autoclave). Once the specified
temperature (t,,;,) has been reached, the process of thermal color modification it-
self begins, where the supply of saturated steam to the autoclave environment is
repeated cyclically for 3 hours. After completion of the first cycle of the 3 hours of
treatment process, steam is drained from the autoclave and autoclave is opened
— it is selection of the first group of samples in a time interval of about 0.5 hours.
Subsequently, the autoclave closes and the wood treatment process continues.
Such a sampling process is repeated after 6, 9, 12 hours, along with sampling pau-
ses. After 12 hours of heat treatment, the last samples are selected, while the pres-
sure autoclave is ready for new loading and start of the wood treatment process [4].

Tab. 1 shows the parameters of saturated water steam as well as the time of
thermal modification in individual modes to achieve color shades of treated wood.
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Table 1: Modes of color modification of wood with saturated water steam.

Temperature . . .
of saturated - - t, Sampling at.the time of thermal modifi
cation of wood colors
water steam
Mode | 102.5 107.5 100
Mode Il 1225 | 1275 | 100 | t,=3h (120:56}::) (131:09h':) Ijj 51 th)'
Mode llI 1325 137.5 100

Note: * technological break for sampling (technological pause)

The moisture content of the thermally modified wood must be above the BNV
value, or as high as possible to achieve the desired wood color change effect. The
water present in the wood together with the temperature of the saturated water
steam are the initiators of chemical changes in the wood during the modification
process. To measure wood moisture it is advisable to use electrical resistance hy-
grometers that quickly and easily determine the moisture of the wood below the
surface at a depth of = 10 mm depending on the depth of electrode insertion, as
well as the correct setting of wood species and temperature.

In the process of wood thermal treatment, there are significant changes in the
chemical structure of the wood and there are also reactions that result in the color
change of the wood.

The effect of water steam on wood in relation to irreversible chemical changes
in wood can be divided into hydrolysis, which not only creates an acidic environ-
ment by the cleavage of the carboxyl groups, but also ultimately alters the pro-
portion of wood chemical components (hemicellulose, cellulose loss and relative
increase in lignin). A parallel process is the extraction of accessory substances in
the wood and at higher temperatures the condensation of the hydrolyzed lignin
components causes changes in the structure of the main wood components. The
process of hydrolysis of hemicelluloses also leads to an overall change in the pH of
wet wood (wood acidity). Wood acidity is caused by free acids, mainly acetic acid
(CH,COOH) from acetylated groups of hemicelluloses and, to a lesser extent, for-
mic acid (HCOOH) resulting from the process of thermal wood modification, which
catalyze various hydrotylic, dehydration, degradation and condensation reactions
of saccharides and their products [10, 11].

Polyuronides and phenolic substances also contribute to the pH change of the
aqueous solution in wood, which gradually decreases due to biochemical process-
es as the temperature increases and the time of thermal treatment increases.

Determination of the acidity of thermally modified wood is possible by sever-
al methods which are lengthy and more or less accurate. The latest wood acidity
measurement technology is fast and implemented directly in wood with the pH
meter SENTRON S| 600 with LanceFET + H [9].

The color change of the wood after the thermal treatment process can be objec-
tively quantified, expressed by coordinates in the color space CIE L*a*b* according
to Fig. 2.
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This color coordination system (according to CIE - ISO 7724) is based on the
measurement of three color parameters: lightness L* represents the darkest black
at L* = 0 and the brightest white at L* = 100. The value of a* is a measure of the
red-green character of the colour, with positive values for red shades (+a*), and
negative values for green (-a*). The value of b* gives the yellow-blue character
with positive values for yellow shades (+b*) and negative for blue (-b*).

L*

Fig. 2: Colour space CIE L*a*b*.

From the difference of the values on the color coordinates AL*, Aa*, Ab* that
were determined on the basis of measurements both thermal treated and untreat-
ed wood surface, the total color difference AE* was determined according to the
following equation ISO 11 664-4: [2]

A" =L, ~L) +(a,—aF +(b; ~b) o)

Where: L¥, a*, b* values on the color space coordinates before the wood thermal
treatment process
L*,, a*,, b*, values on the color space coordinates of thermally treated wood.

3. Results

Thermally modified wood acquires more or less rich brown respectively. red-
brown color shades per mode and modification time.

During the thermal modification of the wood in the pressure autoclave, it occurs
to significant decrease in L* brightness on modified blanks, respectively lumber
depending on conditions (saturated water steam temperature and modification
time).

Color coordinate values a* (between green-red) tend to shift to the red area of
the color space. The effect of saturated water steam temperature and modification
time is also reflected in the b* color coordinate (between blue and yellow), which
moves into the yellow area of the color space.

@ Wood, Pulp and Paper 2020 @ 177



4, Conclusion

Thermally modified wood with saturated water steam to change the color of
the wood offers wood processors a wide range of innovations for their products
intended for customers. Modified wood has the advantage that its color change
is uniform throughout the volume of the wood, which means higher quantitative
usability of thermally treated wood. Modified wood is a new product that is healthy
and environmentally friendly and can be used without any restrictions.

The achieved color changes of wood during the water steam treatment by some
of the regimes extends the possibilities of using thermally modified sawmill assort-
ments in the field of building-joinery, construction-art, design, as well as produc-
tion of flooring, tiling, solid wood furniture, toys or other utility and decorative 3D
objects.
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Priame meranie pH dreva plosnou elektrédou
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Abstract: The article evaluates the possibility of using the flat combined electrode
SenTix Sur for direct measuring of wood pH value. The pH measurement was performed
on wood samples of four broadleaved species - beech, birch, alder and maple. Larger
sawdust was prepared from the wood samples and pressed into a plastic measuring
cup of suitable dimensions. The performed experiments demonstrated the possibility
of measuring the pH of wood by SenTix Sur electrode. The use of a plastic measuring
cup had a positive effect on the pH stabilization rate. The limiting factors were une-
ven grain size of wood sawdust and their moisture content near fiber saturation point
(FSP). Comparing to pH measurements with LanceFET+H, the SenTix Sur flat electrode
measurement was faster, whereas higher pH values were measured by the SenTix Sur
for most of the monitored wood species.

1. Uvod

Hodnota pH je mierou koncentracie H* iénov v roztokoch a jej meranie sa pou-
ziva takmer v kazdom laboratériu, v teréne aj vo vyrobe [1, 2].

Poznanie hodnoty pH dreva je velmi délezité pre rézne oblasti jeho pouzitia
a s vyhodou sa méze vyuzit na kontrolu a riadenie technologickych procesov.
V kontakte s drevom mozu kovy korodovat, méze byt ovplyvnena adhézia lepi-
diel a fixacia ochrannych prostriedkov na drevo. Pozornost hodnotdm pH dreva je
potrebné venovat aj v suvislosti s vyrobou buniciny, vldknitych a drevotrieskovych
dosiek a plastifikaciou dreva [3-8].

Pre absolitne meranie pH dreva sa pouzivaju predovsetkym nasledovné meto-
dy, ktorych nevyhodou je vsak zna¢nd pracnost a ¢asovéa naro¢nost:

— urcenie hodnoty pH tym, Ze sa hodnota pH kyslého alebo zasaditého vodného

roztoku upravi na pH suspenzie dezintegrovaného dreva [3],

— metdda prerusenia strmosti (zmeny sklonu), grafické vyhodnotenie hodnoty pH

dreva z merani po ponoreni do zriedeného NaOH a roztoku HCI [9, 10],

— priamejsia metédda merania pH zaloZzend na merani kvapaliny vylisovanej z pa-

reného dreva [11].

Casto pouzivana studenovodna alebo horticovodna extrakcia dreva uréitym
mnozstvom vody [12-15] neddva informaciu o absolutnej hodnote pH v dreve
a je pouzitelnd len pre porovnavacie stanovenia. Meranie pH drevnych extraktov
je skreslené, nakolko drevo obsahuje aj nerozpustné kyslé skupiny v polyméroch
bunkovych stien [5].
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Priame meranie pH masivneho dreva je mozné len s urcitymi neistotami, ak je
obsah vody v dreve nad bodom nasytenia vlakien (BNV). V r. 2019 Geffert a kol.
navrhli prijatelnd, rychlu a v praxi vyuzitelnd metdédu priameho merania pH dreva
s vlhkostou nad bodom nasytenia vldken (BNV) v jeho hmote vpichovou elektré-
dou s ocelovou $pi¢kou LanceFET+H od fy SENTRON, aka sa beZne pouziva na me-
ranie pH v polotuhych latkach [16].

Cielom prace bolo modifikovat metéddu priameho merania pH dreva pomocou
plosnej kombinovanej elektrédy SenTix Sur a dosiahnuté vysledky porovnat s me-
ranim pH vpichovou elektrédou LanceFET+H.

2. Experimentalna cast

Na experimenty bolo pouzité vzorky cerstvého dreva styroch listnatych drevin —
buka, brezy, jelSe a javora o rozmeroch 120 X 120 x 40 mm.

Vlhkost vzoriek dreva (w,) bola merand odporovym vlhkomerom FMD6 od fy
Brookhuis Micro-Electronics BV (obr. 1) na piatich miestach a pre jednotlivé vzorky
dreva bola priemerna hodnota w, nasledovna:
buk (w, =38,5%1,0 %),
breza (w, = 35,4 +0,3 %),
jel3a (w, = 33,8 +0,5 %),
javor (w, = 35,6 £0,8 %).

Obr. 1: Odporovy vihkomer FMD6.

Pomocou elektrickej vitacky boli z dreva odvitané vacsie piliny (vyvrty), ktoré
boli rychlo natlacené do plastovej meracej nddobky (v =20 mm, @ = 16 mm) a na-
sledne bola do pilin zasunutd meracia (dotykova, resp. vpichova) elektréda.
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Dotykové meranie pH dreva bolo realizované plosnou kombinovanou elektro-
dou SenTix Sur v kombinacii s pH-metrom inoLab (obr. 2). Pre porovnévacie me-
ranie pH dreva bol pouzity pH meter SI 600 s vpichovou sondou LanceFET+H od
fy SENTRON. Po dosiahnuti vyhovujuceho kontaktu meracej elektrédy s pilinami
v meracej nddobke boli zmeny hodnét pH sledované v 15 sekundovych interva-
loch pocas 120 sekind. Z nameranych hodnét pH bola vypocitana priemerné hod-
nota a smerodajna odchylka.

Obr. 2: Plosna elektroda SenTix Sur a pH-meter inoLab.

Vi,

Obr. 3: Vpichova elektréda LanceFET+H a pH-meter SI 600.

3. Vysledky a diskusia

Po natlaceni vacsich pilin vyvitanych z dreva do plastovej meracej nadobky
bolo ako prvé realizované meranie pH plosnou kombinovanou elektrédou SenTix
Sur a nasledne bolo v tych istych pilinach realizované meranie pH vpichovou elek-
trédou LanceFET+H, pricom bolo dbané na minimalizaciu manipulacnych ¢asov.
Za dostatocny cas na ustéalenie hodnoty pH bol podla priebehu merania urceny ¢as
120 sekund. Namerané hodnoty pH a z nich vypocitané priemerné hodnoty pH su
uvedenévtab.1a2.

Meranie pH drevnych pilin s w, nad BNV v meracej plastovej nddobke plosnou
kombinovanou elektrodou SenTix Sur prebehlo velmi rychlo, nakolko k stabilizacii
hodnét pH dochddzalo takmer okamzite po zatlageni elektrody SenTix Sur do pilin.
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K stabilizacii hodnoty pH meranych vpichovou elektrédou LanceFET+H doslo
v priebehu 15-30 sekind, teda rychlejsie, ako pri merani pH v pilindch natlacenych
spat do vyvitaného otvoru v dreve podla metodiky z r. 2019 [16]. Tento fakt moz-
no vysvetlit tym, Ze plastovd meracia nddobka s pilinami tvori uzavretu sustavu,
v ktorej nedochadza k dalsim difiznym dejom, ako je tomu u pilin natlacenych do
vyvitaného otvoru v dreve.

Na rychlost stabilizacie hodnét pH, presnost a opakovatelnost merania pH malo
vplyv viacero faktorov:

— rozdielna konstrukcia a princip fungovania pouzitych meracich elektréd SenTix
Sur a LanceFET+H (rozdielna kontaktna plocha a sposob kontaktu),

— vlastnosti pouzitého drevného materidlu (zrnitost odvftanych pilin, vlhkost
dreva, ktord uzko suvisi s jeho hustotou a morfolégiou vldknitych elementov
jednotlivych drevin, chemické zlozenie dreva, hlavne kyslé zlozky, lahko sa uvol-
nujuce z hemiceluléz v bunkovych stenach drevnych elementov).

Minimalny rozdiel medzi hodnotami pH nameranymi plo$nou a vpichovou elek-
trédou (iba 0,02) bol zisteny u dreva jelse s vlhkostou w, = 33,8 %. U dreva ostat-
nych vzoriek, kde boli hodnoty w, vyssie (buk 38,5 %, javor 35,6 %, breza 35,4 %),
boli plosnou elektrédou SenTix Sur namerané vyssie hodnoty pH, ako vpichovou
elektrédou LanceFET+H.

4, Zaver

Vykonané experimenty preukazali moznost merania pH dreva vo forme pilin vo
vhodnej plastovej nadobke plosnou elektrédou SenTix Sur.

Pouzitie plastovej meracej nadobky malo pozitivny vplyv na rychlost stabiliza-
cie hodnoty pH. Nerovnomerna zrnitost drevnych pilin a ich vlhkost blizko BNV ne-
gativne ovplyvnili kvalitu kontaktu elektrédy s drevnymi pilinami a tym aj rychlost
a presnost merania pH.

V porovnani s meranim pH vpichovou elektrédou LanceFET+H, meranie plos-
nou elektrédou SenTix Sur prebehlo rychlejSie. U vacsiny sledovanych drevin
(okrem jel3e) boli plosnou elektrédou SenTix Sur namerané hodnoty pH vyssie, ako
hodnoty pH namerané vpichovou elektrédou LanceFET+H.
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Stalost farby ozarovaného smrekového dreva
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Abstract: The aim of the work was to assess the colour stability of the surface of un-
treated spruce wood irradiated by UV radiation in time intervals 30, 60, 90, 120 and
150 min. The samples were stored at room temperature without light access and with-
out samples contact and examined in time intervals of 100 days, 484 days and 2 years
after irradiation. The colour stability was expressed as the ratio of the values of the col-
our characteristics L*, a*, b* and AE* measured on wood samples after irradiation, to
the values of these characteristics found at the observed storage intervals (in %). The
stability of the overall colour difference AE *seems to be the most appropriate param-
eter for assessing timber stability as it incorporates three other colour characteristics
(L* a* b*). According to the AE * criterion, the colour stability of the untreated spruce
wood exposed to the intense UV ranged from 72.8 to 96.0 %, which could be assessed
as a significant colour instability of the spruce after irradiation.

1. Uvod

Stélost farby dreva je vyznamna vlastnost drevarskych vyrobkov pouzivanych
v interiéri aj exteriéri. P6sobenim sInecného ziarenia na drevo, najma jeho UV zloz-
ky, dochédza vplyvom fotochemickych reakcii k chemickym zmenam v povrcho-
vych vrstvach dreva, ktoré su spojené so zmenou farby. Ziskany farebny odtien
dreva je vysledkom komplexu chemickych zmien extraktivnych latok, polysachari-
dov a ligninu. Hlavnou pric¢inou tychto zmien je interakcia polysacharidov a ligninu
so svetlom, hlavne s jeho blizkou UV-A zloZkou v kombinacii s vihkostou, teplotou
a oxida¢nymi ¢inidlami [1-6].

Pri interakcii polysacharidov s UV zlozkou svetla dochadza k hmotnostnému
Ubytku, depolymerizacii a u celulézy aj k zniZzeniu obsahu a-celulézy. Vznikajuce
radikaly reaguju s kyslikom za vzniku nestabilnych peroxyradikalov. Sucasne sa
oxiduju aldehydické a primarne alkoholické skupiny koncovych jednotiek celulo-
zy, ktoré prechadzaju na D-xylopyranézové a D-arabinopyranézové jednotky [4,7].
Vyznamnu ulohu pri degradacii polysacharidov mé lignin, ktory prenosom energie
z excitovanych a-karbonylovych skupin do okolia indikuje sekundarne fotodegra-
dacné reakcie ostatnych zloziek dreva. Konkrétnym miestom absorpcie UV zZiarenia
su fenolické hydroxylové skupiny, aromatické jadra, nenasytené vazby a karbony-
lové skupiny. Z tychto chromoférov a-karbonyly a m-vazby v bocnych retazcoch
fenylpropanovych jednotiek maju schopnost prenasat absorbovanu energiu na
menej stabilné vazby v bezprostrednom okoli a tym spdsobit ich homolytické
Stiepenie [4,8,9]. Vznikajuce radikdly - fenoxybenzylové, hydroperoxidové, pod-
mienuju jednak depolymerizacné, ale aj kondenzacné reakcie ligninu. Subezne sa
tvoria nové chromoférne skupiny — karbonyly, karboxyly, peroxidy, hydroperoxidy,
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chinoidné struktury a konjugované dvojité vazby, o spésobuje zmenu farby dre-
va od ZItych do hnedych odtieriov [4,10]. Feist [11] poukazal na vysoké odburanie
ligninu a hemiceluléz v povrchovych vrstvach v priebehu urychleného starnutia.
Extraktivne zlozky dreva mozu tiez pésobit ako absorbéry UV Ziarenia, zachytava-
juce volné radikaly a podliehajuce fotooxidacnym reakciam, ¢im spomaluju foto-
degradaciu ligninu [12,13].

Zmena farby dreva vplyvom UV Ziarenia je vo svojej podstate povrchovy
jav. Primarne zmeny prebiehaju len do hibky niekolko desiatok nanometrov.
Sekundarne zmeny zloziek dreva pokra¢uju do vzdialenejsich oblasti az do hibky
0,15 mm [4]. Hon a Ifju dokazali, Ze r6zne druhy Ziarenia prenikaju iba do velmi
malych hibok dreva. Zatial ¢o viditelné Ziarenie (400 az 750 nm) prenika do hibky
200 pm, UV Ziarenie s vinovymi dizkami pod 400 nm prenika maximalne do 75 um
[14].

Cielom prace bolo posudit stalost farby povrchu neosetreného smrekového
dreva oziareného UV Ziarenim a nasledne dlhodobo skladovaného pri izbovej tep-
lote bez pristupu svetla a bez vzajomného kontaktu vzoriek v niekolkych ¢asovych
intervaloch.

2. Experimentalna cast

Na sledovanie stalosti farby v zavislosti na ¢ase pésobenia UV ziarenia boli pou-
zité vzorky neosetreného smrekového dreva rozmerov 27 X 75 x 320 mm.

Vzduchosuché vzorky dreva boli vystavené ucinku intenzivneho UV Ziarenia
(zdroj — 125 W ortutové vybojka) po dobu 2,5 hodiny v ¢asovych intervaloch 30,
60, 90, 120 a 150 minut. Na oziarenych vzorkach dreva bola farebnost povrchu
stanovovana pomocou kolorimetra Color Reader CR-10, definovana suradnicami
farebného priestoru CIELAB L*, a*, b* a rovhomerne vnimatelna v sirokom rozsahu
farieb [15,16,171.

Na kazdej vzorke bolo vykonanych 10 merani sledovanych farebnych veli¢in L¥,
a*, b*, z priemernych hodnot ktorych bola vypocitana celkova farebna diferencia
AE* podla vztahu:

AE = (L, — L, +(a, - a,)* +(b, — b, a

(L,* — L,*) zmena hodnoty bielo-¢iernej stradnice (merna svetlost)

(a,* — a,*) zmena hodnoty zeleno-Cervenej suradnice

(b,* — b,*) zmena hodnoty modro-Zltej suradnice.

Na zistovanie stalosti farby povrchu smrekového dreva bola aplikovand metéda
STN 50 0376 (Skusanie papiera. Stanovenie stalosti papiera na svetle) [18]. OZiarené
vzorky dreva boli dlhodobo skladované pri laboratérnej teplote bez pristupu svetla
a bez vzajomného kontaktu vzoriek. Stalost farby po UV oziareni bola vyjadrend
ako pomer hodnét farebnych charakteristik L*, a*, b* a AE* nameranych po oziare-
ni, k hodnotdm tychto charakteristik zistenych v sledovanych ¢asovych intervaloch
(v %).
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3. Vysledky a diskusia

Hodnoty chemickych charakteristik neosetreného smrekového dreva boli pre-

vzaté z prace Geffertovej a kol. [19] a su uvedené v tab. 1:

Tab. 1: Chemické charakteristiky pouzitého smrekového dreva (%).

Extraktivne latky Holoceluléza Celuléza Lignin
(TEE) (Wise) (Kirschner-Hoffer) (Klason)
1,0 77,8 50,0 26,5

Farebné zmeny smrekového dreva charakterizované suradnicami farebného
priestoru L*, a*, b* su uvedené v tab. 2. Spolo¢ny vplyv tychto farebnych charak-
teristik je vyjadreny ako celkova farebna diferencia AE* (obr. 2), vypocitana podla

vztahu (1).

Tab. 2: Zmeny stradnic farebného priestoru L¥, a*, b*.

Cas ozarovania (min) 30 60 90 120 150
L*
povodna vzorka 82,0 81,6 81,9 81,9 82,4
po UV oZiareni 78,9 78,1 78,0 77,4 77,0
100 dni po oZiareni 80,2 79,0 78,8 78,5 78,0
484 dni po oZiareni 80,2 79,5 78,1 78,7 76,7
2 roky po oziareni 79,8 79,1 77,0 78,0 75,5
a*
povodna vzorka 2,6 2,7 2,8 2,6 2,4
po UV oZiareni 2,7 2,9 3,4 3,5 3,6
100 dni po oziareni 3.2 3,7 4,0 4,1 4,4
484 dni po oziareni 3,7 4,0 4,9 4,7 59
2 roky po oziareni 4,0 4,3 55 51 6,5
b*
povodna vzorka 17,3 17,3 17,2 171 17,5
po UV ozZiareni 23,1 25,2 26,9 28,1 28,4
100 dni po oziarenf 24,1 26,3 27,8 28,9 29,6
484 dni po oziareni 24,9 27,5 29,8 30,3 32,0
2 roky po oziareni 25,6 28,0 30,2 30,8 32,4
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Povodné smrekové drevo (bez ozarovania) vykazovalo najvyssiu svetlost L* (cca
82), pricom vplyvom oZzarovania doslo k poklesu jeho svetlosti. OkamzZite po ozia-
reni bol pozorovany zretelny pokles svetlosti s predlzujucim ¢asom oZarovania,
rovnako aj s predlzovanim ¢asového intervalu. Na vsetkych ozZiarenych vzorkach
bol po prvotnom poklese v intervale 100 dni zisteny prechodny narast svetlosti L*
s opatovnym pozvolnym poklesom pozorovanym v ¢asovom intervale 2 rokov od
ozarovania.

Farebné suradnice a* a b* vykazovali vo vietkych sledovanych ¢asovych interva-
loch ndrast hodnot v zavislosti od ¢asu ozarovania, pricom najvacsia zmena oboch
suradnic bola zaznamenana po 2 rokoch od ozarovania. Vyraznejsie zmeny surad-
nice b* su spajané s degradaciou ligninu [9], ktord moze byt spomalovana extrak-
tivnymi latkami v dreve [12]. Tieto zmeny boli potvrdené meraniami FTIR skima-
nych vzoriek smrekového dreva [19].

Williams [20] na zaklade vysledkov merani FTIR oZzarovaného dreva juznej bo-
rovice bez vonkajsej expozicie zdovodnil zvysenie absorpcie karbonylov pri 1720
a 1735 cm™ oxidaciou celuldzy a ligninu, a zniZenie absorpcie pri 1265 a 1510 cm™
stratou ligninu, pricom dospel k zaveru, ze hlavnym produktom degradacie je lig-
nin. Rovnako Anderson a kol. [21] pozorovali pociatocné zvysenie nasledované
rychlym znizenim absorpcie pri 1730-1740 cm™ a pri 1650 cm', ¢o pripisovali tvor-
be chindnov a chinonmetidov.

Vyssie uvedené vysvetluje aj nami dosiahnuté vysledky, kedy v pociato¢nej
faze ozarovania doslo vplyvom fotodegradacie k vytvoreniu novych chromofor-
nych skupin, ktoré sposobili prvotny pokles svetlosti. V nasledujucej faze domi-
novala degradacia ligninu, ¢im doslo k znizeniu jeho obsahu v povrchovej vrstve
a k c¢iasto¢nému narastu svetlosti L*. V dalSom obdobi vplyvom sekundérnych re-
tazovych reakcii prevlddla tvorba novych chromoférovych zlucenin s opdtovnym
poklesom svetlosti dreva L*.
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Obr. 2: Zmeny celkovej farebnej diferencie povrchu smrekového dreva.

@ Wood, Pulp and Paper 2020 @ 189



Zavislost farebnej diferencie AE*, ktord v sebe kumuluje zmenu vietkych troch
charakteristik farebného priestoru L*, a*, b*, je prezentovana na obr. 2. Hodnota
AE* sa s ¢asom ozarovania vo vsetkych casovych intervaloch plynule zvy3ovala.
Podla Allegrettiho hodnotiacej farebnej stupnice [22] mozno namerané hodnoty
AE* interpretovat ako velké farebné rozdiely (6 < AE* < 12) az celkovi zmenu farby
(AE* > 12).

Stalost hodnot farebnych charakteristik L*, a*, b* a AE* v sledovanych ¢asovych
intervaloch zavisela predovsetkym od absoltutnych hodnét porovnavanych charak-
teristik (tab. 3). Stalost svetlosti L* bola v sledovanom obdobi 2 rokov vysoka a me-
nila sa iba minimalne (98,3 az 102,0 %), stalost suradnice b* bola nizsia a pohybo-
sa stalost pohybovala v Sirokom rozmedzi 54,9 az 86,1 %. Pre posudenie stélosti
farby je najvyhodnejsia celkova farebna diferencia AE*, ktord v sebe zahfna vsetky
tri charakteristiky (L*, a*, b*). Stalost AE* sa pohybovala v rozmedzi 72,8 az 96,0 %,
¢o mozno posudit ako znaénu nestalost farby smrekového dreva po oziareni.

Tab. 3: Stélost hodnét farebnych charakteristik L*, a*, b*, AE* po oziareni (%).

Cas oziarenia (min)
Charakteristika Interval merania
30 60 90 120 150
po 100 drioch 98,3 98,9 98,9 98,6 98,8
L* po 484 diioch 98,4 98,3 99,8 98,3 100,4
po 2 rokoch 98,8 98,8 101,2 99,2 102,0
po 100 dioch 83,9 78,5 86,1 83,8 80,4
a* po 484 drioch 72,3 72,0 69,6 73,8 60,5
po 2 rokoch 66,5 67,0 62,0 68,0 549
po 100 drioch 95,9 95,7 96,7 971 96,0
b* po 484 drioch 92,9 91,5 90,3 92,7 88,8
po 2 rokoch 90,4 89,8 89,1 91,2 87,7
po 100 drioch 94,4 91,5 94,6 96,0 94,6
AE* po 484 drioch 84,8 81,9 78,4 86,9 76,9
po 2 rokoch 77,0 77,5 73,9 82,1 72,8
4. Zaver

Hodnotenie stélosti farby oziareného smrekového dreva ukézalo vysoky rozptyl
vypocitanych hodnot, v zavislosti na hodnotach jednotlivych farebnych charakte-
6,5) vykazovala nizku stabilitu farby a naopak svetlost L* vdaka hodnotam v rozme-
dzi 75,5 az 80,2 vykazovala najvyssiu stabilitu.

