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Abstract: One of the conditions for a continuosly developing society is its self-sufficien-
cy in renewable resources. Slovakia is a country with rich natural heritage consisting of
41% forest cover and of sustainable flow of renewable raw materials. Slovak University
of Technology already in its founding documents since 1939 declares the develop-
ment of science and education for a society based on renewable raw material sources.
Department of Wood, Pulp and Paper (DWPP) has 70 years tradition in education and
research in this area. Investigation, exploitation, conservation of this heritage is cove-
red with science, research and technologies lectured and developed on DWPP such as
Wood Science, Cellulose Science, Science Paper, Forest Products Sci., Conservation Sci.,
EcoScience, etc. Research and education are still focused on the chemical technology of
pulp and paper. Currently, intensively focused on the trends in improved material, che-
mical and energetical recovery of plant lignocellulosic (LC) materials and on develop-
ment of concepts of converting traditional pulp and paper technology into modern LC
biorefinery. New modern technologies for ecological coatings of LC material surfaces
are being developed too. Bio-based, mainly lignocellulosic materials are an important
part of cultural heritage, which should be permanently protected; DWPP educates and
develops research with application of interdisciplinarity in conservation science, tech-
nology and industry.

1. Uvod

Lignocelul6zové suroviny a materidly (LCM) predstavuju vyznamny zdroj trva-
Iého rozvoja spolo¢nosti - priemyslu, kultury, vysokoskolského vzdelavania, vedy
a vyskumu.

Na konferencii WPP 2003 bola formulovana koncepcia troch dimenzii spo-
lo¢nosti, suvisiaca s vyuzivanim prirodnych celul6zovych produktov aj s tech-
nolégiou dreva, celulézy a papiera (DCP/WPP). Produkty lesa a rastlin ovplyv-
nuju zivot a hlavné oblasti Zivota a rozvoja spolo¢nosti, menovite priemysel,
kultdru a vzdeldvanie a tvoria dominantny zdklad udrzatelného rozvoja v 21.
storodi [1].

Motto konferencie WPP 2014, ,Materialy, chemikalie a paliva z obnovitelnych
zdrojov; prirodné — obnovitelné — biokompatibilné” predstavuje kontinuitu vo vy-
tycenej linii, s va¢sim dorazom na ¢oraz aktudlnejsi problém komplexného a efek-
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tivneho spracovania stromovej a rastlinnej suroviny na jednej strane a ochrany
prirodného a kultirneho dedicstva na strane druhej. Obnovitelné rastlinné suro-
vinové zdroje su najvyznamnejsou alternativou fosilnym surovinovym zdrojom,
ktoré ma ludstvo k dispozicii pre trvalo udrzatelny rozvoj spolo¢nosti. Slovensko je
krajina s bohatym potencialom 41% zalesnenej plochy [2] a udrzatelnym priadom
obnovitelnych surovin 107 ton/rok [3]. Toto bohaté prirodné dediéstvo tvori dob-
ry zéklad a postavenie priemyselnych odvetvi, zaloZzenych na vyuziti a spracovani
lignocelulézovych zdrojov na materidly, chemické latky a ndsledne energie. Vietky
produkty na baze obnovitelnych zdrojov maju svoj Zivotny cyklus od ziskania su-
roviny, cez technologicky proces spracovania na materidly a nasledne produkty
az po koneéné stadium, spalovanie a premena na energie, pripadne recyklaciu.
V niektorych pripadoch sa produkty stavaju objektami kulturneho dedi¢stva a su
predmetom stabilizacie a ochrany. Jednotlivé fazy tohto cyklu s samostatnymi
ale zaroven navzajom sa prekryvajicimi oblastami vyskumu a realizacie. Aktualny
stav v tvorbe koncepcii a smerovani vyskumu v oblasti obnovitelnych zdrojov je
v stlade so suc¢asnymi vedeckovyskumnymi aktivitami Oddelenia dreva, celulézy
a papiera (ODCP), ¢o ovplyviuje aj vychovu a vzdeldvanie studentov.

2. Vzdelavanie

Komplexné vzdelanie z hladiska chemickych technolégii spracovania rastlin-
nych LC surovinovych zdrojov poskytuje na FCHPT STU v Bratislave uz viac ako 70
rokov sucasné Oddelenie dreva, celulézy a papiera. Pocas tohto obdobia studium
absolvovalo viac ako 700 absolventov inZinierskeho a 82 absolventov doktorand-
ského $tudia. Tito absolventi sa postarali o rozvoj celul6zo-papierenského a dre-
vospracujuceho priemyslu v CR aj SR po druhej svetovej vojne az do sucasnosti,
kedy tento priemysel patri medzi najdélezitejsie priemyselné odvetvia Slovenska.

Sucasny vzdelavaci program, zamerany na materidly, chemické latky a energie
z obnovitelnych zdrojov zabezpecuje na STU FCHPT hlavne ODCP ako oddelenie,
zamerané na obnovitelné zdroje a materidly, predovsetkym drevo, celulézu a pa-
pier, chemické latky a energie, analyzu a chemické technolégie ich spracovania.
Stale je orientovany predovsetkym na chemické technolégie vyroby bunicin a pa-
piera. Vzdeldvanie pokryva oblasti chémie a analyzy dreva a LC materidlov, che-
mické technoldgie a postupy spracovania rastlinnych lignocelulézovych zdrojov,
fyzikalnochemické vlastnosti buni¢in a papiera. Studenti ziskavaju vedomosti aj
o technolégidch spracovania papiera, papierenskych obalovych prostriedkoch.
Vzdelavaci program presahuje vyuzitie iba pre oblast priemyslu, nakolko poznatky
o obnovitelnych surovinovych zdrojoch na baze dreva mozno vyuzivat aj v inych
oblastiach spoloc¢nosti ako je ochrana kulturneho dedi¢stva alebo kriminalistické
skimanie dokumentov. V sicasnosti a hlavne v poslednej dekdde sa zmeriava-
me na trendy v oblasti lepSieho materidlneho a chemického ako aj energetického
zhodnocovania lignocelulézovych surovin.

V rokoch 2008 - 2010 sa ODCP vyraznou mierou podielalo na vytvoreni nového
studijného programu Ochrana materidlov a objektov dedi¢stva (OMOD), ktory je
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zamerany na vzdeldvanie a vychovu odbornikov pre analyzu a technolégie ochra-
ny a konzervovania ,materidlov a objektov kulturneho dedicstva.

Studenti po absolvovani trojro¢ného bakalarskeho $tudia v programe Chémia
medicinska chémia a materialy, kde ziskaji vedomosti z prirodovednych a chemic-
ko-inZinierskych disciplin sa v inZinierskom studiu $pecializuju v $tudijnom progra-
me Prirodné a syntetické polyméry a module Drevo, celuléza, papier.

| Pocfet absolventov (Ing. a Bc.) v rokoch 2002-2013
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Obr. 1: Vyvoj poctu abslventov prvého (Bc.) a druhého (Ing.) stupna studia
v rokoch 2003 - 2013

Od roku 2010 ODCP uz v prvom (bakalarskom) stupni $tudia poskytuje Stu-
dentom zdkladné poznatky a informécie o obnovitelnych surovinovych zdrojoch,
ich vyzname a moznostiach spracovania si¢asnymi technolégiami v predmete
Obnovitelné zdroje a materidly. Tento predmet md u Studentov pozitivhu odozvu.
Absolventi druhého stupra Studia ovladaju najdoélezitejsie obnovitelné zdroje
a materidly, morfologické, chemické a technické vlastnosti zloziek rastlinnej a stro-
movej hmoty, hlavné technolégie a produkty ich spracovania. Musia poznat ochra-
nu, spajanie a povrchové Upravy materidlov a objektov a predlzovanie ich Zivotné-
ho cyklu. Osvojuju si principy, limity a podmienky recyklovatelnosti, obnovitelnosti
a udrzatelnosti. Nasim cielom je vzdeldvat a vychovavat absolventov s kvalitnymi
dispozicia pre rychlu adaptaciu do pracovného a tvorivého procesu. Nové koncep-
cie a vlastné skusenosti z vyskumnej Cinnosti, ktoré koreSponduju s novymi pri-
stupmi ku komplexnému a efektivnemu vyuzitiu stromovej hmoty, transformacii
celulézopapierenského priemyslu na LC biorafinérie ako aj svetovymi trendmi
v ochrane dediéstva aplikujeme do vyuky, Studenti vietkych troch stupriov stu-
dia sa bezprostredne zicastriuju na rieseni projektov. Ich konkurencieschopnost
podporuje aj neustala modernizécia infrastruktury analytickych a technologickych
laboratérii ODCP a dobra kooperacia v ramci Ustavu prirodnych a syntetickych po-
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lymérov ako aj s ostatnymi pracoviskami FCHPT. Radi prijimame a aplikujeme pod-
nety od nasich partnerov z praxe. Obr. 1 ilustruje trendy v pocte absolventov za po-
slednych 10 rokov. Podla spatnej vazby od absolventov vieme, Ze nade vzdelavanie
poskytuje uplatnenie v sirokom spektre profesii. Okrem univerzitného vzdeldvania
dlhodobo poskytujeme aj profesné vzdeldvanie pre zamestnancov celul6zovopa-
pierenského priemyslu. V poslednej dekdde absolvovalo takuto formu vzdeldvania
viac ako 300 zamestnancov z praxe na réznych poziciach.

3. Vyskum

Oddelenie sa orientuje na vyskum pre oblast tradi¢nych technoldgii spracova-
nia ligno-celul6zovych surovin na buniciny a papier. V tejto oblasti bolo riesenych
viacero projektov. Ako spolupracujiica organizacie sme sa podielali na dvoch pro-
jektoch s Vyskumnym ustavom papiera a celulézy. V prvom projekte sme sa zaobe-
rali vyvojom néterovych latok pre vyrobu ink-jetovych papierov pre fotograficku
kvalitu tlace. Vyskumné aktivity boli zamerané na Strukturalnu a chemickud analyzu
natieranych ink-jetovych papierov. V druhom projekte sme spolupracovali na ob-
jektivnom hodnoteni kvality tla¢e na ofsetovych papieroch. Stadium morfologic-
kych, chemickych a fyzikdlno-mechanickych zmien lignocelulézovych materidlov
pri recyklacii bolo predmetom vyskumu v projekte VEGA. Na tento projekt nad-
vazuje v sucasnosti prebiehajuci, zamerany na zmenu vlastnosti bunic¢in a papiera
po Uprave ultrazvukom. V spolupraci s priemyslom sa realizovali projekty ,Vplyv
davkovania AQ na zlozenie a kvalitu polobuniciny”, ,Procesové a neprocesové prv-
ky technolégie” a ,Analyza vplyvu procesnych parametrov na Zivotnost lisovacich
plstencov on PM 18" kde sa na zdklade analyzy prevadzkovych dat zistoval vplyv
technoldgie na zZivotnost lisovacich plstencov.

ODCP sa zucastnilo riedenia projektu 7. rAmcového programu EU Durawood,
zameraného na vyvoj vodou-rieditelného naterového procesu pre drevné fasady.
V rdmci tohto projektu sme vybudovali laboratérid pre nizkoteplotné plazmové
technolégie vyuzitelné na LC povrchy. Tomuto UspeSnému projektu predchadzala
vyskumna aktivita v ramci projektu,,Studium G¢inkov elektrickej plazmy generova-
nej pri atmosférickom tlaku na povrch masivnych drevenych materidlov.

V sui¢asnosti sa zaciname orientovat v oblasti vyskumu na trendy, ktoré smeruju
k premene klasickych celul6zo-papierenskych technolégii na moderné LC biorafi-
nérie, technoldgie, ktoré budu efektivnejsie spracovavat rastlinné lignocelulézové
zdroje na materidly, chemikalie a paliva. Tieto aktivity zastresuje aj projekt “Biomasa
zdroj chemikalii a biopaliv’, zamerany na komplexné spracovanie stromovej hmoty
a vyuzitie biomasy. Tato oblast sa intenzivne rozvija aj vdaka kvalitnej infrastruktu-
re. V rdmci projektu STU bolo vytvorené Narodné centrum pre obnovitelné zdroje
a energie. Vyuzitie biomasy a teda aj rastlinnych surovin na materialy, chemikalie
a palivé zabezpecuje FCHPT. V ramci tohto projektu bolo na ODCP vytvorené cen-
trum na analyzu produktov chemického a termického rozkladu drevnej a rastlinnej
biomasy. Tak isto bola vybudovana infrastruktura vysokotlakovych mikrovinnych
a ultrazvukovych reaktorov pre rozklad lignocelul6zovych materialov.
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RieSenie Statnej Ulohy vyskumu a vyvoja ,Zachrana, stabilizacia a konzervova-
nie tradisnych nosicov informacii v SR KNIHASK” a dalsich projektov, zameranych
na ochranu kultirneho dediéstva, vyustilo do rozvoja oblasti konzervacnej vedy,
technoldgie (a priemyslu) CSTI (Conservation Science Technology and Industry) na
Slovensku [6]. Sustredenim vedomostného a jestvujuceho pristrojového potenci-
alu sa vytvoril interdisciplindrny priestor pre vyskum a vyvoj identifikacie, degra-
décie, konzervovania a ochrany materidlov a objektov dedi¢stva, predovsetkym
z prirodnych a lignocelulézovych zdrojov. Poznatky o papieri, jeho vlastnostiach
a Struktire su aplikované aj v oblasti kriminalistického skimania dokumentov.
V tejto oblasti sme zapojeni do kriminalistického vyskumu v ramci ,Centra exce-
lentnosti bezpeénostného vyskumu” a riedenia projektu, zameraného na studium
novych metéd skimania dokumentov v spolupréci s Oddelenim polygrafie a apli-
kovanej fotochémie.

Vystupy vedeckych poznatkov, vyskumu a vyvoja v poslednom desatroci boli
publikované v 290 vedeckych a odbornych pracach (z toho 63 karentovanych, 3 ve-
decké monografie), boli vydané dve vysokoskolské u¢ebnice, vzniklo 9 chranenych
rieSeni a 22 sprav o vyrieSenych vedeckovyskumnych tlohach.

5. Zavery

Veda, vyskum a vzdeldvanie v oblasti obnovitelnych surovinovych zdrojov
ovplyvnuju hlavné oblasti Zivota a rozvoja spolo¢nosti, priemysel kulturu a vzdela-
vanie. Vzdelavanie poskytuje poznatky délezité pre Siroké spektrum profesii, najma
pre stale sa rozvijajucu spolo¢nost zaloZzenu na vyuzivani a spracovani rastlinnych
lignocelulézovych zdrojov .

Vyzvy do buducnosti pre ODCP su nasledovné:
zvysovanie konkurencieschopnosti zlepSovanim vedomostného potencidlu, ras-
tom kvalifikacie mladych ¢lenov timu a priebeznym skvalitiovanim infrastruktary
zvysovanie kvality vzdelavania aplikaciou najnovsich poznatkov a skisenosti z vy-
skumu ako aj poZiadaviek praxe
spolupraca s priemyslom
vo vyskume, zaclenenie sa do medzinarodnych vyskumnych Struktdr na eurépskej
platforme
rozvoj CSTI v spolupraci s pamdtovymi fondovymi institiciami a zvySovanie konku-
rencieschopnosti v oblasti identifikacie, analyzy, vyskumu a vyvoja konzervacnych
technoldgii na medzinarodnej urovni.
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Moznosti vyuzitia ligninu a celulézy ako zlozky
gumarskych zmesi
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Abstract: This paper presents an overview of possibilities for lignin utiliza-
tion and basic investigation of cellulose as a filler in rubber composites. At
first, several commercial types of calcium lignosulfonates were tested as fil-
lers in natural rubber blends.The obtained results revealed that lignosulfona-
tes significantly inflence the curing process, probable because of mutual reac-
tion of lignosulfonate with curing additives. The chosen type of lignosulfonates
CA 120 which significantly increased the tensile properties of vulcanizates was fol-
lowing tested as partial replacement of filler in rubber blends (carbon black), as a stabi-
lizer as well as adhesion promoter in rubber blend. It was observed that lignosulfonate
is possible to exploite as a partial replacement of carbon black in quite wide range of
concentration. Lignosulfonate CA 120 also increases the thermooxidative stability of
vulcanizates and its stabilizing effect is comparable with conventional rubber antioxi-
dant IPPD. Moreover, addition of CA 120 up to 10 phr significantly increases the rubber
to metal adhesion. Basic exploration of cellulose as a filler in rubber compounds lead
to conclusion that it is necessary to modify the cellulose surface in order to improve
compatibility with rubber matrix.

Klucové slova: lignin, celuléza, gumdrenské zmesi, stuZujuci efekt, stabilizacné vlast-
nosti

1. Uvod

Lignocelul6zové materialy v sucastnosti predstavuju perspektivny a lahko do-
stupny zdroj energie a surovin. Z velkej casti sa jedna bud’ o odpadové materidly
alebo casti rastlin, ktoré nemaju potravindrske vyuzitie, ich zdroje su obnovitelné
aich cena je v porovnani s fosilnymi surovinami velmi nizka. V d6sledku ¢oraz vaz-
nejsej otazky vycerpatelnosti fosilnych zdrojov by tieto materidly mohli v buduc-
nosti predstavovat idedlnu surovinu na vyrobu réznych chemikalii, paliv, biokom-
patibilnych materidlov, ako aj zloZiek v polymérnych zmesiach a kompozitoch.

Gumarsky priemysel je odvetvim, v ktorom sa vyuzitie lignocelulézovych ma-
teridlov testovalo uz od 50. rokov 20. storocia. V pripade ligninu sa testovali najma
jeho stuzujuce a stabiliza¢né vlastnosti v zmesiach na baze prirodného alebo syn-
tetickych kaucukov. Podobne aj celulézové vlakna boli vyuzivané hlavne ako plni-
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vo v réznych vyrobkoch pre automobilovy priemysel. Vyvoj novych syntetickych
materialov s lepsimi vlastnostami vsak vyuzitie tychto prirodnych polymérov potla-
¢il do Uzadia. V poslednych rokoch lignocelul6zové materidly opat pritahuju velku
pozornost vedeckej verejnosti hlavne vdaka ich dostupnosti, nizkej cene a obnovi-
telnému charakteru. Okrem toho sa stale zvysuju aj legislativne poZiadavky na pou-
Zivanie environmentalne prijatelnych materidlov, v désledku ¢oho sa vyskum v ob-
lasti polymérnej chémie zameriava predovsetkym na aplikaciu materialov z prirod-
nych zdrojov, ktoré maju potenciél nahradit konvencne pouzivané materidly.

Cielom predkladanej prace bolo studium aplika¢nych moznosti r6znych typov
lignosulfonatoy, ligninov a celulézy v modelovych, ako aj realnych kauc¢ukovych
zmesiach.

2, Vysledky a diskusia

2.1. Aplikacia lignosulfonatov v kau¢ukovych zmesiach

V rdmci experimentalnych prac sa testovalo niekolko typov komerénych typov
vapenatych lignosulfonatov (tab.1) v koncentracnom rozsahu od 5 do 30 dsk v mo-
delovych zmesiach na baze prirodného kau¢uku. Modelové zmesi okrem kaucuku
ako matrice a vapenatych, resp. sodnych lignosulfonatov ako plniva obsahovali ak-
tivatory vulkanizacie (stearin a ZnO) a vulkanizac¢né ¢inidla (sira a sulfénamidovy
urychlovac).

Tab. 1: Vlastnosti testovanych lignosulfonatov

Typy lignosulfondtov Mw Obsah vapnika Obsah siry

g/mol % %
CA120 24 000 5 7
DP 624 30000 5 7
DP 625 6 000 5 5
DP 850 6400 1,8 6
DP 990 64 000 7,1 7
DP 991* 6100 0,01 7

*DP 991 - lignosulfonat sodny

Na zaklade ziskanych vysledkov mozno konstatovat, ze lignosulfonaty aktiv-
ne vplyvaju na proces vulkanizdcie modelovych kauc¢ukovych zmesi. Vzhladom
k tomu, Ze makromolekula lignosulfonatu méze obsahovat rézne reaktivne sku-
piny a obsahuje pomerne vysoky obsah siry, da sa predpokladat, ze pravdepo-
dobne dochadza k vzajomnym reakcidch so zlozkami sirneho vulkaniza¢ného
systému, ¢o sa v kone¢nom dosledku prejavilo poklesom optimalneho ¢asu vul-
kanizacie a spracovatelskej bezpecnosti so zvySovanim koncentracie lignosulfo-
natov (obr.1).
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Obr. 1: Vplyv lignosulfonatov na optimum vulkanizacie

Aplikaciou lignosulfonétov typu CA 120 a DP 624 doslo k vyraznému nérastu
pevnosti pri pretrhnuti vulkanizatov (obr.2).
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Obr. 2: Vplyv lignosulfonatov na pevnost v tahu pri pretrhnuti

V pripade ostatnych typov lignosulfonatov boli mechanické vlastnosti vulkani-
zatov s roznym stupriom plnenia iba porovnatelné s pevnostou neplnenej zmesi.
Ziskané vysledky poukazuju na fakt, Zze velmi délezitou charakteristikou je zrejme
molekulovd hmotnost testovanych lignosulfonatov.

KedZe v pripade modelovych zmesi plnenych lignosulfondtom CA 120 bol do-
siahnuty najvyssi stuzujuci Gcinok, v dalSom sa testoval tento typ prirodného pini-
va aj v readlnych recepturach kaucukovych zmesi. Sledoval sa vplyv pridavku ligno-
sulfonatu ako potencialnej nahrady sadzi, kaucuku a oboch spominanych zloziek
v redlnej NR/SBR kaucukovej zmesi uréenej pre ndnosové vrstvy na kordy plastov
pneumatik. Z dosiahnutych vysledkov vyplynulo, Za akakolvek nahrada, ¢i uz sadzi
alebo kaucuku lignosulfonatom, spdsobuje vyznamné zmeny vo vztahoch medzi
zlozkami v zmesi, ¢oho dosledkom su aj zmeny vo vyslednych vlastnostiach zmesi
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a vulkanizatov. V dosledku nahrady casti kaucuku lignosulfondtom dochédza k vy-
raznemu predizeniu optima vulkanizacie, ako aj k poklesu fyzikalno-mechanickych
vlastnosti zmesi.

Naopak, ak boli ¢iasto¢ne nahradzané sadze, pevnost v tahu pri pretrhnuti zo-
stala zachovana v pomerne Sirokom koncentra¢nom rozpati (obr.3), taznost vul-
kanizatov sa so zvas¢ujucim sa pomerom lignosulfonat/ sadze zvy3ovala, pricom
gumarenské moduly sa logicky znizili.

Vzhladom na dosiahnuté vysledky mozno konstatovat, Ze lignosulfonat CA 120
sa javi ako perspektivna ndhrada komerénych sadzi az do 20 obj.%, ¢o by mohlo
v buducnosti viest k produkcii lacnejsich a environmentalne prijatefnych vyrobkov.
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Obr.3: Vplyv objemovej ndhrady sadzi, kau¢uku a oboch zlozZiek
lignosulfonatom na pevnost v tahu pri pretrhnuti

Jednou z oblasti v rdmci gumarenského priemyslu, kde by mohol lignin a jeho
derivaty najst svoje uplatnenie je stabilizacia elastomérnych zmesi. Je vieobecne
zname, ze lignin je povazovany za ,najstabilnejsi komponent bunkovych stien rast-
lin” z Coho plynie jeho potencialne vyuZitie ako antioxidantu v kau¢ukovych zme-
siach. Z hladiska jeho stabiliza¢nych vlastnosti je dblezita predovietkym jeho fenyl-
propanova Struktdra a najma fenylové hydroxylové skupiny, ktoré by mali aktivne
reagovat s produktmi oxida¢nej degradacie. V rdmci prac sa vybrany lignosulfonat
CA 120 otestoval vo funkcii stabilizatora a jeho Ucinok sa porovnaval s komerc-
nych gumarenskym antioxidantom IPPD (N-izopropyl-N-fenyl-p-fenylén diamin)
v zmesiach na béze prirodného a butadiéstyrénového kaucuku plnenych sadza-
mi. Stabiliza¢ny Gcinok sa hodnotil na zadklade retencie fyzikalno-mechanickych
vlastnosti po urychlenom termooxida¢nom starnuti pri teplote 70 °C. Zo ziskanych
vysledkov vyplynulo, Ze lignosulfonat zvysuje antioxida¢nu stabilitu vulkanizatov
a ma dokonca porovnatelny uc¢inok ako beZzne pouzivany antioxidant IPPD. Vdaka
svojim stabilizacnym Gcinkom by mohol byt lignosulfonat v buduicnosti vyuzity ako
uc¢inna nahrada niektorych komercnych synteticky pripravenych antioxidantov.

Popri ochrannej funkcii ligninu v rastlinnych bunkach je velmi délezita aj jeho
mechanicka funkcia. Lignin pésobi ako lepidlo, ktoré drzi spolu celulézové vldkna
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a vytvrdzuje bunkovu stenu, pricom zvysuje jej odolnost voci narazu, tlaku i ohy-
bu. Z toho plynie jeho potencidlne vyuzitie ako ¢inidla na zlepsenie adhézie gu-
marskych zmesi k vystuznym materidlom textilného alebo kovového charakteru
nahradou tzv. adhéznych ¢inidiel. Za i¢elom preskiimania pridavku lignosulfonatu
ako promotdra adhézie do kaucukovych zmesi sa testovany lignosulfonat CA 120
pridaval do gumarskych zmesi v mnozstve 5 az 20 dsk. Zo stanovenia statickej su-
drznosti (Peel test) vyplynulo, Ze pridavok ligninu v mnozstve 5 a 10 dsk zvysuje
adhéziu kaucukovych zmesi k ocelovému kordu, avsak dal3im zvysovanim koncen-
tracie ligninu uz dochadza k jej poklesu (obr. 4).
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Obr. 4: Vplyv obsahu lignosulfonatu CA 120
na staticku sidrznost zmesi s kordom

2.2. Aplikacia celulézy v kau¢ukovych zmesiach

Dal3im vyznamnym prirodnym polymérom z hladiska jeho vybornej dostup-
nosti a obnovitelného charakteru je celuléza, ktora sa testovala ako pInivo v mode-
lovych kaucukovych zmesiach na baze prirodného kaucuku. Testovali sa dva typy
celuldzy, a to mikrokrystalickd celuléza Fabocel a vlaknita celuléza Greencel v kon-
centratnom rozsahu 10-40 dsk. Ziskané vysledky ukazali, ze celul6za nepdsobi ako
stuzujuce plnivo, pretoZe vyrazne znizuje pevnost, ako aj taznost samotnej kaucu-
kovej zmesi, ¢o mozno pripisat vysoko poldrnemu charakteru celulézy. Hydrofilny
charakter celulézy znizuje jej kompatibilitu s nepolarnym prirodnym kaucukom,
silné vodikové vazby zrejme spOsobuju aglomeréciu castic, o v kone¢nom dé-
sledku vedie k zlej dispergacii celulézy v kaucukovej matrici a tym aj k zhorseniu
sledovanych vlastnosti. Na druhej strane, aplikaciou oboch typov celulézy doslo
k zvy$eniu tuhosti zmesi, ¢o sa prejavilo zvySenim tvrdosti a gumarenskych modu-
lov vulkanizatov.