Stalost celkovej farebnej diferencie AE*, nakolko zahfha v sebe vietky tri vys-
Sie uvedené charakteristiky (L*, a*, b*), sa javi ako najvhodnejsi parameter na
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hodnotenie stalosti dreva. Podla tohto kritéria farba oziareného neosetreného
smrekového dreva je znacne nestala.
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Abstract: Bio-based phenolic and flavonoid compounds in spruce bark are known as
value-added products for different approaches in industry. Extraction with organic
solvents is the key to achieve a high yield of these desirable compounds. In the pre-
sent study, four different solvent ratios of ethanol and water were chosen. Temperature
range was set between 40 and 100 °C and stirring velocity of 400 rpom. Extractions were
conducted with a solid:liquid ratio of 1 : 20. Yield of phenolic and flavonoid compounds
was determined as photometric sum parameter using gallic acid for total phenolic con-
tent (TPC) and quercetin for total flavonoid content (TFC) as calibration compounds.
Determination of sugar monomers was conducted by anion exchange chromatog-
raphy. Qualitative fingerprint analytics of all volatile compounds were done by deri-
vatization and identified by gas chromatography. The sugar content of the extracts
showed between 0.4 % and 2.8 % dependent on the solvent ratio and temperature.
Glucose was the most abundant sugar in the extracts. Gas chromatography results
show a broad variety of sugars, carboxylic acids, phenolic and lipophilic compounds.
Photometric results showed highest contents of 321 mg gallic acid equivalents/g total
extract and 62 mg quercetin equivalents /g total extract at 100 °C and a solvent ratio
ethanol: water = 50 : 50.

Keywords: Spruce bark, phenolics, extraction, flavonoids

1. Introduction

The extraction and isolation of polyphenolic compounds out of waste effluents
in pulp mills, forest and agricultural industry is a well-known research topic [1].
Considering the amounts of waste plant material spruce bark is a promising source
of different bioactive compounds such as phenolic acids, flavonoids, tannins and
other target molecules [2]. Many of these compounds are contained in plants via
glycosic bonds [3]. Due to that a polar solvent is required to enhance the yield of
extraction. Temperature has the biggest impact on the extraction [4]. In addition
temperatures above 100 °C rapidly increase the hydrolysis of hemicelluloses, pec-
tins and starch which is a possible impurification of the extracts [5]. For prevention
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of this problem newer extraction techniques, for example microwave assisted ex-
traction or ultrasonic assisted extraction, improve the extraction process and lead
to higher yields of target phenolic compounds [6]. However, these kinds of extrac-
tion techniques are currently working only at laboratory scale. Therefore the pro-
cess conditions in a conventional extraction process will be improved by the ratio
of solvents and optimum temperature range. The main objective of this work was
to determine the processing conditions of conventional extraction technique. The
aim was to determine the yield of phenolic and flavonoid target compounds with
respect to the hydrolysed sugar monomers. Fingerprint analytics of crude extracts
are conducted gas chromatography coupled with mass spectroscopy (GC-MS).

2, Experimental

2.1. Material

Spruce wood bark is gratefully purchased from SAPPI (Gratkorn, Austria). After
drying under 90 °C the bark was milled with a cutting mill using a 1 mm sieve.
Ethanol, anhydrous pyridine, aluminium chloride were obtained by Carl Roth
(Karlsruhe, Germany). Bis(trimethylsilyl)-Trifluoroacetamide, Folin-Ciocalteu rea-
gent, quercetin and gallic acid were purchased by Sigma (Taufkirchen, Germany).

2.2. Extraction

Pressurized extraction was performed in a PARR 4560 Autoclave with a volume
of 450 ml (produced by PARR Germany Frankfurt/Main, Germany). The set-up in-
cludes the monitoring of time, temperature, pressure, heating, cooling and stirring
velocity. Extractions were conducted with a solid:liquid ratio of 1 : 20. 5 grams of
spruce bark were made up to volume with 100 ml of different ethanol:water sol-
vent ratios. The ethanol concentrations were chosen with 0 % (w/w), 25 % (w/w),
50 % (w/w) and 75 % (w/w), respectively. Stirring control was kept at 400 rpm. The
extraction time was 2 hours for all experiments and temperature was set to 40, 60,
80 and 100 °C. After extraction, the crude suspension was filtered through a funnel
with porosity 3. Residual bark was dried under 90 °C for 15 hours and gravimetically
determined.

2.3. Instrumental Analytics

Extracts were evaporated under vacuum, subjected to lyophilisation and pre-
pared for different instrumental analytics. GC-MS measurements were conducted
on a Shimadzu QP2010 gas chromatograph coupled with a Shimadzu QP2020 Dual
Stage Mass Spectrometer. A HP5-MS column (60 m length x 0.25 mm inner dia-
meter. x 0.25 um film thickness; J&W Scientific, Folsom, CA, USA) was used. Sugar
quantification was performed on a Dionex 5000+ HPAEC-PAD equipped with a
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CarbPac20 Column and a VWD detector. 0.1 M NaOH was used as HPAEC eluent.
Photometric measurements for TPC and TFC were performed on a Thermo Fisher
Scientific MultiScan Go Spectrophotometer using 2 ml quartz glass cuvettes.

3. Results & Discussion

The yield of total extracts was expressed as soluble extracts compared to inser-
ted bark material. Results showed that the solvent ratio of 50 % ethanol and 50 %
water gives the highest total yield of 14.75 %. Hot water extraction without ethanol
showed 10.58 % yield at 100 °C. At 40 °C and 60 °C the higher amount of ethanol
significantly increased the extraction yield. All data are shown in table 1.

Tab. 1: Extraction yield of spruce bark in %.

Temp /°C EtOH=0% EtOH =25 % EtOH =50 % EtOH =75 %
40 5.48 7.52 10.41 10.13
60 5.99 9.73 11.50 10.48
80 9.49 9.66 11.67 11.84
100 10.58 14.49 14.75 11.94

Ethanol is required for extracting certain amounts of lipophilic and hydrophilic
compounds as in detaildescribed by Gabaston [7]. In the present study Ethanol
enhances the extraction procedure. In the literature, alcohol and small amounts of
water gave the best yields. It is assumed that the obtained extracts are a mixture
of different polar und apolar substances. Concentrations of sugar monomers in ob-
tained extracts are low due to the fact that a certain temperature is required for
an overall hydrolysis. In present study, five different sugars were quantified. Pure
water extraction at 100 °C shows the highest content of sugar monomers. In all
experiments glucose is the predominant sugar detected in the samples. All data
are listed in Table 2.

Tab. 2: Sugar monomers of the extracts in % (w/w) of freeze-dried extracts.

No "E:Tv?/?v?/; Tempoecrature Glu Xyl Man Ara Gal Sum

1 0 40 0.39 0.14 0.24 0.15 0.19 1.11

2 0 60 0.47 0.17 0.33 0.17 0.23 1.37

3 0 80 0.49 0.16 0.34 0.18 0.24 1.41

4 0 100 1.08 0.30 0.79 0.27 0.37 2.81

5 25 40 0.32 0.13 0.25 0.17 0.19 1.06
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No :j:?;?v?ll) Tempoeéature Glu Xyl Man Ara Gal Sum
6 25 60 0.31 0.14 0.24 0.16 0.20 1.05
7 25 80 0.38 0.19 0.29 0.19 0.23 1.28
8 25 100 0.41 0.21 0.32 0.21 0.25 1.40
9 50 40 0.18 0.1 0.14 0.12 0.12 0.67
10 50 60 0.21 0.13 0.16 0.13 0.12 0.75
11 50 80 0.23 0.14 0.19 0.11 0.14 0.81
12 50 100 0.26 0.14 0.20 0.15 0.16 0.91
13 75 40 0.14 0.10 0.13 0.07 0.11 0.55
14 75 60 0.16 0.11 0.15 0.11 0.14 0.67
15 75 80 0.17 0.10 0.16 0.12 0.13 0.68
16 75 100 0.19 0.11 0.17 0.13 0.14 0.74

Target compounds are determined as sum parameters. Total phenolic content is
measured as gallic acid equivalent (GAE). In addition total flavonoid content is de-
termined as quercetin equivalents (QE). The highest yields were 321 mg GAE/g and
62 mg QE/g in 50 % Ethanol and 100 °C. Experimental data are shown in table 3.

Tab. 3: Concentrations of TPC and TFC (TPC expressed as mg GAE /g dry extract, TFC as mg

QE/g dry extract.
Temp /°C Parameter EtOH =0 % EtOH = EtOH = EtOH =

25% 50 % 75 %

40 TPC 13 51 128 145
TFC <1 <1 24 22

60 TPC 10 66 219 182
TFC <1 <1 28 35

80 TPC 17 91 276 272
TFC <1 12 51 53

100 TPC 31 102 321 308
TFC 1 15 62 57

GC-MS was used for fingerprint analysis of the crude extract. Through silylation all
types of hydrophilic and lipophilic extracted compounds are volatile and identified
via mass fragments. The chromatogram of the experiment 50 % ethanol and 100 °C
temperature is shown below as representative example of our study (Figure 1). As
predominant phenolic compounds gallic acid, ferulic acid and salicylic acid showed
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high peak areas and revealed an identification of > 90 % similarity in the mass spec-
tra library. By increase of ethanol content in the solvent more lipophilic compounds
such as fatty acids and resin acids are detected in the extracts.

Glucose
Mannose
s
e
Gallic acid
Catechine

waral
Frotocatechoic acid

Ghycolic acid
Ferulic acid

Lactic acid
beta-Tocopheral

Salicylic acid

-~
—

Glyceric acid

r"/

Retention time / min

Fig. 1: Chromatogram of crude extract (Water:ethanol =50:50 /T =100 °C).

4, Conclusions

In this study the extraction of phenolics and flavonoids out of spruce outer bark
was performed. In the first part total yield of obtained extracts were determined.
TPC and TFC showed a lower effectiveness of the conventional extraction tech-
nique compared to ultrasonic assisted or microwave assisted extraction processes.
Small amounts of sugar monomers derived from hemicelluloses and starch were
determined. Improvement of the extraction technique and further research on
chromatographic methods is still required to optimize the process conditions.
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Abstract: The increased attention around the tree bark is due to its unique composition
and content of valuable biochemicals called extractives, and also as an economically
and ecologically significant material due its biodegradability, renewability, low cost
and large potential availability. Extractives are an important complex of compounds
which can be found in plants. The bark extractives are mainly fatty and resin acids,
waxes, terpenes and phenolic compounds. According to several studies these chemical
compounds have a wide range of bioactive properties, such as cytotoxic, antibacterial,
repellent, fungicidal, antimycotic, antitumor, anti-inflammatory, antiviral, antimalar-
ial, antimutagenic and growth inhibiting effects. We can conclude that lignocellulosic
materials are alternative raw materials for the food, chemical and pharmaceutical
industry such as bio-based materials and green polymers. This makes it suitable for
a successful transition to the biorefinery LCF Biorrefinery (Ligno-Cellulosic Feedstock
Biorefinery).

Keywords: extractives, spruce bark, accelereted solvent extraction, supercritical ex-
traction with carbon dioxide, phenolic content

1. Uvod

Celulézo-papierensky priemysel generuje ro¢ne zna¢né mnozstvo vedlajsich
produktov bohatych na cenné chemické zluceniny s velkym potencidlom.V sucas-
nosti sa tieto produkty celulézového priemyslu ako je kora, ihlicie a drevné zvysky
nevyuzivaju komplexne. Ich aplikacia spociva v ziskani tepelnej a elektrickej ener-
gie splynovanim a spalovanim, pricom sa neekonomicky spalia aj vysoko cenné
latky. Cielom vedcov je izolovat tieto vysoko cenné chemické latky z biomasy za
pouzitia roznych extrakénych technik. Biomasu ochudobnenu o c¢ast chemickych
latok je tak mozné opatovne vyuzit ako energetickd surovinu. Takyto sposob spra-
covania rastlinnej biomasy predstavuje komplexné vyuzitie materidlov a energie
¢o vedie v kone¢nom désledku k moznosti vzniku lignocelulézovych biorafiné-
rii ktoré su doélezité najma z ekonomickych a ekologickych aspektov. [1] Jednou
z najrozsirenejsich drevin, ktoré su spracované v priemysle na tzemi Slovenskej
Republiky je smrek obycajny (Picea Abies). [2]

Smrekova koéra obsahuje Siroké spektrum bioaktivnych zlicenin, je bohata naj-
ma na fenolové zluceniny a flavanoidy. Fenolové zlGc¢eniny iniciuju znaény zadujem
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najma v potravindrskom, chemickom a farmaceutickom priemysle. Je to vdaka po-
cetnym epidemiologickym studiam indikujucich ich biologicky aktivne a zdraviu
prospesné funkcie. Tieto latky vykazuju Siroku skélu fyziologickych vlastnosti ako
su antioxida¢né, anti-alergénne, antihemoratické, protizadpalové, antimikrobidlne,
hypotenzivne, antitrombotické, kardioprotektivne a vazodila¢né ucinky. Prave
v doésledku ich antioxida¢nych Ucinkov patria polyfenolové zluceniny k najviac
ziaducim fytochemikalidm. Farmakologické vlastnosti suvisiace s pritomnostou
fenolovych skupin mozu posobit pri prevencii obezity, choroby srdca, rakovine
¢i choroby hrubého ¢reva. V priemyselnej praxi mézu byt vyuzité ako prisady do
polymérov pre antioxidacnu stabilizaciu, v papierenskom priemysle na zabranenie
Zltnutiu papiera, v potravinarskom priemysle pre predizenie skladovatelnosti po-
travin. Medzi fenolové antioxidanty radime fenolové kyseliny, flavanoidy, trieslovi-
ny, stilbény, lignin a lignany. Antioxida¢ny ucinok u fenolov je tmerny poctu hyd-
roxylovych skupin pritomnych na aromatickom jadre. Z publikacie Pan a Lundgren
(1995) bolo izolovanych z korefiov smreku az 28 fenolovych zlu¢enin. Medzi pri-
rodné latky s antioxida¢nym ucinkom patri najma revastrol, vitamin C, kvercerin
a kyselina galova. [3,4,5,6]

2. Material a metody

Kéra smreka obycajného (Picea abies) bola poskytnuta spolo¢nostou Bioenergo
Ltd. (Ruzomberok, Slovenska republika), kde je produkovand ako drevny odpad.
Nasledne bola smrekova kéra vysusend na vzduchu do konstatnej hmotnosti a zho-
mogenizovanad mletim na frakciu 1-1,4 mm. Chemickd charakterizacia pouzitej
frakcie bola nasledovna, obsah holocelulézy (52, 0 £+ 0.2 %), ligninu (26,4 + 1,3 %),
popola (3,6 + 0,4 %) a extraktivnych latok (12,7 £ 0,01 %), pricom obsah vlhkosti
vzorky bol stanoveny podla normy ISO 3130:1975 samostatne pred kazdym me-
ranim.

2.1. Zrychlena extrakcia rozpustadlom

Zrychlend extrakcia rozpustadlom bola uskuto¢nena na zariadeni Dionex 350.
Na extrakciu sa pouzilo 18 g koéry, zmes etanol/voda (68,3 %). Podmienky extrakcie
boli nasledovné: teplota 40 °C, 70 °C a 100 °C, tlak 15 MPa a doba extrakcie 30 min.

2.2, Superkriticka extrakcia s oxidom uhli¢itym CO,

Superkritickd extrakcia sa uskutocnila v tlakovom reaktore na zariadeni SFT-
150. Na extrakciu sa pouzilo 40 g kéry, zmes etanol/voda (68,3 %) 200 mL a CO,.
Podmienky extrakcie boli nasledovné: teplota 40 °C, 70 °C a 100 °C, tlak 15 MPa
a doba extrakcie 30 min.

2.3. Stanovenie celkového mnozstva fenolov

Stanovenie fenolovych zluéenin extraktov smrekovej kéry bolo vykonané po-
uzitim Folin - Ciocalteu metddy. Ako Standard bola pouzita kyselina galové (GAE)
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a celkovy obsah fenolovych zlicenin bol vyjadreny v mg GAE/g absolitne su-
chého extraktu. Na analyzu sa pouzilo 0,5 mL vzorky resp. $andartu, 0,5 mL Folin
— Ciocalteu ¢inidla a po troch minudtach sa pridal 20 % uhli¢itan sodny (1,5 mL)
a destilovand voda. Takto pripravené vzorky sa nechali stat v tme po dobu 120 min.
Absorbancia bola zmerana pri vinovej dizke 765 nm.

3. Vysledky a diskusia

Kluc¢ovym bodom k ziskaniu extraktivnych latok s poZzadovanymi vlastnostami
je najdenie vhodnych experimentalnych podmienok izolacie, nakolko podmienky
izolacie urcuju kvalitativne a kvantitativne zastlipenie celkového mnozstva jednot-
livych zloziek. K parametrom ovplyviiujucich Ucinnost extrakcie patria parametre
ako teplota, tlak, extrakéné ¢inidlo, koncentracia extrakéného ¢inidla a ¢as extrak-
cie. Dolezity je hlavne vyber separacnej metddy. Ta by mala rychlym a Setrnym spo6-
sobom oddelit pozadované latky od ostatnych zloziek zmesi za Ucelom ziskania
produktu s maximalnou vytaznostou pozadovanych latok.

Na zaklade nami ziskanych vysledkov Obr.1 sa potvrdilo tvrdenie z literatary [7],
Ze so0 zvysujucou teplotou extrakcie sa zvysuje aj mnozstvo vytazku extraktivnych
latok. Najvyssi vytazok extraktivnych latok bol ziskany pri najvyssej teplote 100 °C
u oboch extrakciach. V pripade superkritickej extrakcie bol vytazok 10,2 %, v pri-
pade ASE 9,6 %. Vysoky vytazok SFE extrakcie zabezpecila aj zvysend teplota, ktora
podporila diftziu oxidu uhli¢itého do matrice a tym aj desorpciu cielovych analytov.

Zavislost vytaZku extraktivnych latok od teploty

pouzitim SFE
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Obr. 1: Zavislost vytazku extraktivnych latok od teploty extrakcie pouzitim SFE.

Vplyv teploty ma vyznamny vplyv aj pri izolacii fenolovych zlu¢enin. Na zaklade
ziskanych vysledkov, najvyssie mnozstvo fenolovych zli¢enin bolo stanovenych

vy
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GAE/ g a.s. extraktu). Nakolko su fenolové zlu¢eniny velmi nestabilné latky, mozno
predpokladat, ze aj zvySena teplota spdsobuje ich degradaciu.

4, Zaver

Extrakéné metodiky ako SFE a ASE vyuzivaju ekonomicky dostupné a zdravot-
ne nezavadné rozpustadld vhodné na extrakciu bioaktivnych zlicenin. Vdaka ich
nespornym vyhodam a vysokej ucinnosti st vhodnou alternativou ku beznym ex-
trakénym metédam ako je Soxhletova extrakcia pripadne maceracia.
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Abstract: Referring the European environmental policies, biofuels should be blended
into petrol and diesel fuels. The first generation biofuels have been compulsory in the
long term. The very discussed issue is mass concentration of added biofuels, in terms
of both the first and the second generation biofuels. Nowadays, bioethanol is the most
commonly used liquid biofuel in the world. The first generation bioethanol is mainly
produced by microbial fermentation of natural sugar or starch subjected to hydrolysis.
However, bioethanol obtained from sugar and starch is constantly subject to a wide-
ranging debate about disrupting the balance of food resources. This conference pa-
per provides an initial overview about available renewable sources of dendromass in
Slovak Republic for potential production of the second generation biofuels and select-
ed methods of pretreatment which is the key process for production of the second gen-
eration of liquid biofuels. Our work has been focused on steam explosion and steam
extrusion which are pretreatment processes with industrial scale utilization.

Klucové slovd: biomasa, celulézovy etanol, dendromasa, lignocelulézové materidly,
predspracovanie

1. Uvod

Etanol s chemickym vzorcom CH;CH,OH, zndmy aj ako etylalkohol, alkohol
alebo lieh, je horlava kvapalina bez farby a s charakteristickym ostrym zadpachom.
Chemicky ide o organicku zluceninu, ktora sa vyraba potravinarskymi technolo-
giami a pouziva sa v alkoholickych nédpojoch. Pre ucely vyroby paliv je tiez znamy
ako bioetanol, pricom je najbeznejsie pouzivanym kvapalnym biopalivom na sve-
te a vyraba sa najma mikrobidlnou fermentdciou prirodnych cukrov a skrobového
hydrolyzatu. Ide o bioetanol prvej generacie z prirodnych cukrovych a Skrobovych
surovinovych zdrojov, priom je neustéle podrobovany rozsiahlej diskusii o na-
rdsani rovnovéhy potravinovych zdrojov. Surovinami na vyrobu su totiz cukrova
trstina, kukuri¢né, resp. iné obilné zrna (psenica, raz). Vysoké oktanové cislo bioe-
tanolu umozniuje vyssiu kompresiu, ¢im dochddza k dokonalejsiemu spalovaniu.
To napomaha znizovaniu emisnych hodnét v splodinach. Nevyhody bioetanolu
ako je napriklad viazanie vody a jeho detergentné Ucinky (odstrafiovanie olejov zo
zmesi) alebo jeho nizke cetanové &islo, pripadne nizka dolnd vyhrevnost, je mozné
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odstranit pouzitim vhodnych prisad - solubilizérov, ETBE (etyl-tri-butyl-éter) a pod.
[1]. Velmi podobné parametre ma aj bioetanol druhej generacie, pricom v tejto
skupine je najvyznamnejsim zastupitelom celul6zovy bioetanol. Na rozdiel od cuk-
rovych a skrobovych materidlov, celulézové zdroje maju nepotravinovy charakter.
Celulézové zdroje su vseobecne velmi bohato zastupené. Vo vseobecnosti sa jedna
o bylinné ¢asti rastlin, drevo stromov a krov, pripadne iné celul6zové zdroje, ktoré
tiez patria do skupiny lignocelul6zovych materidlov. Zdroje dendromasy - lesy tvo-
ria asi 80 % svetovej biomasy.

2. Rozdelenie obnovitelhych zdrojov na baze dendromasy

Lignocelulézové zdroje, ktoré su vo svete zastipené vo velkej vacsine lesnou
dendromasou, obsahuju celulézu potrebnu na ziskanie jednoduchych skvasitel-
nych cukrov v procese biochemickej premeny. Tab. 1 uvddza vieobecné rozdele-
nie najviac zastupenych lignocelul6zovych zdrojov vhodnych pre vyrobu biopaliv
Il. generacie [2]. Ide o rozdelenie podla miesta vyskytu, resp. produkcie. Ako bolo
naznacené, najviac zastupenym typom lignoceluldzy je lesnd dendromasa, zahi-
najuca prvotné zdroje, palivové drevo, zvysky po tazbe, plantaznicki dendromasu
a iné typy dendromasy.

Tab. 1: Rozdelenie vyznamnych zdrojov lignocelul6zovych materidlov pre vyrobu biopaliv

Il. generacie.
Dendromasa Ostatna biomasa
Prvotné (prirodné) Prvotné (prirodné) Druhotne zldr,OJe
zdroje zdroje (priemyselné a
0 polnohospodarske)
palivové drevo VI. kvalitativnej \ bylinna C?St , .
- polnohospodarskych zberovy papier
triedy .
plodin
potazobné drevo energetické travy pestovatelské zvysky

plantadznicky pestovand dendro-

.~ masa (energeticka)
mimoriadne zdroje (hnilé drevo,

kalamitné drevo)

KedZe v prirode sa tieto zdroje so samostatnou formou celulézy, teda s obsa-
hom celulézy na drovni 100 %, nevyskytuju, je po ich mechanickom spracovani
potrebna dalsia preduprava predchadzajiuca hydrolyze. K ¢istej forme celulézy sa
pravdepodobne najviac priblizuje biele vldakno baviny s obsahom okolo 90 % Cistej
celuldzy, aviak aj v tomto pripade je potrebna preduprava, ale uz pri miernejsich
podmienkach.

2.1. Lignocelul6zové zdroje na baze dendromasy dostupné v SR

Okrem lesov, ktoré su v rdmci SR najvacsim zdrojom lignocelulézovej dendro-
masy, vyznamnym zdrojom su aj tzv. biele plochy. Ide o plochy samozalesnené
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naletovymi drevinami. Lesnatost Slovenska je po ich zapocitani zhruba na Urovni

45,6 + 0,9 % [3], ¢o je porovnatelné s priemernou lesnatostou v EU na trovni 46 %,

pricom najvacsiu lesnatost vykazuju severské krajiny. Z pohladu potencidlneho

vyuzitia na vyrobu tekutych biopaliv druhej generacie prichddzaju v ramci SR do

Uvahy dva vyznamné zdroje:

i) tzv. palivové drevo kvalitativnej triedy VI (listnaté aj ihlicnaté drevo) podla nor-
movane;j klasifikacie surového dreva a jeho kvalitativnheho zatriedovania,

ii) menej hodnotna dendromasa, ktora nie je dalej triedena do vyrezov v kvalita-
tivnych stupnoch a nie je priemyselne spracovana.

Najviac zastupenymi drevinami v rdmci SR st buk lesny (33,6 %), smrek oby¢ajny
(22,7 %) a duby letny a zimny (10,5 %), pricom menej zastupenymi listna¢mi (pod
4 %) su javory, jasene, hraby a agaty. V pripade nastupu rychlorastucich plantazi
maju v ramci SR vyhodné zloZenie a priaznivé klimatické podmienky viba a topol.
Vsetky uvedené dreviny su potencidlnymi zdrojmi menej hodnotnej dendromasy,
ktord je vhodnd na vyrobu druhogenerac¢nych biopaliv zdévodu vysokého obsahu
lignocelulézy, resp. samotnej celulézy a hemiceluléz. Tieto prirodné latky mozno
po vhodnom predspracovani biochemicky premenit na cukry a nésledne na bio-
palivo.

2.2. Druhotné zdroje dendromasy v SR

Medzi druhotné lignocelul6zové zdroje v rdmci SR patri odpadové drevo zo
zbernych dvorov, a tiez odpady z priemyselnej vyroby. Zberové drevo tvoria dre-
vené materidly po skonéeni ich Zivotnosti s ro¢nou produkciou na urovni zhru-
ba 497 tisic ton. Naproti tomu odpadmi z priemyselnej vyroby su malé odrezky
a drobné castice vznikajuce po mechanickom spracovani dreva (hobliny, piliny
a drevny prach) a podla odhadov je ich ro¢na produkcia na drovni 387 800 ton.
Celkova ro¢nd produkcia drevnych odpadov je teda na Urovni priblizne 885 tisic
ton. Likvidacia zberovych drevnych odpadov a odpadov z priemyselnej vyroby sa
v sucasnosti takmer vylucne riesi priamym spalovanim, pokial to povaha chemic-
kého zatazenia dovoluje. Po vhodnej Uprave a odstraneni pripadnych aditiv mozno
vsak tieto materialy tiez vyuzit na vyrobu druhogeneracnych biopaliv [4]. V oblasti
vyuzitia drevnych odpadov ako druhotnych lignocelulézovych zdrojov pre vyrobu
druhogeneracného bioetanolu bola v roku 2019 publikovana praca zamerana na
predspracovanie a biochemicku konverziu drevovlaknitych a drevotrieskovych do-
siek, ktord ukazala mozné sp6soby termohydromechanického predspracovania pri
roznych teplotach [5].

3. Predspracovanie lesnej dendromasy

Metddy predspracovania, ktoré su aplikované na roézne typy biomasy vratane
dendromasy, mozno rozdelit do Styroch zékladnych skupin:
a) biologické metody,
b) fyzikdlne metddy,
¢) chemické metédy,
d) fyzikdlno-chemické metddy.
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Metddy biologického predspracovania vyuzivaju vo svojich postupoch mikro-
organizmy, najma huby sposobujice hnedu, bielu a makkd hnilobu, a to pri rela-
tivne miernych reakénych podmienkach [6]. Fyzikdlne metddy zahfhaju oZarovanie
gama lt¢mi, ozarovanie elektronovym [i¢om a mikrovinné ziarenie (tzv. ozarova-
cie metddy). Metédy chemického predspracovania su metédami, kde sa vyuzivaju
rozne chemické ¢inidla. Patria sem metddy ako organosolv, oxidativna delignifika-
cia, metddy predspracovania iénovymi kvapalinami, a tiez kyslé a alkalické meto-
dy predspracovania, pdsobenim ktorych sa rozrusuje Struktura biomasy a nastava
frakciondcia prostrednictvom chemickych ¢inidiel. Medzi najznamejsie fyzikalno-
-chemické metody patri parnd explézia, resp. parnd extrizia. Ich vyhodou oproti
viacerym metédam predspracovania je kratky reakény cas, dosahuju vyssie vytazky
cukrov po hydrolyze a dochédza pri nich k nizej tvorbe inhibitorov fermentécie.
Navyse v pripade parnej extruzie ide o kontinualny proces (Obr. 1).

Praeumaticky placi ventil

Ohrevny pladt

le——— Prived pary

Vypuit aci ventil

Expanzna komora
Chladi¢ .
PRODUKT

Zber kondenzim
PRODUKT

Obr. 1: Schémy procesov parnej explodzie (Bari 2013) a parnej extruzie.

Parnd expldzia (angl. Steam Explosion, skratka SE alebo STEX) je jednym z naj-
viac vyuzivanych procesov v pilotnych prevadzkach. V procese parnej explézie je
vysokotlakové nasytend para davkovana do reaktora naplneného biomasou (Obr.
1). Teplota pary je 160 °C az 260 °C pri zodpovedajucom tlaku 0,69 MPa az 4,83 MPa.
Cas posobenia vodnej pary je spravidla niekolko sekdnd az minut. Po uvolneni pary
dochédza k nahlemu poklesu tlaku az na atmosféricky, pri ktorom lignocelul6zova
biomasa podlieha explozivnej dekompresii s degradaciou hemiceluléz a aktivaciou
ligninu. V pripade parnej extruzie sa dendromasa miesa s alkaliami, kedze pri tej-
to metdde sa pouzivaju miernejsie podmienky. Po tejto alkalickej parnej extrizii
sa hydrolyticky dosahuju vytazky cukrov porovnatelné s diskontinudlnou parnou
expléziou.

4, Zavery

Biopaliva druhej generacie maju sflubné vyuZitie vo vyrobe paliv. Bioetanol, kto-
ry je najvyrabanejsim biopalivom, mozno ziskat aj z lesnej dendromasy najma fyzi-
kalno-chemickymi postupmi — parnou expléziou a parnou extruziou.
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Utilization of green solvents in pulping process
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Abstract: The idea of “green” solvents expresses the goal to minimize the environmen-
tal impact resulting from the use of solvents in chemical production. The processing of
lignocellulosic materials is very limited due to their low solubility in water and some
organic solvents. Selected green solvents were prepared and tested as solvents suitable
for delignification of unbleached pulp. The selected ternary DESs were composed of
choline chloride and amino acids as hydrogen bond acceptors, and organic acids and
polyvalent alcohols as hydrogen bond donors with various molar ratios of the individ-
ual components. The efficiency of delignification is greatly influenced by the degree of
penetration of the solvent into the pulp fiber structure. For this reason, viscosity analysis
of individual solvents was performed. It is generally known that the lower the viscosity
of the solvent, the better the penetration into the delignified raw material. Unbleached
beech pulp with initial Kappa number 13,9 was treated with prepared DESs. The Kappa
number indicates the residual lignin content or bleachability of pulp. The efficiency of
the solvents ranged from 1,4 to 28,1 %.

Keywords: deep eutectic solvents, pulp, delignification, fibres

1. Uvod

Rocne sa pre priemyselné ucely vyrobi viac ako 107 ton organickych rozpusta-
diel, z ktorych vacsina nie je v sulade s poziadavkami tzv.,zelenej chémie” V sucas-
nosti dochadza k snahe priemyslu eliminovat mnozstvo rozpustadiel pouzivanych
v procesoch vyroby a zvysit mieru ich recyklacie. Cielom tychto opatreni je znizit
environmentdlny dopad rozpustadiel na Zivotné prostredie. V désledku toho sa
zvysil dopyt po zelenych rozpustadlach, medzi ktoré patria aj hlboko eutekticke
rozpustadla (DESs).

Hlboko eutektické rozpustadla (DESs), si ziskavaju ¢oraz viac pozornosti pre
aplikacie zamerané na predupravu biomasy [1, 2] a iné procesy v biorafinérii [3, 4].
Binarne DES je eutektickd zmes vytvorend zahrievanim dvoch latok, pricom jed-
na z nich je akceptorom (HBA) a druha donorom (HBD) vodikovej vazby. Vysledna
zmes ma teplotu topenia podstatne nizsiu, nez je teplota topenia jej jednotlivych
zloziek. DESs obvykle vytvaraju kvartérne amoéniové soli, karoxylové kyseliny alebo
polyoly [5, 6]. DESs su nositelmi mnohych tradi¢nych vlastnosti iénovych kvapalin
ako je neprchavost, no ponukaju aj niekolko vynimocnych excelentnych vlastnosti
ako su nizka cena naproti ibnovym kvapalinam, nizka miera toxicity ¢i biodegrado-
vatelnost [7].
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Vlastnosti DESs mézu byt modifikované vyberom vychodiskovych latok, tak ako
aj molarnym pomerom zloziek podielajucich sa na vytvarani vodikovych vazieb, ¢o
vedie k dalSiemu stupriu volnosti. To je dovod, preco su vietky ich fyzikdlnochemic-
ké vlastnosti vyznamne ovplyvnené molarnym zloZzenim zmesi. Fyzikalne a chemic-
ké spravanie sa DESs je taktiez ovplyvnené faktormi ako su teplota, pH alebo obsah
vody [8]. Na zdklade vyzadovanych vlastnosti pre konkrétne priemyselné aplikacie
mozu byt pripravené DESs so $pecifickymi vlastnostami ako teplota topenia, visko-
zita, vodivost, pH, ktoré su kltic¢ové pre priemyselné pouZitie.

Vysledky objavujuce sa vo vedeckej literatire dokumentuju, Ze kvalita a poza-
dované vlastnosti DESs mo6zu byt cielene upravené prechodom z dvoch na viaczloz-
kové systémy. Pridanie tretej zlozky do systému moze umoznit cielend modifikaciu
a optimalizaciu vlastnosti DESs [9-12].

Niektoré postupy pripravy buniciny vyzaduju extrémne podmienky ako su vy-
soka teplota a tlak, alebo Specialne pristrojové vybavenie. Navyse, vacsina metdd
sa nepovazuje za ekologicku. Z tohto dévodu je potrebné hladat efektivnejsie me-
tody predpripravy alebo frakcionacie, ktoré by znizovali spotrebu energie a zjed-
nodusili technologicky proces. Jednou zo slubnych potencidlnych technolégii je
pouzitie hlboko eutektickych rozpustadiel.

2. Materialy a metody

Ternarne hlboko eutektické rozpustadla boli pripravené metédou ohrevu.
Vychodiskové latky v pozadovanom moldrnom pomere boli mieSané vo vodnom
kupeli pri pozadovanej teplote (70-90 °C). Pripravena homogénna kvapalina bola
ochladend na laboratdrnu teplotu. Dynamicka viskozita pripravenych eutektickych
rozpustadiel bola stanovend rota¢nym viskozimetrom Brookfield DV-II + Pro pri
roznych otackach (5, 10, 20, 50 a 100 rpm) a pri teplotach 30, 40, 50, 60, 70, 80
a 90 °C. Teploty sklovitého prechodu pripravenych eutektickych rozpustadiel boli
stanovené podla metodiky popisanej v publikacii Skulcova a kol. 2019 [13]. Prehlad
pripravenych hlboko eutektickych rozpustadiel je uvedeny v Tab. 1.

Ako surovina bola v experimente pouzitd nebielena bukova buni¢ina z Mondi
SCP a. s. Ruzomberok. Hlboko eutektické rozpustadla boli aplikované na vzorku bu-
niciny s ciefom sledovat ucinnost rozpustadla pri odstrafiovani zvyskového ligninu
z buniciny po sulfatovej delignifikacii. Do kadicky bolo navazenych 10 g absolutne
suchej buniciny a pridanych 33 ml vody a 200 ml DESs. Kadicka so vzorkou bola po
dobu 2 h vlozena do vodného kupela s teplotou 60 +£2 °C, miesanie suspenzie bolo
zabezpecené miesadlom.

Kappa Ccislo charakterizujuce obsah zvyskového ligninu v bunicine bolo
stanovené podla Standardnej Tappi normy T-236 [14]. Limitné viskozitné cislo
celulézy buniciny sa meralo kapildrnym viskozimetrom pri teplote 25 +2 °C na
zaklade metodiky popisanej v norme ISO 5351 [15]. Priemerny polymerizacny
stupen celulézy bol vypocitany zo stanovenej viskozity buniciny prostrednictvom
Mark-Houwinkovej rovnice, kde ([n]) je limitné viskozitné cislo (ml/g) buniciny
(Rydholm 1965) [16].
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DP*** = 0,75[n] (1)

Tab.1: Pripravené terndrne hlboko eutektické rozpustadIa.

Molarn Teplota T
DES Zlozka 1 Zlozka 2 Zlozka 3 Y pripravy og
pomer , rd
[°C]
1. Betain Etylénglykol Glycerol 1:2:2 70 -
2. Betain Etylénglykol Kys.elvma 1:1:1 80 nd
mliecna
3. Alanin Kyselina Kyselina 1:3:1 90 -46,7
mlie¢na citronova
Cholin . Kyselina .
4. chlorid Etylénglykol mlieéna 1:2:1 80 nd
5. Betain Glycerol Kyselina 1:2:1 90 -537
citrénova
6. Prolin Kyselina Kyselina 1:3:1 90 -49,0
mlie¢na citronova
7. Prolin Glycerol Kyselina 1:4:1 90 -67,3
citronova
8. Kyselina Prolin Kyselina 1:2:4 80 49,8
jabl¢na mlie¢na
9. Cholin Mocovina Kyselina 1:2:3 70 -
chlorid mliecna
10. Kyselina Alanin Kyselina 1:1:3 90 -50,0
jabl¢na mlie¢na
11. Betain Propéndiol Kys.elvlna 1:3:1 70 nd
mliecna
12. Betain Mocovina Glycerol 1:2:3 80 -67,3
13. Cholin Acetamid Kyselina 1:2:3 80 -
chlorid mlie¢na
14, Kyselina Cholin Propandiol | 1:1:3 70 nd
malénova chlorid
15. Mocovina Acetamid Glycerol 1:2:3 80 -

nd - teplota sklovitého prechodu nebola detegovana (pravdepodobne T, < —80 °C)

Cislo stiepenia celul6zového retazca (CS), ktoré predstavuje priemerny pocet
Stiepeni retazca na jednotku celul6zového retazca v priebehu degradécie, bolo vy-
pocitané prostrednictvom rovnice:
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CS=(DP,-DP,)/DP, (2)

kde CS je ¢islo Stiepenia celul6zového retazca, DP, a DP, su priemerné polymeri-
zacné stupne pred a po Stiepeni.

Selektivita delignifikéacie (Slc,) vyjadrend ako pokles kappa ¢isla (k) na jednotko-
vl zmenu viskozity bola vypocitana podla nasledovnej rovnice:

Sle=(ko =)/ (Inlo-[nl,) (3)

kde k,- pociatocné kappa cislo buniciny; kt- kappa ¢islo buniciny po delignifi-
kacii, [n]o- pociatocna viskozita buniciny, [n]- viskozita buniciny po delignifikdcii.

Ucinnost delignifikacie (Efc,) vyjadrena ako pokles kappa ¢isla na jednotkovu
zmenu pociato¢ného kappa ¢isla bola vypocitand z nasledujucej rovnice:

Efc,= (K, K) /K, (4)

3. Vysledky a diskusia

Viskozita rozpustadiel je povazovana za limitujuci faktor ich vyuzitia. Je vhod-
nym kritériom pri vybere adekvatnych zmesi, ktoré sa aplikuju pri delignifikacii
suroviny. Ovplyvnuju ju faktory ako chemicka struktura DESs, typ HBD a HBA, tep-
lota ¢i obsah vody. Je zndme, Ze viskozita klesa so zvySovanim teploty. Dochadza
k oslabeniu van der Waalsovych interakcii a vodikovych mostikov. Z dovodu lepsej
reprodukovatelnosti ziskanych vysledkov boli viskozity DESs klasifikované do 3 roz-
nych skupin:

— nabdze ChCl,
— na baze betainu,
— na béze inej aminokyseliny a organickej kyseliny.

Skupina rozpustadiel na baze ChCl predstavovala skupinu s vyrazne nizsimi
viskozitami v porovnani s ostatnymi zmesami Obr. 1. Maximdalna viskozita, ktoru
dosiahlo DES 9 (ChCl : mocovina: kyselina mlie¢na, 1: 2 : 3) pri teplote 30 °C bola
138,9 mPa.s, pricom po zohriati zmesi na 90 °C hodnota poklesla na 12,1 mPa.s.
Najmenej vyrazna zmena viskozity s teplotou bola pozorovand pri DES 4 (ChCl: ety-
[énglykol: kyselina mlie¢na, 1:2:1).

Viskozitu DES 5 sa Uspesne podarilo zmerat len pri teplotach 70,80 a 90 °C. Uz
pri teplote 70 °C sa toto rozpustadlo vyznacovalo vysokou viskozitou 468,5 mPa.s.
Pritomnost kyseliny citronovej v DES 5 a mocoviny v DES 12 ako jednej zo zloZiek
zmesi je predpokladanou pri¢inou vzniku vysokoviskézneho rozpustadla.

Pritomnost kyseliny v zmesi, a s tym suvisiaca sila kyseliny, podmienuje narast
viskozity. Z grafu na Obr. 1 je zrejmé, Ze zmesi s kombinaciou kyseliny citrébnovej
(pKa = 3,08) a kyseliny mliecnej (pKa = 3,86) vykazuju vyssie viskozity ako DES 7
a DES 10, ktoré kombindciu tychto dvoch substancii neobsahuju. V naSom mera-
telnom rozsahu, ako najviskéznejsia zmes (pri 50 °C) sa javilo DES 8 (590,6 mPa.s).
V tomto pripade zavazila pri viskozite kombindcia kyselin jabl¢nej (pKa = 3,51)
a mlie¢nej (pKa = 3,86) v pritomnosti s aminokyselinou prolin. V pripade DES 8 sa
pozorovala najvyraznejsia zmena viskozity v zavislosti od teploty zmesi.
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Obr. 1: Zavislost zmeny viskozity od teploty pre ternarne hlboko eutektické rozpustadla.
Zlava: na baze cholin chloridu, na baze betainu, na baze inej aminokyseliny a karboxylovej
kyseliny (vyssia Specifikacia rozpustadiel vid' Tab.1).

Nebielend bukovéa bunicina s Kappa ¢islom 13,9 a priemernym polymerizac-
nym stupnom 1034 bola podrobena delignifikacii s pouzitym 15 r6znych DESs.
Charakterizacia buniciny a jej vlastnosti po delignifikacii s DESs su zhrnuté v Tab.
2. Najucinnejsie rozpustadlo na extrakciu zvyskového ligninu z buniciny bolo DES
14 (kyselina maldénova: cholin chlorid: propandiol (1 : 1 : 3)), kde Kappa ¢islo kleslo
z pévodnej hodnoty 13,9 na 10,0, ¢o predstavuje Ucinnost 28,06 %. V tomto pripa-
de poklesol polymeriza¢ny stupen o 3,5 % na hodnotu 994 z pévodneych 1034.
Najvyssia miera degradécie celulézy bola pozorovana pri delignifikacii s rozpustad-
lomk DES 8 (kyselina jabl¢na: prolin: kyselina mlie¢na (1 : 2 : 4)). DP poklesol z 1034
na 950, ¢o predstavuje 7,4 % pokles.

Podla ucinnosti delignifikdcie, mézu byt eutektické rozpustadla zoradené pod-
[a nasledovného poradia: DES 14 (kyselina malénova: cholin chlorid: propandiol
(1:1:3)) (28,06 %) > DES 13 (cholin chlorid: acetamid: kyselina mliecna (1:2: 3))
(26,62 %) > DES 9 (cholin chlorid: mocovina: kyselina mliecna (1 : 2 : 3)) (23,38 %)
> DES 11 (betain: propandiol: kyselina mlie¢na (1 :3: 1)) (23,02 %) > DES 10 (kyse-
lina jabl¢na: alanin: kyselina mlie¢na, (1: 1 : 3)) (21,94 %) > DES 8 (kyselina jabl¢na:
prolin: kyselina mliecna (1 : 2 : 4)) (21,58 %) > DES 12 (betain: mocovina: glycerol
(1:2:3)) (21,22 %) > DES 7 (prolin: glycerol: kyselina citronova (1 :4: 1)) (20,86 %).
U¢innost v odstrafovani ligninu z buniciny bola pri ostatnych DESs relativne niz3ia,
pohybujuca sa od 15,83 % to 1,44 %.

Najvyssia selektivita odstrafovania ligninu Slc, bola bola preukazana pri pou-
ziti DES 9 (ChCl: mocovina: kyselina mlie¢na, (1 : 2 : 3)). Hodnoty Slc, = 53,53 %
a CS = 0,01 indikuju zna¢nu schopnost rozpustadla pri odstranovani zvyskového
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ligninu, tak ako aj selektivitu procesu delignifikacie. V tomto pripade pouzitia DES
9 klesol polymeriza¢ny stupen iba o 0,85 %.

Tab. 2: U¢innost delignifikacie buniciny (K. = 13,9 a DP,: = 1034) s jednotlivymi DESs.

DES Kappa Efc, (%) Sle, (%) DP cs
cislo
1 12,60 9,35 13,36 1019 0,02
2 11,85 14,75 19,71 1018 0,02
3 12,10 12,95 26,80 1024 0,01
4 11,75 15,47 10,20 1001 0,03
5 12,15 12,59 18,26 1019 0,02
6 11,70 15,83 14,14 1009 0,02
7 11,00 20,86 15,75 1005 0,03
8 10,90 21,58 5,66 950 0,09
9 10,65 23,38 53,53 1025 0,01
10 10,85 21,94 8,50 977 0,06
11 10,70 23,02 14,00 998 0,04
12 10,95 21,22 26,75 1017 0,02
13 10,20 26,62 12,34 986 0,05
14 10,00 28,06 15,62 994 0,04
15 13,70 1,44 10,13 1031 0,01
3. Zaver

Specifické vlastnosti hlboko eutektickych rozpustadiel ich k preduréujd vyuzi-
tiu ako lacné ekologické rozpustadla vhodné pre delignifikaciu buni¢in. Uginnost
delignifikacie je znacne ovplyvnend stupriom penetrécie rozpustadla do vldknitej
Struktdry buniciny. Z tohto dévodu bola uskuto¢nend analyza viskozity jednotli-
vych rozpustadiel. VSeobecne je zndme, Ze ¢im niZdia je viskozita rozpustadla, tym
lepsia je penetracia do delignifikovanej suroviny. Spomedzi testovanych hlboko
eutektickych rozpustadiel bolo pri odstranenovani zvyskového ligninu z bunidi-
ny najucinnejsie DES obsahujuce kyselinu malénovu, cholin chlorid a propandiol
v molarnom pomere (1:1:3). Jeho Ucinnost predstavovala 28,06 %.
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Abstract: The work deals summarized the results of experimental research and the ap-
plications of deep eutectic solvents. The main concern is set on utilizing these solvents
as extraction agents in the processes of valorization of biomass, biowaste, and use of
solvents for delignification of biomass, and application of these systems in polymer
chemistry and for production of nanocellulose or nanofibres.

Keywords: Deep eutectic solvents, application, biomass, biowaste, polymers.

1. Introduction

At the time being politicians, decision-makers, scientific community, and tech-
nologists try to exploit all available sources by sustainable, eco-friendly modes [1].
Deep eutectic solvents are mixtures of two or more components - hydrogen bond
donor (HBD) and hydrogen bond acceptor (HBA) - which can bond with each other
to form a eutectic mixture having a final melting point that is lower than the melt-
ing point of the raw materials (HBD) and (HBA) becoming thus liquids at room tem-
perature [2]. When the compounds that constitute the DES are exclusively primary
metabolites, namely, amino acids, organic acids, sugars, or choline derivatives, the
DESs are called natural deep eutectic solvents (NADESs). The applicability of DESs
has been documented by hundreds of original papers, conference reports, reviews
and monographs, devoted to certain aspects of DESs utilization. DESs can be ap-
plied as electrolytes in electrolytic separation of metals and alloys, in analytical
chemistry in samples preparation, separation and detection techniques. DESs play
an important role in some biocatalytic processes. Currently, utilization of DESs in
synthesis of solar cells is being developed, as well as in production and purification
of biodiesel [1, 3].

2. Extraction of added value products from biomass
and biowaste

DESs and NADESs have been applied in extraction of value-added components
from various natural raw materials (lignocellulosic biomass, bark, wood, algae can
serve as examples) and wastes (e.g., those from vegetable oils, diary and beverage
production and consumption) [1, 3]. Sorting the data based on the sources (i.e.
plant-based; animal-based; food-based) of value-added compounds is illustrated
inTable 1.

Wood, Pulp and Paper 2020 @ 215



Tab. 1: lllustrative list of value-added bioactive compounds extracted by metal-free Type IlI

DESs and sources of the compounds [1, 3, 4.

Plant-based sources

Extracted bioactive compounds

Sophora japonica flavonoids
Dittany cartormin
Fennel carthamin
Marjoram oleacein
Sage phenolic acids
Carthamus cintorius genistin
Salvia miltiorrhiza bunge proteins
Seaweed carrageenan
Algae proteins, lipids, acids
Spruce bark; Equisetum palustre polyphenols

Animal-based sources

Cod skin

collagen peptides

Bovine blood bovine serum albumin, proteins

Bird feathers keratin
Food residues-based sources
Olive oil phenolic compounds
Palm oil tocols (tocopherols, tocotrienols)

Grape skins and wine lees flavonoids, anthocyanins

3. Deep eutectic solvents in polymers

In recent years DESs have found their way also in research in polymer industries,
particularly in polymerization and synthesis of polymers and various composite
types. Possibilities of using these solvents are not yet fully extended, but work is
underway to investigate their applications. Through the combination of different
types of HBA and HBD we can get DESs with different properties that affect the re-
sulting polymerization process [5]. In systems containing DES, monomer and poly-
mer, their interaction can lead to the following groups of consequences.

1. DES can function just as a solvent not involved directly in the conversion of
monomer to polymer occurring in the system, however, influencing the course
(e.g. kinetics) of the conversion;

2. One of DES components can itself undergo polymerization;

3. The presence of DES facilitates or causes changes in polymer properties (mainly
surface modification of cellulose or nanocellulose, nanofibers) or in the produc-
tion of nanocellulose (isolation of cellulose nanocrystals and cellulose fibres
from lignocellulosic biomass or cellulose fibres) or in the pretreatment of other
renewable polymer such as chitin, chitosan, starch [5].

In recently published papers [1, 3, 5-8], the authors summarized the possibilities
of using DESs for the pretreatment of cellulose, cellulose modification, creation of
nanocellulose fibres, nanocrystals and microcrystalline nanocellulose from the fol-
lowing sources (Table 2): cotton linter pulp [9]; microcrystalline cellulose [10, 11]
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(Supeno et al,, 2014; Zhang et al., 2012a); hardwood or softwood pulp [12-13, 15];
cellulose methyl carbamate [14]; recycled boxboard, milk containerboard, fluting
board [13, 15].

Tab. 2: Dissolution or modification of cellulose by DESs (ChCl —choline chloride).

Molar

Solvent ratio Sample Conditions Effects Ref.
ChCl/imida-
zole
ChCl/U 3.7
ChCl/ammo- 1:2
nium thiocy- 1:1 Cotton linter Activated cellulose, | Solubility of 9]
anate 1:1 pulp DES, 20 to 120 °C cellulose
ChCl/capro- ;
1:2
lactam
ChCl/aceta-
mide
0.5 g substrate,
18 ml DES, 2.4 or stgzteftgn
Microcrystalline | 4.8 ml 2-bromoiso-
ChCl/zZndl, 1:2 cellulose, [10]
cellulose butyryl, room tem-
o from 11 % to
perature or 40 °C, 27.5 %
24 hours =
Dissolution
and
ChCl:Urea 1:2 Microcrystalline | Cellulose, 10 g DES, decrystal- (1]
ChCl/zZnCl, 1:2 cellulose 110 °C, 30 min. lization of
cellulose
25 g od pulp, 30 %
Recycled bo- moisture content, Solid con-
xboard, milk mixed 2 hour tent of the
ChCl/U 11.75 contglnerboard, with 2843 g DES, hydrogels [13]
fluting board, washed samples were betwe-
bleached birch was fibrillated in on 1.5 t0 2 %
kraft pulp Masuko supermass ’ o

colloider grinder

25 g cellulose,

l)?(f)co)gcrljdn::)i?k- 30 % consisten-cy
containe'rboard 2h, 2843 g DES, Production
ChCl:Urea 1:2 . ! nanofibrillation by of cellulose [15]
fluting board,

bleached birch | Masuko supermass | nanofibrils
collider or

kraft pulp microfluidizer
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4, Pretreatment and fractionation of biomass

Conversion and utilization of lignocellulose biomass have been extensively
studied in the past decades. The main target is an effective pretreatment which
can be achieved via the cleavage of lignin structure. The pretreatment of feed-
stocks is important for the effective hydrolysis of reducing sugars to occur before
subsequent fermentation into value-added products or for delignification and pro-
duction of fibers. Separation of individual components is complicated also by their
mutual interactions through various lignin-saccharide bonds. Table 2 shows list of
conditions of treatment of individual of biomass kinds and their effects. In addi-
tion, supplementary data and remarks are given as well in the column Remarks.
Individual research teams express the impact of DESs through different quantities.
We have unified expression of the impacts through the efficiency of delignifica-
tion (EfcK) expressed as a decrease in the content of lignin (or Kappa number) on
the unit change of the initial content of lignin (or Kappa number). Based on the
published results on the efficiency of lignin removal from various kinds of biomass,
the most efficient DESs have been selected and included into Table 3. The highest
is achieved by the ternary ChCl/Gly/AICI;.6H,0 DES; 98.5 % removal efficiency was
determined using ChCI/OxA (1:1);98.5 % by ChCl/LacA (1 : 2); 93.1 % by ChCl/LacA
(1:15);91.82 % by ChCl/LacA; 90.6 % by ChCl/LacA (1 : 1). Thus, irrespective to the
kind of biomass and operation conditions, ChCl/LacA is the most effective in lignin
removing.

Tab. 3: Application of DESs for the different type of biomass. The efficiency of delignifica-
tion expressed as a decrease in the content of lignin (or Kappa number) on the unit
change of the initial content of lignin (or Kappa number) (ChCl —choline chloride;
Gly —glycerol, OxA —oxalic acid, LacA - lactic acid, EG - ethylene glycol, Bet - betaine).