Za ucelom zvysenia kompatibility medzi kau¢ukovou matricou a mikrokrysta-
lickou celul6zou sme sa pokusili modifikovat jej povrch posobenim plazmy v pa-
rach hexametyléndisiloxanu, sildnovych vazbovych ¢inidiel (bis-trietoxypropylsilyl
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polysulfidu) a sulfitového vyluhu v prostredi kvartérnej améniovej soli. Aplikaciou
tymto spésobom modifikovanej celulézy nedoslo k ziadnej vyraznej zmene fyzikal-
no-mechanickych vlastnosti vulkanizatov z ¢oho vyplyva, Ze pouzité metédy mo-
difikécie celulézy neboli dostatoce uc¢inné. V pripade plazmovej modifikacie mik-
rokrystalickej celuldzy viak doslo k ¢iastocnej hydrofobizacii jej povrchu, ktora sa
prejavila znizenim povrchovej energie a sucasne aj zvysenim taznosti vulkanizétov
plnenych takto modifikovanou celulézou.

3. Zaver

Ziskané vysledky poukazuju na fakt, ze lignin a jeho derivaty su perspektivnymi
prirodnymi polymérmi, ktoré by mohli byt vyuzité v mnohych gumarenskych apli-
kaciach ako dalsie aditivum alebo ako ¢iastocnd ndhrada niektorej z bezne pouzi-
vanych zloZiek kau¢ukovych zmesi.

V pripade aplikacie celulézy je nevyhnutné ndjst vhodné modifika¢né metody
jej povrchovej Upravy, ktoré by viedli k zlepseniu kompatibility s kau¢ukovou mat-
ricou a k priprave kompozitov s vyhovujucimi mechanickymi vlastnostami.
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Abstract: Dissolution and fractionation of lignocellulosic material is a critical step
of valorization of lignins. Content of different types of lignin precursors and the
content of functional groups OH and OCH, is affecting their utilization. Chemical and
physical characterization of isolated lignin fractions is the key tool for further lignins
application. Presented work deals with the isolation of the lignin from the black liquor
by the precipitation method, using a variety of acids. Properties of isolated lignin,
preparations and different application and the possibilities of using lignins for various
industrial sectors are presented.
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1. Introduction

Delignification technologies are fundamental processes of dissolution of
lignin. The result of delignification of agricultural and silvicultural vegetation is
black liquor. Black liquor is a highly complex mixture and contains dissolved lignin
fractions, and fractions of cellulose and hemicelluloses. Lignin fractions have
three-dimensional structures comprising a large number of the units connected
through carbon-carbon bonds, which are variously ruptured. The properties of
lignins can be summarized as follows [1-5]: lignosulfonate, a water soluble polymer,
is isolated from sulphite liquor, a by—product from the sulphite pulping process.
The weight average molecular mass (Mw) is 1,000 — 50,000 (up to 150,000) and
polydispersity 4.2 — 7.0. Kraft lignins, which are derived from the kraft (or sulphate)
process, have low polarity and are water insoluble. Their polydispersity is less
than sulphite lignins and Mw values of 1,500 and even up to 25,000. The lignin
coming from the organosolv process is water insoluble and its molecular weight
is possibly too small to be suitable as a pre-polymer for plastics production. Mw
values of 500 and even up to 10,800 and polydispersity may range from about 1.0
-4.7. Mw of soda lignin is reported to be around 1,000 - 3,000 (up to 15,000), with
a polydispersity index of 2.5 to 3.5. This paper is aimed at verifying the hypothesis
that the properties of precipitated lignins depend on acid used as a precipitating
agent.
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2, Experimental

Acid fractionation from black liquor (kraft black liquor - Bukoza Holding, black
liquor annual plants OP Papirna, Olsany). The precipitation of lignin from black
liquor was initially studied as a single step process in which dilute acid solution
(5 wt. %) was added to the black liquor with the pH adjusted to the desired value.
100 mL of the black liquor was treated with different amount of diluted sulphuric
acid (or HCl, HNO;, CH;COOH) to obtain a final pH value 5, 4, 3 and 2 (for CH;COOH
pH =4.3). Elemental analysis, higher heating value, pyr-GC MS, UV/Vis spectroscopy,
nitrobenzen oxidation and GPC were determined by a standard method. Details
are given elsewhere [6-12].

3. Results and discussion

The chemical properties such as elemental analysis, higher heating value,
determination of hydroxyl groups by UV/VIS spectroscopy, methoxyl groups and
analysis lignins by pyr-GC MS and thermal and mechanical propertes are presented
in six works [6-9, 12, 13].

3.1. Elemental analysis, ash content and higher heating value

On the average, the higher heating value (HHV) of lignins is 24.3 + 1.1 MJ/kg of
dry lignin. The weight percentage of elements C, H, N, S, ash content, and HHV of
the isolated precipitated lignins are listed in Table 1.

3.2. Functional groups

The inhomogeneity of lignin is caused by the different composition, particle
size, cross-linking and functional groups. Structure analysis of lignin is an
importantissue in the chemistry of lignin-based materials. In the research paper
Jablonsky et al. [8] proposed a simple method for the prediction of methoxyl
groups in the lignin. The content of methoxyl groups (% wt) of lignin was
calculated using the following equation: OCH; = -18.577 + 4.066(H) +0.345(0).
The average absolute error of this correlation is 13.9%. To monitor and analyze
changes in the conjugated phenolic compounds in isolated precipitated,
ionization difference UV-Vis spectroscopy was applied. These lignins had
absorption maxima around 219, 251, 300 and minima centered at 232, 278 nm
[7]. From the results of Table 2 it can be shown that content of non-conjugated,
conjugated and total amount of phenolic hydroxyl groups is different. This
can be due to the method, raw material, and experimental conditions used
in the pulping process, method of lignin isolation and type of acids. In terms
of antioxidant activity of lignin appears to be particularly important content
of phenolic hydroxyl groups, which could contribute to increased stability of
rubber compounds. Lignin efficiency is comparable to the commercial stabilizer
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IPPD (N-isopropyl-N‘-phenyl-p-phenylenediamine). Isolated lignins can be used
as a suitable replacement of commercial stabilizer IPPD. It was also found that
the isolated lignins similarly as commercial lignosulphonate (Ca Borrement
120) are showing a very good compatibility with the rubber matrix and are
uniformly dispersed throughout the volume of the mixture. Addition of these
lignins can help to prepare vulcanizates with better mechanical properties than
with the addition of Borrement Ca 120 [13].

Tab. 1: Elemental analysis, ash content and higher heating value of lignins.

Samples: N H S C Ash HHV
Lignin isolated (%) | (%) (%) (%) (%) (MJ/kg)

H,SO,, pH 5 113 | 552 | 1.04 | 57.41 6.93 23.34
H,SO,, pH 2 1.09 | 5.36 1.87 56.49 4.64 22.97
HNO,, pH 3 1.85 | 5.91 0.01 62.06 1.91 25.23
HCl, pH 3 1.20 | 5.72 0.01 58.69 2.13 23.86
CH,COOH, pH 4.3 1.21 | 5.93 0.00 62.48 5.99 25.40
Kraft, H,SO,, pH 3 028 | 462 | 391 55.68 3.85 23.62

Tab. 2: The content of non-conjugated, conjugated and total amount of phenolic hydroxyl
groups for lignins. [7]

Non-conjugated Conjugated Total amount of
Samples phenolic struc. phenolic struc. | phenolic hydroxyl
(I+111), mmol/g (1141V), mmol/g groups, mmol/g

lignin (H,50,, pH 3) 224 0.31 2.55
Kraft lignin Bukoza 3.13 0.39 3.52
Lignin (HNO, pH 3) 2.20 0.23 243
Lignin (CH,COOH, pH 4.3) 1.30 0.16 1.46
Lignin (HCI, pH 3) 133 0.18 1.52

3.3. Nitrobenzene oxidation

Nitrobenzene oxidation is one of the standard procedures for analyzing lignin.
The composition of three monomeric lignin unit, which are capable to produce
the corresponding degradation product of vanillin, vanillic acid, syringaldehyde,
syringic acid, p-hydroxylbenzadehyde and p-hydroxybenzoic acid, and were
analyzed on the results shown in Table 3. Vanillin was found to be the predominant
followed by syringaldehyde as a second major degradation product. The total
yield of the oxidation products is ranged from 5.88% to 6.75%. H:G:S-ratios were
also calculated for precipitated lignins. G-units for lignin samples in the range of
67 - 69%. The values for S-units and H-units of precipitated lignin samples are in
the range of 22 - 24% and 9%, respectively.
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3.4. Molecular properties

The molecular weights (Mw and Mn) and distribution of molecular weights of
lignins are very important macromolecular parameters. These parameters (physico-
chemical) are useful in the study of the hydrodynamic behavior of macromolecules
in solution, as well as of their conformation, size and some structural properties
such as functionality, branching coefficients and crosslink density. Tab. 3 shows
the data for macromolecular properties of isolated lignin fractions. The effect of
precipitation at different pH didn't show significant changes in the molecular
weight of the precipitated fractions.

Tab. 3: Yields of degradation products of the precipitated lignin for nitrobenzene oxidation
and molecular properties.

Yield (%)
Lignin isolated with H,SO, (5%)
pH-5 pH-4 pH-3 pH-2
Vanillin and vanillic acid 4.18 4,02 3,94 3.95
Syrlngaldehyd.e and syringic 204 162 151 155
acid
p-hydroxybezaldehyde and 053 0.47 0.42 0.46
p-hydroxybenzoic acid
Mol. ratio G/S/H (%) 67/24/9 68/23/9 69/22/9 68/23/9
Mn 561 519 490 496
Mw 10575 10037 9236 9325
PD (polydispersity) 18.9 19.4 18.9 18.8

3.5.TGA and DTG analysis

The thermogravimetric as well as difference thermogravimetric analysis data
are summarized in Table 4. The TG and DTG data show a higher thermal stability of
lignin preparation. All these lignins have shown a wide variation in their thermal
degradation phenomena. Lignin decomposition is a complex process involving
several competing reactions. During the reactions, various bond scissions within
lignin molecule occur at wide ranges of temperatures based upon the bond
energy.

Lignin valorisation is a key-issue for an economic lignocellulosic biorefinery.
Potential obtained substances from guaiacyl units: apocynol, guaiacol, creosol,
vanillin and ferulic acid, and from syringyl units syringic acid, sinapic acid,
syringaldehyde, and others. (2) There are potentially large markets for purified
phenols derived from lignin. One goal of researchers has been to devise methods
for incorporating lignin into solid materials. In spite of extensive research to
expand the use of lignins into industrial materials, some of the results obtained
have been very successful applied into the practice example (wafer board, OSB).

@ Wood, Pulp and Paper 2014 @ 209



Due to the rising prices of various types especially aromatic hydrocarbons can be
expected in the near future a sharp increase in the deployment of technologies
for the conversion of lignin preparations for chemicals with added value. In the
continuing rise in prices, which in some cases rose to record prices, is expected
further increase in these prices in the following years. Based on these assumptions
it can be expected that the introduction of new innovative technologies for the
extraction and conversion of lignin to value-added chemicals has an open door.

Tab. 4: Thermogravimetric analysis of various isolated lignins and weight loss of lignins in
degradation temperature regions

o Major degradation temperature in regions °C Residue
Lignin samples £ 800°C
isolated by 0-210 210-360 360-650 650-800 | 2 (%)

0

H,SO,, pH3/
(weight loss %) 139.5/(3.6) 255.5/(24.7) 445.8/(60.5) | 611.5/(0.2) 10.7

HNO,, pH 3 140.2/(3.4) 285.9/(20.6) 468.9/(71.5) | 657.2/(1.7) 2.8
HCl, pH3 148.7/(7.7) 247.1/(23.9) 574.5/(55.6) | 703.2/(6.3) 4.1

4, Conclusions

Characterization of the properties of the obtained lignin fractions is a key tool
for obtaining the lignin and its further processing. Of particular importance is the
characterization of individual functional groups, molecular characteristics, which
can lead to the identification of further processing of these fractions for value-ad-
ded products. Due to the increasing prices of individual mainly aromatic products
in global markets can be expected surge in innovative technologies into biorafine-
ry operations.
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Abstract: The paper presents new trends in biomass conversion to biofuels and
chemicals focusing on the second generation technology including the concept of
biorafineries, as well as a progress in reserch and strategy in both third and fourth
generation of biofuel technologies.
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1. Introduction

A plant is a ‘growth machine’: the above-ground part catches light and CO,
(0.03% in the atmosphere), the below-ground part absorbs water and mineral
nutrients. The combined intake enables the plant to produce—along ingenious
routes—biomass that can be invested in growth above, and below, ground or
stored. By photosynthesis, and by further biosynthesis numerous carbohydrates
and other substances are formed, the composition of which depends on the
type of plant.

The world biomass production amounts to 170 000 million tons per annum,
of which, however, only 3% or 6000 million tons per annum are being cultivated,
harvested and used (food and non-food). Within this definition, biomass for
energy can include a wide range of materials. The realities of the economics
mean that high value material for which there is an alternative market, such as
good quality, large timber, are very unlikely to become available for energy and
potentional applications in green chemistry. However there are huge resources
of residues, co-products and waste that exist which could potentially become
available, in quantity, at relatively low cost, or even negative cost where there
is currently a requirement to pay for disposal.

As there is wide diversity in the characteristics and properties of different
classes of material and their various sub-groups, there is also a wide range of
conversion technologies to make optimum use of them, which include both
thermal and chemical platform (sugar platform). Besides chemical composition,
surface and structural properties are key to developing a sound understanding
of recal-citrance and conversion mechanisms.
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2. Conventional and future conversion processes

The first generation biofuels are known for their manifold problems: when
made from grains such as corn or canola, they have negative impacts on food prices
(this is not the case with sugarcane) and when relying on a crop like palm oil they
threaten biodiversity; their carbon balance is bad in that they don‘t reduce the main
greenhouse gas much or because conventional farming techniques (e.g. releasing
nitrous oxide) offset the reduction (this, again isn‘t the case for sugarcane ethanol);
their overall energy balance isn‘t that strong either (some have found that for corn
ethanol it can even be negative; for sugarcane, the balance remains good). Finally,

First generation

Feedstock - -
Food crops, grains
Easily extractable sugar, starch, oils

Bioconversion process
Fermentation, transesterification

Carbon balance - -/+
Weak (corn, canola)to good (sugarcane)

Energy balance - -f+ +
Weak (comn) to excellent (sugracane)

these first generation biofuels rely on relatively inefficient conversion technologies
such as fermentation by conventional yeast strains or on transesterification by
alkali catalists.

The most important is the second generation fuels which involve a change at
the bioconversion step and getrid of the apparent fuel versus food dilemma. Instead
of only using easily extractible sugars, starches or oils as in the previous generation,
these techniques allow for the use of all forms of lignocellulosic biomass. Grass
species, trees, agricultural and industrial residues can all be converted via two main
pathways: a biochemical and a thermochemical route. The first relies on dedicated
enzymes and/or microorganisms that can break down cellulose and lignin to reach
the sugars contained in the biomass. This pathway yields “cellulosic ethanol”. On
the other hand, similar (engineered) microorganisms can also transform biomass
into gaseous fuels like biogas and biohydrogen, via a process known as anaerobic
digestion. Breakthroughs in synthetic biology may yield artificial biological
organisms that perform these tasks in a highly efficient manner [1].

If biomass conversion processes and equipment to produce fuels is integrated,
so power, heat, and value-added chemicals from biomass are final products we can
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call this “biorafinery”. The biorefinery concept is analogous to today’s petroleum
refinery, which produce multiple fuels and products from petroleum. By producing
multiple products, a biorefinery takes advantage of the various components in
biomass and their intermediates therefore maximizing the value derived from the
biomass feedstock.

A very important thermochemical route converts biomass via processes such
as gasification and fast-pyrolysis. Gasification allows for the production of very
clean synthetic biofuels, by liquefying the syngas via Fischer-Tropsch synthesis -
combined, this pathway is known as,biomass-to-liquids’ (BTL). It remains relatively
energy intensive, but the integration of processes promises increased efficiency. In

Second generation

Feedstock +
Ligno-cellulosic biomass
Residues, dedicated energy crops

Bioconversion process ++
Fermentation, gasification, fast-pyrolysis

Carbon balance +
Carbon neutral to slightly carbon-positive

Energy balance -f+ +
Depends on feedstock, process integration

fast-pyrolysis, biomass is rapidly heated (450-600°C) in the absence of air to yield
a heavy fuel oil type liquid - bio-oil or pyrolysis oil - that can be further refined into
arange of designer fuels or used as such. Alternatively, bio-oil and its residue (char)
can be treated as a feedstock for BTL fuel production [2].

Although novel synthetic routes need to be developed in the frame of green
chemistry when starting from biomass rather than from fossil organic material
to produce the ‘top eight’ bulk materials, it seems to be technologically feasible.
On the other hand, when the raw material source shifts from fossil to green, new
materials will be discovered and developed with the same or new properties.

Whereas the second generation intervenes at the bioconversion step, the
third generation of biofuels is based on advancements made at the source -
the production of biomass. This generation takes advantage of new, specially
engineered energy crops. There is significant progress to be made in this respect.
Recent advancements in plant biology, the emergence of extremely efficient and
fast breeding techniques (molecular breeding), the rapid advancements in the field
of genomics, and classic design of transgenic crops promises to result in plants
with properties that make them more suitable for conversion into bioproducts [3].
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Here we can describe several recent examples what we can expect in the near
future. Just recently, scientists designed eucalyptus trees with a low lignin content,
which allows for easier conversion into cellulosic ethanol; likewise, one of the
fathers of modern bio-engineering designed poplars with a lower lignin content.
Eucalyptus trees capable of ingesting up to three times more carbon dioxide than
normal strains, indicating a new path to reducing greenhouse gases and global

Third generation

Feedstock ++
Purpose designed energy crops allow
Improved bioconversion, higher yields

Bioconversion process + +
Fermentation, gasification, fast-pyrolysis

Carbon balance +
Carbon neutral to slightly carbon-positive

Energy balance -f+ +
Depends on feedstock, process integration

warming. The new trees also have properties that make them more suitable for the
production of cellulosic ethanol. In this sense, they can be seen as part of third-
generation biofuels.

Crop scientists are also succeeding in increasing the biomass yield of energy
crops. Crops with higher sugar content (sweet sorghum) that nonetheless thrive
in more arid conditions have been developed and are being test-grown with
ethanol production in mind. Finally, in what must be seen as a breakthrough of
major importance, scientists succeeded in overcoming the problem of acidic soils
by designing a crop (sorghum) that can grow in such an environment. In a special
case, researchers created a corn crop which already contains the enzymes needed
to convert its biomass into fuels. This is an example of radical ,third generation’
crops.

Deriving transport fuels from algae, a third generation biofuel feedstock, is today
considered the Holy Grail of alternative energy, and presents numerous business
opportunities. While biodiesel is the most obvious fuel that can be considered from
algae (owing to the large oil content of microalgae), it is but one of the products
that are possible. Others include ethanol, methane, hydrogen, biogasoline and the
algal biomass itself which can be used as a feedstock of combustion. The range
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of products that is being currently produced from algae covers industries such as
food, pharmaceuticals, animal feed and dyes [4].

Direct solar fuel technologies use photosynthetic microorganisms to produce
liquid fuels directly from solar energy. Many photosynthetic microorganisms
already produce fuels and fuel precursors, such as fatty acids and hydrocarbons.
The challenge is finding cost-effective ways for the microorganisms to efficiently

Fourth generation

Feedstock + + +
Purpose designed energy crops with improved
carbon storage, higher yields

Bioconversion process ++
Fermentation, gasification, fast-pyrolysis

Carbon balance + + +
Carbon negative, CO2 out of atmosphere

Energy balance + +
Waste heat used for carbon capture & storage

produce these fuels in large quantities and in forms that can be easily incorporated
into the existing transportation fuel infrastructure. Researchers have modified the
start-ups biofuel bacteria to produce many new compounds and to also be able to
digest cellulose, found in plant waste.

In fourth generation production systems, biomass crops are seen as efficient,
carbon capturing’ machines that take CO, out of the atmosphere and lock it up
in their branches, trunks and leaves [5]. The carbon-rich biomass is then converted
into fuel and gases by means of second generation techniques. Crucially, before,
during or after the bioconversion process, the carbon dioxide is captured by
utilizing so-called pre-combustion, oxyfuel or post-combustion processes.
The greenhouse gas is then geosequestered - stored in depleted oil and gas
fields, in unmineable coal seams or in saline aquifers, where it stays locked up for
hundreds, possibly thousands of years.

The use of such dedicated energy crops makes an impact on both its carbon
and energy balance. With higher yields and easier bioconversion, less energy is
needed to grow, harvest and transform a given amount of biomass. A particular
development in plant biology must be mentioned, because it takes us straight to
the, fourth generation of biofuels.
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3. Conclusion

Combined, the potential of fuels based on biochemical and thermochemical
biomass conversion is large. The World Energy Council recently estimated these
fuels could replace approximately 40 percent of all petroleum based transport
fuels, by 2050. The IEA Bioenergy Task 40 sees a far larger potential (up to 260 Ej by
2050, which would come down a replacement of all petro-fuels for transport.

Development and implementation of a national Strategic Research and Agenda
and Implementation Strategy is the key issue also for Slovakia. Our agenda is
legislativelly built till 2020. It is necessary to clarify what aspects of bioenergy, bio-
chemistry and biodiversity remain uncertain and what hypotheses could be tested
to reduce scientific uncertainty.

Key uncertainties included:

(1) invasive potential of alternative feedstocks in different situations;

(2) magnitude (area) of land conversion from bioenergy;

(3) which land uses (i.e., urban vs. marginal vs. agricultural) will be replaced by

each feedstock;

(4) qualitative and quantitative effects of alternative bioenergy management

practices on ecosystems; and

(5) whether the cost of implementing ecologically sustainable management

practices will be low enough.

Research to clarify these questions will help to reduce uncertainty with respect
to the broad thesis. This could be a role of the National center for research and
application of renewable energy resources STU in this strategy.
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1. Uvod

Komplexna struktura a nepoddajnost lignocelulézovych surovin je kritickym
miestom procesu vyroby a komercializacie biopaliv druhej generacie [1]. Tento
problém je nevyhnutné vyriesit uvolnenim celulézy zo zloZitého komplexu a zvy-
Sit jej dostupnost pre enzymy procesom predspracovania. Problémom je, Ze pred-
spracovanie zvysuje v porovnani s vyrobou 1. generdcie naklady, ¢im ju predrazuje.
Predspracovanie zvysuje vytazok fermentovatelnych cukrov ¢im sa vyroba stava
efektivnejsou.

g
Sugar 1" N Fexmeninti
S
i 2,
N 3 - -
Starch f{.{“,;__ . L‘ Hydrolyss  Fermentation . :h'“'"'"'
; Co-products

m. iﬁﬁ|’ Mo | Rervntath

Obr. 1: Porovnanie krokov vyroby bioetanolu I. a Il. generacie [2].

Vyroba bioetanolu druhej generdcie je oproti bioetanolu prvej generacie zlo-
Zitejsi, viacstupriovy proces (Obr. 1). Suroviny obsahuju tazsie odburatelné latky,
polymérne zliceniny s vysokym polymeriza¢nym stupriom, s vy$ou mierou uspo-
riadanosti a tym aj odolnosti vodi Stiepeniu.

Celuléza, ktora je zloZzend z celobiézovych jednotiek tvori Uplne symetricku li-
nearnu makromolekulu. Velka c¢ast makromolekul celulézy je vzajomne viazana
vodikovymi vdazbami do krystalickych celkov, ktoré su velmi odolné biologickym
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a chemickym pdsobeniam a preto sa ovela tazsie hydrolyzuji na monomérnu
glukdzu ako Skrob. Okrem toho su vlakna zlozené z makromolekul celulézy stme-
lené v makrostrukture dreva a inych lignocelulézovych materidloch tzv. strednou
lamelou, ktora obsahuje najma lignin. To znamen4, ze aj z hfadiska makrostruktury
je celuléza v lignocelulézovych materidloch bez predspracovania nedostupna pre
enzymy a vyzaduje okrem mechanickej Upravy aj predspracovanie.

Hemicellulose
or Starch

Moseer ef ol 2004

Obr. 2: Predspracovanie lignocelul6zovych materialov [3].

Predpriprava lignocelulézovych surovin je uréena na rozrudenie vodikovych va-
zieb krystalickej struktury, kvoli uvolneniu polymérovych retazcov celulézy a hemi-
celuléz a na modifikaciu pérov v materialy aby enzymy mohli prenikat do Struktu-
ry vldkien. Predspracovanie znizuje krystalicky podiel celulézy, znizuje priemerny
polymeriza¢ny stupen celulézy, rozrusuje lignin-hemicelul6zovy ochranny obalu
v makrofibrilach obklopujuci celulézu, a zvacsuje dostupnu povrchovu plochu pre
posobenie enzymov [4].