Solvent Mo!ar Sample Conditions Effects Ref.
ratio
1:5:1(2'_1; Solid to liquid Efficiency of
ChCl/Gly/ ) ratio: (S/L) delignifica-
AICI,6H,0 00'225_ Poplar wood 120,110,120, | tion61.29%; | [°
o 130°Cfor4h t0 105.26 %
0.33)
S/L 1:20, mag-
) netically stirred o
ChCI/OxA 1:1 Corncob 2t 90°°C for 98.5 % [17]
24 h.
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Solvent Mo!ar Sample Conditions Effects Ref.
ratio
Ofae
S/L 1:20, mag- 18.1%;
. . 31.1 %;
12: netically stirred 227 %
ChdCl/LacA - Corncob at 70; 80; 90; L [17]
1:15 o 65.8 %;
100; 110 °C for o
24h 95.5 %,
93.1%
1:2 molar ra-
1:4 tio 1:10 at
) . S/L 1:30, o
ChCl/LacA 1:6 Salix m.atsuc.iana V- | 902120 °C and 120 .C, 12 h, (18]
1:8 Zhuliu (Willow) . efficiency of
time 6-42 h .
1:10 delignifica-
1:12 tion 91.82 %
S/L 1:20, heat
ChcCl/ . in oil bath: 90.6 % for
OxA-2H,0 1:1 Poplar wood flour 80°C, 110°C, 110°C [19]
9h
S/L 1:20, mag-
) netically stirred o
ChCI/EG 1:2 Corncob 2t 90 °C for 87.6 % [17]
24 h.
S/L 1:20, mag-
. netically stirred o
ChdCl/LacA 1:10 Corncob 2t 90 °C for 86.1 % [17]
24 h.
S/L 1:20, heat
in microwave;
Chel/ 1:1 Poplar wood flour sr?ga\:\lfaz?usl r8n1|r? (;/C)ngr‘; [19]
OxA-2H,0 ’ P 2 min., reten- 1027
. : for 8 min
tiontime 1,3
and 8 min
Switchgrass -L, rri/chc:vJao\;e 7223 %
ChdCl/LacA 1:2 Corn stover -L, . L 79.60 % [20]
Miscanthus-L irradiation 45 s, 77.47 %
800 W R
@ Wood, Pulp and Paper 2020 @ 219



Solvent ,\:‘a(;ligr Sample Conditions Effects Ref.
o o)
s/L3/50,90°C, | 207G 25:2%
6h;120°C,3h; | 120°C
ChCl/LacA Poplar wood o 721 % [21]
145°C, 69 h; .
180°C,0.5h 145°C,
" 78.5 %
S/L 1:20, mag-
. netically stirred N
ChCl/LacA 1:5 Corncob 3t 90 °C for 779 % [17]
24 h.
P 5S/L 1:20; o o
ChCl/Laca | %1% Wheat straw 60°C,12h, | 64%i756%: | oy
1:9 74.2 %
100 rpm
S/L 1:20, mag-
. netically stirred N
ChCl/Gly 1:2 Corncob 2t 90°C for 713 % [22]
24 h.
o S/L 1:20, 60 °C, 65.6 %;
Bet/LacA 1:2;1:5 Wheat straw 12 h, 100 rpm 704 % [22]
S/L 1:20, mag-
. netically stirred o
ChCl/LacA 1:2 Corncob at 90 °C for 64.7 % [22]
24 h.
1:1
1:2 Rice straw >/L1:5,1atm
. o, 0
ChCl/LacA 15 (9% lignin content) and 1121h Cfor 63 % [23]
1:9

5. Conclusion

The excellent properties of DESs and NADESs, such as sustainability, biodegra-
dability, pharmaceutical acceptable toxicity and high extractability of compounds
with diverse polarity, highlight their potential as green solvents. It may be expected
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that a major focus of current green technology applications will be put, in the future,
on the development of food ingredients and delivery systems for nutrients and sup-
plements. A variety of extraction by DES and NADES can be applied to recover the
target compounds and products from different type of biomass, food and agro-
forest waste. Already at the end of the last century the trend oriented to obtaining
phytochemicals from renewable natural sources or waste from their processing has
evolved. This trend continues and progresses in scientific area in this century as
well.
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Zména zaklizeni papiru v case, definované
hodnotou Cobb60

Filip Skrobék, Stefan Suty

Fakulta chemickej a potravinarskej technoldgie STU v Bratislave
Radlinského9, 812 37 Bratislava
OP papirna, Delfortgroup; Olsany 18, 78962 Olsany

Abstract: Sizing of paper is one of the most important parameters for papermakers.
It is resistance of paper againts water. (1) Liquid which wets surface of paper or pen-
etrates into the paper can be different of compostion: Water, printing ink, drink, oils
and more. (2) Sizing of paper is important operations for runability or printability of
paper trought process. In these tests were used thin printing paper grades with differ-
ent grammages. Target of this trials were define stability of sizing in time and change
of cobb60 value in 3 months.

Keywords: Cobb60, Thin printing papers

1. Zaklizeni papiru v priamyslu

V papirenském priimyslu je pouzivano nékolik druhli chemikalii pro zaklizeni
papiru. Nejzndmé;jsi pouzivané chemikdlie jsou klizidla zaloZzena na AKD/ ASA, kte-
ré se fadi do skupiny reaktivnich klizidel. (3) Tyto klizidla reaguji s hydroxilovou sku-
pinou celulézy za vzniku B-keto-esteru celuldzy. (2) Reakce klizidel probiha v susici
¢asti papirenského stroje, kdy pfi vysoké teploté dojde k aktivaci AKD/ASA a za-
klizeni papiru. Zaklizeni papiru je odolnost vici kapalinam. (4) V tiskaiském pru-
myslu slouzi k tomu, aby nedoslo k rozpijeni tiskarské barvy. Béhem ¢asu dochazi
ke starnuti zakliZzeni papiru a jeho naslednému stabilizovani. Tento proces je tedy
predmétem nasledujiciho ¢lanku. (3)

1.1. Metodika vzorkovani a uchovani vzorka

Vzorkovani probéhlo na papirenském stroji, kde byly odebrdny vzorky vrs-
tev z tamboru a nasledné na pri¢né fezalce nafezédny na A4 format v uzké dra-
ze. Vsechny vzorky byly odebrany za stabilniho provozu, bez pretrhu a bez zmény
davkovani chemie. Po vzorkovani byly vSechny vzorky skladovany v klimatizované
mistnosti za konstantnich podminek 23 °C a 50 % rel. vlhkosti. Pro test byly ode-
brany 3 vzorky A, B, C — vSechny vzorky patfi do skupiny tenkych tiskovych papira.

Vzorek A — 45 gms/m? - zaklizeny pomoci AKD, s upravenou hladkosti povrchu
na kalandru.
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Vzorek B - 60 gms/m? — zaklizeny pomoci AKD, s upravenou hladkosti povrchu
na kalandru.

Vzorek C - 35,5 gms/m?- zaklizeny pomoci AKD, bez Upravy povrchu na ka-
landru.

Vsechny vzorky byly zméfeny na automatickém analyzatoru pro urceni plstén-
cové a sitové strany. Vsechny nasledujici méreni byly provedeny na plsténcové stra-
né vzorku.

1.2. Metodika meieni Cobb60

Vyfiznuty vzorek se necha vysusit v susarné po dobu 5 minut pfi 105 °C. Po uply-
nuti této doby se vzorek necha klimatizovat (relativni vihkost 50 % a teplota 23 °C)
po dobu 5 minut. Vysuseny a klimatizovany vzorek se zvazi s pfesnosti 0,001 g (A).
Do prstence pfistroje se nalije 100 ml destilované vody, vzorek se zméfi standard-
nim postupem Cobb60. Papir se po analyze zvazi na 0,001 g. (B) vysledek se poté
vypocita:

Cobb60 = (B-A) x 100 )

Modifikace metody: jeden vzorek byl méfen se susarnou a druhy byl méren bez
suseni v susarné, aby se simulovalo standardni starnuti papiru. (5)

1.3. Stanoveni zavislosti Cobb60 hodnoty na délce plisobeni teploty

Pro stanoveni zavislosti Cobb60 na délce suseni byla sestavena kfivka suseni:
5; 10; 15; 20; 25; 30 minut pfi teploté 105 °C a nasledné byl zméren Cobb60 vyse
uvedenym postupem. Kfivka byla stanovena pro vzorek A.

2. Vyhodnoceni Vzorki A; B; C

Vzorky jsou vyhodnoceny v Grafech Obr. 1, 2, 3 a 4. Z vysledkU vyplyva, Ze zakli-
Zeni papiru zraje v ¢ase. Po 30 dnech nastava ustaleni hodnoty zaklizeni pro vzorky
A a B ajiz dale se neméni. Pro vzorek C nastava ustaleni az po 40 dnech. Jednd se
o nehlazeny papir a tim padem je povrch papiru otevienéjsi a rovnovazny stav na-
stava pozdéji. Hodnota Cobb60 je pfimo zavisla na délce suseni v susarné. S delsim
pUsobenim teploty dochazi k reaktivaci AKD a doklizeni papiru. Pfi srovnani vzorka
A/A1;B/B1; C/C1 je ve vysledku rozdil cca 5 % mezi hodnotami se susarnou a bez.

2.1.Vyhodnoceni vzorku A 45 gms/m?

Z Obr. 1 je viditelné, ze po 30 dnech dochazi ke stabilizaci a zafixovani hodno-
ty cobb60. Béhem 30 dni se zaklizeni papiru odbouralo z 21,4 g/m? na 28,9 g/m?.
Behém 30 dni doslo k degradaci zaklizeni o 7,5 g/m? (26 %) vody. Nasledné byla
hodnota Cobb60 stabilni a jiz se dale nezvysovala. Stanoveni zavislosti Cobb60
na délce vzorku v susarné je k dispozici v Obr. 2 - z vysledkd je viditelné, Ze se
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AKD reaktivuje, az do plisobeni teploty po dobu 15 minut, nasledné se jiz hodnota
Cobb60 dale neméni.

Vzorek A/A1

30
r\E 28
K 26
2 2 -
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Stafi vzorku(dny)
Obr. 1: Vyvoj zaklizeni papiru pro vzorek A/A1.
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Obr. 2: Zavislost hodnoty cobb60 na dobé suseni.

2.2, Vyhodnoceni vzorku B 60 gms/m?

Z Obr. 3 je viditelné, Ze po 31 dnech dochazi ke stabilizaci a zafixovani hodno-
ty cobb60. BEhem 31 dni se zaklizeni papiru odbouralo z 19,9 g/m? na 26,1 g/m>
Behém 31 dni doslo k degradaci zaklizeni o 6,2 g/m? (24 %) vody. Nasledné byla
hodnota Cobb60 stabilni a jiz se dale nezvySovala.
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Vzorek B/B1
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Obr. 3: Vyvoj zaklizeni papiru pro vzorek B/B1.

2.3.Vyhodnoceni vzorku C 35,5 gms/m?

Z Obr. 4 je viditelné, ze po 40 dnech dochazi ke stabilizaci a zafixovani hodno-
ty cobb60. BEhem 40 dni se zaklizeni papiru odbouralo z 31,7 g/m? na 36,3 g/m~
Doslo k degradaci zaklizeni 0 4,6 g/m? (13 %) vody. Nasledné byla hodnota Cobb60
stabilni a jiz se dale nezvysovala.

Vzorek C/C1
38,0
E 360
S
S0
S 34,0
2 320
] C1
30,0
1 9 16 23 31 37 42 51 54 63 70
Stari vzorku(dny)
Obr. 4: Vyvoj zaklizeni papiru pro vzorek C/CT.
3. Zavér

Pro Vzorky A, B, C byl stanoven vyvoj zaklizeni papiru v ¢ase. Vzorky A, B se do
stabilniho stavu dostavaji po 30 dnech. Odolnost vici vodé se pro dané vzorky
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snizila v prdméru o 25 %. Dlivod tohoto zhorseni mize byt pfitomnost plnidel,
které na sebe vazou AKD behém reakce v susici skupiné papirenského stroje, za
vzniku vapenatych soli. Obsah popela byl pro oba vzorky shodny 16-17 %. V ¢ase
dochézi k degradaci téchto soli na keton a tedy odbourani zaklizeni papiru. Vzorek
C se do stabilniho stavu dostava po 40 dnech. Hodnota Cobb60 je vyssi, nez v pfi-
padé vzorku A, B - papir je nehlazeny na kalandru, méa drsné&jsi povrch, ktery je
vice otevieny a pfistupny penetraci vody do papiru. Odolnost vici vodé se snizila
0 13 %. Obsah plnidel byl nizsi 14,5 %. Nizsi obsah pInidel mUze byt dlivodem nizsi-
ho odbourani zaklizeni papiru. Stabilizovany stav nastava pfi odbourani veskerych
vapenatych soli AKD.

Vzorky A1, B1, C1 byly pred vlastnim stanovenim suseny v susarné po dobu
5 minut. Hodnota Cobb60, téchto méfenych vzorkd, byla o 5 % nizsi nez v pfipadé
vzorkl A, B, C. Ve vzorku papiru bylo pfitomno nevézané AKD, které se pfi suseni
navazalo na celulézu, nebo plnidla a tim padem doklizilo vzorky.

Na zékladé ziskanych hodnot bylo vytypovédno obdobi pro néasledujici méfeni:
Vzorky A, B, C budou opét odebrany za stejnych podminek na papirenském stroji
a méfeny pomoci FTIR — pro stopovani AKD. Dale budou pfipraveny arsiky papiru
v laboratornich podminkéch, zaklizeny pomoci AKD a nasledné méreny s rliznym
obsahem plnidel v case.
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Abstract: Lignocellulosic materials (biomass, wood) are mainly formed, in addition to
other components, from the two most widely find polymers in the world: cellulose and
lignin. The presented paper is devoted to the study of processes of thermal degradation
oflignin, to the isolation of their degradation products, and to study the mechanisms of
pyrolysis decomposition at selected temperatures. Lignins, whose thermal degradation
was studied in this paper, were isolated from black liquor obtained by delignification
of annual plants and softwood trees. Isolated lignins were pyrolyzed in range of tem-
perature from 330 to 500 °C using analytical pyrolysis methods (Py-GC/MS). Pyrolysis
was carried without and also in the presence of two metal catalysts (5 % Pd/C and 5 %
Ru/C). Non-catalytic Py-GC/MS was used to identify the lignin as reference basis to eva-
luate the effect of the above-listed catalysts. In this work was also observed catalytic
influence of 5 % Pt/C in hydrogen atmosphere and presence of different concentration
of oxalic acid has considerable effect on depolymerisation of lignin. Next parameter
what was established, was yields of bio-oil with temperature range of 280-310 °C.

Keywords: lignin, catalysis, depolymerisation, application, biomass.

1. Introduction

The term lignin was introduced in 1819 by de Candolle. In general, lignin can
be defined as an aromatic biopolymer which is part of the structural components
of wood and plants. The percentage of lignin in cells is in the range of 15-40 %. In
plants, the content of lignin is less than 15 %, but on the other hand, its share in
woods is much higher. In the case of coniferous trees, the range of lignins is from
24 to 33 %, and in broad-leaved trees, it is 19 % to 28 % [1].

With the current emphasis and potential growth of cellulosic ethanol, there
should be an abundance of lignin which can be used as source of process heat or
converted to renewable fuels via various thermochemical approaches. Because of
the aromatic structure of the lignin polymer, there is a potential to produce aromatic
hydrocarbons by thermochemical processing, particularly pyrolysis [2,3]. In the case
of lignin, this is a complex conversion process, where several reactions occur at the
same time. The mechanism of lignin depolymerization is affected by many factors:
the type of lignin, the residence time, the reaction temperature, the concentration
of the catalyst, or the reaction medium. All of these factors ultimately affect the final
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product composition and linkage cleavage mechanism. The formation of chemical
compounds in thermal degradation of the lignin is known [4-7].

Oxidative cleavage of C—C and C—O—C bonds in lignin results in the forma-
tion of vanillin and various acyclic organic acids, however, the oxidation itself is not
attractive due to the formation of free radicals, which subsequently leads to the
copolymerization of the compounds and the formation of the carbon residue. On
the other hand, the reductive cleavage of these bonds is much more efficient and
allows the formation of monomeric compounds (e.g., phenols, benzene, toluene,
xylene, etc.). Reduction thermochemical conversions include pyrolysis, catalytic
cracking, solvolysis, hydrogenolysis and hydrothermal conversion [8].

2. Materials and methods

The annual plants, hemp and flax, used for obtaining black liquor were kindly
supplied by OP Papirna Ltd. (OlSany, Czech Republic). The black liquor obtained
had the following characteristics: pH of 12.9 +0.3 (determined by a digital Jenway
(3510 pH-meter, UK), and density 1.242 g/mL (determined by measuring the mass
with the known volume of the black liquor), ash 45.75 £0.32 wt %.

Isolation of lignins

In this work the used black liquors were supplied by the paper mills where one
of them is focused on annual plants processing, and the second one is focused
on hardwood processing. Two different lignin samples were used in this study.
Precipitations were made by H,50, at 90 °C to pH = 4. Lignins were prepared from
the black liquor by precipitation with dilute sulphuric acid (25 % w/w). 100 mL of
the black liquor was treated with acid to obtain a final pH value 4 during heating at
90 °C. After complete precipitation of lignins were filtered and twice washed with
hot water to remove impurities. The lignins were then dried at 40 °C for 24 hours,
by lyophilisation (LYOVACTG) up to reaching a constant weight.

2.1.Thermogravimetric analysis

Thermogravimetric analysis (TGA) of samples was carried out using Mettler
Toledo TGA/DSC 1 instruments. The analysis was performed in reduction atmos-
phere keeping identical temperature regime for all samples. The atmosphere was
ensured by nitrogen; flow rate 50 ml/min™. The measurements were performed in
the temperature interval of 30-800 °C in three segments. At the beginning, the
sample was conditioned at 30 °C for 3 min. Subsequently, thermodynamic seg-
ment occurs increasing the temperature by 10 °C/min. After reaching 800 °C, the
measurement was concluded at 800 °C for 3 min.

2.2. Lignin pyrolysis

The Py-GC/MS experiments were conducted using a Pyroprobe 5150 (CDS
Analytical) with a direct connection to an Agilent 7890A gas chromatograph (GC)
equipped with an Agilent 5975C mass spectrometer detector. Samples were pre-
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pared by mixing and introduced into the Pyroprobe in quartz tubes. The Pyroprobe
comprised a quartz tube, heated by a platinum filament, 2-3 mm diameter and
1 cm. The average weight charged into the pyrolyzer (Py) was about 1 mg occupy-
ing about 1-1.5 mm in height in the quartz tube holder over packed quartz wool.
The metal catalysts (Palladium, 5 % on carbon powder; Ruthenium, 5 % on acti-
vated carbon powder) were purchased from Alfa Aesar. For experiments including
solid catalysts, the 10 % w/w of catalyst was mixed with the sample. The samples
were pyrolyzed with the Pyroprobe set at 330/350, 400 and 500 °C and exposed to
this temperature for 15 s. The temperatures were selected according to the DTG
analysis.

2.3. GC/MS analysis

For GC/MS analysis, a GC 7890A gas chromatograph Agilent Technologies was
used. The separation was made on a 30 m x 250 um x 0.25 pm i.d. fused silica capil-
lary column HP-5MS. The oven temperature was held at 60 °C for 1 min, and then
heated by ramp 16 °C/min to 280 °C. The final temperature was kept for 2 min.
The injector temperature was 280 °C with split mode. Helium was used as the car-
rier gas with flow 2 ml/min. The end of the column was introduced into the ion
source of the Agilent Technologies model 5975C series mass selective detector
(MSD) operated in electron impact ionization mode. The data acquisition system
used ChemStation E software and analyzed compounds were identified with NIST
and Wiley electronic libraries.

Annual plant Lignin
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o . l - W Bezene Derivatives
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ref. Ru/C Pd/C ref. Ru/C Pd/C ref. Ru,/C Pd/C
350°C 400°C 500°C Carboxylic Acids

Fig. 1: The composition of compounds from annual plant lignin pyrolysis
at different temperatures.

3. Results

One of the goals of the work was to study suitable conditions and to select a cat-
alyst for the conversion of lignin. Perfect catalysts for lignin conversion to produce
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aromatic compounds have been found to be metal catalysts on charcoal [9-13], of
which 5 % Pd/C and 5 % Ru/C were selected. The final product of biomass or lignin
pyrolysis is either liquid or gas, depending on the reaction temperature and time.
Under normal circumstances, an increase in pyrolysis parameters causes degrada-
tion to simpler components of lower molecular weight [14]. Pyrolysis of lignin is
very complex and is influenced by several factors, such as the type of raw material,
the rate of heating, the reaction temperature, added additives (catalysts) etc.

Yield of bio oils
Pt/C and temperature

- 08-13
YL 15 13-18
o 18-23
[%] 13 AL AL
L ~L T
8 ///// 0.3
16 o9 - T temperature
= 0,3 -1,6
m Pt/C -0,9 -1.6

Fig. 2: The yield of bio-oils according to the amount of catalyst and the temperature at the
concentration of 1.05 mole of oxalic acid.

The main products of lignin pyrolysis include carbon monoxide gas and carbon
dioxide gas, volatile liquids (methanol, acetone and acetaldehyde), monolignols,
monophenols (phenol, guaiacol, syringol and catechol) and other polycondensat-
ed phenols. The major products obtained by pyrolysis are guaiacol, syringol, creo-
sol, 4-ethyl guajacol, 4-vinyl guaiacol, 4-propylguajacol, phenol etc.

Liquefaction of the lignin was carried out in a pressure reactor (Mini Bench
Top Reactor, Parr) which has the following parameters: the maximum operat-
ing pressure Pmax = 20 bar, maximum volume Vmax 300 ml Heating Mantles
400 W, the control unit (model 4835) with a PID regulation. Inside the property
has a sensor of temperature and pressure, agitator and cooling circuit. After
weighing, the lignin solvent, which was either water or oxalic acid, and the cat-
alyst, the reactor is closed and before the initial pressurisation with hydrogen
three times and then purged his pressurized to the initial pressure of 15 bar.
After preparing the lignin it was required its characterization, which is used
for elemental analysis and thermal analysis. From the first derivative thermo-
gravimetric curve (DTG) further determine the temperature pyrolysis products
intruding at these temperatures were captured and evaluated by GC/MS. Semi-
quantitative analysis most abundant 2-methoxyphenol in the temperature range
110-310 °C. The largest share (60.7 %) was detected at 110 °C. Throughout
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the temperature range, the material to be detected 2-methoxy-4-vinylphe-
nol (4-vinylguajakol). The largest share of 14.5 % was observed at 700 °C.
Creosol in pyrolisates representation was highest in the temperature range
310-350 °C. Another compound with high presence during pyrolysis (almost 16 %
at 450 °C) was 2,6-dimethoxy-phenyl (syringol).

4, Conclusion

In the pyrolysis of lignin originating from annual plants, the number of
substances increased with increasing temperature. However, in rare cases
the stagnation of the monitored substances production of the or their de-
cline was observed. As Fig. 1 shows that the amount of guaiacol derivatives at
400 °C and the use of the palladium catalyst dropped, and the phenol gain in-
creased. This trend was maintained at increasing temperature. In the case of the
ruthenium catalyst used, the guaiacyl derivative content increased at 500 °C. In
the case of the ruthenium catalyst used, the content of syringol derivatives was
increased at 500 °C.

The greatest number of identified substances was: cresol (2-methoxy-4-methyl-
phenol), guaiacol (2-methoxyphenol); 6-methylguaiacol (2-methoxy-6-methylphe-
nol); 4-ethylguaiacol (4-ethyl-2-methoxyphenol); syringol (2,6-dimethoxyphenol);
4-xylenol (2,4-dimethylphenol); 2,3-dimethylphenol; eugenol; isoeugenol (2-meth-
oxy-4-[(E)-prop-1-enyllphenol); cyclopent-2-en-1-one, 2-Methoxy-4-vinylphenol
(4-vinylguaiacol).

Results from hydrogenolysis can be summarized in next points:

— temperature in the studied intervals of 260-310 °C has important influence on
the yields of bio-oils,

— using of catalyzer 5 % Pt on C, and of acid oxalic (concentration of 0,1 to 2 mol),
has shown in the amounts of 5 % addition on the weight of lignin sample, as an
appropriate method for increasing of the bio-oil yields in the process of lignin
liquefaction,

— obtained bio-oil was composed mainly by phenolic compounds, which means
that after appropriate separation they could be used as a source of chemicals or
as a raw matters for organic synthesis.
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Abstract: Floods and fires are the greatest danger to memory institutions, such as ar-
chives and libraries, in addition also theft. The paper describes the experience of the
floods in 2002 that hit the Czech Republic, the technological research that helped ad-
dress the situation. In the next section, the contribution focuses on the issue of fires in
archives, current technologies of stable fire extinguishers and research on flame retard-
ants.

Kli¢ovd slova: archivy, archivni dokumenty, povoden, poZdr, stabilni hasici zarizeni,
retardéry horeni

1. Uvod

Zivelni pohromy at jsou to zaplavy a pozary, nebo kradeze a vandalismus pfed-
stavuji pro pamétové instituce, jako jsou archivy, knihovny, muzea ¢i galerie obrov-
ské riziko, protoze zpUsobuji nenahraditelné ztraty kulturniho dédictvi. V pripadé
povodni pfi rychlém zakroku a pouziti vhodnych technologii Ize $kody vyznam-
né minimalizovat. Pfi krddezZi je urcitd nadéje, Ze dfive ¢&i pozdéji se dokumenty
objevi na néjaké zahrani¢ni aukci. Ale pro pozary plati ,co shofelo, je ztraceno na
véky” Jedinou moznosti, jak chranit archivélie pfed zni¢enim ohném je preventivni
ochrana, tj. vytvoreni takovych podminek ulozeni, aby pozar viibec nevznikl, a kdyz
by vznikl, aby byl uhasen rychle a u¢inné. vV Ceské republice jsou zku$enosti pre-
devsim jak se zaplavami (na Moravé v roce 1997 a v Cechach v roce 2002), ale také
s krddezemi (predevsim v 90. letech minulého stoleti). Pozary se archiviim v ¢eské
republice zatim vyhybaji, coz v3ak nelze fici o nékterych institucich v zahranici.

2. Povodné v archivech a knihovnach

Povodné, které v srpnu 2002 zasahly velkou ¢ast Gzemi Ceské republiky, postihy
mimo jiné i archivy, knihovny, muzea, galerie a dalsi kulturni a védecké instituce.
V Praze vystoupala voda mnohde az do vyse 4 m. Nésledujici ptiklad snad vystihuje
nejlépe situaci: v mistech, kde byl umistén Ustfedni vojensky archiv a Archiv ar-
chitektury a stavitelstvi Narodniho technického muzea v Praze byla zaznamenana
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nejnicivéjsi povoden v roce 1890. Voda tehdy vystoupala do vyse 30 cm, v srpnu
2002 se hladina vody v téchto mistech zastavila ve vysi 4 m (!). Mezi nejvice posti-
Zené instituce patfil jiZzminény Archiv architektury Narodniho technického muzea
(unikatni plany na pauzovacim papiru a papirové modely), Ustfedni vojensky ar-
chiv (dokumenty z 2. svétové valky, spisy vojenskych soudu), spisovna Méstského
soudu v Praze (soudni spisy), spisovna Ministerstva zemédélstvi, Méstska knihovna
v Praze (rukopisy a tisky), Archiv Akademie véd CR (knihovna, diplomy, fotogra-
fie), Archeologicky ustav Akademie véd CR (plany, fotografie) a Narodni knihovna
v Praze (tisky z 19. stoleti). Jednotlivé dokumenty byly po opadnuti vody ocistény
od blata proudem vody. Mald ¢ast archivdlii, knih a predevsim fotografii a sklené-
nych negativl byla susena volné na vzduchu. Vyhodou tohoto zplsobu suseni je
Setrnost k susenému materidlu, nevyhodou je ale pracnost, naro¢nost na prostor
a problémy s rdstem plisni. Proto bylo v souladu s mezinarodnimi doporucenimi
rozhodnuto, Ze zbylé materidly po ocisté budou zabaleny do polyethylenovych
sackl, popsany a rychle zmrazeny na teplotu cca -20 az —25 °C. Tim se stav stabi-
lizoval a vytvofil se prostor pro hledani a organizovani optimalniho feseni. V sou-
casné dobé je vétsina materidlG archivni povahy, knih, rukopist, prvotiskd, map
a pland o celkovém objemu pfiblizné 2000 m* zmrazena v Mochovskych mrazir-
nach a.s., provozovna Kladno. Bylo nutné zvolit vhodné metody suseni zmraze-
nych dokumentu a zkusenosti s témito technologiemi bylo poskrovnu. Proto vznikl
vyzkumny projekt ,Studium vlivu susicich metod na fyzikalné-chemické a mikro-
biologické vlastnosti rliznych druhd papiru“[1] Ve zminéné studii bylo testovano
horkovzdusné suseni, vakuové sublimace (vacuum freeze-drying), suseni vihkym
teplem, suseni volné na vzduchu, vakuové suseni, vakuové baleni (vacuum pac-
king) a suseni mikrovinami. Ze samotné studie a ziskanych praktickych zkusenosti
vyplynuly nékteré dulezité zavéry, které se nasledné promitly do navrhu feseni po-
povodriové situace v Ceské republice:
a) vysuseni materidly jakoukoli metodou vyzaduji naslednou dezinfekci,
b) horkovzdusné suseni Ize pouzit pouze pro materialy, u kterych se nepredpokla-
da jejich dlouhodobé uchovani,
¢) metoda vakuové sublimace je vhodna pro testované materidly s vyjimkou vyso-
ce nasaklivych papird,
d) metoda vakuového baleni je vhodna pro viechny typy testovanych materidlQ,
jeji nevyhoda je znac¢nd pracnost,
e) vakuové suseni Ize vseobecné pouzit pro vsechny typy testovanych materialq,
f) suseni vihkym teplem je vhodné pro hromadné suseni materidl{, u kterych Ize
tolerovat mirné zhorseni mechanickych vlastnosti a u kterych se nepfedpoklada
jejich dlouhodobé uchovani,
g) volné sudeni na vzduchu je nejsetrné;jsi metoda, jeji nevyhoda spociva v naroc-
nosti na pracovni sily a prostor.

| kdyz suseni pomoci mikrovin bylo pouzito v malém rozsahu jiz pfi povodnich
na Moravé v roce 1997, byl tento zplsob suseni podrobné zkouman Ustavem
chemickych procesd Akademie véd CR a vznikla unikatni susici technologie, ktera
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byla posléze patentovana.[2,3] Samotné zafizeni (Obr.1) se sklddalo ze dvou ¢asti,
ve kterych se papirové svazky pohybovaly automaticky po bézicich pasech zho-
tovenych z teflonu Prvni ¢ast tvofi tunel s magnetrony o celkovém vykonu 8 kW
s moznosti regulace jejich vykonu. Zmrzlé svazky se umistily mezi specialni kera-
mické desky (Obr. 2) a nechaly se prochazet otevienym tunelem s mikrovinami
rychlosti 0,5 m/min. Odvod tepla a par byl zajistén odtahem. Po vyjmuti svazkd
z tunelu se odklopily horni keramické desky a knihy byly pfemistény na druhy pas,
ktery prochazel chladicim tunelem, aby se zabranilo prehfati papiru. Pfed zavé-
re¢nych cyklem byly vysusené knihy jesté dle potreby dezinfikovdny pomoci UV
zafeni, resp. vzniklym ozonem. Proces byl ukoncen po naméreni vlhkosti v papiru
do 10 % (hm). Vliv této technologie na fyzikadlné-chemické vlastnosti papirovych
vzorkl, véetné mikrobiologické ucinnosti byl nasledné podrobné studovén.[2]
Mikrobiologické zkousky prokazaly, Zze ucinnost dezinfekce materidlu touto tech-
nologii byly témér stoprocentni. Aviak vzhledem ke snizen nékterych mechanic-
kych a optickych vlastnosti testovanych vzorkd byla tato technologii doporucena
pouze pro suseni béznych tisténych materidla.

Obr. 1: Schéma zafizeni pro suseni mikrovinami [2] (1-magnetrony, 2-ventilatory, 3-knihy,
4-vypust vody, 5-pohyblivy pés, 6-detektor koure, 7-kontrolni panel, 8-absorp¢ni a reflexni
zona, 9-kolecka, 10-UV lampy).

Obr. 2: Princip suseni mikrovinami za pouziti keramickych filtrd mikrovinného zéfeni [2].
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DalSim problémem ususenych dokumentl po povodnich byl nepfijemny za-
pachem, ktery znepfijemnoval a mnohdy i znemozioval jejich dalsi vyuziti (napf.
soudni spisy). Proto pro odstranéni tohoto zdpachu byla navrzena technologie
ozonizace, jejimz principem bylo kratkodobé ulozeni archivalii do prostredi se zvy-
$enou koncentraci ozonu. Dokumenty byly umistény v mistnosti, kde byly vysta-
veny po dobu 60 minut plsobeni ozonu, ktery byl generovan pfistrojem Airozon
Supercracker (model POCS-500, Trotec, Némecko). Koncentrace ozonu dosahla
béhem 10-15 minut hodnoty 1 144 pg/m?* a nasledné klesala. Proces probihal pfi
teploté 18 °C a relativni vlhkosti 55 %. Vzhledem k tomu, Ze ozon je povaZovan
za vyznamny vnéjsi degradacni Cinitel poskozujici archivélie, byla vypracovana
studie, jejiz cilem bylo ovéreni vlivu technologie ozonizace na chemické, optické
a mechanické vlastnosti rliznych druht papird a na typické zdznamové prostredky.
Z této studie vyplynulo, ze ozonizace neméla negativni vliv na sledované vlastnos-
ti studovanych lignocelulézovych podlozek (filtracni papir Whatman 1, papir pro
dokumenty dle CSN 1SO 9706, dievity papir, bezdfevy psaci papir, bélena sulfitova
a chemotermomechanickd bunicina). Obdobné tak nebyla ozonizaci ovlivnéna sta-
bilita vybranych arylmetanovych barviv (Acid Red 87, Acid Green 16, Basic Violet 1,
Basic Blue 6, Basic Green 4) a ani redlnych archivélii z 19. a 20. stoleti. Ozonizaci viak
nebylo mozZné povazovat za uc¢innou dezinfekci dokumentd.[4]

3. Pozary v archivech a knihovnach

Pri¢inou vzniku pozar( v budovach knihoven, archivd, depozitaii muzei ¢i gale-
rii jsou obvykle technické zavady, neopatrnost, nedbalost a v neposledni fadé zhar-
stvi, jak je patrné z nasledujiciho pfehledu pozarem zasazenych archivid a knihoven
(Tab.1).

Tab. 1: Priklady nékterych knihoven a archivl zasazenych pozarem na konci 20. a pocatku
21. stoleti [5].

Datum Instituce Mésto Przfxc.:lepod??na
pfic¢ina pozaru
1988 Biblioteka Rossijskoj Akademii nauk Petrohrad shastvi
Knihovna Ruské akademie véd (Rusko)
Nacionalna i univerzitetska biblioteka . R
) : Sarajevo vybusnina
Bosne i Hercegovine - :
1992 . ; LT (Bosna a (vojensky
Narodni a univerzitni knihovna . .
) Hercegovina) konflikt)
Bosny a Hercegoviny
Norwich Central Library Norwich S
1994 Usttedni knihovna v Norwichi (UK) technicka zavada
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Datum Instituce Mésto Pr?)/vqepodcv)llcma
pficina pozaru
Linkdpings stadsbibliotek Linkdping gy .
1996 Méstska knihovna v Linképingu (Svédsko) Fhatstvi
Dar al-Kutub wa al-Watha‘iq al-‘Iraqiy- Bagdad zhvarstv‘|. )
2003 yah (Irak) (patrné politicky
Irdcka narodni knihovna a archiv motiv)
2004 Herzogin Anna Amalia Bibliothek Vymar elektrické zafi-
Knihovna vévodkyné Anny Amalie (Némecko) zeni
Sarajevo zhafstvi
2014 Statni archiv Bosny a Hercegoviny (Bosna a (socialni nepo-
Hercegovina) koje)
Institut nau¢noj informacii po
ob3scestvennym naukam Moskva
2015 Knihovna Ustavu védeckych elektricky zkrat
. , N L (Rusko)
informaci pro spolecenské védy
Ruské akademie véd

Tésné usporadané knihy v policich nebo archivni krabice se sice pomalu rozho-
fivaji, zato jejich haseni je obtiznéjsi. Po potlaceni ohné hasicim systémem je po-
trebné zlikvidovat pfipadny doutnavy pozar obsahu krabic, nebot jinak m{ize dojit
k navratu do faze plamenného hofieni. Pfi zahfivani celulézy nad 120 °C dochéazi
k pozvolnému rozkladu, za teploty cca 162 °C Ize pozorovat Zloutnuti a pfi dosazeni
teploty 240 °C se z celuldzy uvolnuji plynné zplodiny a dochdzi k uhelnaténi, pokud
proces probihd za nepfistupu vzduchu, je teplota vyssi (275 °C). Meziproduktem
tepelného rozkladu je levoglukosan (anhydrid glukdzy), ktery se povazuje za hlav-
ni zdroj daldich hoflavych latek. Vznika také znacné mnozstvi koufe se slabé ky-
selou reakci, jeho ¢astice jsou mensim nez 10 pum. Kromé uhliku obsahuje vznikly
kout popel se zbytky plniv a klizidel, kapalné uhlovodiky, vodu a fadu dalsich latek.
Nejsou-li pfedméty v Sirokém okoli opatfeny obaly, ¢astice nedokonale spaleného
materidlu se usadi pfimo na jejich povrchu.

V soucasné dobé se v archivech vyuziva celd fada automatickych stabilnich
hasicich zafizeni (SHZ), kde pfednost se dava tém systémum, které jako hasebni
latku vyuzivaji plyny. Dlivod je zfejmy, pfi vzniku pozaru a nasledném haseni je
riziko poskozeni ulozenych objektl hasebni latkou vyznamné mensi, nez pfi po-
uziti vodnich systémd. Mezi nejrozsitenéjsi SHZ vyuzivajici inertni plyny patfi
INERGEN (smés argonu, dusiku a oxidu uhli¢itého), systém FM-200 vyuzivd halo-
ny (1,1,1,2,3,3,3 heptafluorpropan), pfipadné FE-13 (trifluormethanem). Dale pak
je vyuzivan také levny dusik, naopak od dfive vyuzivaného oxidu uhli¢itého se
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ustupuje. Systém INERGEN (Obr. 4) byl zvolen jako pozérni ochrana depozitart
Narodniho archivu v Praze. V pfislusném pozarnim Useku dojde k ohlaseni pozaru
pomoci ¢idel EPS. Po urcitém ¢asovém zpozdéni (desetiny vtefiny), které je nutné
k automatickému ovéfeni pozarniho poplachu, se pomoci systému méreni a re-
gulace uzaviou protipozarni klapky a vypne vzduchotechnika v celém podlazi. Do
pfislusnych depotnich sélu je vhanén hasebni plyn, ktery je slozen z 52 % dusiku,
40 % argonu a 8 % oxidu uhlic¢itého. Obsah kysliku v depotnim sdle se snizi z 21 %
na 12,5 %, zatimco koncentrace oxidu uhli¢itého vzroste z 1 % na 3 %. Toto snizeni
obsahu kysliku stac¢i k uhaseni ohné. Pfitomny oxid uhlicity stimuluje rychlost dy-
chani, zvysuje ucinnost dychaciho systému a tak i S$anci na preziti pfitomnych osob.
Zéaroven vsak koncentrace oxidu uhli¢itého nesmi prekrocit pro zdravi bezpecnou
hranici 5 %. Pfi zahajeni napousténi sall hasicim mediem dojde k pneumatickému
otevreni klapek, které jsou umistény nad vstupem do depotniho salu, a odvedeni
prebyte¢ného vzduchu na chodbu. Po vyrovnani pretlaku se klapky uzaviou.

Obr. 3: Ohotelé archivni dokumenty po pozaru Statniho archivu Bosny a Hercegoviny
v roce 2014 (foto autor).

o
v

Obr. 4: Pozarni ochrana prostoru depozitaife INERGENovym SHZ [6].
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| kdyz haseni vodou pomoci sprinklerd neni v pamétovych institucich doporu-
¢ovano, existuje zajimava alternativa a tou je haseni vodni mlhou. Mlhové trysky
jsou podstatné mensi nez bézné sprinklerové hlavice. Diky vysoké Gc¢innosti ml-
hového systému klesa i nadmérné promoceni hasenych materidld. Jsou pouzivany
dva systémy haseni vodni mlhou. V prvém pfipadé se tlak vody pohybuje v roz-
mezi 40-200 baru a vytvorené kapicky maji prevazné primér 10-100 um (ve srov-
nani s praméry kapek 600-1 000 um ze sprinkler(), coz vede k vysoce G¢innému
chlazeni a zvladnuti pozaru pfi nizké spotrebé vody. V druhém pfipadé systém
pracuje s tlakem 4-12,5 bard. V nékterych pfipadech je voda uvadéna do trysky
spolu s dusikem, ktery plsobi jako atomizér. Ve vétsiné pfipadd jsou mlhovou tech-
nologii uhaseny pozary s priblizné 40 % spotfebou vody ve srovnani s klasickymi
sprintery.[6] V Ceské republice bylo toto SHZ instalovano ve dvou novostavbach -
v Moravském zemském archivu v Brné a Narodni technické knihovné v Praze.

Obr. 5: Systém vysokotlaké vodni mlhy (Micro Drop®).

Zajimavym a perspektivnim zpldsobem trvalé protipozarni ochrany prostoru
depozitadid je inertizace hypoxickym vzduchem (Hypoxy Air Inerting), tj. trvalé sni-
zeni koncentrace kysliku v depozitéfi na hodnoty mezi 13-15 % (v této atmosfére
nehofi). Nejedna se tedy o systém reaktivni (systém, ktery reaguje na vznik pozaru
vypusténim hasiva), ale o systém aktivni, ktery permanentnim udrzovanim snize-
né koncentrace kysliku v chrdnéném prostoru pfimo zabrarfiuje samotnému vzni-
ku pozéru. Princip tzv. hypoxické ventilace je zalozen na separaci molekul plynt
pomoci membrany z dutych vldken. Slozeni vysledného hypoxického vzduchu je
10 % kysliku a 90 % dusiku, ktery je potrubim vhanén do depozitare, dokud ne-
klesne koncentrace kysliku na poZzadovanou uroven. Depozitdfe nejsou vybaveny
klasickymi detektory koure, ale Cidly, ktera sleduji koncentraci kysliku. Kdyz ¢idla
zaznamenaji v chrdnéném prostoru vzestup koncentrace kysliku nad stanovenou
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hodnotu, je prostfednictvim fidici Ustfedny aktivovan dusikovy generator, ktery

doda nezbytné mnozstvi dusiku.[6,7]

Posledni drovni ochrany archivnich dokumenttd pfed pozarem je pouZiti retar-
dért hoteni, které jsou aplikované pfimo na archivni obaly, resp. archivni krabice.
Retardér hofeni ucinné zpomaluje Sifeni ohné, snizuje mnozstvi produkovaného
koufre a stimuluje tvorbu zuhelnatélého zbytku. Mechanismus Ucinku retardérd ho-
feni Ize délit na chemicky (icinek v plynné/pevné fazi) a fyzikalni (absorpce ener-
gie, uvoliovani nehoflavych plyn(i a vytvareni difizné rezistentni, radiacné izola¢ni
povrchové vrstvy).

U¢inek retardér(i hoteni je popisovan pomoci nékolika teorii:

a) teorie ochlazovéani (béhem zahfivani oSetfeného predmétu dochazi k endo-
termnimu rozkladu nebo tani retardéru hofeni, ¢imz se zpomaluje dosazeni
teploty vzniceni/vzplanuti),

b) teorie bariery (retardér pfi hofeni tvofi na povrchu pfedmétu bariéru, jez brani
v Uniku tékavych hoflavych latek, pfenosu tepla a pfistupu kysliku),

) teorie podpory tvorby zuhelnatélého zbytku (v disledku dehydratace celulézy
vznika mensi mnozstvi tékavych hoflavych latek, coz vede k nérlstu zuhelnaté-
Iého zbytku bréaniciho v pfenosu hmoty a tepla),

d) teorie zfedovaciho efektu (hofeni je zpomaleno v disledku snizeni koncentrace
tékavych hoflavych latek a vzdusného kysliku nad povrchem predmétu fedé-
nim atmosféry nehoflavym plynem vznikajicim rozkladem retardéru hofeni,

e) teorie reakce v plynné fazi (pfi uziti halogenovanych retardérd horeni, které
uvolnuji bromovodik nebo chlorovodik, dochézi v plynné fazi k deaktivaci vol-
nych radikald v plamenu, ¢imzZ je zaroven sniZzena produkce tepla).[5]

Pfirozené pouzity retardér nesmi zhorSovat mechanické vlastnosti obalového
materialu, po dlouhou dobu nesmi ztracet ucinnost, je cenové dostupny a pfitom
neni skodlivy pro lidské zdravi a Zivotni prostiedi a ani nezvysuje toxicitu produktt
hoteni. V diplomové préci [5] byla studovana ucinnost vybranych anorganickych
retardérd hofeni po jejich aplikaci na lepenky fy Emba Paseky nad Jizerou a také

40 OBez odetieni
35
mHydrogenuhli¢itan draselny
30 — ]
‘i: 25 o Kremicitan sodny
E 20 mDekahydrat tetraboritanu
£ sodného
> 15 ODihydrogenfosforeénan
10 amonny
O Chlorid zineénaty
5
0 - mChlorid vapenaty
L 2% roztok ') 5% roztok

Obr. 6: Vliv retardérd hofeni na linearni rychlost hoteni lepenky Prior [5].
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po umélém starnuti. Pro toto hodnoceni byla vyuzita zkouska plamenem o vy-
konu 50 W pfi vodorovné poloze vzorku dle normy CSN EN 60695-11-10, termo-
gravimetricka a diferen¢ni termickd analyza. Jako nejucinnéjsi byla vyhodnocena
smés Na,B,0,-10H,0 s H,BO,, pomoci niz bylo dosazeno pfi vyssich koncentracich
dokonce rychlého samovolného zhaseni plamene. Dobré retarda¢ni uc¢innosti do-
sahoval také hydrogenuhlic¢itan draselny, kfemicitan sodny a pfi vy3si koncentraci
i chlorid vépenaty.(Obr.6).

4, Zavér

Zivelni pohromy mohou zasadnim zplisobem ohrozit kulturni dédictvi statu,
naroda. Proto kazd4 odpovédnd pamétova instituce by se na takové situace méla
pfipravit at po strdnce technické, tak po strance organizac¢ni. Odpovédné posou-
zend rizika, ktera realné instituci hrozi, z toho vychazejici krizové plany, podrobné
zpracované krizové instrukce a funkéni krizovy tym, to vée mize rozsah pfipadnych
poskozeni vyznamné snizit. Vyznamnou roli v téchto procesech ma téz technolo-
gicky a konzervatorsky vyzkum. Problém k feseni je jesté mnoho.
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Abstract: Colloidal dispersions of functionalized alkaline nanoparticles (Ca(OH),)
were stabilized by hydrophobic cellulose derivative in non-polar hexamethyldisiloxane
solvent and employed to treat historical wood pulp paper by a dip coating technique.
The pH-test and back titration experiments of coated papers showed a complete acid
neutralization (pH ~7.4) and introduction of adequate alkaline reserve even after pro-
longed accelerated aging. Results from Scanning electron microscope, infrared and
X-ray photoelectron spectroscopy measurements confirmed the deposition of a thin
and smooth hydrophobic NPs/TMSC coatings on the paper fibers and desilylation of
TMSC upon aging. The deacidified papers showed a reduced yellowing and improved
mechanical properties as depicted by colorimetric measurements by Universal tensile
strength measurements.

Keywords: alkaline nanoparticles, trimethylsilyl cellulose, HDMSO, deacidification and
mechanical strength.

1. Introduction

Large amount of written heritage on cellulose-based substrates such as pa-
per, graphical works, manuscripts are deteriorating since 1850ies. Deterioration
of paper is mainly caused by acidity created during natural ageing [1,2]. During
hydrolysis, the cellulose 3-(1-4)-glycosidic bonds are cleaved [2,3] resulting in the
irreversible depolymerization of cellulose chains and afterwards into a substantial
reduction of mechanical strength [4]. Deacidification processes were developed to
neutralize the acids in paper and to provide an alkaline reserve, which will neutra-
lize acid generated in paper later. [2,5]. Compared to other existing deacidification
treatments, in this work, we introduced an organic colloidal dispersion consisting
of magnesium/calcium hydroxide nanoparticles stabilized by trimethylsilyl cellulo-
se for the simultaneous deacidification and mechanical strengthening of naturally
and artificially aged historical woold pulp paper.

2. Methods and results

For deacidification of historical wood pulp (HWP) papers a simple dip coating
procedure was used. An in-situ chemical precipitation technique was used to cre-
ate a multifunctional composite particles of calcium hydroxide (Ca(OH),). An aque-
ous solution of sodium hydroxide was added slowly to an aqueous solution of
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polysaccharide containing a calcium chloride under vigorous stirring at 25 °C. To
remove the sodium chloride (NaCl) produced during the reaction, the precipitate
was washed with MilliQ-water followed by centrifugation. The purified precipitate
was dried in an oven at 60 °C for 12 h. Pure Ca(OH), particles were prepared in the
same way as above without the addition of any polysaccharide. Ca(OH), composite
particles were added TMSC (dissolved in HMDSO). The mixtures were sonicated to
obtain a stable colloidal dispersion of Ca(OH), composite particles in TMSC solu-
tion.

2.1. Stability of nano-dispersion

For creating stable dispersion, polymers as stabilizers are often used. In this
work, a renewable biopolymer, cellulose derivates, as a stabilizer was used, in order
to obtain fully compatible composite particles for the conservation of cellulose-
based cultural heritage materials (for example, aged papers).The kinetic stability of
the nanoparticles in solution was examined by UV-Vis spectroscopy. Fig. 1 shows
the UV-Vis absorbance (600 nm) of Both pure and polysaccharide functionalized
particles tend to settle down rapidly when dispersed in HMIDSO leading to a sharp
decrease in absorbance in the first few minutes of the test. In contrast, the particles
(pure as well as functionalized ones) dispersed in TMSC solution show an enhanced
colloidal 61 stability. In this case, the absorbance is nearly constant (above 90 %)
during the whole duration of the test.
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Fig. 1: Kinetic stability of particles dispersed in HMDSO (top) and TMSC (bottom).
(a) pure Ca(OH),, (b) 0.2 % Type 1 PS-Ca(OH),, (c) 2 % Type 1 PS -Ca(OH),,
(d) 0.2 % Type 2 PS -Ca(OH), and (e) 2 % Type 2 PS -Ca(OH),.
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2.2. Optical appearance

The macroscopic images of the uncoated and coated historical wood pulp
(HWP) papers are shown in Fig. 2. HWP paper with TMSC-pure Ca(OH), particles,
homogeneous particle deposits are immobilized on the fiber surfaces (b). A ho-
mogeneous deposition is also observed in papers coated with TMSC-2 % Type 1 PS
-Ca(OH), particles (c). A lesser amount of particles deposition on papers is observed
when TMSC 2 % Type 2 PS -Ca(OH), particles are employed for coating (d).

(a) umcoated ) TMISC-2% HEC-Ca(OH),

& () TMSC-2% MC-Ca(OH).

Fig. 2: SEM images of uncoated and coated papers. (a) uncoated, (b) TMSC-pure Ca(OH),
particles coated, (c) TMSC-2 % Type 1 PS -Ca(OH), particles coated,
and (d) TMSC-2 % Type 2 PS -Ca(OH), particles coated.

2.3. Neutralization of paper

The neutralization of acids and the introduction of an alkaline reserve (AR) in pa-
per is highly important in paper conservation to prevent or slow down further hy-
drolysis. The pH and alkaline reserve of coated and uncoated HWP paper are given
in Tab. 1. Uncoated HWP paper is acidic with a pH of 4.6 as determined by pH meas-
urement. Coating with TMSC does not result in any change of AR. By coating HWP
paper with TMSC-Ca(OH), (pure and composite) particles, pH and AR are increased
to 11 and 20 to 40 meq [OH"1/100 g (corresponding to 0.7-1.6 wt.% Ca(OH),. The
results show that composite particles of Ca(OH), can eliminate the acidity and si-
multaneously introduce a sustainable alkaline reserve to paper.

Tab. 1: Alkaline reserve (AR in meq[OH-1/100g of paper) and pH.

Samples pH AR Ca(OH), (wt. %)
Uncoated 4.6 £0.1 - -
HMDSO coated 4.7 £0.1 - -
TMSC coated 5.1+0.2 - -
TMSC-pure Ca(OH), coated 10.9 +£0.2 43 +£3 1.6
TMSC- type 1 PS - Ca(OH), coated 11.4 +0.2 33+2 1.2
TMSC- type 2 PS - Ca(OH), coated 11.4 +0.0 33+2 1.2
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2.4. Mechanical properties and degree of polymerization

The improvement of mechanical properties such as tensile strength and tensile
strain at break were investigated. The hypothesis would be that TMSC or cellulose
formed out of it would result in an increased fiber-fiber bond and therefore higher
tensile strengths. The mechanical properties of uncoated and treated HWP paper
are shown in Fig3. Significant improvement in tensile strength, elongation at break,
and Young's modulus is obvious after coating with TMSC and TMSC-Ca(OH), (pure
and composite) particles.

Young's modulus x 10° (Mpa)  Elongation at break (%) Tensile strnght at break (MPa)
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Fig. 3: Tensile strength at maximum and tensile strain at break of coated and uncoated
paper before and after aging.
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Abstract: From the point of view of the production and accumulation of polymer waste,
it is necessary to look for new solutions to replace synthetic polymers. Biodegradable
polymers represent a new chapter in the development and have a wide range of ap-
plications. The physical and mechanical properties can be improved and influenced
by the addition of suitable additives or by forming mixtures with other biodegradable
polymers. Biodegradable fibres made of polylactic acid with the addition of various ad-
ditives as a new material with multifunctional properties can be used.

Klucové slovd: biodegradovatelné vidkna, kyselina polymliecna, aditiva

1. Uvod

Vysoky hospodarsky rast dvadsiateho storocia viedol k trom velkym problémom,
a to k vycerpavaniu zasob ropy, zvysovaniu emisii sklenikovych plynov a k hroma-
deniu pevného odpadového materidlu vyrobeného zo syntetickych polymérov [1].
Velku cast tohto odpadu aj napriek pokrokovym technolégidm zatial nedokédzeme
recyklovat a ani dalej uzito¢ne spracovéavat. Na rozdiel od organickych materilov,
odpadu zo syntetickych polymérnych materialov trva velmi dlhy ¢as, pokial sa roz-
loZi na netoxické zlozky. Rovnako velkym problémom sa javi aj neustéle vycerpa-
vanie zasob ropy, ktoré su neobnovitelné a z ktorych sa vyraba vacsia cast dnes
pouzivanych polymérov [2].

Nové typy polymérnych materidlov, ktoré je mozné ekologicky recyklovat, a tym
aj znizovat mieru zatazenia zivotného prostredia a ktorych vyroba bude z inych zdro-
jov ako z ropy, su potencidlnym rieSenim tychto problémov. Hovorime o tzv. ekolo-
gicky biodegradovatelnych materidloch a materidloch z obnovitelnych zdrojov [3].

Biodegradovatelné polyméry su polyméry, ktoré sa vplyvom posobenia mikro-
organizmov a ich enzymov rozkladaju na nizkomolekulové produkty (oxid uhlicity,
vodu, biomasu a anorganické zlt¢eniny). MéZu pochadzat bud'z obnovitelnych zdro-
jov surovin (najcastejsie rastlinného, ale aj zivocisneho pévodu) alebo su vyrobené
z fosilnych zdrojov surovin, bezne oznacované ako syntetické polyméry (polyestery,
polyamidestery, polyvinylalkohol, atd). | napriek tomu, Ze ich vyroba vychadza z pet-
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rochemickych syntéz, su biologicky Uplne rozlozitelné. Polymérne materidly ziskané
z obnovitelnych zdrojov surovin sa oznacuju ako biopolyméry [4].

Kyselina polymlie¢na (PLA) patri do skupiny biopolymérov, pretoze je k dispozi-
cii z polnohospodarsky obnovitelnych zdrojov [3]. PLA sa vyraba z kyseliny mliec-
nej. Monomér - kyselina mlie¢na moéze byt vyrobend fermentéaciou alebo chemic-
kou syntézou zo sacharidov. Primarne sa PLA ziskava fermentaciou sacharidov za
pomoci baktérii z polnohospodarskych plodin, napr. cukrovej trstiny, zemiakov
a kukurice. Zdrojom sacharidov je v tychto plodinach $krob [5].