2. Sposoby predspracovania

2.1.Fyzikalne

mechanické rozmelnenie:

Zvycajne predstavuje prvy stupen predspracovania. Dochadza k redukcii rozme-
rov lignocelulézovych materidlov. Vyuzivaju sa rézne typy gulovych, kladivovych,
koloidnych a diskovych mlynov. Kone¢ny rozmer zavisi od typu predspracovania
a suroviny a optimalne je v rozsahu 0,2-2 mm [5]. Najvac¢sou nevyhodou mletia je
vysoka spotreba energie.
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oziarenie:

Mikrovinné Ziarenie sa vyuziva na zmenu ultrastruktiry celulézy, ciasto¢né
odburanie ligninu a hemiceluléz. Ide od priamu interakciu zahrievaného objektu
a aplikovaného elektromagnetického pola [6]. Mikrovinné Ziarenie vedie k Stiepe-
niu celulézy pomocou molekuldrnych zraZiek kvoli polarizacii dielektrika. Vyhodami
su kratky cas, vysokd rovnomernost a selektivita a mensia spotreba energie ako
tradi¢nym zahrievanim [7].

Zmrazovanie:

Vlyrazne zvySuje enzymaticku stravitelnost ryZzovej slamy. Napriek tomu, Ze tato
metdda vyZzaduje vysoké naklady a je malo preskimand, ma niekolko jedine¢nych
znakov: nizky environmentalny dopad, menej nebezpecénych chemickalii a vysoka
ucinnost [8].

2.2 Chemické

kyselinami:

Povacsinou hydrolyza kyselinou sirovou (hlavne hemicelulézy) na monosachari-
dy. Vyuziva sa bud'zriedend kyselina pri vysokej teplote alebo koncentrovana kyse-
lina pri nizkej teplote. Hydrolyza zrideneou kyselinou od niekolko hodin pri 100 °C
az po 10 sekund pri 200 °C s koncentraciou kyseliny 0,5 — 4 %; vysoky vytazok xy-
I6zy z xylanu; vysoka rychlost hydrolyzy; degradacia cukrov a tvorba neziaducich
vedlajsich produktov, ktoré nie len znizuju vytazok cukrov ale mnohé z nich st inhi-
bitory, ktoré redukuju aktivitu mikroorganizmov a ich enzymov (furfural, organické
kyseliny, fenolové zlu¢eniny, formaldehyd); z hladiska degradacie monosacharidov
pri vysokych teplotach a tvorbe inhibitorov je vyhodnejsie pouzit viacstuprovy
proces; ak nasleduje enzymaticka hydrolyza, musi nasledovat neutralizécia a de-
toxifikacia [4].
zasadami:

NajdolezitejSimi javmi je odstranenie ligninu, acetylovych skupin a substitucia
roznych urénovych kyselin, ktoré inhibuju dostupnost pre celulazy. Rozpustanie
hemiceluléz a celulézy je mensie ako pri kyselinach [9].
organickymi rozpustadlami:

Vyuzivaju sa methanol, etanol, acetdn, etylénglykol s pridavkom alebo bez pri-
davku katalyzatora (kyseliny alebo zasady). Dochadza k Stiepeniu vazieb ligninu
a hemiceluléz. Preto je mimoriadne vhodné pre biomasu s vysokym obsahom lig-
ninu [10]. Hlavnymi nevyhodami su nizky bod varu, vysoké riziko prace pri vyso-
kych tlakoch, horlavost a prchavost pouzitych rozpustadiel.
ozénom:

0Oz6n ako plynné oxidac¢né Cinidlo rozpustné vo vode Stiepi lignin a hemicelulé-
zy a zvysuje biodegradovatelnost celul6zy. Najva¢sou vyhodou je malé mnozstvo
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vedlajsich produktov, ¢o zmensuje komplikdice v naslednom kroku hydrolyzy [11].
Okrem toho je process vedeny pri teplote okolia. Najva¢sou nevyhodou je cena
velkého mnozstva potrebného ozénu [12].

2.3 Fyzikalno-chemické

explézie: (parna - autohydrolyza, amoniak - AFEX, CO2, SO2):

Biomasa sa spraciva pomocou vysokotlakovej nasytenej pary (20-50 bar, 160-
270 °C) niekolko sekiind az minut, po ktorych dochadza k nahlemu znizeniu tlaku
az na atmosfericky [4]. To sp6sobi, ze materidl je podrobeny takzvanej explozivnej
dekompresii. Udrzovanie zvysenej teploty v prostredi pary spésobuje hydrolytic-
ku degradaciu hemiceluléz a transformaciu ligninu. Vysokotlakové para vyplnuje
[imeny a péry buniek lignocelulézového materidlu a po naslednej explézii do-
chadza k mechanickej fragmentdcii materidlu a zvyseniu $pecifického povrchu.

horica voda:

Ide o autohydrolyzu v hortcej vode pri vysokej teplote (160 — 240 °C) a tlaku
bez chemikalii. Dochadza k rozpustaniu hemiceluléz hlavne na oligosacharidy.
Spoésobuje ultrastrukturdlne zmeny a tvorbu mikropoérov, ¢o zlepSuje dostupnu
povrchovu plochu pre hydrolytické enzymy. Surovina je predspracovana podobne
ako v pripade zriedenych kyselin [13].

mokra oxidacia:

Spracovanie lignocelulézového materidlu vodou a vzduchom alebo kyslikom
pri teplotach nad 120 °C menej ako 30 minut. Vhodna pre material s nizkym obsa-
hom ligninu [13].

3. Sposoby posudzovania dostupnosti

Chemické a fyzikalne vlastnosti substratu su predovsetkym urcené vlastnosta-
mi biomasy a typu predspracovania. Charakteristiky lignocelulézovych substra-
tov, ktoré ovplyviiuju Gcinnost enzymatickej hydrolyzy su krystalinita, stupen
polymerizacie, $pecifickd povrchova plocha a lignin/hemicelulézy distribucia
[14]. Faktory, ktoré ovplyvnuju priebeh enzymatickej hydrolyzy — sacharifikéaciu
su neproduktivna adsorpcia enzymov na lignin, krystalinita celulézy a stuper po-
lymerizacie.

U¢innost predspracovania z hladiska naslednej dostupnosti pre enzymy je
mozné merat roznymi nepriamymi metddami. Distribucia pérov sa stanovuje po-
mocou NMR kryoporometrie alebo SEM mikroskopiou. Niektoré metédy merania
plochy povrchu celulézovych materidlov nie su Uplne vhodné ako napr. schop-
nost zadrziavat vodu (WRV), ortutovd porozimetria a iné, ktoré vyzaduju suchu
vzorku. Dostupnost povrchu pre naviazanie sa da stanovit aj adsorpciou protei-
nov (celuldz a B-glukozidaz). Posudzuje sa minimalna davka proteinov potrebna
pre u¢innu hydrolyzu. Naviazané proteiny sa vypocitaju ako rozdiel celkovych
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a volnych [15]. Inou metddou je adsorpcia dusika Brunauer-Emmett-Teller (BET)
metddou, ktora je vhodna na urcenie Specifického povrchu dostupného moleku-
I[dm dusika. Nevyuziva sa ¢asto kvéli malym rozmerom molekul dusika a pozia-
davkam na suchu vzorku [16].

Za najpresnejsiu metddu sa povazuje adsorpcia Simonsovho kombinované-
ho farbiva [17]. Simonsovo farbivo je zloZzené z dvoch farieb a je citlivé na zmeny
v dostupnosti vnutornych struktur vlakien. Obidve farbiva sa viazu selektivne na
celuldzu a nie na hemicelulézy, alebo lignin. Pomer oranZzovej a modrej a celkové
mnozstvo adsorbovaného farbiva je indikdtorom dostupnosti, resp. tcinnosti en-
zymatickej hydrolyzy celulézy. Zavislost medzi adsorpciou Simonovho farbiva a vy-
tazkom hydrolyzy celulézy je linedrna s koeficientom determinacie R*>=0,94 [18].

4.Zavery

Na produkciu ekonomicky uskutoc¢nitelného celul6zového etanolu musi byt
vytazok etanolu a ucinnost enzymov zlepsend optimalizaciou vsetkych krokov
procesu. Predspracovanie je klfi¢om ku konkurencieschopnej a trvalo udrzatelnej
technoldgii vyroby bioetanolu druhej generécie. Z dévodu plnenia Eurépskych
smernic pre zvySovanie obsahu biopaliv v pohonnych hmotach je vyskum tejto
oblasti velmi aktuélny. Cena etanolu je zavisla na technoldgidch pouzitych na kon-
verziu vychodiskovej suroviny.
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1. Introduction

It is reasonable to divide of pore materials especially biomaterials as paper,
leather etc. according to following point of view.

Molecular point of view

Chemical composition of pore materials is defined by chemicals forming of
pore walls, e.g. cellulose, lignin and hemicellulose in paper, collagen in leather,
pergamen etc.

Above-molecular chemical point of view

Supermolecular level

Hypermolecular level.

Above-molecular chemical point of view

Supermolecular level

Pore matter, i.e. the matter of pore walls, has micro- and submicro-reticular
character consisting of structuralised discontinuities as nano-fibrils, elementary
fibrils, microfibrils, fibrils etc. in controlled or stochastically controlled organization,
i.e. heterogenic reticular pore walls as cell wall of plants, pulp etc.; consistently non-
structuralised gel matter in xerogel or hydrogel form, i.e. homogeny reticular pore
walls as cell wall of leather etc.

« Hypermolecular level
The pores are divided according to their structure and shape.

Division of pore structures:

« Oriented pore structures, i.e. structuralised pore materials e.g. leather etc.

- Non-oriented haphazard pore structures, i.e. non-structuralised pore materials
e.g. paper etc.
Shape of pores:

« open hole pores of double-sided character, i.e. through flow pores e.g. the all
filter materials;

- open hole pores of one-sided character, e.g. the micro sacks, micro gaps etc,;

+ closed holes, i.e. hollow holes, e.g. micro hollow holes etc.
Evaluation of surface-molecular properties of pore interface is also important.
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Evaluating Methods

« Supermolecular level
Usually X Ray diffraction — evaluating of e.g. crystalline and amorphous part of
cellulose.

+ Hypermolecular level
It exists not satisfactory method or solution.

We have developed a methodology based upon molecular groping of pores.
The method is based upon controlled humidification and vapour absorption
of selected organic substances (toluene and methyl ethyl keton) in porose non-
structuralised flat material and enable us to evaluate also surface-molecular
properties of pore interface [1].

The methodology consists of following steps [2]:

« Gravimetrical measuring a kinetic of humidification at 50%, 75% and 97% of
relative air humidity (RH) of porose plane figured sample with defined geometry
especially its outer area

« Gravimetrical measuring a kinetic of vapour absorption of methyl-ethyl keton
and toluene by porose flat sample

« Fitting of received kinetic data by use of well defined theoretical mathematical
relationship
Calculation or detection the density of solid state matter and partial (apparent)
density of sample

« Dependence an absorption rate of sample humidification in the beginning of
sorption process, v,, vs. the relative interval of pores

o (rmin S r< (@), Ag, filled in steady-state with condensed liquid

+ At last by use of proper software in xls format the following parameters are
evaluated.

Hypermolecular structure parameters

o (&(48%), £(75%), £(97%)) - Wet sample porosity (V/V), , i.e. the porosity fullfiled
with condensed water at RH 48%, 75% and 97%, respectively.
(i, j, k) - Effective maximal pore diameter, mm, smaller pores inclusive, fulfiled
with condensed water at RH 48%, 75% and 97%, respectively [1]

K00 = 12,0, Sy W D) = —— o 020 35006)
. ks " o Rl B P T j

where:

-M molar mass of water (kg/mol);

-T  temperature (K);

-o; adhesion tension of liquid to pore surface (N/m);

-0 contact angle between the surface of the capillary tube and water internal
meniscus (in the case of full wetting, this angle is usually equal to 0°, product (y,,
cosB) being equal to water’s surface tension vy, (72.2 103 N/m at T =295 K);

-R gas constant (8.314 J/(K mol)).
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g, (e—g)/¢, g/¢, (g-€)/¢, (g,—¢€)/< - the total porosity of the porous sample (V/V),
relative extent of the big pores in the porous material, relative extent of the
small pores in the porous material, extent of pore volume dispersion in the
porous material, respectively.

Effective mean pore diameter and pore size dispersivness, um, provided that
pore size distribution function is controlled by theoretical Gauss distribution.
Vo (48%), vy, (75%) and v,,, (97%) - absorption rate of sample humidification in the
beginning of sorption of porose sample, (1/day) at 48%, 75% and 97% relative
air humidity, respectively.

Y.(48%), Y.(75%) and Y,(97%) - the steady-state moisture of porose sample (g
water/g of o.d. sample) at 48%, 75% and 97% RH, respectively.

Surface-molecular properties of pore interface

or (mN/m) - adhesion tension of pore interface to water,

Y. (MN/m) - surface tension of pore interface with air,

Yo Yor Y5 ¥V (MN/m) - dispersion (nonpolar) part of surface tension of pore
interface with air, polar part of surface tension of pore interface with air,
cationactive polar part of surface tension of pore interface with air, anionactive
polar part of surface tension of pore interface with air, respectively,

d, p, p*, p” - relative dispersion (nonpolar) part of surface tension, relative polar
part of surface tension, relative cationactive and anionactive polar part of
surface tension of pore interface with air, respectively.

It was established that vapour absorption process is controlled by diffusion and

vapour condensation, i.e. the maximum adhesibility, i.e. affinity of liquid molecules
to microsurface molecules of pores, is achieved if the following conditions are

fulfilled:
1‘YS=Y|
2.p,=pad,=d,
BREI ViR b
n n
P il p=2 %y prl
P = poaned o, = oy

3. ps+/pl+= pl-/ps-ory:"Ys»:’YI*—"Yl-
Better it is to see from following the schematic presentation.
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2. Results and discussion

Results of paperboards prepared from mechanical and chemical pulps.

Tab. 1: Basic porosity properties of evaulated paperboards.

SaJ (blea-  |SaL (bleached sul-| Si (MgBi-sulphite
Paper parameters | DM (groundwood) | ched sulphate | phate hardwood | spruce bleached
softwood pulp) pulp) pulp)
Apparent density, 442,73 643,26 581,05 708,55
kg*m-3
Porosity €, % 71,6 59,29 63,2 55,2
£,(48%), % 2,76 3,34 3,07 3,67
£(75%), % 4,80 5,21 5,27 5,88
£,(97%), % 12,78 13,73 15,19 16,57
i(um) 0,2 0,6 0,5 0,5
j (um) 0,5 1,5 1,2 1,2
k (um) 5,1 14,3 11,7 11,0

Tab. 2: Basic porosity properties and surface-molecular properties of evaulated paperboards.

Sal (bleached | SalL (bleached sul- | Si (MgBi-sulphite
Paper parameters | DM (groundwood) sulphate phate hardwood | spruce bleached
softwood pulp) pulp) pulp)
Apparent density, 442,73 643,26 581,05 708,55
kg*m-3
Porosity e, % 71,6 59,29 63,2 55,2
Effective rTr]nneian pore, 83 188 16 127
Dispersiveness of pore
ZIStribution,mr‘rr: 44 12 10 /
oT, (mN/m 2,6 7,5 6,1 57
ys, mN/m 33,2 33,7 33,5 33,5
yd, mN/m 30,1 30,1 30,1 30,1
y+, mN/m 0,28 0,28 0,28 0,28
y-» mN/m 8,6 11,6 10,7 10,5
yp, mN/m 3,1 3,6 3,5 34
d 0,91 0,89 0,90 0,90
p 0,09 0,11 0,10 0,10
p+ 0,01 0,01 0,01 0,01
p- 0,26 0,34 0,32 0,31
Ye(97%), (9/9) 0,29 0,22 0,26 0,24
Ye(75%), (9/9) 0,11 0,08 0,09 0,08
Ye(49%), (9/9) 0,06 0,05 0,05 0,05
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As results from Eq. 1, an effective maximal pore diameter fulfiled with condensed
water at RH 48%, 75% and 97% is strongly inflenced by value of adhesion tension

Effective mman pons dimension, um

Fm e

Effectia mass pons dameter [ Diaporshensss of pore Seibuon

Fig. 1: Porosity parameters of evaulated paperboards.

of water, or. The affinity of pore walls molecules to water molecules increases with
the increase of adhesion tension. With an increase of adhesion tension increases
the size of pores fulfilled with condesed water and vice versa.

Sample name:

1 2 3 4 5 6 7 8 9 10
DM DM Ds Ds Si Si SalL SalL Sal Sal
73,5 84,6, 179,18 | 16,22,19 | 30,2829 | 24,26,25 21,25,23 20,24,22 18,23,21 17,22,19
Virgin groun- Sulphite softwood Sulphate hardwood Sulphate softwood

Dryed groundwood
dwood pulp pulp pulp
Relative polar and dispersion parts of Retative basis (v+) and ackd |-} polar
pores’ matiers surface femsion parts of pores’ matiers surface
tension

Aol werisce tenpign

||u|||ll|_1

Rl wmrlagw femnk

Form. mafer Borey male
LL B e
Fig. 2: Comparison of surface - molecu- Fig. 3: Comparison of surface-molecu-
lar properties of evaulated lar properties of evaulated
paperboards with water. paperboards with water.

Generally, all pulps groundwood inclusive are more hydrophobic than
hydrophilic. Hovewer, the groundwood is hydrophobic of all and its structure is
formed with high amount of small pores.

All pulps groundwood inclusive assert anioniactive character of their polar
intermolecular interactions.
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Fig. 4: Comparison of adhesiveness of evaulated paperboards to water.

As expected, adhesion tensions of water to bleached pulps achieve relatively
highest values.

The equiltrium mosture of pores” =aer vs. mazimal
effective pore dameter hulfiled with condessed w ater

e, gl
%

ERpctee poth damief, pf
=M, i On TTH B gt 1 L — = S - B L

Fig. 5: Comparison of paperboards hygroskopicity of different composition
vs. maxima effective pore diameter fulfilled with condensed water.

Though more hydrophobic, the groundwoods achieve maximal hygroscopicity
because have highest porosity formed by smaller pores - compare with data in
Tab. 2. Due to this fact, the maximal effective pore diameters fullfiled with water
for groundwoods have achieved lowest values. This reality is in full conformity with
data in Fig. 6.

Tha poeosity fulfillad with condensad warler vs.
mankmal effectve pore dameter fubflied wes

candiniad wales

Parasiy. %

Fig. 6: Comparison of paperboards porosity of different composition
vs. maxima effective pore diameter fulfilled with condensed water.
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The porosity fullfiled with condensed water achieved higher values for small
size of pores in case of groundwood paperboards compared with bleached more
hydrophilic pulps. Differences among moistening rates of the paperboards of
different composition are small (see Fig. 7) because this rate is controlled by vapour
diffusion followed by its quickly condensation in appropriate pores. Again, the
groundwoods have relatively or else more hydrophobic character but their pore
structure is predominantly formed with a high amount of small pores.

3. Conclusion

Hypermolecular structure inclusive molecular-surface characterization enable
us to received more information about the processes and behaviour of pore
materials.

It enable us to deeply understand of the mechanism of all processes being
connected with humidification and absorption of vapours and liquids in porose
materials native substances predominantly.

The moistening rate at the beginning of vapour
condensation of pores’ matter vs. relative air humidity

i-'-.-..-»-.:--""-#

L £ ) E 100
Red Air humidity, %

=B DMB4E —h—Ds 17918 —=—8al 212523 —0 =524 2835 - - 5318230

Fig. 7: Comparison of moistening rate of evaulated paperboards at beginning
of a moisture process at different relative air humidities.
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Modelling the water-mass equilibrium
in the paper machine

Konrad Olejnik

Lodz University of Technology, Institute of Papermaking and Printing,
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Abstract: Every properly functioning, stable continuous technological process
operates under certain dynamically balanced conditions. In general, this state can
be described as a “Technological Equilibrium” of a process. In case of paper produc-
tion process, technological equilibrium can be considered as a set of the following
partial equilibriums: water, mass, physico-chemical, microbiological and thermal.
Increased usage of circulating technological waters leads in long term to signifi-
cant change of the technological equilibrium in paper mill. In extreme situation,
it can result in unstable process parameters, lower both production efficiency and
product quality. The main objective of presented work was to develop the model
and computer application for investigation and analysis of the technological equi-
librium in water-mass loops of a paper machine system. Steady-state verification
of the developed model and the application showed that it works with satisfactory
accuracy, thus it made possible to determine quantitatively the state of technolo-
gical equilibrium with high precision.

Keywords: paper machine, wet-end, equilibrium, simulation, modeling

Nomenclature

SR - Schopper Riegler value (°SR)

X — Fines concentration,-

m, — Total pulp weight (b.d.) at the end of forming section, kg/s
m,, — Total pulp weight (b.d.) in the headbox, kg/s

WRV; - Water retention value of fines, -

WRV,; — Water retention value of fibres, -

WRV,, - Water retention value of pulp, -

WRV,,, — Initial water retention value (for unrefined pulp), -
WRVq, - Initial water retention value (for primary fines), -
Xp — Final dryness of paper web after press section, -

SEC - Specific Energy Consumption (refining), kWh/t b.d.

1. Introduction

A characteristic feature of paper production is its internal, high demand for wa-
ter, which cannot be easily reduced in practice. There are unit operations in the
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technological line that locally require pulp dilution levels corresponding to specific
water consumption ranging from 200 to 400 m3/t of paper. In practice, such high
water consumption is unacceptable but lower water consumption can be achieved
only by replacing the fresh water with circulating post production (technological)
waters. These recirculated streams carry a load of suspended and dissolved solids
and secondarily affect the “technological equilibrium” of the process. In general,
term “Technological Equilibrium” can be regarded as a set of dynamically balanced
conditions (parameters) which play crucial role for the process runnability and pro-
duct quality. Technological equilibrium in paper production process can be consi-
dered as a combination of the following partial equilibriums [1]:

« Water,

«  Mass,
« Physicochemical,
« Thermal,

« Microbiological.
All partial equilibriums are linked together (Fig. 1).

# TECHSOL OGIC AL £ Ll e

PRODUCT
CRLALITY

\H\aﬂf

Fig. 1: Technological equilibrium in paper mill as a set of partial equilibriums

For example, reduction in fresh water consumption (water equilibrium chan-
ge) increases the content of pulp particles in circulating water (mass equilibrium),
increases the concentration of solutes (physicochemical equilibrium) [4, 6] and
increases the temperature of circulating water (thermal equilibrium). Above fac-
tors have an effect on the amount and the type of microorganisms in the system
(microbiological equilibrium). Additionally, the temperature increase makes the
paper web easier to dewater. This subsequently influences retention in the wire
section and the quality of the product. Finally, it results in further changes in the
pulp and physicochemical equilibrium (change in concentration of pulp particles
and substances dissolved in circulating water) [1-6]. Nowadays, decrease of the
specific fresh water consumption is one of the most important tasks in paperma-
king but increased usage of circulating technological waters leads to significant
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change of the technological equilibrium in paper mill. In extreme situation, it can
result in unstable process parameters, lower production efficiency and quality.

Based on above statements it can be concluded, that investigations related to
technological equilibrium changes in paper production are very important from
practical point of view. Unfortunately, results obtained during industrial measure-
ments are often not reliable. Complexity of the process, short dwell times and
continuous parameter corrections by control systems are the main reasons. That
is why further development and optimization in this industry depend on accuracy
of mathematical models and computer software which provide the possibility of
process simulations and analysis without a necessity to interfere with a real system.
This state can be confirmed by the large number of works of different authors [7-
20] related to this problem.

As a result of above factors, presented work was undertaken. The main objective
of this work was to develop the model and computer application for investigation
and analysis of the technological equilibrium in water-mass loops of a paper ma-
chine system, especially including: water equilibrium an mass equilibrium but with
respect to paper machine runnability and final product quality.

2. Model development

Configuration of the industrial technological line has been used for the model
development purposes (Fig. 2). Equations of material balance based on fundamen-
tal mass conservation law were used. Similar assumptions and equations can be
found in several previous works [9, 15-19]. Mathematical model was supported by
empirical formulas based on investigations which were done in laboratory and pa-
per mill. During investigations it was found that paper machine control systems
had strong influence on the water and mass equilibriums therefore main control
loops similar to real control systems of a paper machine (including PID local con-
trollers and cascade control system) were implemented in the simulation software.
DCS-like interface was also developed for the purpose of final computer applica-
tion.

It was assumed that three main materials are presented in technological stre-
ams:

. Water,
- Fibres,
« Fines.

Separate equations and calculations have been applied for each material. For
the purpose of calculations related to fines separation during forming operation,
forming section has been divided into two zones, similar to Orccotoma’s model
presented in [15]. First zone ranged from headbox to vacuum boxes. Second zone
contained vacuum boxes and the couch. For forming web water-mass calculations
it has been assumed that dry line (of known dryness) has delimited both zones.
Calculations of dryness after forming are based on empirical formula presented by
Paulapuro [5].
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[

Fig. 2: Block diagram of the process line configuration which were used for modeling and
simulation purposes

Mass loss on the wire has been described by first pass retention factor and total
retention factor.

In order to calculate total wet-end mass and water balance, web dryness after
press section was required. It has been assumed, that press section efficiency is
limited by material composition only therefore dewatering efficiency can be obtai-
ned from pulp WRV (eq. 1).

y =" Q)
WRV, +1
where:
WRV, =(1=x.)*WRVy +x.*WRV, (2)

For fines and WRV development, empirical formulas based on lab investiga-
tions, have been found (eq. 3-5). Investigations were related mainly to refining pro-
cess because refining has major impact on the development of both parameters.
Relationship between refining energy and Schopper-Riegler value (3):

89,5
R = 1 4 o O0TITTHSECITLY) 3)

Relationship between Schopper-Riegler value and amount of fines (4):

7021 esR (4)

T 025
l+e 09

It was found that pulp WRV development during refining can be described by
the following formula (5):

R =8 946-

WRV, =WRV,, * SEC** (5)

Fines WRV development formula (6):
WRV, =(327.8 —WRV,,-0.9942%) (6)
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One must remember that all above empirical equations are correct for the pulp
which was used during production in the paper mill where all tests were done.
Finally, computer program called “Wet-End Simulator” has been designed and
built. This program is intended for Windows operating systems.