PLA je pevny termoplasticky polymér, ktory méze byt ciastocne krystalicky
alebo uplne amorfny. Je to bezfarebny a priehladny polymér, tvrdy a neohybny.
Vyznacuje sa nizkou horlavostou a vysokou pevnostou, je farebne staly a odolny
voci UV ziareniu. PLA ma velmi dobré biokompatibilné vlastnosti [6]. PLA mbze byt
zvldkriovana z taveniny na rézne typy vldkien vratane monofilamentov, multifila-
mentov, netkanych textilii, atd. Vldkna je mozné dalej spracovavat dizenim, aby sa
dosiahli dobré mechanické vlastnosti, vysokd pevnost, dobrd taznost a dobré roz-
merova stabilita [7].

VlIdkna vyrobené z PLA vsak stale nedosahuju vlastnosti vliakien vyrobenych zo
syntetickych polymérov, a preto je snaha o modifikaciu nielen vyrobného proce-
su, ale aj hmoty polyméru pridavkom aditiv ako su napr. zmakcovadla, pigmenty,
atd. Najperspektivnejsim smerom zabezpecovania Specidlnych mono- resp. multi-
funkénych vlastnosti vlakien je modifikacia vldkien, resp. povrchov vlakien a textilii
nanotechnoldégiami [2, 8].

Jednym z najpouzivanejsich nanoaditiv v sucasnosti je vdaka svojej strukture
a vlastnostiam halloyzit (HNT). Halloyzit je prirodny hydratovany hlinitokremicita-
novy il s dutou valcovitou geometriou. Vdaka tejto strukture ho vacsina aplikacii
pouziva ako nosic [9]. Tuto vlastnost sme vyuzili a HNT sme modifikovali fluores-
cen¢nym pigmentom (HNTP). Predpoklada sa, Ze fluorescen¢ny pigment bude
naviazany nielen na povrchu halloyzitu, ale aj vo vnutri jeho rarkovitej Struktury.
Takto obsiahnuty pigment v halloyzite by mohol mat vacsiu stabilitu vo vlakne,
pokial ide o stabilitu pri termickom spracovani a koloristickych vlastnostiach s iba
malou zmenou mechanickych vlastnosti. Pouzitie samotnych fluorescenénych pig-
mentov a modifikovaného halloyzitu fluorescen¢nymi pigmentami moéze byt velmi
vyznamné z hladiska vyvoja novych funkénych polymérnych nanokompozitnych
vldkien na baze nielen syntetickych, ale aj biodegradovatelnych polymérov po-
tencidlne vhodnych na pripravu inteligentnych vlakien a textilii s pozadovanymi
vlastnostami [10].

2, Pouzité materialy a metody hodnotenia

2.1. Pouzité materialy

Na pripravu biodegradovatelnych vlakien boli pouzité tieto materidly:
— kyselina polymlie¢na 6202D PLA (PLA), (IngeoTM biopolymer), granulat od vy-
robcu Nature Works LLC,
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— fluorescencny pigment RADGLO® EA-15 (P), praskova forma, Belgicko,
— modifikovany halloyzit (HNTP), modifikacia: 20 % fluorescencného pigmentu vo
vnutri a na povrchu HNT, vyrobca: AISYNTH, s. r. 0., Bratislava.

Pred zvlaknovanim bola PLA vo forme granuldtu susena v laboratérnej susiarni
po dobu 3 hodin pri teplote 80 °C za ob¢asného miesania. Nasledne sa vysusena
PLA mechanicky miesala s prislusnym mnozstvom aditiv. Koncentracia ¢istého flu-
orescenc¢ného pigmentu a halloyzitu modifikovaného fluorescen¢nym pigmentom
vo vldknach bola 0,1; 0,3; 0,52 0,8 % hm.

Biodegradovatelné vldkna z PLA boli pripravené na pilotnom zvlakrnovacom za-
riadeni s konstantnym teplotnym rezimom T = 190 °C rovnako pre vsetky vzorky.
Odtahové rychlosti boli 150 ota¢ok.min™". Vldkna boli nasledne dizené na maximal-
ny diziaci pomer ...

2.2, Metédy hodnotenia

Hodnotenie mechanicko-fyzikalnych vlastnosti: Na meranie bol pouzity pristroj
INSTRON 3343. Mechanické vlastnosti pripravenych vldkien sa stanovili podla ISO
2062:1993, a to pevnost, taznost vlakien pri pretrhnuti a Youngov modul. Kazdé
vlakno sa hodnotilo na zéklade 10 merani a upinacia dizka vlakien bola 125 mm.

Hodnotenie termo-mechanickych vlastnosti: Meranie sa uskutocnilo na pristro-
ji TMA-50 vyrobenom firmou Shimadzu. Meranie sa robilo v teplotnom rozmedzi
30-100 °C, rychlost ohrevu 10 °C/min, dizka vlakna 9,8 mm. Termo-mechanické
vlastnosti - teplota deformdcie a rozmerova stabilita vldkna (relativne skratenie
resp. prediZzenie) boli vyhodnotené zo zavislosti deformacie od teploty programom
TA60.

3. Vysledky a diskusia

3.1. Mechanicko-fyzikalne vlastnosti PLA vliakien

Praca bola zamerana na pripravu PLA vlakien s akceptovatelnymi mechanicko-
-fyzikalnymi vlastnostami s obsahom réznych Specidlnych aditiv. Hodnotil sa vplyv
zloZenia na A, a fyzikalno-mechanické vlastnosti vlakien.

Tab. 1: Koncentracia pigmentu (c,), teplota diZenia (Ty), maximalny diZiaci pomer (\,...,), pev-
nost pri pretrhnuti (o), taznost pri pretrhnuti (€) a Youngov modul (E) PLA/P vldkien.

PLA cp [%] T, [°C] Mrmax o [cN/tex] € [%)] E [N/tex]
0 100 4,1 13,323 25,1 6,2 4,1 +0,7

0,1 100 4,2 10,1 +3,4 18,0 £3,8 4,2+1,0

6202 0,3 100 39 7923 22,5 +8,7 35£1,6
0,5 100 4,1 54 £2,1 12,6 +4,2 2,8 £0,7

0,8 90 4,0 7,8+1,2 19,3 +2,6 1,7£1,2
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Tab. 2: Koncentracia HNTP (c,p), teplota diZenia (T,), maximélny diZiaci pomer (\,,.,,), pev-
nost pri pretrhnuti (o), taznost pri pretrhnuti (€) a Youngov modul (E) PLA/HNTP vla-

kien.
PLA Cunre [%] | TD [°C] Armax o [cN/tex] € [%] E [N/tex]
0 100 41 11,8 £2,6 20,1+29 4,010
0,1 100 43 17,5 £2,6 20,9 +2,1 4,4+0,6
6202 0,3 100 3,7 12,3 £1,6 229+1,8 2,3+0,6
0,5 100 41 13,6 £2,3 24,0 +4,6 3,9+1,0
0,8 100 4,0 12,1 £2,1 23,8 +4,5 3,8+0,8

PLA/P vldkna boli dizené pri 100 °C rovnako ako vlakno z ¢istej PLA, okrem PLA
vldkna s 0,8 % obsahom pigmentu. Teplota dizenia vietkych PLA/HNTP vlakien
bola 100 °C. Je preto mozné konstatovat, ze pridavok fluorescen¢ného pigmentu
a halloyzitu modifikovaného fluorescenénym pigmentom neovplyviuije teplotu di-
Zenia PLA vldkien. Maximalny dlzZiaci pomer vietkych PLA/P ako i PLA/HNTP vldkien
sa pohybuje okolo hodnoty 4 bez vyraznejSej tendencie v zavislosti od zvysujuce-
ho sa obsahu aditiva. Koncentrécia pridanych aditiv nema teda jednoznacny vplyv
na maximalny diziaci pomer \,,, PLA vlakien.

Najvyssie pevnosti dosahuju vldkna z ¢istej PLA a vlakna s nizkym obsahom pri-
danych aditiv (P, HNTP). NiZSie pevnosti PLA vlakien s vy$sim obsahom pigmentu
mozu byt spdsobené horsou dispergaciou castic pigmentu v hmote vldkna, ¢im sa
moze znizit aj orientacia vlakien, pripadne to moze suvisiet s nizSou krystalinitou
PLA (Tab.1).

Vldkna s koncentraciou HNTP 0,3-0,8 % maju pevnosti porovnatelné s cistou
PLA (Tab. 2).

Podobné Zavislosti ako pri pevnosti boli ndjdené aj pre Youngove moduly mo-
difikovanych PLA/P vlakien, najvyssie dosahuju vldkna z ¢istej PLA a vplyvom zvy-
$enia koncentracie pigmentu dochadza k poklesu hodn6t Youngovych modulov
vldkien (Tab.1).

Pridavok HNTP v PLA vldknach sp6sobil pokles Youngovho modulu iba pri kon-
centracii 0,3 % hm. Ostatné PLA/HNTP vlakna maju hodnoty Youngovho modulu
porovnatelné s hodnotami vldkien z Cistej PLA (Tab.2).

Najvyssie taznosti maju vldkna z Cistej PLA. Pridavok fluorescen¢ného pigmen-
tu znizuje taznost modifikovanych PLA/P vlakien avsak bez jednozna¢ného vplyvu
zvysujucej sa koncentracie pigmentu (Tab.1).

Taznost PLA/HNTP vlakien rastie so stipajtcim obsahom HNTP vo vlaknach a pri
vsetkych koncentracidch HNTP je taznost vyssia ako u ¢istého PLA vldkna (Tab.2).

3.2. Termo-mechanické vlastnosti PLA vlakien

Pri hodnoteni termo-mechanickych vlastnosti PLA/P a PLA/HNTP vlakien
je mozné konstatovat, ze vplyvom zvysenej teploty dochadza u tychto vlakien
k zmrasteniu (Tab.3).
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Tab. 3: Deformdcia (d) a teplota deformacie (Tye) PLA/P a PLA/HNTP vidkien.

PLA/P vlakna PLA/HNTP vldkna
Cp [%] Armax d [%] Toee °CT | Conre [%] Armax d [%] Toer [°C]
0 41 -12,7 68,0 0 41 -11,1 63,0
0,1 4,2 -11,8 64,0 0,1 4,3 -12,4 60,0
0,3 3,9 -8,6 63,0 0,3 3,7 -8,9 67,0
0,5 41 -10,7 64,0 0,5 4,1 -12,3 62,0
0,8 4,0 -9,5 61,0 0,8 4,0 -10,5 63,0

Termo-mechanické vlastnosti vietkych PLA/P a PLA/HNTP vldkien sa prejavili
ich zmrastenim. Pridavok fluorescenéného pigmentu zniZuje zmrastenie vlakien
v porovnani s ¢istou PLA. Dosiahnuté vysledky poukazuju na plastifikacny ucinok
pouzitého fluorescencného pigmentu na PLA v PLA/P vldknach, ktory je mozné
konstatovat na zéklade ziskanych nizsich teplét deformacie PLA/P vldkien v porov-
nani s ¢istou PLA. Vyssie mnoZstvo pigmentu moze ovplyvnit pohyblivost polymér-
nych retazcov, a tym aj znizenie teploty, pri ktorej dochadza k zmrasteniu tychto
vldkien (Tab.3).

Zvysenie koncentracie HNTP nemd jednoznacny vplyv na zmrastenie a teplo-
tu deformacie (Tab.3). Je viak mozné pozorovat vplyv diziaceho pomeru na tie-
to vlastnosti. So zvy$ovanim diziaceho pomeru sa zvysuje i stanovené zmrastenie
a klesa teplota deformacie. To méze suvisiet s tvorbou rozdielnej Struktury (najma
jej stability) pri réznych diziacich pomeroch.

4, Zaver

Cielom tejto prace bolo pripravit ¢isté PLA vlakna a modifikované PLA vldkna
s obsahom roznych aditiv (P, HNTP) a porovnat mechanicko-fyzikélne a termo-me-
chanické vlastnosti tychto vlakien. Z nameranych vysledkov mézeme konstatovat,
Ze pouzitie halloyzitu modifikovaného fluorescenénym pigmentom nam zlep3uje
niektoré vlastnosti pripravenych PLA vldkien v porovnani s vldknami obsahujucimi
iba cisty fluorescencny pigment. Pri priprave oboch typoch vladkien nedochadzalo
ku komplikacidm, ¢im sa javi pouzitie halloyzitu ako velmi efektivne.
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Abstract: Green Report published in 2018 (Report on the Forest Sector of the Slovak
Republic 2017) states that almost 50 % of the available woody biomass remained un-
used due to higher production costs when compared to sources on non-forest land
and felling residue. The most abundant tree species included beech (33.6 %), spruce
(22.7 %), English and sessile oaks (10.5 %) and pine (6.7 %). However, the wastes and
unused woody materials are promising alternative to the agricultural residues in 2G bi-
ofuel production because of their comparable or slightly higher lignocellulose content.
The production of 2G biofuels usually involves mechanical processing of lignocellulosic
material, pretreatment, enzymatic hydrolysis which can be combined with fermenta-
tion (SSF process type) or where fermentation is a separate process (SHF process type).
This work deals with the selected type of pretreatment — steam explosion (STEX) at dif-
ferent temperatures to obtain the enhancement of accessibility of beech and poplar
holocellulose. The processes were controlled by specific enzymatic hydrolysis.

Keywords: beech, biomass, enzymatic hydrolysis, poplar, pretreatment, steam explosion

1. Introduction

The steam explosion process was developed by Mason in 1924 and patented
in 1926. Explosive disintegration by sudden pressure reduction was realized in the
specially designed process and equipment for disintegration of wood [1]. Since
then, devices utilizing the process of steam explosion have been evolved and are su-
perior due to current progress in construction materials and chemical engineering
processes. Nowadays, it is possible to use the innovative devices for steam explosion
of different dendromass species under various reaction conditions — temperature,
pressure, particle size and water content. The steam explosion process has been ex-
tensively studied to improve enzymatic hydrolysis of different cellulosic pulp types
(pine wood, corn stover, poplar wood, wheat bran and wheat straw). However, only
cheap dendromass types such as beech and poplar wood waste is suitable for pro-
duction of the second generation bioethanol. This waste composed of cellulose,
hemicelluloses and lignin is readily available in almost the entire world [2].
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2. Materials and methods

Beech wood obtained from common beech (Fagus sylvatica L.) was recovered
as waste from sawing beech wood in Bukéza Pila JSC (Hencovce, SR). The wood
waste based on poplar (Populus alba L.) was obtained from municipal waste de-
posited on Fedinova Street (Bratislava, SR). Cellic CTec3 was used as a ready-to-
use stabilized enzyme complex supplied by Novozymes A/S (Bagsvaerd, Denmark)
for degradation of lignocellulosic raw material to fermentable monosaccharides.
The enzyme activity was measured to be 1.700 BHU (Biomass Hydrolysis Units)/g
product in our laboratory. Beech and poplar wastes were milled to 0.7 mm parti-
cles. The particles treated to 85 % relative humidity were subjected to steam explo-
sion at temperatures of 180 °C, 200 °C, 220 °C (beech particles) and 205 °C (poplar
particles). The retention time of each thermo-hydro-mechanical experiment with
beech and poplar samples (steam explosion) was 10 minutes. The holocellulose
accessibility of pretreated materials was controlled by enzymatic hydrolysis pro-
cess which yielded monosaccharides and inhibitors that were determined by HPLC
method.

3. Results and discussion

According to the visual control of samples, the beech and poplar wood par-
ticles were visually very similar in each step of the process. Fig. 1 illustrates the
experimental procedure to obtain the hydrolysates containing monosaccharides
and inhibitors. The original tree trunk cutout (Fig. 1, sample A) subjected to me-
chanical pretreatment and processed to 0.7 mm particles under published condi-
tions [2] were enzymatically hydrolysed (Fig. 1, samples C and D) and centrifuged
(Fig. 1, samples E and F). The steam explosion was used to enhance the monosac-
charide yields as holocellulose had become more accessible by the thermo-hydro-
mechanical process and the hydrolysate where a visibly more loosened structure
was obtained (Fig. 1, sample D). The obtained supernatants E and F have a different
colour. Itis common that hydrolysates are more dark-brown in colour due to higher
monosaccharides concentration. The supernatant F is of light-brown colour and
this tells about the lower monosaccharides concentration.

However, very accurate information about monosaccharides content in hydro-
lysates is given by HPLC methods. Fig. 2 and Fig. 3 show that monosaccharides
concentration determined by HPLC methods depends on hydrolysis time. The mo-
nosaccharides concentration depends also on steam explosion temperature. The
qualitative HPLC method revealed the monomers of both cellulose and hemicellu-
loses. The hydrolysates obtained from beech wood waste particles contained mo-
nomers glucose and xylose. However, besides these monomers the hydrolysates
obtained from poplar wood waste particles contained also monomer arabinose
[3]. Various compositions of hydrolysates and their individual monomers are cau-
sed by different representation of natural compounds. The highest total monosac-
charides concentration of 90 g.L" was obtained by enzymatic hydrolysis of poplar
particles pretreated by steam explosion at the temperature of 205 °C (hydrolysis
time of 48 hours). Slightly lower concentration of analysed monosaccharides was
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found in the hydrolysate of beech particles pretreated by steam explosion at the
temperature of 180 °C after enzymatic hydrolysis for 72 hours. The major inhibitor
for both hydrolysed types of wood particles was acetic acid which acted as a slight
hydrolysis inhibitor [4]. Concentration of acetic acid ranged from 0.9 g.L"to 5.6 g.L"
in the hydrolysates of beech particles and from 0.4 g.L" to 5.3 g.L"" in the hydrolysa-
tes of poplar particles. High concentration of acetic acid causes the process inhibi-
tion, however, its accurate concentration may be useful in specific pretreatment to
coproduce xylooligosaccharides and fermentable sugars [5].

. Enzymatic hydrolysis
(without STEX)

Mechanical
pretreatment

Enzymatic hydrolysis Centrifugation
(with STEX)

Centrifugation

e —

Fig. 1: Process of mechanical treatment and enzymatic hydrolysis of poplar.
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Fig. 2: Effect of steam explosion temperature on monosaccharides (glucose and xylose)
concentration in hydrolysates of beech particles.
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Fig. 3: Effect of steam explosion temperature on monosaccharides (glucose, xylose and
arabinose) concentration in hydrolysates of poplar particles.

High concentrations of monosaccharides obtained by enzymatic hydrolysis of
both dendromass types predestines their using for both SSF and SHF processes
which are part of the production of 2G biofuels in many pilot plants all over the
world.

4, Conclusions

Two selected dendromass types — beech and poplar wood waste with high
content of holocellulose and good availability in Slovak Republic provided higher
holocellulose accessibility through the steam explosion pretreatment when com-
pared to the original samples. The highest total monosaccharides concentration
of 90 g.L"" was obtained by enzymatic hydrolysis of poplar particles pretreated by
steam explosion at temperature of 205 °C (hydrolysis time of 48 hours). Acetic acid
as the major inhibitor was released during the pretreatment in relatively low con-
centration ranging from 0.4 g.L" to 5.3 g.L". The obtained findings show that the
steam explosion process is useful for the production of 2G biofuels. Additionally,
formation of acetic acid may be useful in a specific pretreatment to coproduce xy-
looligosaccharides and fermentable sugars.
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Abstract: The possibilities of obtaining phytochemicals from plant materials are cur-
rently a much studied. Traditional extraction methods commonly utilized organic
solvents which are often toxic, explosive or their biodegradability is low. Innovative
methods of extraction utilize alternative solvents, e.g. deep eutectic solvents. Efficient
coumarins extraction was achieved using choline chloride/lactic acid (1 : 3) deep eu-
tectic solvent/water (75 : 25), as extraction agents. For isolation, cleaning and precon-
centration of target substances from primary fractions, sorbent based on molecularly
imprinted polymer was used. The extraction recovery was more than 70 %.

Keywords: Liquid extraction, Deep eutectic solvents, Coumarins, Plants.

1. Introduction

Phytochemicals are a part of a broad and diverse group of chemical com-
pounds, classified according to their chemical structures and functional properties.
Polyphenols, terpenes and other substances comprise a huge group. Obtaining of
phytochemicals from plant materials, natural renewable resources and processing
waste matter is currently a much studied area of research. The goal is to isolate the
target substance or substances selectively, and removed or eliminated undesirable
substances.

Deep eutectic solvents (DESs) are alternative solvents for extraction techniques,
which provide many advantages such as, involatility, low toxicity, miscibility with
water, biocompatibility and biodegradability, low price and they are also easily pre-
pared with a broad scale of polarities. DES is a mixture of two or more compounds
with the overall melting point lower than that of the individual constituents. DES
consists of a quaternary ammonium salt as the hydrogen bond acceptor and the
hydrogen bond donor, which bonded together by the hydrogen bonds. There are
many combinations of compounds with donor-acceptor properties which may
comprise eutectic systems. One component is usually an organic or inorganic com-
pound (salt) and the other is a mono- or di- saccharide alcohol, aminoacid, di- or
tri- alkanol or choline derivative. [1, 2]

For isolation, purification and preconcentration of target substances from prima-
ry fractions of extracts selective sorbents are used. Sorbents based on molecularly
imprinted polymers (MIPs) are synthetic tailor-made materials with a pre-defined
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selectivity for a target analyte (template) or closely related compounds for which
they were designed. These materials are obtained by polymerising functional and
cross-linking monomers around a template molecule, which lead to a highly cross-
linked three-dimensional network polymer. [3, 4]

The work is focused on the selection of suitable DES composition for the extrac-
tion of coumarins from plant material. Results were compared with MIP based solid
phase extraction (MIP-SPE) and extraction with conventional solvents. HPLC-UV
method was applied for determination of coumarins.

2. Experimental

Choline chloride / lactic acid DESs (molar ratios 1:2 - 1 : 5) were prepared un-
der continuous stirring of mixtures at 60 °C for 30 min. Coumarins were extracted
from dried plant samples using heated assisted extraction with DES and their mix-
tures with water (10-60 % water, v/v). Stirring and ultrasound assisted solid-liquid
extraction with solvents as methanol, water, methanol/water were used, for com-
parison purposes. Solid phase extraction with MIP sorbent was realised according
developed procedure. [3]

The qualitative and quantitative analysis of the extracts were performed using
a developed and validated HPLC method. For separation of coumarins, C18 type of
columns with gradient elution of mobile phase consisting of 1 % acetic acid and
methanol were used. The flow rate was 1 ml.min™. A diode array spectrophoto-
metric detector (scanning of chromatograms at 280 nm) and fluorescence detector
(scanning of chromatograms at excitation wavelength 320 nm and emission wave-
length 450 nm) were used. [3]

3. Results

In this work, three methods for extraction and purification of target compounds
were tested, i) stirring-assisted and ultrasound-assisted extraction with conven-
tional solvents, ii) heated assisted extraction with DES solvents, iii) solid phase ex-
traction with MIP sorbent. Recoveries of methods were evaluated and compared.
The obtained results are as follows:

i) The results obtained by stirring-assisted extraction with traditional solvents
(water, methanol, water/methanol 1/1) were not significantly different from
those obtained using ultrasonic extraction.

ii) DES have been tested as alternative extraction solvent. Effective coumarins ex-
traction (higher than 85 %) was achieved using DES mixtures of choline chlo-
ride/lactic acid (1 : 3) mixed with water (75 : 25) as extraction agents. Addition of
water to DES solvent caused the change of viscosity and thus influenced mass
transfer, processing, handling, etc., during extraction. Higher recoveries of tar-
get coumarins were obtained using DES solvents, in comparison with water.

iii) For preconcentration of coumarins, the extracts were treated by MIP-SPE. The
extraction recovery of MIP-SPE was more than 70 % for plant samples. SPE
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extraction procedure was suitable for isolation and purification of coumarins

from the complex matrices.

Figures 1A-C show HPLC chromatograms of lavender extracts obtained by dif-
ferent extraction methods.

A) After DES extraction €
g
1
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Time (min)
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Fig. 1: HPLC chromatograms of lavender extracts. Chromatographic conditions: A) column:
Kinetex C18 (100 x 4.6 mm, 5 um), mobile phase: 1 % acetic acid / methanol (9/ 1) (A),
methanol (B), gradient profile: 0-12 min linear gradient of (B) from 20 to 45 %, 12-12.5 min
linear gradient from 45 to 100 % (B), flow rate: 1 ml.min™, UV detection; B, C) column:
LiChrosper 100 (250-4 mm, 5 um), mobile phase: 0.3 % acetic acid/methanol (9/ 1) (A),
methanol (B), gradient profile: 0-22.5 min linear gradient of (B) from 0 to 36 %, 22.5-24 min
linear gradient from 36 to 100 % (B), flow rate: T ml.min™, UV detection; 1) coumarin.

4, Conclusion

In this work, an DESs based extraction method was tested for the extraction
of coumarins from plant samples. The use of these more environmentally-friendly
extraction mixtures is a convenient alternative to traditional organic solvents. It
was found that the composition of the DES and the addition of water to the DES
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had the most significant effect on the extraction yield of coumarins. Applicability
of the MIP for the selective extraction of coumarins from the macerate of laven-
der sample shown, that considering on the binding properties, selectivity, kinetics
and efficiency of extraction (recovery > 70 %), MIP can be used as sorbent for the
extraction of coumarins from plant macerates. The methods can be also used for
extraction of coumarins from other types of natural samples.
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Abstract: Aim of this paper was to perform lignin precipitation with use of dry ice at
different temperatures, mostly with aim of conducting precipitation near of below
freezing of water. Desired pH was reached by generation of carbon dioxide gas from
dry ice and addition of sulphuric acid. Lignin was then neutralized by washing with
technical water till neutral pH was reached and dried. Three different kind of precipita-
tion are mentioned in this paper, one near temperature of boiling point of water, other
at temperature of freezing point of water and one in between these two. Determination
of dry content and ash content was carried by norms. Thermogravimetric analysis was
carried out and results compared. There is strong in indication that at extreme tem-
peratures (boiling or freezing of water temperature) some factors are not influencing
precipitation significantly, compared to in between these temperatures (laboratory or
slightly increased). By conducting additional measurement in future, a scale of precipi-
tation temperatures may be created for specific black liquor. This may help to create
a lignin of desired properties in industry.

Keywords: Lignin, Temperature, Precipitation, Properties

1. Introduction

The diminishing supplies of fossil resources are a lasting problem. Energy can be
replaced or substitute to certain degree by renewable sources. However, topic of
resources used to create chemicals or materials is more complicated and complex.
Product manufacturing in same quality and quantity, as those today, from renew-
able resources is nearly impossible at current stage [1]. That is reason for wide areas
of research, trying to find source or mean to produce products, that will be renewa-
ble and degradable in such a way, that minimal amount of waste will be produced.
Ideal way of creating such industry is complex production of materials, chemicals
and energy, where output can be modified to suit current needs. One of resources
capable to theoretically provide this solution is lignin [2].

Lignin is abundant natural occurring polymer found in plants and algae. As poly-
mer, it consists of cross-linked phenolic compounds, where composition and actual
amount of lignin in plant varies, not only between different plants, but also depend-
ing on age and conditions in which that specific plant is growing. Lignin is provid-
ing mechanical strength and biological protection, to certain degree, to plants.
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However, there are different types of fungi, bacteria and other organism capable of
sustaining themselves from lignin. So, we can assume it's both renewable and bio-
degradable biopolymer, that can provide us materials, chemicals and energy [2;3].

Current situation is however completely different. Lignin is considered a waste
or a by- product at best in current industry. It is separated from wood during pulp-
ing process in pulp mills. Chemical structure of lignin changes during pulping pro-
cess, and final structure is highly depending on pulping method and separation
process. Lignosulphonates, or lignin created during sulphite pulping, already have
wide area of applications. There are several other specific pulping methods, like or-
gansoly, able to produce high quality lignin. They are however expensive in terms
of initial cost of technology and maintenance [2]. Most of pulp mills operating to-
day are using soda or kraft pulping method, where lignin is separated in solution
of chemicals and dissolved organics, known as black liquor. Lignin, dissolved in
black liquor, in these pulp mills is burned in chemicals recovery process, generating
excessive amount of heat. If some fraction of lignin was isolated, it could provide
source of chemicals and materials [4]. Nonetheless, there are several other prob-
lems. Quality of this lignin varies depending on plant used in pulping process, sea-
son, pulping chemicals furnish and many other factors and variables [3]. If we have
enough data and methodology to this process of lignin precipitation, we can then
select optimal method to obtain our desired product.