3. Results

Model and simulator reliability tests were made however only steady-state ex-
perimental data were available because there was no permission to perform the
dynamic changes in the process. Obtained results, collected from the real process
and compared with simulation data are presented on Fig. 3-4.

Results were collected for various initial production parameters (e.g. paper
machine speed, thick stock consistency and flow, jet/wire ratio, first pass retention).

a) b)

Fig. 3: Comparison of the headbox consistencies (a) and paper basis weight values
(b) calculated by the program with the values taken from the real paper machine

It can be stated that the steady-state verification of the developed model and
the application showed that it works with satisfactory accuracy, thus it made po-

L
e

Fig. 4: Comparison of the white water consistencies calculated
by the program with the values taken from the real paper machine
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ssible to determine quantitatively the state of technological equilibrium with suffi-
cient precision. Comparison of the importance of specific fresh water consumption,
wire retention and pulp consistency in the headbox on white water cleanliness
is presented as the example of the data which can be calculated using “Wet-End
Simulator” software.

4, Conclusion

The Wet-End Simulator, the software for analysis of mass and water equilibriums
in paper production process was designed, built and tested. The satisfactory re-
sults for tested production process and pulp used in the process were obtained.
It must be mentioned that presented model is valid for specified configuration of
the paper machine, used pulp grade and within the limits of technological para-
meters used during production process. Nevertheless it can be anticipated that the
technique could be easily adapted for other pulp grades and other paper grades.
Further research are in progress in order to make presented model more universal.
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Zmeny vybranych fyzikalnych a mechanickych
vlastnosti sulfatovej buniciny v podmienkach
modelovanej recyklacie

Anton Geffert, Jarmila Geffertova Drevarska fakulta TU vo Zvolene UL. T. G.
Masaryka 24, 960 53 Zvolen geffert@tuzvo.sk, geffertova@tuvzo.sk

1. Uvod

Viac ako 50% suroviny pre vyrobu papiera vo svete tvoria v sucasnosti sekun-
darne vlakna ziskané recyklaciou. Vyuzivanie starého papiera ukdzalo, ze tieto vIak-
na maju velmi odlisné vlastnosti od Cerstvo pripravenych (Laivins and Scallan 1993,
Hubbe et al. 2007, Howard 1990, 1994). Opakovanym pouzivanim vznika extrémne
nehomogénna zmes rozne starych vldkien. Stary papier sa sklada z réznych druhov
papiera a lepeniek a dalsiu nehomogénnost spésobuje pritomnost vlakien pouzi-
tych vo vyrobe uz viac raz, ale nerovnako (Attwood 1983).

Pri vyrobe papiera je velmi dolezitd optimalizacia podmienok mletia, nakolko
dochédza k fibrilacii povrchu vlakien, uvolfiovaniu jemného podielu a delamina-
cii bunkovej steny. Pevnost papiera, charakterizovana trznou dizkou a pevnostou
v dotrhnuti, sa mletim zvy3uje, ale opakovanym mletim a susenim recyklovanych
vldkien dochadza k zniZzeniu medzivldknového vazbového potencidlu (Blazej,
Krkoska 1989, Stiirmer, Gottsching 1979, Peng et al.1994).

Pre pevnost v dotrhnuti mé rozhodujici vyznam pocet vldkien v mieste
dotrhavania, dizka vlakien, pocetnost a pevnost vazieb medzi nimi (Soucek 1977).
Gottsching (1976) zistil meranim pevnosti pri nulovom upnuti svoriek, ze pevnost
recyklovanych vldkien sa prakticky nemeni. Pokles pevnosti papiera vyrobeného
z recyklovanych vldkien je teda mozné vysvetlit ako désledok znizenej pevnosti
medzivlaknovych vazieb.

Znizenie vazbovej schopnosti a pevnostnych vlastnosti recyklovanych viadkien
prindsa zmenu niektorych uzitkovych vlastnosti, ako st zvysena rychlost odvodne-
nia a susenia, zvysenie priepustnosti vzduchu a pijavych schopnosti papiera a roz-
merovej stalosti papiera (Gottsching a Stlirmer 1975), ¢o suvisi so znizenou schop-
nostou takychto vlakien napuciavat pri kontakte s vodou (Ackermann et al. 2000).

Cielom prispevku bolo posudit zmeny vybranych mechanickych a fyzikalnych
vlastnosti listnacovej sulfatovej buniciny - trznej diiky (TD), indexu dotrhnutia (Ip),
priepustnosti vzduchu a napucania, v podmienkach modelovanej recyklacie kom-
binovanej s jej urychlenym starnutim.

2. Experimentalna cast

Na sledovanie modelovanej recyklacie bola pouzitd vzorka bielenej sulfatovej
buniciny vyrobenej zo zmesi dreva listnatych drevin.
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Povodna vzorka buniciny po prvom spracovani rozvldknenim, mletim a suse-
nim predstavovala 0. recyklaciu, kazdé dalsie opakované spracovanie modelovalo
jeden recykla¢ny cyklus. Buni¢ina bola okrem 8-nasobnej recyklacie podrobeni aj
urychlenému starnutiu podla STN ISO 5630-4.

V priebehu recyklacie bola buni¢ina opatovne upravovana rozvldknenim, do-
mielanim a susenim, pricom hodnota mletia bola zvolena 29 °SR z dévodu dosiah-
nutia dostato¢nych pevnosti papierovych harkov bez zbytocného oslabovania vla-
kien a zabezpecenia moznosti dalsej recyklacie.

Pre sledovanie vplyvu teploty suSenia na vybrané charakteristiky bunic¢iny boli
zvolené extrémne okrajové teploty 80 °Ca 120 °C.

Napucanie buni¢inovych vldkien bolo sledované modifikovanou metédou na
urcenie kinetiky napucania (Solér R. a kol., 2006), ktorej princip spociva v zazna-
menani rozmerovych zmien vo vode napuciavanych skisobnych harkov buniciny
senzormi a ich premenou na elektrické signaly.

3. Vysledky a diskusia

Obr. 1 - 2 dokumentuji zmeny vybranych mechanickych a fyzikélnych vlastnosti
bunic¢inovych harkov - trznej dizky (TD), indexu dotrhnutia (I5) v procese 8-nésob-
nej recyklacie pri teplotach 80 °C a 120 °C kombinovanej s i¢inkom urychleného
starnutia.
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1. recyhldeia
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Obr. 1 Trzna dizka (TD) buniciny v procese recyklacie

Po prvom mleti a suseni vldkien (0. recyklacia) doslo v désledku zvysenia aktiv-
neho povrchu vldkien k prudkému nérastu trznej dizky, pricom najvysiia hodnota
bola stanovena pri bunicine susenej pri 120 °C pred starnutim. V dalSom procese
recyklacie sa pevnostné vlastnosti znizovali, <0 mozno vysvetlit kratenim vladkien
a uvolfiovanim fibrilovanych casti vldkien vplyvom mletia. Podla priebehu hodnot
sledovanych mechanickych vlastnosti (TD, Ip) v jednotlivych stuprioch recyklacie
mozno konstatovat, ze v celom rozsahu dalsich recyklacii, mala bunic¢ina susend pri

ty aj po 8. recyklacii si zachovala bunicina susena pri 80 °C pred starnutim, ¢o sved¢i
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o negativnom vplyve zvy3enej teploty susenia na pevnostné vlastnosti buniciny
charakterizované trznou dizkou a indexom dotrhnutia.

Priepustnost vzduchu, charakterizujica porozitu, je uréena priechodzimi pérmi
v Strukture papiera umoznujicimi pridenie vzduchu v smere tlakového spadu
a klesa okrem iného aj s rasticim stupriom mletia (Soucek 1977).

Hodnoty priepustnosti vzduchu pri teplotach susenia 80 a 120 °C zachytené na
obr. 3 mali pocas recyklacie opacny priebeh, ako mechanické charakteristiky - TD,
Io. Najvyssia hodnota bola zistend u harkov z pévodnej buniciny, kde buni¢inové
vldkna neboli narusené mletim.
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Obr. 2 Index dotrhnutia (I,) buni¢iny v procese recyklacie

Priepustnost vzduchu pomedzi vldkna bola vysoka, kedZe islo iba o odvodnenu
a vysusenu sietnicu vldkien bez pridavku papierenskych pripravkov. Prvym inten-
zivnym opracovanim povodnych vldkien mletim (0. recyklacia) sa zvacsila vaz-
bova plocha, zvysili sa pevnostné vlastnosti (TD, Ip), harok vytvoril sudrznejsiu siet-
nicu vlakien, zmensili sa priestory medzi vldknami a priepustnost vzduchu prudko
klesla.
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Obr. 3 Priepustnost vzduch v procese recyklacie
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V dalSich recyklaciach v désledku domielania na 29 °SR dochadzalo ku krate-
niu, fibrilacii a naslednému odlupovaniu vonkajsej primarnej casti bunicinovej
steny a odstrafiovaniu jemného podielu, ¢o sa prejavilo poklesom mechanickych
vlastnosti (obr. 1 a obr. 2) a zvy$enim porozity (obr. 3).
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Obr. 4 Napuciavanie v procese recyklacie

Zmeny v priebehu napucania bunicinovych vldkien zndzornené na obr. 4 uka-
zali, ze schopnost bunicinovych vlakien napuciavat sa s poc¢tom recyklacii znizuje,
pricom maximalne napucanie dosiahli bunic¢inové vldkna vzdy pri 0. recyklacii.

V désledku opakovanej recyklécie, ktord zahfriala rozvoltiovanie vo vode, do-
mielanie a opatovné susenie pri sledovanej teplote, sa napucanie vlakien znizo-
valo. Na pri¢ine je hornifikdcia buni¢inovych vldkien ako désledok nevratného
uzavretia niektorych pérov v bunkovych stenach, pricom na hodnoty napucania
vyrazne negativne vplyvala zvysend teplota susenia.

Pri napucani zohravaju rozhodujucu tlohu volné -OH skupiny schopné vodiko-
vymi vdzbami viazat na seba vodu. Zatial ¢o v dreve je ich obsah zna¢ne obme-
dzeny, u bielenych bunicinovych vlakien je vdaka takmer Uplnému odstraneniu
ligninu obsah volnych -OH skupin ovela vyssi a napucanie intenzivnejsie, ¢o do
rychlosti aj maximalnych hodnét.

Napucanie vldkien v smere ich hrabky a zvysenie pruznosti mokrych vldkien
svedci o vnutornej fibrilacii, ku ktorej dochadza pocas mletia. V procese mletia sa
v lameldrnej strukture bunkovych stien vldkien sulfatovych bunicin tvoria submik-
roskopické priestory, ktoré maju tendenciu uzatvarat sa susenim polo-nevratnym
spésobom (Jayme a Buittel 1968, Paavilainen 1993).

4, Zaver

Dosiahnuté vysledky ukazali vyrazné zmeny sledovanych mechanickych
a fyzikdlnych charakteristik listnac¢ovej sulfatovej bunic¢iny — trznej dizky, indexu
dotrhnutia, priepustnosti vzduchu a napuicania po¢as modelovanej recyklacie, pri-
¢om navzajom velmi dobre koreluju.
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Najvacsi vplyv na vsetky sledované charakteristiky md teplota susenia. Zatial ¢o
pri teplote susenia 80 °C doslo k znizeniu hodnot trznej dizky o 47 %, pri 120 °C zni-
Zenie predstavovalo az 68 %; hodnoty indexu dotrhnutia pri 80 °C sa zniZili 0 38 %,
pri 120 °C az 0 53 %; hodnoty napucania sa pri 80 °C znizili 0 12,2 % (¢o je relativny
pokles 0 25 %), pri 120 °C sa znizili 0 20,6 % (relativne az o 44 %); priepustnost vzdu-
chu sa naopak zvysila - pri 80 °C 0 115 %, pri 120 °C az 0 234 %.

Vplyv urychleného starnutia hdrkov buniciny sa vyrazne prejavil iba na hodno-
tach a priebehu napucania, priebeh ostatnych sledovanych charakteristik ovplyv-
nilo urychlené stranutie iba velmi malo.

Stupajuce pouzivanie sekundarnych vldkien na vyrobu papiera vyznamne
ovplyvni technologické parametre vyroby aj uzitkové vlastnosti vyrdbaného
papiera. Tieto vplyvy bude potrebné v buducnosti systematicky zohladnhovat uz pri
navrhovani papierenskych strojov zameranych na vyrobu papiera s vyuzitim recyk-
lovanych vlakien.
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Vybrané aspekty zaverov
22, Svetového energetického kongresu v Daegu
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Abstract: This paper is dedicated to the current problems in the energy sector that
were presented during the 22. World Energy Congress in Daegu, South Korea. The aim
of this paper is to present the facts and give an explanation for some of the myths that
are often presented incorrectly and thus affecting the opinions of the current situation
in the energy sector.

Kltucové slova: energetika, energetické scendre, Svetovd energetickd rada, Svetovy
energeticky kongres

1. Uvod

Dna 13. oktébra 2013 Svetova energetickd rada, ktorej ¢lenom je aj Slovenska
republika, otvorila Svetovy energeticky kongres v Daegu s hlavhym programom
»Zabezpecenie zajtrajSej energetiky uz dnes”. Cielom kongresu bolo zamysliet sa
nad otéazkou, ¢i su sti¢asné Uvahy spravne a akym spoésobom je mozné hfadat nové
vychodiska a definovat buduce globalne energetické prostredie v celosvetovom
priestore.

Pierre Gadonneix, predseda Svetovej energetickej rady, sa vo svojom tivodnom
prihovore vyjadril k smerovaniu energetiky:,Od posledného kongresu v Montreale
2010 bola hlavnou udalostou ovplyvnujucou globélnu energeticku situaciu finan¢-
nd kriza vyvijajuca tlak na konkurencieschopnost, ktord je hlavnym kritériom pre
odvetvie energetiky.

Rozvoj nekonvencénych uhlovodikov nabral na vyzname a incident vo
Fukusime zap6sobil na mnohé krajiny tak, Ze prehodnotili svoje doterajsie ener-
getické stratégie. Ak nenastane vyznamna zmena v prijimani politickych rozhod-
nuti, potom nebudu splnené ciele na zniZzenie mnozstva produkovanych emisif
CO, do roku 2050/

2, Tézy 22. Svetového energetického kongresu

Jednou z vaznych otézok bola téza, ¢i nés pri rozhodovani neovplyviiuju rozne
myty o energetike, ktoré brania Usiliu vlad, priemyselnej praxi, investi¢cnym aktivi-
tdm, ale aj obcianskym spolo¢nostiam pri vytvérani udrzatelnej energetickej bu-
ducnosti v jednotlivych regiénoch sveta.
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Kongres poskytol idedlnu platformu pre diskusiu svetovych lidrov, na ktorej sa
zUcastnilo viacero predsedov vlad, viac ako 50 ministrov a odborna verejnost, ktora
prezentovala vybranych 272 vedeckych a odbornych prispevkov zo 72 krajin sveta.
Je potesitelné, Ze aj Slovenska republika prispela svojimi prezentaciami a zamerala
sa na oblast energetickej efektivnosti v podmienkach eurépskeho priestoru a vyu-
zitia inteligentnych meracich systémov a mozného nasadzovania Smart Grid tech-
noldgii pre oblast energetiky.

Bola postavend zdsadna téza. Je mozné vytvorit v energetike dlhodoby zamer,
v ktorom budu planované a realizované buduce investicie? Je na dosiahnutie za-
meru dostupnej, cenovo pristupnej a ekologicky udrzatelnej energie potrebné pra-
covat na novych rieseniach, ktoré bude mozné aplikovat v jednotlivych regiénoch
sveta?

Christoph Frei, generalny tajomnik Svetovej energetickej rady, vo svojom pri-
spevku v vode Kongresu uviedol:

,Ked posudzujeme vysledky studii Svetovej energetickej rady pre vietky regio-
ny a zverejriujeme ich zavery je zrejmé, ze Svetovy energeticky kongres v Kérei sa
kond prave v dobe, kedy dochddza k zlomu. Zistili sme, Ze existuje mnoho mytov,
ktoré maju vplyv na energeticky sektor, a ktoré sa ndm podarilo odhalit prostred-
nictvom prace nasich odbornikov pre jednotlivé regidny. Kongres sa stal idedlnym
miestom na prezentaciu vysledkov a odporucani, ktoré by mohli pomoct pri rieseni
podpory udrzatelnej dodavky energie v prospech vietkych ludi.

Vo svete sa zrychlujucim tempom zvysuju neistoty a komplexnost problémov
vo véetkych regidonoch. Predstavitelia energetiky vo verejnom a sukromnom sekto-
re su povinni prijat rozhodnutia, ktoré budu inSpira¢né a umoznia rozvoj vyuzitia
udrzatelnej energie pre vietky vrstvy obyvatelstva.

Bopyt [E1]

e Fou ] 240 2050

Obr. 1: Buduci vyvoj dopytu po primarnej energii vo svete.

Konstatujeme, Ze bolo vytvorenych vela prilezZitosti pre zabezpecenie energe-
tickej buducnosti. Na druhej strane vsak vysledky poukazuju na to, Ze existujice
snahy nedopomohli dostato¢nym sposobom k zlep3eniu pristupu k r6znym for-
mam energie, energetickej bezpecnosti, ekonomickej dostupnosti a udrzatelnosti
zivotného prostredia v regiénoch sveta.
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Ak dokazeme naplno tazit z hospodarskych a socidlnych vyhod, ktoré poskytuju
energetické zdroje, potom sa musia vykonat razne a naliehavé kroky, ktoré zmenia
nas pristup k rieSeniam energetickych téz. Ako sa uz stalo beznym konstatovanim,
obycajné obchodné pristupy nie su ic¢inné a v mnohych regiénoch trh s energiami
deformuju. Pozornost by sa mala presunut od velkych univerzalnych rieseni k hod-
noteniu regiondlnych a narodnych kontextov a ostro diferencovanych oc¢akavani
spotrebitelov.

Vzhladom k neustale sa meniacej sfére problémov v jednotlivych regiénoch je
potrebné prijat novu realitu sveta a definovat rozsirené standardy vykonnosti pre
narodné ekonomiky.

2.1. Myty ovplyviujuce pohlad na si¢asnu energetiku

Medzi myty, ktoré boli spochybnené patri tvrdenie, Ze globalny dopyt po ener-
gii neporastie vdaka zefektiviiovaniu technolégii a procesov pouzivanych v ener-
getike. Realita je v sucasnosti takd, Zze dopyt po energidch sa bude nadalej zvysovat
a do roku 2050 sa zdvojnésobi. Pohanany bude predovietkym ekonomickym ras-
tom v krajinach mimo OECD (obr. 1). Svetové energeticka rada vo svojich studiach
vyuziva tzv. scenare JAZZ a SYMPHONY, ktoré slizia na porovnanie rozli¢nych pri-
stupov k budiicemu vyvoju v oblasti energetiky. Kym scenér JAZZ je zamerany na
rieSenia v rdmci jednotlivych krajin a uprednostrovanie ekonomicky vyhodnych
rozhodnuti, scenar SYMPHONY reprezentuje spoloéné rieSenia problémov v ramci
vacsich celkov, pricom kladie déraz na ziskavanie energie z obnovitelnych zdrojov
a environment.

Dalsim mytom je otazka, ¢i existuje bezprostredna hrozba nedostatku fosilnych
zdrojov. Z pohladu suc¢asnych vyskumov nehrozi Ziadny nedostatok fosilnych paliv.
Objavy novych zdrojov a vznik novych technoldgii umoznuju vyuzitie nekonvenc-
nych zdrojov ropy a zemného plynu a zvysenie vytaznosti uz existujucich poli. Tieto
nové vedecké vysledky nasobia v sucasnosti dostupné zasoby fosilnych paliv fak-
torom 4 a trend bude pokracovat. Obr. 2 zachytdva tempo vycerpévania dvoch d6-
lezitych energetickych surovin, ktorymi su ropa a zemny plyn. Je mozné sledovat,
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Obr. 2: Tempo vycerpdvania zésob plynu a ropy.
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Ze aj pri sucasnych svetovych zasobach a spotrebe by nemalo nemalo dgjst k ich
vycerpaniu v najblizsich desatrociach.

Mimoriadne vaZnou je otazka, ¢i rast dopytu po energii bude plne uspokojeny
novymi ¢istymi zdrojmi energie. Analyzy poukazuju na to, Ze aj napriek vyraznému
ndrastu relativneho podielu obnovitelnych zdrojov energie zo sucasnych 15% na
20 az 30% v roku 2050, dbjde pri optimistickom scendri len k 5 percentnému po-
klesu vyuzivania fosilnych paliv a pri pesimistickom scenari dokonca k 55 percent-
nému narastu.

Trvale pred nami stoji Uloha a zaroven z hladiska globalneho oteplovania prvo-
rada otazka:,Je mozné znizit emisie sklenikovych plynov globdlne o 50 % do roku
2050?" Ako poukazuju sucasné vysledky analyz podla World Energy Scenarios,
aj v tom najlepsom moznom pripade budeme svedkami takmer dvojnasobného
prekrocenia stavu globalnych emisii sklenikovych plynov v roku 2050 v porovnani
so stavom, ktory by sme chceli dosiahnut a ku ktorému sme sa zaviazali. V najhor-
Som pripade by mohlo doéjst aj k Stvorndsobnému zvyseniu emisii sklenikovych ply-
nov v rdmci nasej planéty. Na obr. 3 je mozné sledovat rast emisii CO, vypustanych
do atmosféry aj napriek zvysujicim sa investiciam do obnovitelnych zdrojov ener-
gie. Za narastom stoji najma prudky ekonomicky rast krajin juhovychodnej Azie.
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Obr. 3: Trend vyvoja mnozstva emisii CO, v roku 2012.

Nemozno nebrat do Uvahy ani si¢asné obchodné modely a zaroven si neod-
povedat na otdzku, ¢&i modely trhu pre jednotlivé regiény a ndrodné ekonomiky su
pre nas postacujuce. Energetické trhy sa stavaju stale zloZitejsimi vdaka rychlym
zmenam v energetickych politikach, technologickych inovéciach, transparentnosti
trhu a ocakavaniach spotrebitelov. V sticasnosti nie su modely trhu a obchodné
podmienky schopné vyrovnat sa s rastucimi podielmi obnovitelnych technolégii,
decentralizovanych systémov, alebo rasticou informacnou architekturou.

Je otazkou, ¢i sucasné programy dokdazu poskytovat univerzalny pristup k ener-
gii pocas najblizSich 10 az 15 rokov. Ako je zrejmé aj z pohladu hospodarstva
Slovenskej republiky, fotovoltika a dal3ie obnovitelné zdroje sa stali no¢nou mo-
rou hospodarstva. Mézeme konstatovat, Ze univerzalny pristup ma daleko k tomu,
aby sa stal skuto¢nostou. Aj ked berieme do tGvahy pokrok v oblasti pristupnos-

248 @ Wood, Pulp and Paper 2014 @



ti energie a zlepsenia aktudlne prebiehajucich programov, ktoré vedu k znizeniu
energetickej chudoby, ziskané zavery poukazuju na to, Ze pri su¢asnom smerovani
nebude mat v roku 2030 pristup k elektrickej energii priblizne miliarda ludi a pred-
poklad na rok 2050 hovori este stale 0 530 miliénoch ludi bez pristupu k energii vo
vsetkych regiénoch sveta.

Osobitnu pozornost si zaslUZi otazka, ¢i v je globalnom meradle dostatok volné-
ho kapitadlu na uskuto¢nenie tychto zamerov. Kapital poskytovany pre energeticky
sektor je velmi citlivy na politické a regula¢né rizika. Navyse, vzhladom na rastu-
ce tlaky na verejné financie vo vadsine krajin sveta, nebudu verejné prostriedky
schopné nahradit sukromné financovanie iniciativ zameranych na energetiku.

3. Zaver

Je nutné konstatovat, Ze energetické prostredie sa stdva omnoho komplex-
nejsim a previazanej$im medzi jednotlivymi regiénmi. Globéalne ambicie v oblasti
energetickej bezpecnosti, pristupu k energii, energetickej chudobe a udrzatelnosti
Zivotného prostredia su odsuidené na neuspech, ak nebudu urychlene prijaté kom-
plexné opatrenia na transformaciu energetického systému.

Je zrejmé, ze pre lepsiu buducnost energetiky potrebujeme vyriesit viacero
problémov, aby sme dosiahli ambiciézne ciele, ktorymi su predovietkym energe-
tickd bezpecnost, energetickd rovnost, energetickd chudoba a udrzatelnost Zivot-
ného prostredia.
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Biological inactivation of lignocellulosic surfaces with
atmospheric low temperature plasma
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Abstract: A certain aspect of wood degradation is due to the metabolic activity con-
nected with the growth of living organisms. Many different species can be involved and
can lead to both structural and aesthetic defects. Protective interventions are made
in order to stop or slow-down the bio deterioration process. These interventions vary
depending on the substrate conditions and species to be treated and, as such, it is not
feasible to detail them all here. The main control methods can be classified as mecha-
nical, physical, biological, or biochemical (either as wide-spectrum active principles, or
more specific fungicides, algaecides, herbicides, insecticides and repellents). Physical
methods used experimentally are ultraviolet rays (UV), gamma rays, low frequen-
cy electrical current systems, heat, deep freeze temperatures and ultrasound. Aim of
the study is to summarize the effects of atmospheric plasma sterilization of microor-
ganisms on the surface of the wood, as well as to evaluate the effects of atmospheric
plasma depending on the length of exposure to reference microorganisms, to compare
different effects of atmospheric plasma on the microorganism inoculated on the sur-
face of the nutrient medium and the wood surface. It has been found that atmospheric
plasma is an effective tool that can be used for sterilizing microorganisms present on
the surfaces of natural materials. Prolonged exposure to plasma discharge had a posi-
tive impact on the effectiveness of the sterilization process.

Keywords: atmospheric plasma, inoculation, biological inactivation

1. Uvod

Niektoré aspekty degradacie dreva a lignocelul6zovych materialov st okrem
iného aj dosledkom metabolickych aktivit spojenych s rastom Zivych mikroorga-
nizmov. Mnozstvo réznych druhov mikroorganizmov méze byt zapojenych do
Strukturalnych a estetickych zmien dreva. Organické zlozky v dreve predstavu-
ju dobry zdroj zivin pre Siroku $kalu mikroorganizmov, no ich rast tiez zavisi od
podmienok prostredia. Ochranné a preventivne zdsahy su vykonavané za icelom
zastavenia alebo spomalenia procesu biologickému znehodnotenia. Tieto zasahy
sa liSia v zavislosti od stavu podkladu a druhov, ktoré maju byt osetrené. Hlavné
ochranné metédy moézu byt klasifikované ako mechanické, fyzikalne, biologic-
ké alebo biochemické. Fyzikalne metddy su zalozené na posobeni ultrafialového
zZiarenie( UV ), gama Ziarenia, systémov vyuzivajucich nizkofrekvencny elektricky
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prud, teplo, hlboké teploty zmrazenia a ultrazvuk. Medzi tieto metddy by zdkonite
malo patrit osetrenie materialu tc¢inkom plazmového vyboja, aj ked tito metodu
by sme skér mohli zaradit medzi fyzikdlno-chemické. Plazma viak do dne3né-
ho dnia nie je uvddzana medzi tymito zékladnymi metédami. Ak je potrebné od-
stranit biologické znecistenie, pouzivaju sa pocas sterilizacného procesu okrem
iného chemické latky ako peroxid vodika (H,0,), etylénoxid, fenolové derivaty
ako pentachlérfenol (PCP), p-chlér-m-krezol (CMC), ortofenylfenoly (OPP), n-fe-
nylsalicylanilid (thymol), formaldehyd, kvartérne amodniové zmesi, streptomycin
alebo nystatin. Okrem toho, doteraz pouzivané procesy a zariadenia na ochranu
lignocelulézovych objektov a materidlov si monofunkéné a jednd sa prevazne
o aplikaciu chemickych, ¢asto toxickych latok, agresivnych rozpustadiel. Naviac,
nie vzdy je mozné pouzit klasické steriliza¢né postupy, ktoré pracuju pri zvysenej
pracovnej teplote nad 35 °C.

2, Sterilizacia plazmou

Pouzitie plazmy je jednym z moznych spdsobov ochrany lignocelulézovych
materidlov. Plazma md oproti ostatnym spdésobom mnoho nespornych vyhod.
Dolezité su jej netoxicita, multifunkénost, energetickd ucinnost, ekologicka prija-
tefnost a iné.

s

2.1. Steriliza¢né ucinky plazmy

Sterilizacia plazmou nesie mnozstvo vyhod oproti inym sterilizacnym postu-
pom. Pri ostatnych typoch sterilizacii sa spoliehame na ucinok tepla, UV Ziarenia
a toxickej latky. V pripade plazmovej sterilizécie dochadza k synergii efektov UV
Ziarenia, reaktivnych Castic, tepla a elektrického pola. V poslednych rokoch prebeh-
lo vela studii, ktoré sa zaoberali identifikovanim jednotlivych sucasti, ktoré ovplyv-
AUju proces inaktivacie mikroorganizmov. Majoritnu Glohu hra ucinok UV Ziarenia
a vysoko reaktivnych ¢astic, ako su O, OH a NOx, pricom teplo hra druhoradu tlohu.
(Moisan et al.,, 2001; Laroussi and Leipold, 2004; Boudam et al., 2006; Brandenburg
et al., 2007; Gaunt et al., 2006).

Podla prace Moisan et al., (2002) rozoznavame tri procesy, ktoré v plazme umoz-
nuju inaktivaciu MO:

«  pobsobenie UV Ziarenia a destrukcia DNA molekul

posobenie UV Ziarenia sposobi fotodesorpciu a déjde k erézii mikroorganizmu
«  posobenie reaktivnych castic z plazmy spdsobi vdaka leptaniu eréziu mikroor-

ganizmu

Okrem toho, napriklad v praci Dobrynin et al. (2009) prichadzaju k zaveru, ze
pozitivne aj negativne iény hraju v plazme klicovu ulohu pri interakcii plazmy
s biologickymi organizmami. Dokonca aj pulzné elektrické pole ma vplyv na bunky
(Schoenbach et al, 2008;. Schilling et al, 2008.). UV fotény su vo vieobecnosti po-
hltené okolitym vzduchom pri atmosférickom tlaku. Ich vplyv je vyznamny len ak
operujeme pri znizenom tlaku, vytvorime tak vakuovy sterilizator. Dal3ou alternati-
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vou je nahradenie vzduchu okolo mikroorganizmov procesnym plynom. (Lange et
al.,, 2009 ; Ehlbeck et al., 2011).

2.2, Teplo

Vo vdcsine zndmych druhov a typov plazmovych vybojov dochéadza ku ge-
nerovaniu tepla. Uz dlho je zndme, ze teplo ma Skodlivé ucinky na zivé bunky.
Teplo vedie k smrti vSetkych Zivych foriem tym, Ze zni¢i bunkovy metabolicky
systém, ktory zahffha enzymatické komponenty. K usmrteniu mikroorganiz-
mov dochadza po6sobenim tepla, ktoré spbsobi denaturaciu bielkovin, rozpad
nukleovych kyselin a membran, ¢o ovplyvni nielen stabilitu celej bunky, ale aj
transportny systém. Proteiny, makromolekuly zlozené z aminokyselin pospa-
jané peptidovymi vazbami, sa v bunkdch nachadzaju v jadre, ré6znych orga-
nelach, inkorporované v membranach. Musia byt v spravnej konformacii, aby
mohli aj spravne fungovat. P6sobenim tepla, pripadne kyselin alebo zasad, do-
chadza k poruseniu sekundarnej, resp. tercidrnej struktury. Sekundarne Struk-
tury- a-helix alebo B-skladany list s zabezpecené vdaka vodikovym vazbam,
ktoré sa destabilizuju vysokymi teplotami. Dochadza k trvalej zmene a strate
Specifickych vlastnosti bielkovin.

2.3. UV Ziarenie

Mechanizmy pésobenia UV ziarenia st uz Siroko preskimané., Intenzita uc¢inku
UV svetla je zavisla na mnozstve pohlteného ziarenia, ktoré je Umerné sile zdro-
ja a dobe oZarovania a klesa so stvorcom vzdialenosti” (Hudecova a Simkovi¢,
2011, s. 101). Najucinnejsie je UV Ziarenie s vinovou dizkou okolo 260nm, ktoré
je absorbované nukleovymi kyselinami a proteinmi. Negativny efekt pésobenia
UV Ziarenia sa prejavi pri vzniku pyrimidinovych dimérov v molekule DNA, ¢im
sa zabrdni replikdcii. (Laroussi and Leipold, 2004).Tento negativny efekt sa viak
vyuziva len pri sterilizacii za znizeného tlaku.

Mechanizmus posobiaci na zivy systém je komplexny, avsak to, ktora cast
bude prevladat, resp. ktoré sa zapoja do procesu, zavisi predovietkym od tlaku,
t.z. ¢i sterilizacia prebieha za atmosférického tlaku alebo s vyuzitim vakuového
zariadenia, dalej od procesného plynu, atd. Odlisnosti mézeme vidiet pri péso-
beni na baktérie, cicav¢ie bunky ¢&i tkaniva. DNA adukty s dobrym prikladom,
su lahko opravované cicav¢imi bunkami, ale nie bakterialnymi. Primarnym cie-
[om pri plazmovej sterilizacii je membrana buniek- fosfolipidova alebo polysa-
charidova vrstva. Po tomto procese maju hlavnu ulohu biochemické procesy,
napr. tvorba malondialdehydu (MDA) , ktory sa podiela na tvorbe tychto DNA
aduktov. (Dobrynin et al., 2009)

Pokroky sa zaznamenali najma pri uréovani mechanizmov vo vakuovych
plazmovych sterilizadtoroch, zatial ¢o procesy a mechanizmy inaktivacie pri
atmosférickom tlaku doposial nie su Uplne objasnené. Preto sa viaceri autori
vo svojich dielach rozchddzaju v nazoroch napr. pri ucinku elektrického pola.
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Pokial' sa zameriame na mechanizmus steriliza¢ného procesu s vyuzitim plazmy
za atmosférického tlaku, tak su vsetky ucinky plazmy na baktérie zanedbatelné
voci efektu castic.

2.4. Nabité castice

Dolezitu ulohu zohravaju nabité Castice v plazme, ktoré interaguju s membra-
nou. Kladné a zaporné iény maju relativne rovnaky ucinok, o 10-15% su ucinnej-
Sie kladné. Na membranu vplyvaju chemicky, nie fyzikélne ako to je u tepla. I6ny
taktiez katalyzuju peroxidacné procesy vnutri aj vonku organizmu. Peroxida¢né
procesy su zavislé na mnozstve vody a na zloZzeni média, pridanie antioxidantov
do média alebo intraceluldrne méze inhibovat tieto procesy. Procesy okrem iného
ovplyvnuji mnoho sekundarnych biochemickych procesov ako je tvorba MDA ale-
bo menia vazby proteinov a enzymov v membranach. (Dobrynin et al., 2009)

2.5. UV zZiarenie, teplo, elektrické pole

Pokial by sme ponechali UV Ziarenie (odstranili by sme plazmu pomocou kre-
menného okienka), odstranili by sme aj schopnost plazmy sterilizovat. Bolo zistené,
Ze fotény v tomto pripade neovplyviuju devitalizaciu. (Dobrynin et al., 2009) UV
fotédny budu silnejsie absorbované plynom pri atmosférickom tlaku ako pri redu-
kovanom tlaku, takze nebudu dostato¢ne pocetné na to, aby mali taky vyznamny
ucinok ako je to za znizeného tlaku. Pomocou spektroskopickej analyzy sa zistilo,
ze pri atmosférickom tlaku skuto¢ne nie su vo vybojoch vo vyznamnej miere zastu-
pené vinové dizky pod 285nm. (Laroussi and Leipold, 2004) To véak neznameng, ze
UV Ziarenie ako také nemd ziaden efekt. V pritomnosti molekul vody vo vzduchu
v miestnosti dochadza k vzniku OH radikalov, ktoré nehraja kltuc¢ovu ulohu samy
o sebe. Interakciou dvoch radikalov ndm vznikne molekula peroxidu vodika, ktora
vyrazne ovplyvni funkciu membran. (Dobrynin et al., 2009) Jej délezitou zloZzkou
sU nenasytené mastné kyseliny, ktoré su ndchylné na utok hydroxylového radikalu,
pretoze sa tym zamedzi posobeniu transportného systému. (Xu et al., 2007) Taktiez
teplota plynu a pdsobenie elektrického pola si nedostatocné na dosiahnutie ste-
rilizacie. (Dobrynin et al., 2009)Avsak niektori autori uvadzaju, ze elektrické pole
ma ako taky efekt a ovplyviuje nabitd membranu. Neutrdly taktiez pri dostatku
¢asu su schopné sterilizovat aj ako priamo pdsobiaca plazma. Dochadza k mnohym
zaujimavym biologickym ucinkom, napr. pésobenie NO pri regenerdcii tkaniva.
(Dobrynin et al., 2009)

2.6. Reaktivne kyslikové castice

V membréne sa nachadzaju aj transportné proteiny, ktoré su taktiez citlivé na
oxidacné pdsobenie. Hlavnym fyzikalnym mechanizmom pri sterilizacii v atmosfé-
rickych podmienkach je oxida¢ny ucinok radikélov kyslika.(Xu et al., 2007) Prave
ROS a reaktivne formy N, teda atomarny kyslik (O), superoxid (027), ozén (O3), nitro-
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xid (NO) a NO2' radikal a po pridani zdroja H aj hydroxylové radikaly ("OH) a peroxid
vodika (H202) hraju vyznamnu ulohu, pri¢om nie st generované v blizkosti mole-
kuly DNA ako je to u radiobioldgie, ale su prepravované prostrednictvom réznych
mechanizmov. Hydroxylové radikaly potom mézu reagovat s nedalekymi organic-
kymi latkami, ¢o vedie aZ k oxidacii a naslednej destrukcii DNA molekuly. (Dobrynin
etal,, 2009) Avsak dezinfekéné Gcinky ozénu su spojené s jeho interakciou s bunko-
vym respiracnym systémom. (Laroussi and Leipold, 2004)

3. Kontrola kvality steriliza¢ného procesu

Sucastou vsetkych sterilizacnych procesov je kontrola priebehu procesu po-
Cas sterilizacie, ktord zahfna kontrolu funk&nosti danych zariadeni a pristrojov, ich
schopnosti dosahovat pozadované parametre, umiestnenie pristroja a pod. Pred
samotnou sterilizaciou sa vykondva séria testov, napr. vdkuovy test a pocas procesu
sa monitoruju fyzikélne velic¢iny. Metody overovania, resp. hodnotenia Ucinnosti
sterilizacie sa vykondavaju na zaklade réznych testov (Stefkovi¢ova, 2005). Kolénie,
ktoré prezité mikroorganizmy vytvéraju sa mozu pocitat, pricom Zivotaschopnost
mikroorganizmov sa zistuje na zaklade doplnkovych testov, kedy sa molekuly mik-
roorganizmov oznackuju fluorescen¢nymi latkami. Baktérie s neporusenou mem-
branou su schopné vylucit znackovace, kym baktérie s poskodenymi membranami
zostavaju oznackované. Toto ndm umoznuje diferencidciu podla fluorescen¢nych
signalov (LaFlamme et al., 2004). Kontrola kvality sterilizatného procesu spociva
v usmrteni nepatogénnych bakteridlnych spér v désledku vystavenia sterilizac-
ného procesu, pricom sa vyuzivaju kmene Geobacillus stearothermophilus pre
parny, formaldehydovu a plazmovu sterilizaciu, Bacillus atrophaeus pre hortco-
vzduchovu a etyléoxidovu sterilizaciu a Bacillus pumilus pre sterilizaciu plazmou.
(Stefkovicova, 2005; Holler et al.,, 1993) Na kvantitativne vyhodnotenie Ucinnosti
sterilizacie sa vyuzivaju valida¢né sety s definovanym rozpatim hustoty suspenzie
spér. Suspenzie sU nanesené na papierovych nosi¢och a zabalené v obale priepust-
nom pre prislusné sterilizacné médium. Po sterilizacnom procese nastava kultivacia
za vhodnych podmienok a nasledné pocitanie a vyhodnotenie vysledkov pricom
sa do Uvahy beru fyzikalne a chemické indikatory, ktoré poukazuju na efektivnost
steriliza¢ného procesu. (Stefkovi¢ova, 2005; Stefkovi¢ova, 2007)

3.1. Kontrélne mikroorganizmy

Existuje vela predpisov a noriem, ktoré sluzia na charakterizaciu sterilizacného
¢inidla, jeho vyvoja, resp. samotnej sterilizacie, napr. ISO 14937. VVSeobecne, by sa
malo vyuzivat viac druhov kontrolnych MO pre tu ktort formu sterilizacie. Plati to
vsak najma pri sterilizacii plazmou, kedZe tato sterilizacia sa vyznacuje mnohymi
mechanizmami posobenia, ktoré zapri¢inuju devitalizaciu buniek. Organizmy vy-
uzivané pri plazmovej sterilizacii su Bacillus atrophaeus a Bacillus pumilus alebo
Aspergillus brasiliensis, Staphylococcus aureus a Escherichia coli (Ehlbeck et al.,
2011).
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To akd bude ucinnost sterilizacného procesu zavisi aj od:

« prostredia- zistilo sa, Ze mnoZstvo vody, ktoré bunku obklopuje je vyraznym
Cinitelom, ktory ovplyviuje vysledny efekt. Najefektivnejsie je navlh¢it bunky
malym mnozstvom vody (Dobrynin, et al., 2009).

« druhu baktérie- grampozitivne a gramnegativne baktérie maju odlisnu struktu-
ru a dokazu tvorit spéry (Machala, 2009).

aaaaa

Obr. 1: Krivka prezitia s jednotlivymi fazami a mechanizmami Gc¢inkov posobiacich
na kultdry pocas steriliza¢ného procesu (Moisan, et al.,2002)

3.2. Krivky prezitia

Fyzikdlno-chemické procesy prebiehajuce pocas plazmovej sterilizacie mézu
byt identifikované na zaklade grafu zavislosti logaritmu poctu prezitych mikroor-
ganizmov od casu expozicie plazmy. Krivky sa menia v zavislosti od podmienok,
napr. pouzitého plynu, zmesi plynov, kontrolného organizmu a pod. (Moisan et al,
2002)

4. Experimentalne overenie ucinnosti plazmovej pravy
na inaktivaciu zivych mikroorganizmov

4.1. Priprava vzoriek

Kulturou prisludnych baktérii bolo naockovanych 5ml Mueller-Hinton bujonu
(MHB) v skiimavke. Kultury baktérii sa kultivovali pocas noci pri 37 °C v termosta-
te. Ziskana suspenzia buniek bola dalej riedend. Kazda suspenziu buniek sa riedila
fyziologickym roztokom do sterilnych 1,5 ml eppendorfiek na vysledny objem 1ml
desiatkovym riedenim. Rovnakym postupom bola pripravena aj séria nariedenych
bakteridlnych kultur, kedy namiesto fyziologického roztoku bol pouzity MHB. Do
sterilnych plastovych petriho misiek (@ 3 cm) bolo napipetovanych 2ml MHA. Po
stuhnuti a vychladnuti bolo na povrch vzdy 4 Zivnych médii napipetovanych 50 ul
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z prislusnej nariedenej kultury baktérii, ktoré boli ndsledne rozotreté po povrchu za
pomoci sterilnej planzety.

4.2, Stanovenie poctu koléniotvornych jednotiek (KTJ)

Pocet KTJ sa stanovoval kultivacne, pricom sa kazda zriedena suspenzia buniek
nechala vyrast na Mueller-Hintonovom agare (MHA). Kultivacia prebiehala pri 37 °C
po dobu 24 hodin v termostate. Potom sa jednotlivé KTJ spocitali a urcil sa pocet
v pévodnej neriedenej suspenzii a jednotlivych riedeniach.

4.3. Plazmové osetrenie vzoriek s bakterialnymi kultarami

Kazdé plazmové osetrenie vzoriek prebiehalo za rovnakych podmienok. Pred
plazmovou Upravou kazdej série bola aparatira generujica plazmovy ADRE vy-
boj zapnuta 3 minuty bez pritomnosti akychkolvek vzoriek. Kazda séria sa zaci-
nala plazmovym osetrenim vzoriek s réznou koncentraciu bakteridlnych kultar
od najdlhsieho po najkratsi. Na plazmovu Upravu vzoriek bol pouzivany systém
Kamea Elektron T600 generujicu nizkoteplotnu plazmu za atmosférického tlaku.
Technické Specifikacie: pouzity procesny plyn -vzduch; frekvencia - 2 000 Hz; ener-
gia - 0,6 J; napatie — 312-314V; prud - 3 A; vykon - 0.936 kW; ¢as plazmového opra-
covania-20s,5 min.a 10 min.

Obr. 2: KTJ Bacillus subtilis nenariedenej suspenzie po opracovani
plazmovym vybojom: (a) kontrola, (b) 20's, (c) 5 min, (d) 10min

4.4. Kvantitativna metéda vyhodnotenia tGc¢inku posobenia plazmy na
bakterialne kultary

Pri tejto metdde bol experimentélne pouzity Bacillus subtilus ako kontrolny mik-
roorganizmus, pricom kvantitativnou metédou pocitanim KTJ (koléniotvornych
jednotiek) bolo sledované pdsobenie plazmy na bakteridlnu kultdru. Pri experi-
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mente bola pouzitd povodnd nenariedena suspenzia, dalej zriedena o 102-krat,
104-krat a 106-krat. Po rozne dlhej casovej expozicii plazmy sboli jednotlivé vzorky
kultivované v termostate pri teplote 37 °C. Po 24 hodinovej kultivacii bol pozoro-
vany narast KTJ v niektorych petriho miskach (Obr.2). Vysledky su zhrnuté v Tab 1.
Vysledky tohto pokusu poukazuju na skutoc¢nost, ze s narastajicim ¢asom poso-
benia plazmy sa znizuje pocet vitalnych baktérii a z vysledkov taktiez vyplyva, Ze
¢im je pouzitd nizsia koncentraciu buniek, tym je postacujuci kratsi ¢as pdsobenia
plazmy. Analogické vysledky sa ziskali aj s gramnegativnou baktériou Escherichia
coli (vysledky nie su prezentované).

Tab. 1: Vplyv plazmového vyboja na mikroorganizmus Bacillus subtilis vyjadreny pomocou

KTJ
Riedenie/ ¢as expozicie 10°%/ 20 s 10°%/ 5 min 10°%/ 10 min
Pocet KTJ 0 0 0
Riedenie / ¢as expozicie 10/ 20 s 10°/ 5 min 10*x/ 10 min
Pocet KTJ 12 0 0
Riedenie / ¢as expozicie 102/ 20's 102/ 5 min 102/ 10 min
Pocet KTJ 34 0 0
Riedenie / ¢as expozicie 10°%/ 20 's 10°%/ 5 min 10°%/ 10 min
Pocet KTJ 145 98 27
5. Zaver

Cielom prace vo vieobecnosti bolo zosumarizovanie steriliza¢nych Gcinkov at-
mosférickej plazmy na kontrolné mikroorganizmy a preverenie G¢innosti plazmo-
vého osetrenia na kontrélnom mikroorganizme Bacillus subtilis. Bolo dokazané, ze
plazma ma pozitivne Ucinky pri inaktivacii gramnegativnych aj grampozitivnych
mikroorganizmov. Z vysledkov préce je zrejmé, ze s dizkou pésobenia atmosféric-
kej plazmy sa znizuje pocet vitalnych baktérii a pri pouZiti nizSich koncentracii kul-
tur je potrebny kratsi ¢as expozicie. Vysledky experimentov a praca ako taka dévaju
zaklad na dalsi vyskum ucinkov atmosférickej plazmy, ktora by sa mohla v buduc-
nosti bezne vyuzivat na sterilizaciu objektov z lignocelulézovych materialov. Tato
metdda sterilizadcie ma sfubny potencidl do buducnosti nielen na zéklade pozitiv-
nych vysledkov sterilizacnych ucinkov na kontrolné mikroorganizmy, ale preto, ze
nizkoteplotnou atmosférickou plazmou je mozné opracovévat aj predmety, ktoré
su termolabilné, pripadne vyzaduju suchy steriliza¢ny proces.
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Degradacia a ochrana objektov kulturneho dedicstva
na baze lignocelulézovych materialov z hladiska
mikrobialnej kontaminacie
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jozefhanus@stuba.sk, katarina.vizarova@stuba.sk, michal.jablonsky@stuba.sk

Abstract: The objects of cultural heritage age and are subjected to degradation chang-
es in the course of time. As microbiological contamination, besides others, belongs to
dangerous degradation factors threatening natural organic materials, significant at-
tention is devoted to the development and application of new disinfection and ster-
ilisation methods. On the basis of an interdisciplinary cooperation among the Faculty
of Chemical and Food Technology of the Slovak University of Technology in Bratislava,
the Slovak National Museum and the Sanosil SK, Ltd. possibilities for application of
ecollogically friendly disinfectants Sanosil® for preventive and acute preservation of
heritage objects have been examined. Sanosil® disinfectants are based on synergistic
effect of their two main components — hydrogen peroxide as a strong oxidizing agent
and oligodynamic effect of silver. Two wooden plastics contaminated and damaged
by microbiological contamination were disinfected by Sanosil SO10. The results con-
firmed the effective elimination of microbiological conatmination without visible opti-
cal changes on treated plastics. The paper provides the first information on performed
examination and possibilities of Sanosil disinfectants application in the field of cultural
heritage objects preservation.

Key words: microbiological contamination, degradation, preservation, cultural herit-
age objects, disinfection, Sanosil®

Uvod

Uloha drevospracujuceho priemyslu, ako najviésieho spracovatela lignocelulo-
zovych rastlinnych obnovitelnych surovinovych zdrojov, ma jedine¢né a nezastu-
pitelné postavenie v procese ich vyuzivania a produkcie najroznejsich materialov
a produktov pre cell oblast existencie ludskej civilizacie.

Niektoré z tychto materidlov a produktov sa istou civiliza¢no-administrativ-no-
-kultdrnou transformaciou po case stavaju objektmi kultirneho dedicstva. Aj ked
sa méze na prvy pohlad zdat z hladiska kvantifikacie, Ze takéto objekty su abso-
ldtne bezvyznamné, stavaju sa nedelitelnou sucastou ludskej civilizacie a kultary.

Kultura je ¢asto vnimana ako ,sp6sob vyuZitia volného ¢asu” a zaroven sektor,
ktory iba spotrebuva finan¢né prostriedky a sdm ich negeneruje, teda nema redlny
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ekonomicky prinos. Sticasna politicka a ekonomicka situacia v Eurépe stavia kul-
turu do novej pozicie. Nie je len oblastou, ktord prispieva k politickému vyvoju, ale
ma aj vyznamny ekonomicky potencial a stava sa strategickou dominantou vyvoja
spolocnosti.

Koncom roku 2006 bolo Rade ministrov kultiry EU prezentované resumé dlho
ocakavanej studie Ekonomika kultdry v Eurépe [1], ktoru pre Eurépsku komisiu
(Generalne riaditelstvo pre vzdelanie a kulttru) spracovalo Kern European Affairs,
ktora vyvracia vietky zauzivané stereotypy vo vnimani kultury. Uvedenad studia od-
halila nasledovné fakty:

« kultarny sektor ekonomicky prekvita a podiel jeho ekonomickych aktivit na trhu
dlhodobo stupa

+ celkovy obrat kultdrneho a tvorivého sektora v roku 2003 bol vy3si ako 654 mili-
ard €, ¢o predstavovalo podiel na hrubom domacom produkte EU 2,6% (pre po-

rovnanie: textilny priemysel - 0,5%, potravinarsky a tabakovy priemysel - 1,9%,

realitny trh - 2,1%, chemicky a gumarensky priemysel - 2,3%)

« v tvorivom sektore v roku 2004 pracovalo 5,8 miliéna ludi (3,1% z celkovej za-
mestnanosti).