2. Materials and methods

Black liquor used in this work originated from pulping plant using kraft pulp-
ing method on deciduous trees, mainly beech. Properties of this black liquor are
displayed in Table 1.

Tab. 1: Properties of used black liquor (at temperature of 20 °C).

Sample Density (kg.m?) Dry content (%) Ash content (%)
Black liquor 1406,4 £7,4 53,55 +0,44 50,41 +0,82

Dry ice (solid carbon dioxide) was provided by SIAD Slovakia spol. s.r.o. and
other chemicals were supplied by Centralchem, Ltd. Technical water was used in all
experiments, to simulate conditions in industry.

2.1.Isolation of lignin

Lignin isolation was carried out in several different steps, with aim on standardi-
zation of procedure, to ease its repeating.

At first a 100 ml of black liquor was poured into beaker. In next step we created
difference between samples, by addition of water with different temperatures.
Water of laboratory temperature (sample C), water heated to 50 °C (sample M), or
boiling water (sample H) was added, in amount of 100 ml. After this step, 50 grams
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of dry ice was added, and mixture was stirred. Generation of gas from dry ice was
observed and when it stopped, acidification by sulphuric acid was carried out.
Sulphuric acid was diluted (~7,5 % w) and 50 ml of this solution was slowly and
continuously added. This new solution was mechanically stirred and then 1-2 ml
of 74 % sulphuric acid was added. Solution was then diluted in excessive amount
of technical water, filter on Blichner funnel and rinsed by technical water till neu-
tral pH was reached. A filtrate was considered waste product and lignin was sepa-
rated on Blichner funnel. Lignin was then dried on air and later in freeze dryer.
Determination of dry content and ash content was carried out by standard NREL/
TP-510-42621 and T221 om-12.

2.2. Thermogravimetric analysis

Thermogravimetric analysis (later as TGA) of lignin samples was done on Mettler
Toledo TGA/DSC 1 instrument. Analysis was performed in oxidizing atmosphere,
secured by flow of air (100 ml/min) and reduction atmosphere, secured by flow of
nitrogen (50 ml/min). Argon was used as protective gas for scales of instrument.
Measurement was separated intro three individual segments. First consist of heat-
ing to 30 °C for 5 minutes for stabilization of temperature. In following step, a heat-
ing rate of 10 °C per minute was selected, till temperature of 800 °C was reached.
Upon reaching this temperature, sample was held isothermally for 3 minutes.
Thermogravimetric curves were obtained and evaluated with Mettler STARe evalu-
ation software.

3. Results

Measured properties of black liquor are shown in table 1 at chapter two.
Properties of lignin isolated from these black liquors (by methods described in
chapter 2.1.) are shown in table 2. Dry contents are not included, as they were
changing, depending on storage conditions of lignin. In experiments, water con-
tent was always calculated and compensated.

Tab. 2: Yield and ash content of obtained lignin.

Sample Yield (g) Ash content (%)
Lignin H 4,694 4,57 £0,35
Lignin M 4,956 4,29+ 0,44
Lignin C 5,120 458 +0,16

Amount of ash in our obtained samples of lignin is in standard values. There are
different methods to lower ash content if needed, however for our experiment it
was not necessary.

Results of thermogravimetric analysis are shown in figures 1 and 2, where top
part of figure represents TG (thermogravimetric) and bottom part represents DTG
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(1** derivation of TG) curves. Samples of H lignin are represented by red dashed line,
lignin M is represented by a black continuous line and lignin C by blue dotted line.

0,00

ams.

Fig. 1: TG and DTG curves of samples of lignin in oxidizing atmosphere.
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Fig. 2: TG and DTG curves of samples of lignin in reduction atmosphere.

From these graphs we can observe an effect of different temperatures on pre-
cipitated lignin. Mostly sample H and C, where there was either higher or lower
temperature than normal are showing similar properties in terms of degradation.

Reasoning for this might be also impurities in lignin, however temperature has
wide effect on final properties of lignin, during its precipitation. Thus, we can con-
clude that raising temperature above certain level, or to contrary, bellow certain
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level, can lead to lignin of specific quality. This mostly probably indicates that in
middle range of temperatures, there are various effects on structure that leads to
different results and properties. Higher temperatures during precipitation leads to
high amount of ash content, since lot of organic impurities and low molecular frag-
ments of lignin degrade during this process. In this case, choosing lower tempera-
ture, or temperature below zero might be beneficial.

Since the quality of black liquor varies, an extensive number of tests must be
done, to confirm or disprove statement above. Also, many other factors are also
influencing results, for example concentration of liquor or acid, different kind of lig-
uors and acids, rate of acidification, delays, etc. This experiment was however done
with aim of obtaining results for one specific black liquor and in that case, we can
consider it successful. Partial results for specific source can help us create TG curves
for variety of conditions and factors, that helps us in finding optimal conditions for
industrial processes and understanding mechanisms of lignin precipitation.

4, Conclusion

Effect of temperature during precipitation of lignin by acidification of black lig-
uor is significant. There are lot of factors influenced directly or indirectly by tem-
perature change. Experiment was aimed at use of dry ice to lower temperature and
use carbon dioxide gas as mean of acidification. Comparable results were observed
at extreme values (near temperature of boiling water and below freezing of wa-
ter). In between a lot of other factors are affecting lignin properties. To create an
applicable scale of precipitation properties a many more experiments at different
conditions are required.
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Abstract: The unique position of the industry based on the use of cellulosic resources
in terms of sustainability is determined by attributes such as renewability and recy-
clability. To ensure effective use of the potential of (ligno) cellulosic Bioindustries and
maintain competitiveness are essential research and innovation, leading to increased
technological efficiency in addition to the continuous reduction of the environmen-
tal impact. The research and education activities of the department are in line with
the challenges and trends defined at European level, reflecting the current challenges
stemming mainly from the need to combat climate change and the orientation of soci-
ety towards intensifying the use of renewable raw materials. It focuses on the complex
processing of plant and waste biomass, with a focus on obtaining value-added prod-
ucts; lignin from pulp waste and extractives from the waste bark. Attention is paid to
the development of new processes and separation processing of biomass using ionic
liquids (DES). The same attention shall be paid to the research and development of
technologies for the protection of materials and objects from natural renewable sourc-
es. New knowledge and experience is transformed into education, which ensures the
quality and competitiveness of graduates in practice.

1. Uvod

Oblast hospodarstva, zalozend na celulézovych zdrojoch, reprezentuje ,tradic-
ny” priemysel, ktorého zakladnymi ¢rtami su ,obnovitelnost” a ,recyklovatelnost”
Tieto atributy predurcuju jeho jedine¢né postavenie z hladiska trvalej udrzatelnos-
ti sucasnej spoloc¢nosti v celosvetovom meradle a potencial na vytvorenie novych
trvalo udrzatelnych prilezitosti pre eurépske obehové hospodarstvo. Avsak pre
zabezpecenie efektivneho vyuzitia potencidlu (ligno)celulézového biopriemyslu
a zachovanie konkurencieschopnosti si nevyhnutné vyskum a inovacie, veduce
k zvySovaniu technologickej uc¢innosti popri neustalom znizovani vplyvu na zZivot-
né prostredie. Eurépsky drevospracujuci a papierensky priemysel je v prvej linii pri
vytvérani nizko-uhlikovej ekonomiky, v ktorej obnovitelné surovinové zdroje na-
hradzaju fosilne zdroje, zlepsuju Zivotné prostredie ako aj kvalitu kazdodenného
Zivota. (CEPI Sustainable report). [1]

Vychodiskovéd pozicia pre zameranie vyskumu na Oddeleni dreva, celulézy
a papiera FCHPT STU v poslednom obdobi, ako aj pre formulovanie projektovych
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zamerov do obdobia dal3ej dekady (2020-2030) vychadza z vysledkov prace a ak-
tivit, ktorym sa oddelenie venovalo v nedavnej minulosti. Vyskumné a vzdelavacie
aktivity oddelenia su v sulade s vyzvami a trendmi definovanymi na celoeurépskej
urovni, reflektujuc sucasné vyzvy vyplyvajuce hlavne z potreby boja voci klima-
tickej zmene a orientdcie spolo¢nosti na zintenzivnenie vyuzivania obnovitelnych
surovinovych zdrojov, hlavne rastlinnej povahy.

2, Vyskum

Vyskumné aktivity Oddelenia dreva, celul6zy a papiera (ODCP) su orientova-
né na komplexné spracovanie rastlinnej a odpadovej biomasy, so zameranim
na ziskanie produktov s pridanou hodnotou. Vystupy projektu APVV-0850-11
Biomasa - Zdroj chemikalii a biopaliv (2011-2014) nasmerovali dalsi vyskum v
oblasti spracovania biomasy a ziskavania chemikalii s pridanou hodnotou. Zatial
¢o v projekte sa riesila izolacia ligninov z odpadovych vyluhov (sulfatovy, natro-
novy) a vyuzitie vedlajsich produktov a odpadov potravinarskeho priemyslu,
nasledujuci projekt s ndzvom Komplexné vyuzitie extraktivnych zluc¢enin kory
(APVV-14-0393) bol zamerany na vyuzitie potenciadlu stromovej kory z priemy-
selnych odpadov spracovania surovin drevarskeho a papierenského priemyslu.
Cielom projektu bolo vyuzitie extraktivnych zli¢enin a ich zhodnotenie na zis-
kavanie cennych zli¢enin s vysokou pridanou hodnotou. Suc¢asne sa riesi na-
hrada fosilnych zdrojov obnovitelnymi surovinovymi zdrojmi. Vysledky projektu
rozsirili vedecké poznatky o spdsoby extrakcie latok s pridanou hodnotou zo
suroviny, ktora sa Standardne, ¢i uz na Slovensku alebo v zahranici, prednost-
ne spaluje alebo kompostuje. Prinosom st suhrnné informacie o podmienkach
extrakcie tychto latok s vyuzitim polarnych, nepoldrnych zldcéenin, s vyuzitim
roznych typov extrakénych technik. Vysledky rieSenia projektu je mozné priamo
aplikovat a vyuzit v procesoch separacie a naslednej purifikacie zmesi s obsa-
hom mastnych kyselin a fenolickych latok pomocou superkritickej extrakcie s
CO2. Poznatky o mikrobialnej aktivite jednotlivych zloziek extraktov je mozné
vyuzit pri zvySovani odolnosti materidlov, ktoré mozu byt vystavené pdsobeniu
mikroorganizmov.

Vzhladom k potrebe zosuladit poziadavky chemického priemyslu a zivotného
prostredia, dochadza v poslednych desatrociach k rozvoju tzv. ,zelenej chémie”.
Hiboko eutektické rozpustadla (DESs), patriace do kategoérie zelenych rozpus-
tadiel sa vyznacuju atraktivnymi fyzikalno-chemickymi vlastnostami ako su ne-
horlavost, zanedbatelny tlak par nad rozpustadlom, nizka miera toxicity, biode-
gradovatelnost, recyklovatelnost a su kvapalné v Sirokom rozmedzi tepl6t. DESs
maju velky potencidl pri spracovani lignocelulézovych materialov, ich rozpustani
a frakciondcii. V prebiehajucom projekte APVV 15-0052 - Frakcionacia lignoce-
lulézovych surovin s eutektickymi rozpustadlami (2016-2020), zameranom na
spracovanie lignocelulézovych surovin s pouzitim hlboko eutektickych rozpus-
tadiel sa primarne venujeme ich aplikacii pri post-delignifikacnych procesoch.
Pri delignifikacii nebielenej buniciny prostrednictvom DESs, ucinnost procesu
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dosahuje podobnu uroven ako Gcinnost kyslikovej delignifikacie, pricom sa pra-
cuje pri nizkych teplotach a atmosférickom tlaku. Navrhli a pripravili sme nie-
kolko novych trojzlozkovych eutektickych rozpustadiel a venovali sa analyze ich
fyzikdlno-chemickych vlastnosti ako su viskozita, vodivost, ¢i hustota a taktiez
termickych vlastnosti ako je teplota sklovitého prechodu alebo tepelna stabilita
DESs. Tieto vlastnosti zohravaju kldcovu ulohu pri aplikacii eutektickych rozpus-
tadiel v réznych aplikaciach.

V oblasti vyroby papiera a spracovania buni¢inovych vldkien na kompozitné
Ucely sa pozornost venovala primarne vyuzitiu lignocelulézovych zdrojov suro-
vin, ktoré su vyznamnym zdrojom biodegradovatelnych polymérov pre vyuzitie
v biokompozitnych materidloch, a to v réznej forme. Vldkna, mikrovldkna, nano-
celulézu, krystalicku celulézu a iné derivaty mézeme pouzit ako plniva alebo ar-
movacie prvky v plastoch. Brani tomu vsak ich nizka kompatibilita s polyolefinmi
alebo aj modernymi bioplastami. Tak isto ligninova frakcia ma perspektivu ako
komponent bioplastov alebo kompozitnych materidlov. Vyskum, na ktorom sa
podiela aj ODCP, je zamerany hlavne na modifikaciu celulézovych vldkien pre ich
lepSiu aplikaciu v biokompozitnych materidloch v rdmci projektov APVV Nové
environmentalne prijatelné polymérne materidly z obnovitelnych zdrojov suro-
vin (2015-2018), Elastomérne zmesi a kompozitné materidly pre Specialne apli-
kacie (2017-2020).

Vyuzitiu novych technoldgii, s potencidlom fyzikdlnochemickych modifikécii
a povrchovych uprav celulézovych materidlov, pre ochranu prirodného a kultur-
neho dedi¢stva, bol venovany projekt APVV-15-0460 Konzervovanie a stabiliza-
cia objektov kulturneho dediéstva z prirodnych organickych materidlov nizko-
teplotnou plazmou PLASMART (2015-2019). V projekte sa preskimali moznosti
vyuzitia nizkoteplotnej atmosférickej plazmy ako perspektivnych technoldgii
konzervovania (odstrariovanie mikrobiologickych, mechanickych a chemickych
necistot) objektov dedi¢stva predovsetkym z prirodnych organickych materialov.
Vypracovali sa postupy hodnotenia ucinnosti plazmovych Uprav na viaceré ma-
teridly objektov dedi¢stva (papier, pergamen, farebna vrstva na papieri, tradi¢né
fotografické materidly, drevo, organicka vrstva na dreve, textilné materialy, kovo-
vé nite, lepidld). Vysledky ukazali, ze pre konkrétne pripady dochéadza pri sprav-
nom nastaveni parametrov (atmosféra plazmového vyboja, vykon a &as) k pozi-
tivnemu efektu z hladiska pozadovanej ucinnosti konzerva¢nych postupov (de-
vitalizacia mikrofldry, ablacia a aktivacia povrchu), popri zefektivneni procesov
(skratenie ¢asu opracovania), eliminécii dopadov na zivotné prostredie a zdravie
odbornych pracovnikov. Boli navrhnuté a vypracované postupy aplikacie plazmy
vyuzitelné v konzervacnej praxi. Tato problematika, so zameranim na pergame-
nové materialy bola rieSend v ramci bilaterdineho projektu SR-Rumunsko Eureka
SusPlArt (2017-2019).

Dalsie medzinarodné aktivity sa realizuju prostrednictvom Cost akcii, za-
meranych na rozvoj vedecko vyskumnej kooperacie CA17128 LignoCOST -
Establishment of a Pan-European Network on the Sustainable Valorisation of
Lignin, 2018-2022.
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3. Vzdelavanie

Vychovu a vzdelavanie odbornikov pre oblast spracovania a ochrany rastlinnych
a ostatnych prirodnych zdrojov a materidlov zabezpecuju pedagogicki a vyskumni
pracovnici ODCP vo vietkych stupnoch studia na FCHPT STU. V bakaldrskom 3tu-
dijnom programe Chémia medicinska chémia a materialy, najma v rdmci predme-
tu Obnovitelné zdroje a materidly. Nasledne v inzinierskom $tudiu, v Studijnom
programe Prirodné a syntetické polyméry a module Drevo, celuléza, papier, ako
aj v studijnom programe Ochrana materidlov a objektov dedi¢stva. Popri ziskava-
ni poznatkov z charakterizécie obnovitelnych zdrojov, chémie zdkladnych zloziek
a technoldgii ich spracovania a ochrany, studenti nadobudaju komunikaéné zruc-
nosti a skuisenosti s pracou v time, adaptaciou na aktudlne problémy. Vzdelavanie
je nastavené v sulade so su¢asnymi trendami a koncepciami rozvoja oblasti s ohla-
dom na environmentdlne aspekty a poziadavky efektivnosti. To umoziiuje intenziv-
na vyskumna ¢innost v ramci grantovych schém a spolupraca s priemyslom.

Absolventi ODCP su vzdeladvani na zéklade sucasnej spolo¢enskej poziadavky
tak, aby sa dokazali uplatnit v drevospracujucom priemysle, hlavne v celul6zovo-
-papierenskom priemysle. Obr. 1ilustruje trendy v pocte absolventov za poslednych
5 rokov. Aby Studenti boli ¢o najlepsie pripraveni, organizujeme pre nich exkur-
zie do priemyselnych podnikov. Dalou vyznamnou zlozkou vychovy a vzdelania
je odborna prax Studentov v celulézo-papierenskom priemysle a vo vyskumnych
institucidch na Slovensku aj v zahranici. V poslednych rokoch intenzivne spolupra-
cujeme s priemyselnymi partnermi, velmi oceriujeme formuldciu poziadaviek na
kvalitu vzdeldvania z ich strany. Osvedcila sa spolocna priprava tém zavere¢nych
bakalarskych a najma diplomovych préc, s rieSenim konkrétnych problémov a ak-
tualnych uloh praxe. Tato kooperacia je velmi dblezita pre formovanie absolventov
aich uspedné uplatnenie nielen v priemyselnej praxi. Na zaklade spolo¢ného pro-
jektu s MONDI AG, je pre Studentov, ktori hladaju uplatnenie v medzinarodnom
koncerne k dispozicii rieSenie diplomovej prace v spolupraci so zahrani¢nym part-
nerom.
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Obr. 1: Vyvoj poctu abslventov prvého (Bc.) a druhého (Ing.)
stupna studia v rokoch 2014 - 2019.
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Okrem klasického akademického vzdeldvania zabezpecujeme podla poziada-
viek praxe aj celozivotné vzdelavanie. ODCP md a ponuka vypracovany systém
vzdeldvania operétorov a dalSich pracovnikov v celul6zo-papierenskom priemysle.
Doteraz absolvovalo takuto formu vzdelavania viac ako 400 zamestnancov z praxe
na réznych poziciach.

4, Spolupraca s priemyselnymi partnermi

Oddelenie dreva, celulézy a papiera je od svojho vzniku inenzivne previazané
s priemyslom spracovania dreva a celulézo-papierenskym priemyslom. Tieto od-
vetvia sU podstatnou sucastou narodného hospodarstva stredoeurépskeho regio-
nu a ich vyznam kontinualne narastd. Pevné puto medzi vzdeldvacimi instituciami
a priemyselnymi partnermi je teda prirodzené a vzdjomne potrebné. V ostatnom
obdobi sa prehibila spolupraca s va¢inou relevantnych priemyselnych partnerov
(Mondi, OP Papirna Ol3any, Bukéza, SHP Harmanec, IKEA, Calendula a iné), ¢o sa
prejavuje v spolo¢nom budovani koncepcie vzdelavania a vyskumu, vyskumnych
ainovacnych ulohach, na vypisovani tém zaverecnych prac, reflektujucich aktualne
vyzvy a poziadavky priemyslu, ako aj redlnou finané¢nou a materildlovo-technolo-
gickou podporou priemyselnych partnerov v oblasti vzdeldvania na Oddeleni dre-
va, celulézy a papiera FCHPT STU.

5. Literatura

1. http://sustainability.cepi.org/wp-content/uploads/2018/10/CEPI_Sustainability_report_
full_update.pdf (cit.19.2.2020)
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Prehlad polygrafie
Peter Blubla

Zvaz polygrafie na Slovensku, Racianska 190, 831 06 Bratislava 3; zpns@stonline.sk

Abstrakt: Prispevok sa skladd z troch Casti:

1. Polygrafia v &islach Statistického dradu SR za roky 2009-2019
2. Trendy v polygrafickom priemysle

3. Hrozi ndm kriza reprodukcie pracovnej sily?

Prvd casti sa venuje ¢asovym radom vybranych pomerovych ukazovatelov spra-
covanych v metodike Eurostatu za roky 2009-2019 ziskanych z oficidlnych Gdajov
Statistického dradu SR.

Druhd cast sa zaoberd vseobecnymi tendenciami odvetvia a to:

— pretrvdva tlak na ceny polygrafickej produkcie (zniZovanie)

— polygraficky trh je zdvisli od vyvozu, slovensky trh je maly

- kniZnd produkcia, aj v zloZitych podmienkach, si udrZala svoje postavenie na trhu

— prislo k navyseniu cien papiera, lepenky a energii

— pracovnd sila je stdle drahsia (navysSovanie miezd, min. mzda, poukazy ...)

— pretrvdva nedostatok kvalifikovanej pracovnej sily

—meni sa pohlad na digitdinu tlac, predovsetkym v malych tlaciarriach a strednych
tlaciarnach (SME)

- vplyv Polygrafia 4.0 je stdle citelnejsi

— legislativny rdmec podnikania je stdle komplikovany

— Coraz viac sa prihliada na ekologizdciu polygrafie

Tretia casti sa venuje reprodukcii pracovnej sily, rizikdm a vychodiskdm. Ako pokraco-
vat'vo vzdeldvani mladej generdcie pre polygraficky priemysel.
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Material printing towards to real applications
Materialova tla¢ smerom k praktickym aplikaciam

Tomas Syrovy'?, Karel Sima?, Silvan Pretl?, Jan Bourek®,
Lucie Syrova', Lubos Kubac®

'Department of Graphic Arts and Photophysics,
University of Pardubice, Pardubice, Czech Republic
Center of Materials and Nanotechnologies, Faculty of Chemical Technology,
University of Pardubice, Cs. Legii square 565, 53002 Pardubice, Czech Republic
3Department of Technologies and Measurement,
University of West Bohemia, Pilsen, Czech Republic
*OTK GROUP, a.s., Kolin, Czech Republic
*COC s.r.0., Pardubice, Czech Republic

Abstract: Within the presentation it will be discussed typical research tasks in area
of material printing towards to typical real applications. It will be discussed possibili-
ties of printing and coating techniques towards the industrial level of production of
functional layers/structures, drawbacks, pitfalls, etc. Within the presentation it will be
presented various pilot cases of our industrial research activities. It will be mentioned
cases from area of selected hybrid solutions of sensory systems dedicated for wide va-
riety of applications. It will be demonstrated flexible smart labels for monitoring of se-
lected climate parameters within cold chains, logistics, museums, archives or in any
other transportation of temperature sensitive goods. There will be discussed some next
sensory applications from electrochemistry area, temperature measurements, sensors
for medical aplications, etc.
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Pozvand predndska Invited lecture

Paper and board for Recycling - Research,
Consulting and Services - PTS 2020

Dipl.-Ing. Lydia Tempel, Dipl.-Math. J6rg Hempel

Papiertechnische Stiftung, Pirnaer Str. 37, 01809 Heidenau, Germany

Abstract: The fluctuating quality of paper for recycling is the main disruptive element
in the production of recycled fibre pulps for papermaking. The varying composition of
papers for recycling results in fluctuating shares of ash and sticky contaminants and
inconsistent deinking behavior of graphic papers.

Varying ash levels have an effect on the strength properties of paper products, and the
ratio between newspapers and magazines is a key influence on optical properties like
brightness. Single consignments with unwanted components can cause heavy losses
in product quality and plant availability. And last but not least will some of the global
future trends have an impact on ‘paper and board for recycling.

That'’s why the management of paper for recycling is one of the main researches of the
PTS. We want to introduce some of our current research projects and some technical
developments of the PTS for quality measurement of paper for recycling to show you
the possible benefit for your production. We also want to invite you to take part at our
research projects.
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Paper machine clothing - energy savings
on paper machine in real time

Ladislav Vargic

Voith Group, Group Division Paper,
Division Fabric & Roll Systems
ladislav.vargic@voith.com

Abstract: Paper machine clothing (PMC) is range of consumable spare parts on paper
machines (PMs). There are in basic — forming fabrics, press felts, sleeves, transfer belts,
dryer fabrics. PMC particularly on forming, press and dryer part of PMs are responsible
for optimal dewatering and transfer of paper web. Together with functional (suction)
rolls and press rolls are directly and in real time responsible for paper machine run abil-
ity. To produce high quality of paper is main target for paper makers, but it must be
in very close relation with optimal, ideally minimal energy consumption. PMC, mainly
press felts and sleeves are sensitive for optimal design, related to the conditions on each
PM. Our presentation shows that optimal press felts design and optimal design and
quality of polyurethane of sleeves can very positively influence dewatering on PM. Final
benefit is lower energy (steam) consumption and higher productivity on the PMs.
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Recombinant enzymes for lignin treatment
and valorization

Martin Rebros, Kristina Marko3ova, Vladimir Krashan, Zuzana Hegyi

Institute of Biotechnology, Slovak University of Technology, Bratislava, Slovakia,
martin.rebros@stuba.sk

Abstract: The tools of molecular biology and biocatalysis these days allows to select
genes from wilde type microorganisms and clone them to producers with extremely
high potential for recombinant enzyme production. There are several enzymes with
high ability to attact lignin and/or its monomers.

Applications of recombinant enzymes and recombinant whole cells have great poten-
tial in applied biocatalysis. Compared to natural processes, recombinant ones are usu-
ally more effective since higher enzyme yields result in more active biocatalysts.

The recent focus of our team is the development of enzymes which are suitable for
lignin decomposition and for lignin monomers modifications.

Keywords: biocatalysis, recombinant DNA, enzymes, peroxidase
Acknowledgements

This work was funded by The Slovak Research and Development Agency under
contract no. APVV-18-0254.

278 @ Wood, Pulp and Paper 2020



Technologické zmeny
v sektore celul6zo-papierenského
a polygrafického priemyslu a ich vplyv na ludské
zdroje v kontexte narodného projektu ,sektorovo
riadenymi inovaciami s efektivnemu trhu prace
v slovenskej republike”

Ing. Zuzana Spacirova, Ing. Michal Hrnéiar

Abstrakt: Predkladand Studia analyzuje klticové inovacné zmeny v priemyselnom
sektore celulézo-papierenskej a polygrafickej vyroby, ktoré budu ovplyvriovat sektor
v horizonte do roku 2030. Sucastou analyzy je vplyv inovdcii na ludské zdroje — kon-
krétne na nizsie kvalifikované pracovné pozicie. Hlavnym faktorom technologickych
zmien je robotizdcia, automatizdcia a digitalizdcia priemyslu spojend s nutnou zme-
nou kvalifikdcie pracovnikov a potrebou rozvoja komunikacnych, technickych a IT
zrucnosti.

Klucové slovd: robotizdcia, automatizdcia, Industry 4.0, polygrafia; papier

1.UvOD

Slovensky celulézo-papierensky priemysel je tradi¢ny priemysel a je zalozeny
na obnovitelnosti a recyklovatelnosti lignocelulézovych zdrojov. Vdaka tomu ma
jedine¢né miesto a potencial na vytvorenie novych trvalo udrzatelnych prilezitosti
pre eurépske obehové hospodarstvo.

Papierensky priemysel je v prvej linii pri vytvarani nizko uhlikovej ekonomiky,
v ktorej obnovitelné surovinové zdroje nahradzuju fosilne zdroje, zlep3uju zivotné
prostredie, ako aj kvalitu kazdodenného Zivota. Vyrobky sa vyrdbaju z obnovitel-
nych a recyklovatelnych zdrojov pochadzajucich z certifikovanych prirodnych le-
sov. Do roku 2050 sa o¢akava premena celulézo-papierenského priemyslu na mo-
derné lignocelulézové biorafinérie, ktoré budu pracovat pomocou prelomovych
technoldgii, budud vytvarat nové produkty s vyssou pridanou hodnotou a nahra-
dzat obaly biodegradovatelnymi obalmi na baze papiera.