V tomto kontexte kultdry ako celku nadobuda potom uUplne iny ako len ,zane-
dbatelny” vyznam ochrana objektov kultirneho dedi¢stva, a to aj z ekonomického
pohladu.

Objekty dedicstva starnd a podliehaju degradacnym zmenam. Okrem inych
je u prirodnych organickych materidlov nebezpe¢nym faktorom degradacie mik-
robiologicka kontamindcia, preto sa vyvoju a aplikacii novych metéd sterilizacie
a dezinfekcie venuje stale velkd pozornost. Aj velmi stabilné materialy - medzi ktoré
drevo urcite patri - m6zu podliehat za istych podmienok pomerne rychlej degra-
ddcii.

Medzitakétoobjekty patriaajdrevené plastikyzumeleckych zbierok Historického
muzea SNM, ktoré v désledku ulozenia v nevhodnych klimatickych podmienkach
boli zna¢ne mikrobiologicky kontaminované. Na zaklade interdisciplinarnej spolu-
prace medzi FCHPT STU, Slovenskym narodnym muzeom a spolo¢nostou Sanosil
SK, s.r.o. [2] sa overuju moznosti aplikacie ekologicky prijatelnych dezinfekénych
prostriedkov Sanosil® pre ucely preventivnej, ale aj akdtnej ochrany. Prispevok
poddva prvu informaciu o vykonanom prieskume a moznostiach ich vyuzitia na
eliminaciu mikrobiologickej kontaminacie pri ochrane objektov kultirneho dedic-
stva. Poukazuje na moznosti zvysenia produktivity prace pri ochrane jednotlivych
objektov alebo materidlovych skupin s pouzitim masovej technolégie dezinfekcie,
ktora znacne prispieva k zvyseniu kvality a kvantity ochrany objektov kultirneho
dedi¢stva.

Dezinfekéné prostriedky Sanosil® spolo¢nosti Sanosil Ltd. [3] su zaloZené na sy-
nergickom pdsobeni dvoch hlavnych zloZiek - peroxidu vodika ako silného oxidac¢-
ného ¢inidla a oligodynamickom ucinku striebra a ich vzdjomného synergického
efektu. Elementarny kyslik, vznikajuci z peroxidu vodika, atakuje bunecné steny
mikroorganizmov priamym kontaktom. Chemicka reakcia kyslika s molekulami
bunecnych stien spésobuje ich denaturaciu a destrukciu. Tento efekt je posilne-
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ny ucinkom striebornych iénov, ktoré sa viazu na disulfidové vazby proteinov re-
produkéného komplexu ako aj metabolického systému mikroorganizmov, pricom
dochéadza k ich inaktivacii a zaroven zabraneniu mikrobiologickej rekontamindcii.

Dezinfekéné prostriedky Sanosil® su ucinné proti patogénnym mikroorganiz-
mom, virusom, baktériam, kvasinkam, hubam, plesniam, biofilmom [4] a ich Uc¢inok
je potvrdeny vo viac ako 270 studidch a testoch Ucinnosti [5]. Zaroven su ekologic-
ké, pretoze peroxid vodika sa rozklada na neskodné produkty - kyslik a vodu. To
urcuje aj ich siroké pouzitie v najroznejsich oblastiach - od dezinfekcie pitnej vody,
cez chladiace systémy, Cistenie odpadovych vod, dezinfekciu a Cistenie povrchov
a priestorov v nemocniciach, zdravotnickych zariadeniach, kupelnictve, klimati-
za¢nych systémoch (jeden z najucinnejsich prostriedkov proti baktériam druhu
Legionella), v potravinarskom priemysle, polnohospodarstve (rastlinna a Zivo¢sna
vyroba), atd. [6].

Obr. 1: Schématické zobrazenie posobenia dezinfekénych prostriedkov Sanosil®

Experimentalna cast

Aplikacia dezinfek¢ného prostriedku SANOSIL S010 na vybrané objekty kultur-
neho dedi¢stva — drevené plastiky a stanovenie jeho Uc¢innosti

Z drevenych plastik zo zbierkového fondu Slovenského narodného muzea -
Historického muzea v Bratislave, Specifikovanych v Tab. 1, sa odobrali vzorky na
stanovenie mikrobiologickej kontaminacie. Plastiky boli nasledne dezinfikované.

Tab. 1: Identifikacia drevenych plastik

Pé. | Prirast. Cislo Ev. dislo Nazov Fyzicky stav
Plastika drevena - Janosik; Autor: Viliam Potkodené
1. 1979/00052 E 19054 Mesko, r. 1978, vyska 45 cm plesiiou
Plastika drevend - Pastier s psikmi pri
5. 1977/00948 E 17975 nohéch Autor: Frantisek Horvath, r. 1977 Poskodené
vyska 24,5 cm plesfiou
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U¢innost dezinfekéného prostriedku Sanosil sa ur¢ila stanovenim celkového
poctu mikroorganizmov pred a po o3etreni drevenej plastiky nepriamo kultivacne.
Dezinfekcia: Po odbere vzoriek z objektu nasledovala jeho dezinfekcia v di-
gestore posobenim dezinfekéného prostriedku SANOSIL S010 (obsah 5% peroxi-
du vodika, 0,01 % Ag), ktory sa nanasal pomocou zariadenia Sanosil Halo [7]. Je
to elektricky ovlddané zariadenie na jednoduchu a efektivnu aerosélovu aplikaciu
dezinfek¢nych prostriedkov Sanosil vo forme ionizovanej jemnej hmly. Nastriekané
aerosolové castice maju vyborné charakteristiky vznasania a lahko sa rozsiria do
celého priestoru. Po niekolkych minutach sa jemna hmla usadi a zmaca vietky po-
vrchy vnutri oSetrovanej oblasti. Tenky film pouzitého dezinfekéného prostriedku
Sanosil dezinfikuje povrch a odparuje sa (rychlost odparovania zavisi od okolitej
teploty); nezanechdva Ziadne viditelné stopy.
Dezinfek¢ny prostriedok SANOSIL sa aplikoval do digestora s umiestnenym ob-
jektom tri razy v ¢asovych intervaloch pocas 3 minut s prerusenim na 5 minut.
Odobraté a testované vzorky:
vzorka ¢. 1 - neosetrena prava noha
vzorka €. 2 - neoSetrend prava noha (iné miesto)
vzorka €. 3 - oSetrena lava noha prostriedkom Sanosil po prvej aplikacii -
odber ihned po aplikacii
vzorka €. 17- oSetrend prava noha prostriedkom Sanosil po prvej aplikacii
- odber po 5 minutach
vzorka ¢. 2”7~ oSetrend prava noha (iné miesto) prostriedkom Sanosil po
prvej aplikacii - odber po 5 minutach
vzorka ¢. 37'- oSetrend lava noha prostriedkom Sanosil po druhej aplikacii
- odber ihned po aplikacii

Obr. 2: Drevena plastika Janosik, autor V. Mesko
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Z plochy 1 cm? drevenej plastiky sa dokladne odobrali vzorky vizualne pozoro-
vatelnych plesni sterilnou vatovou ty¢inkou ponorenou do 9 ml sterilného fyziolo-
gického roztoku.

200 pl vzorky naockovanej na Petriho misky sa nasledne zalialo GTK agarom
(6,75 g/300 ml). Teplota a ¢as inkubdcie: 30°C, 3 dni.

Vysledky a diskusia

Celkovy pocet mikroorganizmov (MO) vo vzorkach odobranych z drevenej plas-
tiky po 3 dnioch kultivacie je vyjadreny ako KTJ/cm? (koldniotvorné jednotky na
plochu 1 cm?).

Tab. 2: Mnozstvo koléniotvornych jednotiek v testovanych vzorkach

Vzorka 1 2 3 17 27 3"
KTJ/miska 372 65 50 0 0 0
KTJ/cm? 16 740 2920 2225 0 0 0

Obr. 3: Mikrobilogicka kontamindcia a jej eliminacia po dezinfekcii

Z tabulky 2 vidiet, Ze vo vzorkach 1, 2, kde nebol pouzity dezinfekény prostrie-
dok Sanosil, bol zaznamenany pocetny rast MO.

Na vzorke ¢. 3, ktora bola osetrena prostriedkom Sanosil, avsak odber bol usku-
tocneny ihned po ukonceni prvej aplikacie dezinfekéného prostriedku, sme rovna-
ko zaznamenali pocetnejsi vyskyt celkovych MO, no v porovnani so vzorkami pred
osetrenim (1, 2) bol tento pocet nizsi — 2 250 KTJ/cm?,

U vzoriek 17, 2", kde bol aplikovany dezinfek¢ny prostriedok Sanosil 1x a stery
sa odobrali po 5 minutach, nebola zaznamenana ziadna pritomnost MO.

Tato skutoc¢nost sa prejavila rovnako aj pri vzorke 37, kde prostriedok Sanosil
bol aplikovany 2-krat - nebola zaznamenana Ziadna pritomnost MO.

Zaverom mozno potvrdit, Ze vo vietkych oSetrenych vzorkéch dezinfekénym
prostriedkom SANOSIL, sa nedokdzala pritomnost mikroorganizmov, ¢im mozno
dany prostriedok oznacit ako Gcinny.
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1. Uvod

Ochrana kultirneho dedi¢stva je predmetom zaujmu Sirokej verejnosti na ce-
lom svete. Velka pozornost je venovana aj papieru ako nosicu informacii, tvoriacich
znacnu cast kultarneho dedicstva.

Prirodzené starnutie papierovych nosicov informacii je vysledkom kombi-
nacie viacerych faktorov v zavislosti od vonkajsich podmienok, ako su vihkost,
teplota, svetelné Ziarenie, biotické cinitele, mechanické poskodenie pri spristup-
novani a pritomnost emisii, najma kyselinotvornych oxidov [7], tiez vnutornych
faktorov, ako su druh vldkna, kyslost papiera, aditiva pouzité pri vyrobe papiera,
stopové mnozstvd idbnov prechodnych kovov, pritomnost degradac¢nych produk-
tov a pod. P6sobenim uvedenych javov dochadza k starnutiu lignocelul6zovych
materidlov, poskodeniu retazca makromolekuly celulézy, k zvySeniu podielu
nizkomolekulovych frakcii [3,4,9,14], ¢o vedie k strate mechanickych vlastnos-
ti papiera [10,24]. Degradacia makromolekulového retazca celulézy prebieha
v podmienkach prirodzeného (aj urychleného) starnutia viacerymi mechanizma-
mi: kysld a alkalickd hydrolyza, termickd oxid4cia, fotooxidacia [2,24]. V kyslom
papieri pocas starnutia prebieha subezna degradacia kyslou hydrolyzou a oxida-
ciou [1]. Dal$im vyznamnym chemickym parametrom je hodnota pH, ktora spo-
lu s PPS a percentudlnym podielom pretrhnutych vazieb, ¢i po¢tom pretrhnuti
indikuju kyslu alebo alkalickd hydrolyzu [19]. V priebehu starnutia hodnoty PPS
a pH klesaju, zatial ¢o hodnoty pretrhnutych vazieb a podiel pretrhnutych vazieb
stupa [23].

2. Experimentalna cast

a) Vzorky papiera z knih z 18, 19., 20. a 21. storocia na analyzu karboxylovych
kyselin boli pripravené podla Jablonského et al. [11] a analyzované metédou
kvapalinovej chromatografie (HPLC) za podmienok: chromatograf - HPLC 1200
(Agilent), koléna - Polymer IEX H form (Watrex), mobilna faza - 9mM H,SO,
prietok mobilnej fazy — 0,5 ml/min, detektor - R, injekovany objem - 100 pl,
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teplota: 35°C. Udaje z detektora boli vyhodnocované programom ChemStation
(Agilent).

b) Stanovenie povrchového pH prebiehalo podla normy STN 500374 (1996).

c) Vzorky boli hydrolyzované metédou podla Saemana et al. [15].

Sacharidy (hydrolyzované i vodorozpustné) boli stanovené podla metddy
NREL (National Renewable Energy Laboratory) [16] vysokoucinnou kvapalinovou
chromatografiou (HPLC) za nasledovnych podmienok: chromatograf - HPLC 1200
(Agilent), koléna: Aminex HPX — 87P, mobilna faza: deionizovana voda, prietok mo-
bilnej fazy: 0,6 ml/min,detektor: RI, injekovany objem: 50 pl, teplota: 80 °C.

Mnozstva jednotlivych sacharidov boli stanovené metédou vnutorného Stan-
dardu (celobiéza).

3. Vyhodnotenie vysledkov

Hodnota pH papiera je povazovanda za vyznamny faktor urcujici stabilitu
pri starnuti. Z uvedenych vysledkov (Tab.1) vyplyva, Ze u papierov knih z 18.
a 19. storocia prevlada pH mierne kyslé az neutrélne, u knih z 20. storocia kyslé
a u knihy z 21. storocia mierne zasadité. Acidita podporuje kysla hydrolyzu, ¢im
urychluje rozklad celulézy v papieri [21]. Lignocelulézové materidly s nizkou
hodnotou pH a vysokym obsahom ligninu, rychlejsie podliehaju degradacii
v porovnani s alkalickymi alebo neutralnymi materidlmi. Lignocelul6zové ma-
teridly s uvedenymi znakmi su prevazne knihy z obdobia priblizne 1850 az do
80. rokov 20.storocia [5,10]. Spolu s pouzivanim tychto vysokolignifikovanych
surovin, sa, na degraddcii papiera, podiela i kysly sulfitovy spdsob vyroby
bunicin, ¢i kyslé glejenie. ZacCiatkom 21. storocia boli kyslé glejiva nahradené
alkalickymi.

Pri hodnoteni stalosti papierovych dokumentov Marsala et al. [12] uvadza-
ju hodnoty pH papiera 20. storocia a prvych rokov 21. storodia. Z nameranych
udajov zistili, ze najviac kyslych dokumentov (pH do 3,9) je v 20. a 60. rokoch
20. storocia a zaroven zistili, Ze najviac neutrdlnych dokumentov (pH nad 7)
postupne narasta od 90. rokov az do sucasnosti. Strli¢ et al. [17] sledovali vzorky
papiera z roku 1870, ktord bola zlozena zo 70 % bavlny, 30 % jednorocnej psenice
a slamy, kde namerali pH vodného vyluhu 4,7. VVzorka z roku 1874 bola zloZzena
z 50 % drevoviny a 50 % sulfitovej buniciny a taktiez mala kyslé. U vzorky papiera
z roku 2002 zlozenej zo 70 % bielenej sulfatovej buniciny a 30% bielenej sul-
fitovej buniciny bolo zistené pH 8,8.

Z hladiska stupna degraddcie a rychlosti starnutia su trvalejsie alkalické
alebo neutrdlne papiere, kvéli potlac¢eniu kyslej hydrolyzy [22]. Nizke pH sa
povazuje za najvyznamnejsi faktor degradacie vacsiny ohrozenych dokumen-
tov [20].

Na zéklade vyhodnotenia karboxylovych kyselin bolo zaznamenané zvysenie
mnozstva kyseliny octovej a mravéej u knihy z roku 1762. Hodnotu kyseliny oc-
tovej 4,798 mg/g papiera zaznamenali Jablonsky et al. [11] u papierov, ktoré presli
urychlenym starnutim (po 60 dioch). Vy3sie hodnoty spominanych kyselin su
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zrejmé aj u knihy z roku 1807. Je mozné predpokladat, ak aj napriek vy3sim hod-
notam kyselin je pH papierov neutralne (mierne kyslé), ze sa v papieri nachadzaju
aj iné zlozky zvysujuce pH (napr. zasadité soli).

Tab. 1: pH a mnozstvo organickych kyselin vo vzorkach papierov

rok vyrob . vodorozpustné kyseliny
kn)i/hy ’ pH povrchové mravcia (mg/g) octova (mg/g)
1714 6,694 1,42 241
1762 6,58 3,75 5,80
1807 6,94 2,22 3,70
1859 6,27 0,69 1,97
1909 4,61 0,50 1,11
1956 4,79 1,65 1,66
2007 7,79 0,80 1,81
—-— EYL AL ——ARS MaAN —s—GLC

16 1650

_ 1.4 "'-.\_‘. — R

r T - Ta )
iz .-

0

(=]

¥V, GAL, ARA, MAN (%)
|

| |

|
GLE %)

1714 1762 1807 155 15905 1956 2007

Obr. 1: Relativne mnozstva sacharidov vo vzorkach po hydrolyze

Sacharidy tvoria znac¢ny podiel v papieri. V jednotlivych vzorkach boli stano-
vené nasledovné sacharidy: D-glukéza (GLC), D-xyléza (XYL), D-galaktéza (GAL),
L-arabindza (ARA) a D-manéza (MAN). Glukéza je monomérom, ktory tvori retaz-
ce celulézy, nachadza sa viak aj v hemicelulézach, napr. v glukomanane. Ostatné
monosacharidy sa v réznych pomeroch vyskytuju v hemicelulézach, spolu s uré-
novymi kyselinami (glukurénova, galakturénova) a hydroxylové funkéné skupiny
uvedenych monomérov mozu byt acetylované alebo metylované.

Hemicelulézy su najviac termicky modifikované a to aj pri relativne nizkych
teplotach. Ich degradacia zac¢ina deacetyldciou a vznikajuca kyselina octova
katalyzuje hydrolyzu glykozidovych véazieb v polysacharidoch a nasledné reakcie
vzniknutych monosacharidov [6,13].

Z vysledkov stanovenia sacharidov vo vzorkadch papierov z rokov 1714,
1762, 1807, 1859 mozno konstatovat, ze starnutim papiera doslo k relativnemu
zvyseniu podielu D-glukézy a naopak k vyznamnej degradécii ostatnych zloziek
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hemiceluléz: D-galaktézy, D-mandzy, L-arabinézy a k takmer Gplnému odburaniu
D-xylézy pri vodorozpustnych sacharidoch. Do roku 1859 sa hodnota D-glukézy
pohybovala od cca 93 - 95,5%. V roku 1909 bol tento podiel takmer o 20 % niZsi.
U tychto vzoriek mnozstvo glukézy a manézy indikuje obsah glukomananov, ¢o
naznacuje jeho vyrobu z ihli¢natych drevin [3]. Vyznamny je aj pokles relativneho
podielu celulézy k hemicelul6zam vo vzorke z roku 1909 (Tab. 2). U vzoriek z roku
1956 sa tento podiel opat zvysuje spolu s podielom najstabilnejsej D-glukézy
a mnozstvom organickych kyselin v papieri.

Porovnanim jednotlivych metéd stanovovania sacharidov mozno konstatovat,
ze dosiahnuté vysledky su podobné.
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Obr. 2: Relativne mnozZstva vodorozpustnych sacharidov vo vzorkach

Tab. 2: Pomer celulézy k hemicelulézam v analyzovanych vzorkach

rok vyroby knihy/sacharidy | 1714 | 1762 | 1807 | 1859 | 1909 | 1956 | 2007
vodorozpustné 20,83 | 13,93 | 1395 | 18,08 | 2,71 796 | 434
po hydrolyze 11,99 | 16,72 | 17,67 | 18,13 | 2,48 556 | 3,76

Podla Kacika et al. [8] rastie pomer celuldzy k hemicelulézam (Tab. 2) v dosledku
Ubytku mnozstva sacharidov, ¢o moze byt sposobené degradaciou hemicelul6z
a aj casti amorfného podielu celuldzy. Rychlejsi ubytok hemiceluléz v porovnani
s celulézou uvadzaju aj Turner et al. [18].

4, Zaver

Papier vyrdbany od polovice 19. storoc¢ia do osemdesiatych rokov 20. storo-
¢ia podlieha autodestrukcii v désledku pritomnosti kyslych latok, ktoré katalyzuju
hydrolyzu celuldzy. Skracovanie retazcov celulézy spésobuje jej degradaciu a na-
sledne degradéciu papiera. Tento proces zavisi od kyslosti papiera, teploty, vih-
kosti a pritomnosti kyslika.Vplyvom starnutia dochadza najskor k odburaniu labil-
nejsich zloziek — hemicelul6z (D-xyl6za, D-galaktézy, L-arabinézy a D-mandzy), ¢o
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sposobi relativne zvysenie podielu D-glukézy, hlavnej zlozky stabilnejsej celulézy.
Papiere z 18. a 19. storocia mali pH mierne kyslé aZ neutralne, z 20. storocia kyslé
a z 21. storocia zésadité. Mnozstvo karboxylovych kyselin (mravcej a octovej bolo
najvysisie v knihe z roku 1762.
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Abstrakt: Pdry vybranych esencidlnich olejd, které vykazuji nejvyssi antibakteridini
a fungicidni tcinky, byly testovdny na definovanych typech bunicin a vzorcich zaloze-
nych na drevoviné. Tyto testy esencidlnich olejt byly provedeny ndsledné i pri desetkrdt
nizsich koncentracich par, nez jsou pdry nasycené. Sledoval se pokles ucinnosti proti
mikrobidlnimu napadeni téchto vzorkd. Témto testim byly podrobeny vyse zminéné
lignocelulézové materidly a ndsledné se u nich mérila zména mechanickych a optic-
kych vlastnosti. Dochdzi k minimdInimu poklesu mechanickych vlastnosti. V pfipadé
optickych vlastnosti je zména velmi obtizné zaznamenatelnd. DosaZeny antimikro-
bidIni ucinek redénych par esencidlnich oleji je stdle vysoky a vliv na dalsi vlastnosti
testovanych vzorkd je pfi tom minimdlni.

Klicovd slova: esencidlni olej, fungicid, mechanické vlastnosti, optické vlastnosti,
ochrana, lignocelulézovy materidl

1. Uvod

Starnuti a degradace celulézovych a lignocelulézovych material je nezadouci
proces, v archivech po celém svété je ulozeno velkém mnozstvi dokumentt na lig-
nocelulézovych nosicich. Tyto materidly nejsou bohuzel vzdy chranény proti ne-
pfiznivym Gcinkdim okoli, tak jak by bylo zdhodno. V nékterych archivech je pfitom-
na vyrazné vyssi vihkost, nez je Zadouci. Takovéto prostredi je idedlnim pro mikro-
organizmy a jejich pusobeni na archivni fond. PfedloZzena prace ma za cil nastinit
problematiku ochrany archivnich materidlii pomoci zfedénych par esencialnich
olejl. Hlavni vliv esencialni oleje maji na vyskyt mikroorganizm(, at se jedna napt.
bakterie, viry, plisné & mikroskopické houby. Cinnost mikroorganism( muze byt
vnimana pozitivné i negativné. Pozitivné mohou byt mikroorganizmy vyuzivany
napiiklad pfi vyrobé nékterych léc¢iv nebo pro vyrobu potravinaiskych produktd.
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Hojné jsou vyuzivany procesy kvasné, pfi pfipravé piva, vina ¢i peciva. Nezddoucim
vlivem je hlavné skodlivé plisobeni na lidské zdravi. Mikroorganizmy maji negativ-
ni dopad na rlizné druhy material( vyskytujici se v archivech: dievo, kize, textil,
papir a dalsi. U materidlu napadeného mikroorganismy pak dochazi k degradaci az
dysfunkci. A takovyto material ztraci svou schopnost nosice informaci a nelze ho jiz
zachovat pro budouci generace.

2. Experimentalni cast

2.1. Popis vzorki

Pro testovani ucinkd vlivu atmosféry fedénych par jednotlivych esenciélnich
oleju bylo vybrano pét lignocelulézovych materialQ, které se bézné vyuzivaji
v papirenském pramyslu. V dalsich publikacich je pojednavano i plisobeni ziedé-
nych par EO na jiné typy materiala.

Pouzivané esencialni oleje:

1) Sa-L je sulfatova listnac¢ova b. Ruzomberok, stupen mleti 25 SR.

2) Sa-J je sulfatova jehlicnanova bunicina ze Stéti, stupen mleti 25 SR.

3) Sije sulfitova bunicina z Biocelu Paskov, stupen mleti 25 SR.

4) RP je bunicina pro vyrobu ru¢niho papiru z Losin, sloZzena z 60 % bavinénych

lintrd a ze 40 % Inu, stupen mleti 28 az 29 SR.

5) DS - dfevovina sucha ve smési s 10 % sulfitové buniciny.

Tab. 1: Esencialni oleje.

EO Nazev EO Hlavni slozky

1 LAVENDER linalool, linalyl acetat, camphor, eucalyptol, borneol

2 WHITE BIRCH limonen, linalool, a-phelandren, a-pinen, B-pinen

3 BERGAMOT linalyl acetat, linalool, limonen, B-pinen, a-pinen

4 CITRONELLA citronelal, geraniol, citronelol, limonen, geranyl acetéat

5 EUCALYPTUS eucalyptol, a-pinen

6 LIME limonen, y-terpinen, a-terpineol, terpinolen

7 JUNIPER BERRY a-pinen, B-pinen, limonene

8 TEATREE terpinen-4-ol, y-terpinen, a-terpinen, a-terpineol, a-pinen, terpinolen, eucalyptol
9 MYRTLE eucalyptol, a-pinen, limonen, a-terpineol, linalool, geranyl acetat, myrtenyl acetat
10 CLOVE eugenol, caryophylen, a-pinen

1" THYME WHITE thymol, linalool, a-pinen

12 CINNAMON hlavni slozky neidentifikovany

13 TEXAS CEDARWOOD thujopsen, cedrol, a-cedren, B-cedren

14 PATCHOULI hlavni slozky neidentifikovany

15 CORN MINT mentol, menthon, limonen, a-pinen, pulegon
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Tab. 2: Mikrobiologické vlastnosti esencidlnich olejd. Pozitivni mikrobiologicky efekt: 1 den
(1d), 2 dny (2d), 3 dny (3d), 1 tyden (Tw), 2 tydny (2w), vice nez 2 tydny (> 2w), vice

nez 3 tydny (> 3w).
Mikroorg.\Esenc. olej 1 4 7 9 12
Kocuria rhizophila 2d 3d 2d 3d 2d
Micrococcus luteus 2d 3d 2d 3d 2d
Proteus vulgaris 1d 1d 1d 1d 1d
Pseudomonas aeruginosa 3d 3d 3d 3d 3d
Seratia marcescens 1d 1d 1d 1d 1d
Alternaria tenuissima 1d 1d 1d 1d 1d
Aspergillus brasiliensis w w 2w 2w w
Chaetomium globosum 1d 1d 1d 1d 1d
Cladosporium cladosporioides 3d Tw 2w 3d w
Fusarium oxysporum 1d 2d 3d 2w 3d
Mucor racemosus 3d w 2w w w
Penicillium aurantiogriseum 2d 3d 2w w w
Rhizopus oryzae 2d w 2w 3d w
Serpula lacrymans 1d 1d 1d 1d 1d
Trichoderma reesei 1d 1d 1d 1d 1d
Ulocladium cucurbitae 3d 3d 3d w 3d
Bacillus subtillis >2w w >3w > 3w >3w

Tab. 3: Priklad procentualini slozeni esencidlniho oleje: Bergamot v kapalné fazi

Bergamot 3 Hmot %
a+-pinen 2.09
camphene 0.06
B+ -pinen 7.09
myrcen 1.14
R, S limonene 19.14
(-) linalool 27.32
(+) a terpineol 1.12
linalyl acetate 41.45

2.2, Priprava atmosféry zfedénych pak esencialnich oleji

K ptipravé atmosféry slozené z 9 dilu vzduchu a jednoho dilu nasycenych pak
esencialnich olejl. Pary esencidlnich olejl jsou strhavany cistym dusikem uvolrio-
vanym z tlakové lahve. Cisty dusik se pouziva proto, aby se zabranilo pfipadné oxi-
daci esenciélnich olejd kyslikem. Pribéh experimentud byl naplanovén na dva mé-
sice. Pro experiment byla sestavena jednoducha aparatura. Pratoky jednotlivych
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plyny byly méfeny pomoci rotametr(. A jejich pritoky v experimentalnich komo-
rach dosahovaly 135 a 15 ml za minutu.

Mikrobidlni aktivita byla ur€ena testem s agarovou podloZznou kontaminovanou
mikroorganizmy. Zde se oddélené ptidal esencialni olej (5 ml) nasyceny roztok NaCl
pro udrzeni 75 % relativni vlhkosti. Sledovan byl vyskyt danych mikroorganizm
v Case.

2.3. Postup stanoveni optickych vlastnosti

U pouzitych vzork( byly proméreny optické vlastnosti pred a po jejich vystaveni
atmosfére EO. Méfeni probihalo na pfistroji Elrepho od firmy Lorentzen & Wettre.
Pro kazdy vzorek byly zméfeny hodnoty L*a*b*, ISO bélost.

Tab 4: Piiklad sloZeni oleje Lavandula species — sloZeni kapalné a plynné fdze

Slozeni v kapalné fazi Koncentrace v plynné fazi
(hm. %) (ppm (V/v))
Linalool 51.4+257 99.0+6.98
Linalyl acetate 26.6+1.33 259+3.62
Camphor 4.17 £0.21 16.7 +2.61
Eucalyptol 2.88+0.14 449 +£3.21
Borneol 211+0.11 1.88+0.30
Myrcene 1.60 + 0.08 22.2+3.06
Terpinene-4-ol 1.56 +0.08 1.21+£0.18
a-Terpineol 1.52+0.08 1.02+0.16
B-trans-Ocimene 1.34+0.05 19.7+1.23
Caryophyllene 0.76 + 0.04 0.58 +0.09
Limonene 0.69 +0.03 14.9 +£2.08
Geranyl acetate 0.48 +0.02 0.45 +0.06
(-cis-Ocimene 0.36 +0.02 6.33+0.08
a-Pinene 0.25+0.01 11.3+1.65
B-Pinene 0.21+0.01 9.47 +1.20
Terpinolene 0.17 £0.01 244+0.32
Camphene 0.16 £ 0.01 7.82+1.29
3-Carene 0.08 +0.01 2.89+0.46
y-Terpinene 0.05+0.01 0.80+0.12
p-Cymen nd (< 0.02) 2.12+0.35
Tricyclene nd (< 0.02) 1.89+0.28

2.4. Postup stanoveni mechanickych vlastnosti

Tuhost vzork( byla stanovena na pfistroji TIRAtest 26005. Vzorky byly vystaveny
tiibodové zkousce ohybem, tzn., ze byly ohybany tlakem na stfedni ¢ast vzorku.
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Vzdalenost mezi spodnimi podporami byla nastavena na 50 mm. Méfeni probihalo
v klimatizované mistnosti pfi relativni vihkosti 50 + 2% a teploté 23 + 1 °C.

3. Zavér

Pfedem vybrané vzorky lignocelulévych material( byly podrobeny testt v pros-
tredi zfedénych par esencialnich oleji. Byla sledovana mikrobidlni aktivita zvole-
nych esencialni olejl. Déle byl vyhodnocen vliv téchto oleji na mechanické a op-
tické vlastnosti vzorkd. Méfeni prokazalo, Ze esencidlni oleje nemaji vyznamny ne-
gativni vliv na mechanické vlastnosti.

Podékovdni:

Tato prace vznikla za podpory Ministerstva kultury Ceské republiky v projektu
NAKI DF11P010VV028 “Ochrana knizniho fondu a dokument aplikaci esencial-
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Abstract: The main raw materials for papermaking are cellulose fibers. As there are
fewer and fewer forests nowadays and therefore also fewer trees as raw materials for
cellulose fibers, the production of paper and paper products has significantly focused
on alternative non-wood raw materials. Since straw is available in large quantities as
a by-product of the crop farming, it was selected as a potential paper fiber source. In
this paper printing substrates were made with usage of primary wheat, barley and
triticale cellulose fibers. In order to isolate cellulose fibers, the grain straw was exposed
to alkaline treatment in two ways. Isolated fibers with different weight ratios were
mixed with the secondary wood fibers during the process of making handsheets. These
innovative paper substrates were used for analyzing printing quality on the basis of
line reproduction. High quality and proper line reproduction are extremely important
features when reading barcodes. The quality tests were performed on lines printed by
digital printing technology. Three main properties of lines affecting the readability
of barcodes, were analyzed: blurriness, raggedness and width. They were tested and
compared on different prints for the purpose of establishing what type of paper
substrate was the most suitable for printing.

Keywords: paper substrate, straw fibers, digital printing, reproduction quality

1. Introduction

Wood is still the major source of fiber supply for papermaking. Many countries
in the world are nowadays struggling with a lack of resources such as forest, but
this problem could become even greater for future generations. Non-woods
fibers have imposed themselves as an important alternative fiber source in the
papermaking industry. The properties considered important for fiber crop are
high yielding ability, high pulping quality and low coast production. Straw as
a by-product of the crop farming is available in large quantities and could be
a potential alternative fiber source. The fiber properties of raw materials affect
the quality and the use of the paper. Fibers isolated from grains straw are short
and weak compared against the wood fiber. They can not provide, on their
own, properties which are needed in the printing and packaging industries
and demanded by pulp and paper manufactures. However, straw fibers could
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be used as a supplement to wood fibers in some of the less demanding paper
grades [1, 2, 3]. The research presented in this paper focuses on the possibility
of producing innovative paper substrates with straw fibers suitable for printing.
The printing quality was observed based on the reproduction of lines, which are
extremely important features when reading barcodes and other codes. In the
last few decades, barcodes technology has been successfully used for product
identification with minimum human intervention [4]. In order to read information
about a product, the codes have to be scanned. In the scanning process, the most
frequent sources of errors are the substrate, printing process, type of scanner and
the type of symbols use din the barcode [5].

2. Materials and methods

Straw of winter wheat, triticale and barley groen in the continental Croatia
was cut manually into 1 to 3cm long pieces of straw. Two alkaline methods
were used to isolate fibers from the straw which were used as virgin fibers for
laboratory newsprint paper production. UPM News C paper, recycled wood paper
commercially used for coldset offset printing, was used as the second source of
cellulose fibers for newspaper production

2.1. Fibers isolation process

A week after the harvest season of grains, the collected straw was converted
into chemical pulp using two types of alkaline treatments, with and without
a pretreatment. The cooking conditions are presented in Table 1.

Tab. 1: Pulping conditions.

Method 1. | Method 2.
used straw 3609
Chemical NaOH, % 16
Soaking pre-treatment Bath ratio 1:10
At 25°C 24 h
Decantation - +
Chemical NaOH, % 16 -
. Tapp water - 101
Cooking treatment Bath ratio 1:10 15
At 120°C, 170 kPa 60 min. 60 min.
Decantation and rinsing in tapp water 2x10l
Defibration in Hollander Valley mill Tapp water 231
(pH =8.5-9.0) At 24°C 40 min.
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2.2. Laboratory handsheet production

Isolated fibers from wheat, barley and triticale straw with different weight
ratios were mixed with the secondary wood fibers during a disintegration stage
of handsheets making process presented in Fig.1.

DISINTEGRATION

Mgy = BOQ
Vige = 1,61
pH=8
T=d3'c — T
t = 30 min o~ Harsds it Ty
[ |Paper subsinate
M azsgm’

T = ——

&

HOMOGEMISATION

Wiage = 101
pH =5
Tmds T

t= 5 mim

Fig.1.: Scheme of handsheet production used as a paper substrat

Handsheets made only of recycled wood fibers are control samplesin the process
of testing reproduction quality of lines printed on straw fibers paper substrates.
Isolated straw fibers (six types of virgin fibers) were mixed with the recycled wood
fibers during the process of making handsheets with weight ratio 10:90, 20:80 and
30:70. In that way, 19 different paper substrates (42.5 g/m? 20cm diameter) were
made by Rapid Kéthen Sheet Machine.

2.3. Reproduction quality assessment

Lines of different widths (0.025 mm and 0.706 mm) were printed by Anapurna
M1600, UV-curable inkjet printer, on all straw fibers paper substrates as well as
on control substrate. The line reproduction quality in the prints was assessed by
digital microscope PIAS-Il using software which has been developed according to
theinternational print quality standards ISO-13660.1SO-13660 is the international
standard that enables quantitative assessment of a wide range of print quality
parameters.

The line reproduction quality was assessed based on three parameters:
blurriness, raggedness and width. The measurements of these parameters were
based on the reflection coefficient (R), where R, is the minimum value of the
reflection coefficient of the substrate, and R,,,, the maximum value of the reflection
coefficient of ink.

Line width is the line betweeb the inner edge threshold (60%) and the outer
edge threshold (60%) and is calculated according to the equation:
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Rg =Rmax =0 ¥ Rmax — Rmin) (1

The blurriness is the average distance between the 90% and 10% of the inner
and outer edges, respectively, and represents the opposite characteristic of line
edge sharpness.

The raggedness is the appearance of geometric distortion of an edge from its
ideal position. It is determinated as the standard deviation of the residuals from
a line fitted to the edge threshold of the line [6].

All measurements were repeated 15 times on each straw fibers paper substrates
as well as on control substrate. Statistical analysis was performed in Origin Lab 8.0.

3. Results and discussion

Blurriness, raggedness and width were tested and compared on different prints
for the purpose of establishing what type and weight ratio of straw fibers in a paper
substrate is the most suitable for achieving good line reproduction quality.

Experimental results presented in Figure 1. represents the difference between
the observed quality parameters measured on innovative straw fibers paper
substrates and the control substrate.

Adding non-wood fibers in market newsprint suspension, regardless of their
weight ratio, the isolation method and straw origin, caused most intensive changes
in respect to blurriness, slightly less intensive in the line width and minimal changes
in raggedness. Parameters raggedness and line width did not change significantly
in both of the observed line thicknesses, while the blurriness was decreased with
the decrease of the line thickness.

Minimal changes were visible in respect to blurriness in samples with a 20%
and 10% weight proportion of non-wood fiber, regardless of the straw origin and
method of straw treatment.

The increase of the weight of straw fibers linearly increased the line width, while
they did not significantly affect the raggedness.

4, Conclusion

Adding of non-wood fiber into the paper substrate caused te increase of the
observed quality parameters compared to the control substrate. Based on the
achieved results, it is evident that this increase of quality parameters was small
in case of a wider line (0.706 mm), while it was significantly high in case of a
thinner one (0.025 mm). The achieved results are opposite to the current study
of line reproduction quality performed on wood fibers paper supstrate printed
by digital printing process [7] and on polymer substrate printed by flexographic
printing process [8].

Fibers isolated from straw by method 1 and 2 had the same impact on all three
parameters.
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Fig.2.: Differences between the observed quality parameters measured on innovative
straw fibers paper substrates and the control substrate

Depending on the type of grain from which the fibers were isolated, in the case
of thin lines (from 0.025mm), the fiber origin had the same impact on the observed
quality of the line. In the case of thicker lines (from 0.706 mm), the best quality
in all observed parameters was achieved on paper substrates with fibers isolated
from wheat straw.
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Abstrakt: Prdce se zabyvd studiem vlivu vybranych anorganickych soli na fyzikdIné-
-mechanické vlastnosti celulézy. U modelovych vzorkd (papiru Whatman impregno-
vaného 5 hm. % vodnymi roztoky soli, série nestdrnutd a urychlené stdrnutd) bylo
stanoveno trZzné zatizeni a odolnost v prehybdni v podélném i pficném sméru vyroby
papiru. Komplexni zhodnoceni zohledriuje i hodnoty pH modifikované celulézy a in-
formace o strukture vzorkd (interakci sil — celulézovd vidkna), kterd byla sledovdna
pred i po stdrnuti vykazovaly vzorky impregnované roztokem siranu Zelezitého.
Vyznamny pokles téchto hodnot byl zdroven u nestdrnutych vzorki s obsahem soli
na bdzi béru. U stdrnutych vzorkd je naopak nejvice oslabena pevnost vazeb v celu-
zatizeni opét vykazuji vzorky osetfené sirany. Po stdrnuti jsou k pretrZzeni vidken nej-
ndchylnéjsivzorky s obsahem fosfore¢nand. Naopak vzorky s obsahem chloridd maji
témér shodné hodnoty trzného zatiZeni pred i po stdrnuti, které v radmci chyb méreni
odpovidaji neimpregnovanému standardu.

Klicovd slova: Degradace celulézy, anorganické soli, hodnoty pH, trzné zatiZeni, odol-
nost v prehybdni.

1. Uvod

Na ochranu dfeva se ¢asto pouzivaji chemické latky na bazi anorganickych
soli [1], které mohou mit z dlouhodobého hlediska negativni Uc¢inek na dre-
vo a jeho stavebni slozky. Hygroskopické soli zpUsobuji vykyvy vlihkosti dreva,
rekrystaliza¢ni tlaky soli narusuji jeho strukturu. Soli jsou téz zodpovédné za
snizeni hodnot pH o3etfeného dreva, které pak snaze podléha degradacnim
reakcim.

V ramci studia zmén struktury a vlastnosti dieva a jeho zakladnich slozek
po osetieni aktivnimi slozkami biocid( a retardér hofeni, byl sledovén vliv vy-
branych anorganickych soli na vlastnosti celulézy. Celuléza byla ziskana pfimo ze
dreva metodou podle Kiirchnera a Hoffera, resp. podle Seiferta. Pro srovnani a lepsi
zhodnoceni nékterych vlastnosti (napf. i fyzikalné-mechanickych vlastnosti) byla
zaroven pouzita i vysoce Cista celuldza (98 hm. %) reprezentovana filtracnim papi-
rem Whatman Grade 1 (1001-917).
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2, Experimentalni cast

Priprava vzorki

Vzorky filtra¢niho papiru Whatman o 3ifce 15 + 0,1mm a délce 100 + 0,1 mm
(v podélném i v pficném sméru vyroby papiru) byly impregnovany jednotlivymi
5 hm. % roztoky vybranych anorganickych soli (Na,B,0,.10H,0, H,BO,, CuSO,.5H,0,
ZnS0,.7H,0, Fe,(S0O,);, NaCl, NH,Cl, (NH,),SO,, (NH,),HPO,, NH,H,PO,). Tim vzniklo
10 sérii vzorkU. Jedendcta série vzork(l byla mécena pouze v destilované vodé a po-
sledni série reprezentujici srovnavaci standard nebyla impregnovéna solemi ani
macena vodou. Maceni a impregnace vzork(l mezi PE sitkami probihaly za normal-
nich laboratornich podminek po dobu 20 min. Po 48 hodinovém vyschnuti volné
na vzduchu byla polovina vzorkl z kazdé série pro podélny i pficny smér vldken
podrobena urychlenému starnuti dle ISO 5630/3 [2] pfi teploté 80 °C a 65 % relativ-
ni vihkosti v klimatiza¢ni komote (Memmert HCP 108, Némecko) po dobu 30 dni.
Druha polovina nestarnutych vzork( byla po tuto dobu ulozena v exsikatoru. Pred
mérenim fyzikalné-mechanickych vlastnosti byly vSechny vzorky kondiciovany po-
dle ISO 187 [3] pti teploté 23 + 1 °C a 50 = 2% relativni vihkosti po dobu 24 hodin.

Stanoveni fyzikalné-mechanickych vlastnosti

Mechanické vlastnosti starnutych a nestarnutych chemicky modifikovanych
vzorkl byly méfeny v podélném i pficném sméru. Vysledky byly statisticky zpraco-
vany. Byl vypocten aritmeticky prdmér, smérodatna odchylka a interval spolehli-
vosti pfi hladiné vyznamnosti a = 0,05.

Trzné zatizeni [kN/m] bylo stanoveno na pfistroji TZ 40 (VEB Thuringer
Industriewerk, Némecko) podle ISO 1924 - 2 [4]. Vzdalenost klem byla 100 +
0,1 mm. Odolnost v prehybani [pocet dvojohybu] byla stanovena dle ISO 5626
[5] na zkusebnim pfistroji podle Schoppera (VEB Werktoffpriifmaschinen Leipzig,
Némecko) pfi minimalnim a maximalnim tahu pruzin 3,04-3,97 N.

3. Vysledky a diskuse

Stanoveni trzného zatizeni (obr. 1)

Viechny hodnoty trzného zatizeni v podélném i pficném sméru pro starnuté
i nestarnuté vzorky neosetfené celuldzy (standard) a celul6zy méacené v destilované
vodé jsou velmi blizké, z ¢ehoz Ize usuzovat, Ze voda bez obsahu iontd soli nema té-
méf zadny vliv na trzné zatizeni. U standardu dochazi vlivem urychleného starnuti
ke snizeni trzného zatiZzeni v podélném sméru 0 12,7 % a v pficném sméru o 7,8 %.

Nejvys$si hodnoty trzného zatizeni viak prekvapivé nevykazuji tyto dva srovna-
vaci, solemi nekontaminované, vzorky, ale celul6za impregnovana roztokem NaCl.
| kdyz jsou jejich hodnoty trzného zatizeni pfed starnutim témér totozné, po star-
nuti se trzné zatizeni u takto o3etfenych vzorkd mirné zvy3uje (az o 10% v podél-
ném sméru oproti standardu). To je mozné vysvétlit vykrystalizovanou soli z im-
pregnacniho roztoku po starnuti oSetfené celulézy, ktera tak zpevnuje jeji viakni-
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tou strukturu. Hodnota pH vodného vyluhu tohoto vzorku je 5,5, cozZ je jen o 0,2
méné, nez u standardu. Roztok NaCl tedy neni nebezpecnym prostiedim z pohledu
pribéhu moznych degradacnich reakci celulézy.

Trind ratifeni

Obr. 1: Vliv anorganickych soli na hodnoty trzného zatizeni chemicky modifikovanych
vzorkUl celulézy pred a po starnuti v podéiném a pficném sméru.

Relativné vysoké hodnoty trzného zatizeni pred starnutim v podélném i pfic-
ném sméru maji vzorky Na,B,0,.10H,0, NH,Cl, H;BO, a (NH,),SO,, které se od pfi-
slusnych hodnot standardu nelidi vice nez o 10%. Oviem po starnuti uz vzorek
impregnovany roztokem (NH,),SO, vykazuje vy3si pokles trzného zatizenio 11,8 -
13,4 % oproti standardu a vzorek impregnovany roztokem H;BO; az o netinosnych
50,6 - 51,5 %. Roztoky NH,Cl a (NH,),SO, jsou mirné kyselé (pH = 5,8-5,3), pro-
to nezpuUsobuji napuceni celulézy a hydrolyza doprovazend oxidaci probihd jen
na povrchu vldken. Nejprve se zkracuji kratsi celulézové fetézce a celuléza si zacho-
va pomérné dlouhou vldknitou strukturu. Pfi nizké teploté v podminkéch slabé ky-
selého prostredi probiha velmi pomalé hydrolytické stépeni glykosidickych vazeb
se statistickym vyskytem [6]. Za takovychto podminek se hydrolyzuje jen amorfni
¢ast celulézového fetézce. Krystalické ¢asti jsou vici hydrolytickému Stépeni gly-
kosidickych vazeb odolné. Dobra odolnost vldken proti pretrzeni u vzork( kon-
taminovanych Na,B,0,.10H,0 je naopak oproti predchozim vzorklim zplsobena
alkalickym prostfedim roztoku (pH = 9,4). V tomto pfipadé se jako degradacni re-
akce uplatriuje oxidace, resp. autooxidace, kterd probihda na celulézovych vldknech
statisticky a je spojend s jejich rozstépenim. Reakce pravdépodobné zacdina oxidaci
vazeb na G, a G; a probiha radikdlovym mechanismem za vzniku peroxidd a hydr-
operoxidl v nékolika stupnich [7].

Bez ohledu na nejméné mechanicky odolny vzorek celulézy s obsahem Fe,(SO,),,
je nevyssi pokles trzného zatizeni po starnuti (az o0 76,4 — 78,1 % oproti standardu)
zaznamenanu u vzork( osetfenych fosfore¢nany ((NH,),HPO,, NH,H,PO,), i pfesto,
ze pred starnutim vykazuji relativné dobré mechanické vlastnosti v podélném
sméru.

kontaminované sirany s obsahem kovovych iontd. Kationty ptitomnych kovi (Cu?,
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Zn**, Fe?) plsobi katalyticky na oxidaci a nasledné stépeni glykosidické vazby. Méd
katalyzuje oxidaci na glukbzové jednotce a reakce probiha Lewisovskym mechanis-
mem. Plsobeni Zeleza je vyrazné silngjsi a pfimo katalyzuje stépeni glykosidické
vazby [6]. K nejsnazsimu pretrzeni vldken celulézy dochdazi u vzorkd impregnova-
nych roztokem Fe,(SO,); (pokles trzného zatiZzeni dosahuje az 0 95,5 % oproti stan-
dardu). V tomto pfipadé je hlavni degradacni reakci hydrolyza v kyselém prostre-
di o vysoké koncentraci H;0* (pH = 2,6-2,3). Tim je urychlena degradac¢ni reakce
v amorfni ¢asti a dochazi i k hydrolyze v krystalickych ¢astech celulézy. Reakce se
ustaluje na tvorbé oligosacharidd, je stale vratna, probiha iontovym mechanismem
[1] a je umocriovana zvysenou teplotou pfi rezimu urychleného starnuti vzorkd.

Stanoveni odolnosti v prehybani (obr. 2)

Odolnost v pfehybéni u vzorkl chemicky modifikované celulézy ma ve vétsiné
ptipadu stejny trend jako pfi stanoveni trzného zatizeni.

Nejvyssi pocet dvojohybt byl naméren u nestarnutého vzorku neosettrené celu-
16zy (standard). Starnutim klesla hodnota v podélném sméru 0 24,9 % a v pficném
sméru o 15%.V rdmci chyb méreni se tyto hodnoty odpovidajici standardu shoduji
se vzorkem macenym v destilované vodé. Srovnatelny s vyse uvedenymi je i vzorek
celulézy impregnovany roztokem NaCl, u kterého Ize oproti standardu pozorovat
jen mirny pokles poc¢tu dvojohybi u starnuté varianty v podélném sméru (o 8 %).
Velkou podobnost s nestarnutym vzorkem o3etfenym NaCl vykazuje také nestar-
nuty vzorek celulézy impregnovana roztokem NH,Cl. Po starnuti oviéem u tohoto
vzorku dochézi k vyraznému snizeni odolnosti v prehybani (o 35,5-41,2% oproti
vzorku s obsahem NaCl).

Ddalncst v pfebybdni
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Obr. 2: Vliv anorganickych soli na pocet dvojohyb( chemicky modifikovanych
vzorkl celulézy pred a po starnuti v podélném a pii¢ném smér

Skupina dvou nestarnutych vzork(i impregnovanych solemi na bazi béru
vykazuje pokles poctu dvojohybl v podélném a pricném sméru oproti standardu
039-45,5 %. U vzorkl s obsahem Na,B,0,.10H,0 Ize pozorovat jen maly rozdil hod-
not zplsobeny starnutim osetfené celuldzy (4-13,2 %). Tato relativni stabilita je za-
jisténa témér neménnym zasaditym prostiedim roztoku této soli pred i po starnuti.
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U vzorkd s obsahem H,BO, je na ukor mirné kyselého prostredi po starnuti tento
pokles oproti nestarnutym vzorkdm znacné vyssi (52,7-52,9 %).

Skupina vzorkl impregnovand sirany a skupina impregnovand fosfore¢nany vy-
kazuje podobny trend spocivajici v relativné vysokych hodnotach odolnosti v pre-
hybani u nestarnutych vzorkd v podélném sméru vici hodnotam odpovidajicim
starnutym vzorkdm v podélném sméru. Velmi nizky pocet dvojohybu pro tento typ
vzorkl (pokles o 81,7-100% oproti starnutému standardu v podélném sméru) je
navic atypicky nizsi nez hodnoty pro nestarnuté a starnuté vzorky v pficném smé-
ru. U téchto vzorku tedy pravdépodobné nedochdzi jen k poskozeni celulézovych
vlaken, ale i k rozstépeni glykosidickych vazeb makromolekul celulézy.
impregnované sirany (bez ohledu na nejvice degradovanou celulézu s obsahem
Fe,(SO,);je u nestarnutych vzorkl impregnovanych sirany pozorovan pokles odol-
nosti v pfehybani v podélném sméru o 32,6-38,5% a v pficném sméru o 32,6-
42,2 % a u starnutych vzorkd v podélném sméru 0 91,9-95,7 % a v pficném sméru
0 71,7-76,1 %). Pevnost vazeb v celul6zovych fetézcich vzorkd impregnovanych
Fe,(SO,); je oproti ostatnim vzorkiim osetfenym sirany oslabena jesté mnohem
vice.