Buducnost tohto sektora je Uizko spojend s fludskou pracovnoussilou, ktora je bez-
pochyby hybnym faktorom v kazdom sektore narodného hospodarstva. Inovacie
a technologické novinky suvisiace s rozvojom sektora, musia ist ruka v ruke s roz-
vojom ludskych zdrojov. Prave inovécie a technologické napredovanie podmienia
vyraznu zmenu aj v predmetnom sektore, ¢i uz v oblasti automatizacie procesov,
digitalizacie operacii alebo robotizacii vyroby. Vsetky inovaéné procesy budu vyza-
dovat aj zmenu vedomosti, zru¢nosti a kompetencii nielen zamestnancov sektora,
ale aj mladej generacie pripravujucej sa na vykon povolania.
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Narodny projekt Sektorovo riadenymi inovaciami k efektivnemu trhu pra-
ce v Slovenskej republike, realizovany pod gesciou Ministerstva prace, social-
nych veci a rodiny SR, si kladie za ciel najma monitorovanie potrieb trhu préace
v kontexte inoviacii a technologickych zmien. Medzi najvyznamnejsie aktivity
Narodného projektu patri vypracovanie sektorovych stratégii rozvoja ludskych
zdrojov do roku 2030, v ktorych budu identifikované zanikajice a vznikajuce
zamestnania, urcia sa poziadavky na klucové buduce kompetencie a vyhodno-
tia sa nedostatkové zamestnania. Sektorové stratégie rozvoja fudskych zdrojov
spracovava 24 sektorovych rad, ktoré koordinuju $pi¢kovych expertov na trh pra-
ce a systém celozivotného vzdeldvania v Slovenskej republike. Samotna tvorba
sektorovych stratégii vychddza z jednotnej metodiky, siboru postupov a aktivit
naprie¢ véetkymi sektorovymi radami. Tvorba stratégie pozostéva z piatich cyklov,
ktorych vymedzenie je nasledovné:

— Urcenie zakladnych premis, ako vieobecnej predstavy o vyvojovych tendenci-
ach a smerovani sektora v horizonte do roku 2030, je sucastou prvého cyklu.
V tejto Casti su zastupcami zamestnavatelov identifikované klucové inovacné
a technologické zmeny, ktoré budu v horizonte najblizSich 10 rokov vyrazne
ovplyviiovat sektor. Neodmyslitelnou sucastou premis je ich spojenie s dopa-
dom na ludské zdroje, v ramci ktorého sa v stratégii vyjadruje ocakavany vplyv
technologickych zmien budtce vedomosti, zru¢nosti a spdsobilosti pracovnej
sily.

— Vypracovanie situacnej analyzy sektora a identifikacia vyvojovych tendencii je
sucastou druhého cyklu stratégie. Vonkajsou a vnutornou analyzou sektora vra-
tane zadefinovania sektorovo Specifickych ukazovatelov zamestnanosti je moz-
né identifikovat kritické a klucové cinitele sektora, ktoré su dolezitym prvkom
v predmetnej stratégii.

— Na zaklade vyssie spominanych cyklov je mozné naformulovat strategicky
zamer, ktory opisuje Ziaduci stav, dosiahnutelny v stanovenom horizonte.
Stratégia je formulovana do ¢innosti v oblastiach vzdeldvania (od predskolské-
ho po vysokoskolské, v nadvaznosti na dalSie vzdeldvanie, rekvalifikacie a kom-
petencie pedagogického personalu), ale taktiez aj do ¢innosti v oblasti budu-
cich procesnych a systémovych zmien. Ur€enie postupov a akcii na realizaciu
zamerov stratégie je sucastou stvrtého cyklu stratégie. V tejto casti su popisané
sposoby, ktorymi sa zabezpedi realizdcia zdmerov stratégie a vytvori sa tzv. ak¢-
ny plan. Sucastou ak¢ného planu je jednoznacné urcenie predmetu opatrenia
s ¢asovym terminom a priradenou zodpovednostou na jeho plnenie.

— Proces monitoringu strategickych akcii a ciastkovych cielov je suc¢astou posled-
ného, piateho cyklu stratégie. V tejto Casti sa sleduje Uroven plnenia u prislus-
nych zodpovednych oséb a institucii.

Stratégie rozvoja ludskych zdrojov budu zdrojom nametov a opatreni délezi-
tych na optimalizaciu systému celozZivotného vzdelavania, tak aby bola Slovenska
republika konkurencie schopnd v rdmci pracovného potencidlu v klu¢ovych sekto-
roch narodného hospodarstva. Jedine kvalifikovana a odborne pripravena pracov-
na sila dokaze zvladnut sucasné aj buduce poziadavky trhu prace.
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2. SMEROVANIE SEKTORA

Buduce smerovanie sektora vychadza z premis vyvojovych tendencii definova-
nych Sektorovou radou pre celulézo-papierensky a polygraficky priemysel. Premisy
su charakterizované ako vieobecnd predstava o tom, kam sektor smeruje a ¢o chce
dosiahnut v horizonte roku 2030. V3etky premisy vychadzaju z inovacnych a tech-
nologickych zmien a sleduju dosledky, ktoré sa budu dotykat a vyrazne ovplyv-
novat [udské zdroje v Slovenskej republike. Premisy su definované spoloc¢ne pre
obe odvetvia sektora, tak aj pre celulézo-papierensky priemysel aj pre polygraficky
priemysel. Nakolko odvetvia maju svoje osobitosti, ale zaroven je ich vyroba uzko
spojena je potrebné definovat spolo¢ne na zéklade prienikov danych odvetvi.

Sektorové rada pre celulézo-papierensky a polygraficky priemysel definovala
tieto premisy:

1. Digitalizécia vyrobnych operacii a prepojeni prvkov komunikujucich na spolo¢-
nej platforme do Smart Factory,

2. Inovacné technolégie pri vyrobe biokomponentov pouzivanych ako doplnok
sucasnych technoldgii,

3. Ekologizacia vzhladom na svetové environmentalne vyzvy vyvojovych tenden-
cii, procesov a materidlov v sektore,

4. Automatizacia a robotizacia vyrobnych procesov a zariadeni v sektore celulézo-

-papierenského a polygrafického priemyslu.

V su¢asnom obdobi priemyselné odvetvia najviac podliehaju vplyvu Industry
4.0, ktord zlucuje technolégie a odstrariuje hranice medzi biologickymi, digital-
nymi a fyzickymi sférami. Zavedenim prvkov Industry 4.0 bude umoznend lepsia
komunikacia zariadeni, strojov, logistickych systémov aj spoloc¢nosti a tiez bude fle-
xibilnejsie reagovat na prichddzajuce zmeny na trhu. Digitalizacia, robotizacia a au-
tomatizacia priemyslu by v mala zabezpecit pridanu hodnotu pre zakaznikov pro-
strednictvom adresnej logistiky a rieSenia individudlnych poziadaviek zdkaznika.
Taktiez integracia obchodnych partnerov v rdmci ndkupu surovin méze eliminovat
tvorbu skladovych zasob, taktiez zabezpeclenie vyroby a servisu v kratkom case.
Zjednodusenie a zefektivnenie vyroby v polygrafickom aj celul6zo-papierenskom
priemysle robotizaciou je potrebné najma na zaciatku a na konci vyrobného pro-
cesu pri manipuldcii s materidlom, poloproduktami a hotovymi vyrobkami (palezi-
tacia a pod.). Pre tuto monotdnnu &innost je ideadlne nahradenie nizsie vykonnych
zamestnancov robotickymi zariadeniami, pricom pridana hodnota zamestnancov
po ich preskoleni méze byt zuzitkovana pri inych procesoch vyroby.

Vzhladom na zvysujuci sa environmentdlny tlak priemyselna vyroba celi vy-
znamnym pokrokom v oblasti pouzivania inova¢nych udrzatelnych technolégii
a vyvijanie novych materialov. Postupnou ekologizaciou procesov podla cielov
udrzatelného rozvoja CEPI, ktorej cielom je dekarbonizacia 80 % fosilnych zdrojov
by sa malo vytvorit 0 50 % viac vyrobkov s vys3ou pridanou hodnotou. V celul6zo-
-papierenskom priemysle preto mozno ocakavat inovacie v tychto oblastiach:

— nové technoldgie vyroby bunicin s nizkym dopadom na Zivotné prostredie,
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— papierenské stroje s produkciou pre obalovy priemysel na baze recyklovanych
vlakien,

— zvySovanie efektivity recyklacie papiera, zberovych a separacnych technolégii,

— produkcia plne biodegradovatelnych obalov,

— produkty na baze bunicinovych vlakien a celulézy (praskova a mikrokrystalicka
celuldza, derivaty celuldzy, komponenty biokompozitov, plasty na béaze celulézy),

— produkty na baze ligninu ako nahrada fosilnych surovin, biopalivé na baze ce-
lulézy,

— zniZovanie spotreby energii a vody, neustale znizovanie emisii do ovzdusia.

Pre odvetvia sektora je ekologizacia procesov a inovécie s tym spojené velkou
vyzvou, nakolko uZ teraz je mozné pozorovat pokles vyroby tlacovych a novino-
vych papierov vzhladom na rozsirené pouzivanie elektronickych médii a tato sku-
toc¢nost sa nepriaznivo dotyka polygrafického priemyslu. Naopak, rastie segment
hygienickych produktov a najvacsi potencidl ma prave obalovy priemysel a trh
s kombinovanymi biodegradovatelnymi obalmi na zadklade papiera, karténu a le-
penky. Z pohladu materidlov ide o vyvoj degradovatelnych obalov so $pecidlnymi
Upravami za Ucelom zvysenia povrchovych a mechanickych vlastnosti a zvysenie
recyklovatelnosti vldkien. Procesy vo vyrobe budu podliehat optimalizacii aplika-
ciou umelej inteligencie a Big Data. Déta ziskavané ako vstupné a vystupné velici-
ny a parametre procesov v urcitych ¢asovych intervaloch budu sluzit na efektivnu
kontrolu a riadenie procesov vyrobnej technoldgie. Optimalizacia sa bude prejavo-
vat v minimalizacii vyrobnych nakladov, spotreby energie a vody, negativnych do-
padov na Zivotné prostredie a maximalizacie kvality produktu. Dal3im vyznamnym
krokom bude tla¢ RFID antén na béze hlinika a striebra alebo ligninu do obalovych
materidlov, ¢co bude mat za néasledok vyrazni zmenu v logistike, prace s tovarom
a komunikacii so zakaznikom.

2.1. Dopad na ludské zdroje

Uvedené technologické zmeny budud mat v najblizsich rokoch vyznamny vplyv
na charakter préace, rozsah vedomosti, zru¢nosti a kompetencii fudskych zdrojov.
Medzi zakladnymi vyZzadovanymi vlastnostami bude schopnost flexibilne reagovat
na zmeny, Ulohy a kompetencie, tiez nutnost zlepSenia komunika¢nych schopnos-
ti, zvysend potreba liderskych zru¢nosti, timovej spoluprace a analytického mysle-
nia. V neposlednom rade bude vysoky dopyt po technickych zru¢nostiach - praca
s umelou inteligenciou, schopnost kooperovat s robotickymi zariadeniami, spra-
covanie a anyza Big Data a pod. Od zamestnancov sa bude vyZadovat, aby mali
k informaciam pristup a vedeli ich spracovat.

Tieto zmeny sa nezaobidu bez zmeny Struktury vzdeldvania na vietkych drov-
niach systému celoZivotného vzdeldvania. Podstatnou sucastou bude aj velky
doraz na dalSie vzdeldvanie dospelych zahffajuce inovécie v technolégiach. Pri
pracovnych poziciach, ktorych hlavnou naplfiou si mechanické ukony a je prav-
depodobné, Ze ich praca bude nahradend pracou robotizac¢nych zariadeni a bude
potrebné zamestnancov rekvalifikovat na iné pracovné pozicie.
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Vzhladom na pribudajluce poziadavky na technické zru¢nosti zamestnancov
a nahradu mechanickych cinnosti maju najvacsiu mieru ohrozenia pracovnych
miest nizkokvalifikované profesie, v ktorych prevldda predvidatelna opakovana fy-
zickd ¢innost. Medzi tieto ohroznené pracovné pozicie patria najma tie, ktoré patria
podla rozdelenia Statistickej klasifikacie zamestnani SK ISCO-08 do hlavnej triedy 8
(Operatori a montéri strojov a zariadeni) a hlavnej triedy 9 (Pomocni a nekvalifiko-
vani zamestnanci). V sektore celulézo-papierenského a polygrafického priemyslu je
osem zamestnani priradenych do tychto nizkokvalifikovanych tried, z toho vacsina
patri do celulézo-papierenskej vyroby a iba jedno do poylgrafického priemyslu.
Na priklade analyzy udajov tychto deviatich narodnych standardov zamestnani
sa da urcit aky vplyv bude mat zavadzanie inovacnych technolégii do priemyselnej
vyroby celulézy, papiera a polygrafickych produktov. Na demonstréaciu trendov sa
uvadzaju parametre sledovania:
— vzdelanostnej Urovne zamestnancov,
— vekovej Strukdry zamestnancov,
— regionalneho rozloZenia miesta vykonu zamestnania.

Tabulka ¢.1 uvddza zoznam narodnych $tandardov zamestnani v hlavnej triede
8 a9 pre dany sektor ndrodného hospodarstva. Celkovo na tychto nizkokvalifikova-
nych pozicidch pracuje 2 460 oséb v 77 organizaciach. Graf ¢. 1 zobrazuje najvyssie
dosiahnuté vzdelanie zamestnancov, v ktorom vyrazne dominuju vyuceni zamest-
nanci s podielom 35 %. Z pohladu najohrozenejsich skupin vplyvmi Industry 4.0 to
budd najma vyuceni zamestnanci s maturitou a zamestnanci s Uplnym strednym
odbornym vzdelanim. Tieto tri skupiny tvoria 72 % (priblizne 1 770 0s6b) a v naj-
blizsich rokoch budu potrebovat nadobudnut nové zru¢nosti pre pracu s robo-
tiza¢no-manipula¢nymi zariadeniami pripadne aj Uplna rekvalifikdciu. Najmenej
zasiahnutymi skupinami budd zamestnanci s vy$sim odbornym a vysokoskolskym
vzdelanim.

Tab. ¢. 1: Zoznam narodnych standardov zamestnani celulézo-papierenského a polygrafic-
kého priemyslu v hlavnej triede 8 a 9 s po¢tom zamestnancov v Slovenskej republike.

Kéd SK1SCO-08 Narodny Standard zamestnania Pocet
zamestnancov

8143001 Strojnik pre vyrobu vyrobkov z papiera 356
8143002 Operator linky pre vyrobu vyrobkov z papiera 745
8171001 Strojnik zariadenia na vyrobu celulézy 81
8171002 Operator zariadenia na vyrobu celulézy 110
8171003 Strojnik zariadenia na vyrobu papiera 123
8171004 Operator zariadenia na vyrobu papiera 406
9329006 Pomocny pracovnik v celulézo-papierenskej

vyrobe 178
9329007 Pomocny pracovnik v polygrafickej vyrobe 461

Zdroj: TREXIMA Bratislava
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Graf &.1: Struktura vzdelanostnej Grovne zamestnancov celulézo-papierenského a poly-
grafického priemyslu v hlavnej triede 8 a 9 SK1SCO-08 v sektore. Zdroj: vypocty TREXIMA
Bratislava, ISCP (MPSVR SR) 1-04. Obdobie: rok 2019.

Vekova struktura zamestnancov je v pripade nutnosti adaptacie sa na pricha-
dzajuce zmeny klucovym faktorom. Celulézo-papierensky a polygraficky priemy-
sel je vo vieobecnosti charakterizovany starnutim zamestnancov. Tento trend sa
ukazuje aj pri tychto vybranych poziciach. Priblizne 63 % zamestnancov ma viac
ako 40 rokov, avsak predpoklada sa, Ze vacsina vo veku 40-49 sa dokaze pomerne
dobre prispdsobit nadchadzajucim inovéaciam. Kritickym faktorom sektora moze
byt najma 30 % zamestnancov vo veku nad 50 rokov. V pripade vplyvu automatiza-
cie a robotizacie na znizovanie poctu pracovnych miest su prave tito zamestnanci
najviac ohrozeni.V neposlednom rade je potrebné pocitat s priblizne 6 % zamest-
nancov, ktori v najblizsich rokoch odidu do starobného déchodku.

do 20 rokov -

20 - 24 rokov

EEe
o

60 a viac rokov

Graf €. 2: Vekova Struktira zamestnancov celulézo-papierenského a polygrafického prie-
myslu v hlavnej triede 8 a 9 SKISCO-08. Zdroj: vypocty TREXIMA Bratislava, ISCP
(MPSVR SR) 1-04. Obdobie: rok 2019.

284 @ Polygrafia Academica 2020 @



Regionalne rozloZenie zamestnancov je zobrazené na mape SR, rozdelené pod-
la podielu pracujucich v danom kraji. Najviac zamestnancov pracuje v Zilinskom
zamestnanych na tychto vybranych pozicidch je v Bratislavskom kraji s podielom
iba 1,38 %.

Bratislavsky kraj

Podiel pracujucich

Cul e.“\é
o>
& g ,3-_‘.’\“

Obr. €. 1: Rozlozenie zamestnanosti v celul6zo-papierenskom a polygrafickom priemysle
v hlavnej triede 8 a 9 SK1SCO-08 podla samospravnych krajov SR. Zdroj: vypocty TREXIMA
Bratislava, ISCP (MPSVR SR) 1-04. Obdobie: rok 2019.

3. ZAVER

Zavadzanim novych a rozvojom uz existujucich technolégii dochadza k viace-
rym Struktdrnym zmendm, medzi ktoré patri aj vyznamna zmena charakteru a ob-
sahu préce. Jednym z hlavnych pilierov Uspe3ného zvlddnutia inovovanych pra-
covnych podmienok bude nutnost vyssej flexibility (zamestnancov aj celych od-
vetvi) a otvorenosti vietkych obcanov voci celozivotnému vzdeldvaniu. Z predcha-
dzajuceho obdobia st zamestnanci zvyknuti na rozvijanie Uzko Specializovanych
zrucnosti uplatnitelnych v jednom sektore, ale s prichddzajucimi zmenami na trhu
prace sa meni aj potreba ziskavania a zvySovania interdisciplinarnych kompetencii,
ktoré napomozu efektivnejsej spolupraci jednotlivych sektorov, zvladaniu medzi-
sektorovych prienikov a zvySovaniu uplatnitelnosti jedincov v narodnom, ako aj
medzindrodnom kontexte.
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ANDRITZ screen dilution upgrade -
how to reduce fiber losses
and extend screen maintenance intervals

Mark Leonhardt

ANDRITZ Pulp & Paper

THE ANDRITZ GROUP A

ANDRITZ is a globally leading supplier of plants, equipment, systems and services for hydropower stations, the pulp and
paper industry, the metalworking and steel industries, and solidiiquid separation in the mumicipal and industrial seclors as
well as for animal feed and blomass pelleting

Global presence

Headquarters in Graz, Austria; over 280 production sites and servicelsales companies waorldwide
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KEY FINANCIAL FIGURES (AS OF NOVEMBER 2018)
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ANDRITZ - A WORLD MARKET LEADER A
WITH FOUR BUSINESS AREAS
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ANDRITZ FIEDLER, REGENSBURG A

About us

ANDRITZ Fiedler, established in 1859, is a global supplier of products and
services for the pulp and paper industry, for feod processing and a wide
range af further industries_ 'Within the ANDRITZ Group ANDRITZ Fiedler is
a compelence center for beth devedopment of innovalive selutiens and
manufaciuring ef custem-fit spare and wear parls made in Germany”.

KEY FINANCIAL FIGURES:

[unm | eraazen | 2018 08
Order intake MEUR &3 | 73 | 23
Salee MEUR 811 715 =
Emploriss das of ared of pined; sihoul spsrinla | ey | 20 | 2 |

5 AMDBITE [FULF & PAPER) S WITFA 2000 DEATISLAVS, SSARDN TH20 | ANIFSTZ DAUTION USAADE (0 COF TRIGHT AMBRITZ - C GRFIDENTIAL

ANDRITZ FIEDLER A
ENGINEERED WEAR PRODUCTS

Faor the pulp & paper industry + 3 wide range of other industrial and architectural applications:

Sereening = Screen baskels and rotors
Cleaning — Wear parts and upgrades

Refining - Plates for LC, HC and MDF Refining
Pulping - Pulper plates

Dewatering — Screw press baskets

PerfTec — Wear paris for a range of industries

Wedge wire - Filter candlzs and false bottoms

T
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SCREEN DILUTION UPGRADE

Effective dilution to reduce fiber losses

T _l":ur- BRARS T30 | AMDRITE DALUTHON LPGRADE /6 OOF YRIGHT AMDRITE - GO R FIDEMTIAL

SCREEN DILUTION UPGRADE A

The screening process

+ Stock tends 1o thicken from feed to the reject end
+ Vorlex inside the screen drags malerial in the
center of the rolor
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A
SCREEN DILUTION UPGRADE

Reducing fiber losses

The challenge
= Thickening leads to

® high fiber losses
> low yield
* plugging risk

ZEMLLTION LPGRLADE | £ DOF YRIGHT AMDRITE -0 ORFID EMTIAL

A
SCREEN DILUTION UPGRADE

Eliminating "bird-nests”

The challenge

= Vortex inside the screen tends to drag plastics
and other contaminants into the center of the
rofor

= Contaminanis can accumulate under the rotor
or get wrapped arcund the shaft

» Possible damages of the mechanical seal
or even complete bearing unit
» Frequent maintenace intervals

AMZEEERLUTON U
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A
SCREEN DILUTION UPGRADE

Reducing fiber losses

The solution

= Dilution water is fed into the lower part of the rofar

= Sealing ring keeps the overpressure for controlled water flow

= AMDRITZ rotor with specific dilution openings feeds water to the
SCTEEN room

» Effective dilution already in the screening zone to avold
thickening and reduce fiber losses

A
SCREEN DILUTION UPGRADE

Eliminating "bird-nests”

The solution

+ The overpressure, created by the dilution upgrade, prevents
contaminants entering and accumulating inside the rotor

= Clean rotor Interior
¥ Extended shut-down and cleaning intervals
* Reduced maintenance costs
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A
SCREEN DILUTION UPGRADE

Smart solution optimize your profits

Benefits

» Reduced fiber losses

= Increased yiskd

= Minimized plugging risk

= Mo accumalation of contaminanis
- Extended maintenance intervals
- Reduced maintenance costs

Each dilution upgrade |s optimized individualty depending an the
application, on the particular screen, and on the process setup.
Dilution concept can be implemented on a completely new
bearing unit, or as an upgrade on an existing bearing unit,

REFERENCE LIST A
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i ANDRITZ F2 [ 2010 | RCF bromn Fina serocaing
o8 etz Westo 2018 Bosrd Appronch fiow
B | vam wewize | 208 [ - [ ——
DE SEW (Vakh) o 2017 RCF whie [ —
nE | ‘mth METORTS [ 2008 [ RCF brown | Fine mcrmening
us U awpmTz Atz [ 2015 | RCF white [ oe—
Uz Bird (voith] v 2015 RCF whine Fine screening
us | Vath METOSCS T 2015 : FCF whim |
oE vilh WESTLATE 2015 RICE whis
5B et WSTONEE 201 RS white Fine sereering
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A
SCREEN DILUTION UPGRADE

Case Study
Mgata |
Mill lzcation Germany
End product Magazine paper (LWC, SC)
Mill area (! furnish RCF White ! DIP
Main process Fine seroening
Screan position 4" stage
Screen type | Vgith MST02/05
Scope of supply = Dilufion water pipe
Sealing ring
Dilution rator
SCREEN DILUTION UPGRADE A
Case Study
Rotor type | OEM ANDRITZ DRUM 451w
| Feed consistancy, % | 0,82 | 0.86
| Acoept consistency, % | 0,51 0,61
Reject consistency, % | 1,39 0,88
| Thickening factor | 151 1,02
Feed long fiber content, % | 48,7 45,7
[ Rejact lang fibar contant, % [ 45,8 | 39,3
| Reject flow, Umin SO0 500
Reject amaount, ta | 3503 2218

Reject reduction, t/a 1285

020 ) AMERITE ALTION UPGRADE /0 COF YRIGHT AHDRTZ - GO FIDEMTIAL
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YOUR CONTACTS IN GERMANY, CZECH REPUBLIC A
AND SLOVAKIA

Mark Leonhardt
Product management

Uwe Woll
Product management

Pavel Krizek 4

Sales

W pD Jo

30/ AMDEITE [PLLP & FAPER) S APE 2000 DEATISLAYS MARDH 2120 | SHIRTZ DLUTION LGRS | £ GO TRGHT AMIRITE -0 GRFIDEMTIAL

GET IN TOUCH

3331).710 ¢

ing-SErVIESE@andritzigom
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LEGAL DISCLAIMER A

This preseniation contsins valusbie, propristary property belonging In ANDRITZ AGG or iis afflisies ("the ANDRITZ GROUFT, and no fuenses
o aifar inkellechd propedy righte are granked hamin, ror stall #a conlenis of e preseniston fom pord of any seine coniacts which oy be
enncludod babweon ihe ANDRITZ GROUP compasics and porchasers of any equipmest andior sysiems nefaencad horen, P be swan
that (he ANDRITZ GROUP acively and aggresshrety entorces ils inisieciusl property ights (0 ihe lubest exent of applicable L, Any
infnrmutinn mntsned herein (oiber than puslicnly swsinsin isfomeation) shall rol be desosed o reproduced, i whils orin par, sinstmneslly
o in hard copy, b thind paries. Mo infomasion comainsd Ferein shall be weed in any way either commercially or for any purpose offer $an
intemal viewing, resding, or evalusion of its conbems by recipient and the ANDRITZ GROUS discleime all lisbiity arsng from recipient's use or
ancE ugen such information, Tite in and o all inelecual property ghts embodaed in this pressntaton. and all information containgd thersin,

L
i ot shall remain with the ANDRITZ GROUP. Mone of e indormation eontainsd hirsn shall be constneed as (egal, oy, of ivvestment adeice,
o privaln munn | scemunfanis. or cthor prolosscnal advisom should bo mosuked and miled wpon for any such advio

A copyrightable texl and graphics, the selecton, amangement, and presencation of all materiaks, and the oeerall design of this presemation ane
S ANDRITZ GROUP 2010, All ights reserved, Mo part of this mformation o materisls may b= reproduced, retransmated, deplayed, devbuled
o medifing withaul the prios sriten approval of Cwner, AL ademarks and other names, lege, and icens idestifying Owners gocds and
SEMVICES aNE DIOpretary manks beloaging o the ANDRITZ GROUFP. If recipient i in doubt whether Demission i nesded for any fype of ue

of the contents of fis presentabion, please conbact the ANCRITZ GROUP 5t welcome@iandriz com.
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Effective and efficient FF development
by using Micro-CT and Virtual Weave Generator

Jan Gallik

R&D Forming Fabrics Frankenmarkt, VoithstraBBe 1, 4890 Frankenmarkt, Austria
Jan.Gallik@voith.com

Abstract: In the 21st century, the industry is challenged by all kinds of savings: energy,
time, cost. There are many tools provided by the digital revolution, some have already
proved their efficiency. This presentation shows effective and efficient processes used
in the development of Forming Fabrics for the paper industry. Voith has actively used
3D modeling tools, such as simulation programs and microCT measurement in recent
years and practically digitized Forming Fabric development.

After setting the properties of a desired product, these digital tools predict the impact
that virtual woven structures have on the virtual papermaking process. The best virtual
structures can be selected for real life development. Small fabric samples are then pro-
duced measured by MicroCT and the data is used to confirm virtual structure. This then
offers all kinds of further simulation opportunities, for example, flow simulation, con-
tact area development, marking potential etc. to really drill down into the performance
of the forming fabric on the paper machine
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Slovenska Grafia, a. s.
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