4, Zavér

Modifikace celulézy anorganickymi solemi a nasledné starnuti vyrazné ovliv-
nuje kvalitu celulézovych vldken a vazeb mezi nimi. Vlivem degradacnich reakci,
predevsim hydrolyzy a oxidace, v kyselém (roztoky H;BO,, CuSO,.5H,0, Fe,(SO,),,
NH,H,PO,), slabé kyselém (roztoky ZnSO,.7H,0, NaCl, NH,Cl, (NH,),SO,) nebo zasadi-
tém prostredi (Na,B,0,.10H,0, (NH,),HPO,) dochdzi k jejich oslabeni, naruseni nebo
dokonce k pretrzeni vlakna ¢i k rozstépeni glykosidické vazby. Nezanedbatelny vliv
na fyzikalné-mechanické vlastnosti vldken maji i vykrystalizované soli z nékterych
impregnacnich roztokd. Napt. kubické krystaly NaCl ve strukture celulézy pozitivné
plsobi na vzajemné zpevnéni vldken, naopak velké nepravidelné shluky triklinic-
kych krystald CuSO,.5H,0 vyskytujici se mezi vlakny zpUsobuji svymi rekrystali-
za¢nimi tlaky jejich poruseni a ortorhombické krystaly Fe,(SO,); vykrystalizované
pfimo na vlaknech celul6zy mohou dokonce svym postupnim vristanim do vldken
zpUsobit jejich trhlinu nebo lom.

Uvedené experimentdlné ziskané vysledky shrnuji hodnoty trzného zatizeni
a odolnosti v prehybéni chemicky modifikovanych modelovych vzorkl celulézy
(papiru Whatman) a jsou prvotnim pfistupem pro poznani fyzikalné-mechanickych
vlastnosti celulézy ve dfevé oSetfeném ochrannymi pfipravky na bazi anorganic-
kych soli.

Podékovdni

Dékujeme Ndrodnimu archivu v Praze (Oddéleni péce o fyzicky stav archivalii), za
moZnost vyuZiti jejich méricich zafizeni ke stanoveni mechanickych viastnosti papiru.
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Abstract: Knowledge of macrostructure of the cellulose chains, i.e. supermolecular and
hypermolecular structure of cellulose, accompanied by changes during its chemical or
mechanical treatment is important not only for technical or biomedical applications,
but also predominantly, as a novel approach to better understanding and control of
aging of cellulose materials, e.g. paper and paper products. It is well known that the
influence of acid hydrolysis on the increase of crystalline parts of cellulose. Accessible
amorphous and non-accessible crystalline parts of cellulose are indicated by peeling
off model of kinetic of acid hydrolysis taking place during oxidative-hydrolysis process
of ox cellulose preparation. Naturally materials as cellulose and oxycellulose are
heterogeneous highly hydrated substances. In its purest form they have the same
chemical composition, but different size of molecules and representation of COOH
groups organized into complex supramolecular structure. Moreover oxycellulose
prepared from natural cellulose keeps to an extent also its hypermolecular structure
which has complex morphology of the cell-wall.

Methods

Topography - Microtomography beamline

X-Ray computed micro tomography (uCT) consists from recording a number
of projections from an object, with different angle of views, and reconstructing
from these projections a 3D image with the help of an adopted algorithm. The
applications are based, as far as absorption imaging is concerned, on the very
broad choice available in the photon energy (typically between 6 and 120 keV),
which makes it possible to improve the contrast, on the improved spatial resolution
(on the order of the um), and on the quantitative data evaluation allowed by the
monochromatic and parallel character of the beam. The very small source size
provides, in an instrumentally simple way, phase images that reveal phenomena
that are difficult to evidence by other means. [1, 2].

Beamline optimisation for paper samples

The beamline parameters are optimised for celluloid materials. The parameters
that influence the image quality in term of signal to noise ratio are: the number
of projections and the energy that are linked to the quality of reconstruction, on
one hand and the exposure time that concerns the detector optimisation, on the
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other hand. First of all, according to the detector sizes (2048 pixels x 2048 pixels) [2]
and to the Shannon theorem needed to reconstruct the data, 1500 projections are
required to get the best possible results in term of signal to noise ratio evaluated
by the noise standard deviation o, in the pores. [2].

Results

Beating and refining or mechanical treatment of fibres in water is an important
step in using pulps for papermaking. It is an energy intensive process. The purpose
of the treatment is to modify fibre properties to obtain the most desirable paper
machine runnability and product properties. During beating and refining, fibres
randomly and repeatedly undergo tensile, compressive, shear and bending forces.
During the beating process, fibres are subjected to a mechanical action, and in the
presence of water they swell. Carbohydrates and lignins in the swollen fibres can
be leached from the cell wall and transferred to the surrounding solution. In the
case of oxycellulose samples with different ratio of oxidation, it was found that
samples with higher contents of COOH groups in starting pulp are characterized
by a significantly lower specific beating energy consumption needed to achieving
the same sizes of particles. Thus, the tenacity of pulp is decreased with intensity of
oxidation, which is characterized by content of COOH groups.

Microtomography analysis

In plain original slices of two paper grades (on cellulosic and only oxycellulose
basis) and their corresponding histograms following of microtomography
measurements are presented in Fig. 1. Logically, the histogram of printing paper
composed of calcium carbonate filler and bleached wood pulp has typical bimodal
character and the histogram of paper composed of pure oxidised cellulose is

Figure 1: Different features of fibres on cellulosic and oxycellulosic basis in paper,
Synchrotron X-ray microtomography on ID19 multi-purpose beamline,
ESRF, Grenoble 320x320 pm.

a) Printing Paper,OP Ol3any, Polar bright, 50 g/cm? oxycellulosic
b) Paper from OKCEL HP 247/05, 6,1% COOH, 105 g/cm?
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typically uni-modal but thorough evaluation of this histogram suggests more
complicated super molecular state of oxycellulose.

In contradiction to filler particle (chemical precipitated CaCO,) fibre cross
profile measurements (see Fig. 2) demonstrate a complicated profile of fibre wall
because complicated well-known fibre wall morphology. It seems that due to
erosive hydrolyse-oxidative process during oxycellulose preparation [3] the width
of cellulosic fibre has decreased and the fibre cross profile gained a more regular
form.

Figure 2: Fibre cross profile measured as gray value vs. distance. Lateral intensity profile of
cellulosic and OC fibres, Synchrotron X-ray microtomography on ID19
multi-purpose beamline, ESRF, Grenoble
a) Bleached pulp fibre. Printing paper Polarbright, 50 g/cm2, OP Olsany,

CZ, 1 pixel =0,28 um
b) Oxidized cellulose fibre. Oxycellulosic paper from OKCEL HP 247/05,
Synthesia Pardubice Semtin,CZ, 6,1% COOH, 105 g/cm2

Mechanism of cellulose crystalline state increase during fibrillation pulp
beating

The interesting cellulose behaviour during its beating can be explained by
use the SCHL (Structural Changes in Hydration Layers) concept [4-6] of hydration
attractive - repulsive forces acting among hydrated nano-sites of both of the
oriented crystalline and the non-oriented amorphous parts of cellulose in wet
pulp state. If we assume a rush mechanical action during pulp beating in water, the
plasticised cellulosic fibres are kneaded, evoking a mutually friction of microfibrils
particularly in amorphous structural submicro-regions of cellulose. With respect to
this fact, interstitial mutual movement of hydrated cellulosic chains, microfibrils,
fibrils etc. is evoked accompanied by the formation of new hydration bonding
abilities among them. The whole process results in a decrease of inner energy
connected with an increase of oriented part of cellulose.

Conclusion

The received results reveal that super molecular structure of cellulose is changed
by chemical and mechanical treatment. The oxidative-hydrolysis process taking
place during oxycellulose preparation has a qualitative influence on crystalline
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domains of cellulose. Only quantitative changes of this super molecular structure
are typical to native cellulose due to intensive beating. Intensive fibrillation beating
leads to an increase of the amount of the crystalline domains in cellulose.

All these changes are evoked because of a peculiar character of water molecules
forming a weaker hydration bonding system of cellulose in wet state of cellulose.
The super molecular complex structure of wet cellulose, i.e. formed by weaken
hydration bonding system among cellulosic chains, establishes from the hydrogen
bonding system of cellulose in dry state. It is primary influenced by chemical
composition of hydrophilic cellulose and secondary by mechanical action, e.g.
by beating. As shown, the chemical changes are accompanied predominantly by
qualitatively supermolecular structural changes. The rush mechanical action is
influenced particularly the quantity of crystalline portion of cellulose obviously by
virtually mutual movement of cellulosic chains, microfibrils, fibrils etc.
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Abstract: Wood as a raw material still holds a key position in papermaking industry.
Deficiency of wood on world market can be felt already today but this problem will
be even more pronounced for the further generations. Alternative sources of quality
virgin fibres are necessary. Straw is particularly interesting because of its ready avail-
ability as a residue of a food corps. In this paper the experiments were conducted on
hybrid agricultural crop between wheat and rye, known as triticale. Triticale straw was
subjected to alkaline treatments in order to obtain fibres with larger share of cellulose.
The first treatment type was straw cooking in caustic soda and the second type of treat-
ment was consisted of straw soaking in caustic soda and then cooking in tap water. On
triticale straw and dried isolated fibres determination of organic (cellulose, a-cellulose,
lignin, solvent extractives, moisture) and inorganic compounds were made according
TAPPI methods. ICP-MS analysis of straw and isolated fibres was done using diges-
tion method (wet ashing method for organic matter destruction) and in those way 21
chemical elements was detected. Through chemical composition of isolated fibres, triti-
cale straw as a potential raw material in papermaking was evaluated.

Keywords: alkaline treatment, triticale straw, chemical composition, ICP-MS analysis

1. Introduction

Almost all pulp for paper manufacturing is worldwide based on the use of wo-
ods from different types and species of trees. Finding alternative sources of virgin
cellulose fibers is of great importance considering that the different types of coni-
ferous and deciduous become insufficient raw material for the paper production.
In many countries all over the world are large potential resources, primary of wheat
but also other grain straws (barley, oat, rye...) as agricultural residues. There is a
great interest in developing uses for that kind of residues that are currently burned
or ploughed back into the ground. Countries with high usage of agro residue ba-
sed fibres today are India and China. In European countries with adequate climatic
conditions for agricultural production such as Netherland, Italy, Germany, France,
Spain, Greece, Hungary and Croatia, field crop species may be an alternative to
using hardwoods in paper and paper products. A good pulp is the one able to pro-
vide good paper-machine runnability and appropriate quality in the end product.
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Some of these properties are result of the raw material quality, other depends on
the conversion of raw material to pulp (chipping, cooking, bleaching, blending,
etc.), and many are a combination of these two factors influencing the pulp quality
[1,2 3,41

The research presented in this paper focuses on the possibility of obtaining
non-wood cellulose fibers from the triticale straw, one of the most abundant spe-
cies in Croatia. As fibre morphology and chemical composition of plant material
is useful in searching for candidate fibre crops as a paper fiber source, chemical
composition analysis of straw and isolated fibers were made.

2. Materials and methods

Straw of winter triticale, variety Ranko, from continental Croatia was cut manu-
ally into 1 to 3 cm length. Two alkaline methods were used for fibres isolation from
straw.

2.1. Fibres isolation process

A week after harvest season of triticale gain, collected straw was converted to
chemical pulp using two types of alkaline treatment with and without pre-tre-
atment. The cooking conditions are presented in table 1.

Tab. 1: Pulping conditions.

Method 1. | Method 2.
used straw 3609
Chemical NaOH, % 16
Soaking pre-treatment Bath ratio 1:10
At 25°C 24 h
Decantation - +
Chemical NaOH, % 16 -
. Tapp water - 101
Cooking treatment Bath ratio 1:10 1:5
At 120°C, 170 kPa 60 min. 60 min.
Decantation and rinsing in tapp water 2x101
Tapp water 231
Defibration in Holldnder Valley mill At 24°C 40 min.
pH 8,5-9,0

2.2.ICP-MS analysis

Element analysis was made by ICP-MS method. All samples were converted into
solution according to wet ashing method for organic matter destruction [5]. In that
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way macroelements (potassium (K), calcium (Ca), magnesium (Mg), phosphorus
(P)), microelements (boron (B), iron (Fe), copper (Cu), manganese (Mn), molybde-
num (Mo), zinc (Zn)) and metals/metalloids (aluminium (Al), barium (Ba), bismuth
(Bi), cadmium (Cd), cobalt (Co), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb),
silicon (Si), vanadium (V)) were detected.

2.3. Chemical characterization

Chemical composition of triticale straw and isolated fibres as well was de-
termined by standard isolation methods for major plant chemical components
(fig. 1). According to TAPPI standards organic (cellulose, a-cellulose, lignin, ac-
cessory material, moisture) and inorganic compounds were determinated.

Fig. 1: Schematic view of major plant components isolation methods

3. Results and discussion

Plant nutrients (macroelements, microelements, metal and metalloids) and ash
composition of triticale straw is strongly influenced by the effect of soil type and
climate conditions during growth phase of plant. In table 2 are presented results of
ICP-MS analysis of triticale straw.

Triticale straw contain potassium (K) in notable higher concentration than oth-
ers macroelements. High concentration of potassium is characteristic of all grain
straw, like wheat [1, 2, 3] and barley [1]. Macroelemenets are not problematic ele-
ments in straw as raw material. Content of some nutrients in straw have negative
influence on facilities equipment during raw material conversion to pulp (silica (Si))
and some (copper (Cu), iron (Fe), cobalt (Co), manganese (Mn), and zinc (Zn)) on
optic and quality of paper as a final product of paper production. These metals can
be introduced into the paper from the fiber source (straw) which may contain trace
elements from the ground in which it was grown, or by the equipment, water and
chemicals used in paper manufacture. Their presence can cause problems in paper
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as it ages and is exposed to mold, high relative humidity, light, and pollution, and
some conservation treatments (e.g., oxidative and reduction bleaching). Results of
silica concentration in triticale straw indicate that this grain contain less silica than
the other cultivars [3, 4].

Tab. 2: Mean values of nutrient (macroelements, microelements, metals/metalloids) in triti-
cale straw and isolated fibres

nutrients straw isolated fibres
Method 1. Method 2.
K 13975.50 157.0 287.0
Ca 2769.00 71835 10488.0
macroelements Mg 897.50 1818.0 21420
p 479.50 226.0 155.0
Zn 2278 17.65 184.54
Fe 36.52 191.42 456.06
Mn 72.97 5553 68.39
microelements
Cu 8.14 430 14.60
B 0.00 1.14 7.92
2 Mo 0.05 0.03 0.14
> Al 31.80 220 5.04
S Bi 201.72 131.78 707.63
Si 7.74 0.00 0.00
Ba 53.03 27.90 25.95
Cr 2.66 1258 113
metals/metalloids Pb 2.91 9.12 28.42
Ni 237 1.08 474
cd 0.11 0.06 0.15
Co 0.03 0.05 0.17
Vv 0.81 0.00 0.00
Hg 0.00 0.00 0.00

High content of calcium, magnesium, zinc and iron in isolated fibres in com-
parison with straw from which they are isolated is consequence of chemical com-
position of tap water that was used in many steps during fibres isolation (soaking,
cooking, rinsing and defibration). In fibres isolated by method 2., concentration of
this elements is higher than in fibres isolated by method 1. because of longer in-
fluence period of sodium hydroxide solution (soaking pre-treatment) and cooking
in tap water.

Chemical characteristics of the straw as a raw material and fibres which depend
on used method for isolation are important for pulp quality. Content of cellulose,
especially a-cellulose and lignin in the selected fibre plant is the mostimportant in-
dicator of its usage in paper production. It is well known that the content of organic
and inorganic components depends not only on plant species but also on farming
condition as climate, land and human influence on growing phase of plant [4, 6]. As
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results has shown in table 2. triticale straw has high content of cellulose and at the
same time low content of non-cellulose components (especially lignin).

Tab. 3: Chemical composition of triticale straw.

w, %
cellulose a-cellu- lignin ashs250c | Solventex- | ture
lose tractives
52,88 +£ 0,49 44,22 12,59+ 1,77 527 +0,16 3,02+0,42 7,73 £0,82

Provided methods for fibres isolation from triticale straw resulted with fibres of
different chemical composition (fig. 2). Method 1. is more efficient for lignin remo-
val from straw lignocellulose structure, but Method 2. is better for achieving fibres
with higher content of cellulose (especially a-cellulose).

Ll ]
8200

| TP —
SHCHHUEON

Fig. 2: Organic and inorganic compounds in isolated fibres

Namely, for lignin removal method 1 is better because delignification process
in sodium hydroxide solution of high concentration is supported by high tempera-
ture. This method is not optimized well because the loss of cellulose (especially the
a-cellulose). Second Method where straw was pre-treated by soaking in sodium
hydroxide solution for 24 hours at room temperature and then cooked in tap water
has not so good delignification results. During this process sodium hydroxide solu-
tion influence was on hemicellulose which was mostly removed from lignocellu-
lose structure and resulted by isolated fibres with higher content of cellulose and
a-cellulose as well.

4, Conclusion

According to chemical composition of straw, triticale is specie offering their fi-
bers to add competitiveness and vitality to paper industry as an alternative non-
-wood raw material. It is very important to use proper method for fibres isolation
in order not to avoid loss of cellulose content during separation of non cellulose
components from lignocellulose structure of straw.
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Abstract: Wood is the most preferred source of the fibrous raw material for pulp and
paper production. The mills generate the stock of wood for 3-4 months to ensure contin-
uous production of pulp. The harvested wood is affected during storage, because there
are certain chemical changes caused mainly by wood decaying fungi. Consequently,
understanding of the changes during the storage of wood can help to better under-
stand the interactions between the components of wood in the cooking process or the
bleaching of pulp.

Keywords: storage, chemical composition of wood, lignin, holocellulose, extractives.

1. Uvod

Dostatoc¢né zasoby drevnej suroviny su délezitym faktorom pre stabilnu a kva-
litnd vyrobu buniciny. Nakup drevnej suroviny Uzko suvisi s vyvojom cien na trhu
s drevom a v obdobi nizsich cien byva ndkup drevnej suroviny vy3si. Nie vietku
dovezenu surovinu je mozné priamo spracovat. Zvy$na cast je potom dlhodobo
skladovana na drevoskladoch vo forme vyrezov. Celulézky sa snaZia spracovat ¢o
najviac Cerstvého dreva, aby nemali velké zasoby drevnej hmoty. Na druhej strane
ale potrebuju mat urcitd zasobu drevnej hmoty na drevoskladoch, aby bola za-
bezpeclena kontinudlna vyroba bunicin a papiera aj v obdobiach kalamit, alebo pri
ukonceni dodavatelsko-odberatelskych vztahov (vyprsanie zmliv, nedodrzanie
podmienok zmlav a pod.).

Vyrezy su volne skladované v priestoroch celulézky na spevnenych, ale aj na
nespevnenych plochach a su vystavené pdsobeniu vonkajsich Cinitelov (sine¢né
Ziarenie, zrazky, mikroorganizmy, ...) (Cunderlik, I. Hudec, J. 2007). Kvalita dreva sa
pocas skladovania meni a dochddza k chemickym, fyzikdlnym a biologickym zme-
nam, ktoré viak neprebiehaju rovnako pri vsetkych druhov dreva. Niektoré drevo
je odolnejsie proti degradicii, iné naopak menej. Dopady zmien spdsobenych dI-
hodobym skladovanim drevnej suroviny vo vyrezoch su negativne (zvysenie strat
a prasnosti pri sekani dreva na stiepky, znizenie vytazku a kvality vyrabanych buni-
¢in), alebo pozitivne (pokles obsahu extraktivnych latok, ktoré spésobuju vo vyro-
be tzv. Zivicné problémy). V celul6zkach si pocas roka vsimaju vietky tieto zmeny,
ktoré ovplyviuju kvalitu buni¢in a papiera. Pochopenie zmien prebiehajucich pri
dlhodobom skladovani dreva moze pomact riesit problémy s tym spojené — opti-
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malizéciu podmienok skladovania, minimalizaciu strat, zvysenie produktivity a eli-
mindciu kolisania v kvalite buniciny (Balakrishnan, J. 2008).

V nasich slovenskych celulézkach sa v sic¢asnosti spracovavaju len listnaté dre-
viny. Najviac spracovévané su buk a dub, ¢o suvisi aj s najvacsim zastupenim z list-
natych drevin v slovenskych lesoch (buk 329%, dub 10,7 %) (Zelena sprava, 2013).
Topol a rézne jeho kultivatory sa doneddvna spracovavali vo va¢som mnozstve
v zdvode Smurfit Kappa Starovo, a.s. na vyrobu flutingu. Od r. 2010 je tento zavod
zatvoreny, a z toho dévodu sa zvysila ponuka tejto drevnej suroviny na trhu.

Cielom prispevku je sledovat zmeny v chemickom zlozeni dreva vybranych dru-
hov drevin v priebehu 6 mesiacov od ich dodania na drevosklad celul6zky.

2. Material a metodika

Viyrezy sledovanych drevin (buk, dub a topol) boli vybrané ndhodnym vyberom
bez chyb a zndmok hniloby z dreva dovezeného na drevosklad celulézky, priamo
na drevosklade boli skladované po dobu 6 mesiacov (jun - december) a v 3-mesac-
nych intervaloch boli z vyrezov odobrané vzorky.

Z odobranych vzoriek boli pripravené piliny (sitované na triedici FRITSCH, frak-
cia: 0,5-1 mm) na chemicky rozbor dreva sledovanych drevin: extraktivne latky (EL)
toulén-etanolovou extrakciou (T204 0s-76), holoceluléza podla Wisea (Kacik, F.
Soldr, R. 1999) a lignin podla Klassona ( Kacik, F. Solar, R. 1999).

3. Vysledky a diskusia

Mnozstvo EL v dreve sa podfa Hendricson K. (2004) pohybuje od 2 - 10% a zavisi
od druhu dreviny, pédnych podmienok a pod. Fengel, D. Wegener, G. (1989) uvé-
dzaju mnozstvo EL pre topol 7 %, Kacik, F., Laurova, M. (2008) 4,53 %, Pettersen, R.C.
(1984) 5%, pre buk Geffertova, J. Geffert, A. (2007) 2,8 %, Holota, J. et al. (1984) 3%,
pre dub Geffertova, J. Geffert, A. (2007) 4,3 %, Brilla, V. (2007) 4,33 %.

Mnolstvo extraktiviych latok (%)
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Obr. 1: Mnozstvo extraktivnych latok

Graf ¢.1 (obr. 1)ukazuje zmeny obsahu extraktivnych latok (EL), ku ktorym doslo
pocas 6 mesiacov skladovania. Z grafu je vidiet, Ze obsah EL sa u sledovanych dre-
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vin nemenil rovnako. V dreve topola vzrastol obsah EL po 3 a 6 mesiacoch oproti
cerstvému drevu - 5,91 %, 9,91 %, 8,91 %, v dreve buka bol pozorovany vyrazny po-
kles EL - 2,81 %, 0,37 %, 0,69 %, v dreve duba doslo k minimalnemu poklesu obsahu
EL-4,22%, 3,79%, 4,11 %.

Mnozstvo ligninu uvadzané pre listnaté dreviny v literature je v rozsahu 18 -
25 % (Rowel, M.L. 2005). Fengel, D. Wegener, G. (1989) uvadzaju obsah ligninu pre
topol 20%, Hon, D.N.S. Shiraishi, N. (2001) 21 %, pre buk uvadza Promberger, A. et
al. (2004) 21,1 %, Geffertova, J. Geffert, A. (2007) 21,4 %, pre dub uvadza Rowel, M.R.
(2005) 24 %, Geffertova, J. Geffert, A. (2007) 22,5 %, Geffertova, J. Hanzel, P. (2007)
20%.

Mnoistvo ligninu (%)
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Obr. 2: MnozZstvo ligninu

Ako je mozno vidiet’ na grafe ¢. 2 (obr 2), mnoistvo Iignl’nu v dreve sledova-
u vietkych drevin po 3 mesiacoch skladovania: topol - 18 ,74%, 17,5% a 19,05 %,
buk - 21,63%, 20,73% a 21,28 %, dub - 22,39%, 19,62% a 21,23 %.

Mnozstvo holocelulézy v listnatych drevind sa uvaddza v rozsahu 72 - 85%
(Melcer, I. et al. 1976). Spiridon, I. et al. (2003) uvadza mnozstvo holocelulézy pre
topol 74,77 %, Rowel, M.L. (2005) 78 %, pre buk uvadzaju Kacikova, D. (1997) 82 %,
Geffertova, J. Geffert, A. (2007) 82 %, pre dub uvadza Geffertova, J. Hanzel,P. (2007)
78,7 %, Pettersen,R.C. (1984) 76 %.

Mnozstvo holoceluldzy (56)
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Obr. 3: Mnozstvo holocelulézy
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Na grafe ¢. 3 (obr. 3)je uvedené mnozstvo holocelulézy stanovené podla Wisea.
V dreve topola bol pozorovany pokles obsahu holocelulézy v skladovanom
dreve - 80,31%, 74,66 %, 75,24 %, ¢o sa ale v druhych dvoch drevindch nepotvr-
dilo: v dreve buka bol obsah holocelulézy 81,5 %, 83,59% a 81,19%, v dreve duba
78,25%, 80,48 % a 79,69 %.

Mnozstvo holocelulézy v dreve topola sa zniZilo uz po 3 mesiacoch - 80,31 %,
74,66% a 75,24 %. Topol podla normy EN 350-2 zaradujeme do 5. triedy trvan-
livosti - medzi netrvanlivé dreviny, preto uz po 3-mesa¢nom skladovani doslo
k vyraznému poklesu holocelulézy. Tento pokles mohol byt zapric¢ineny pésobe-
nim celulézovornych drevokaznych hub, ktoré degraduju polysacharidicky podiel
dreva. Podiel holocelulézy v dreve buka po 3 mesiacoch relativne mierne nards-
tol - 81,5%, 83,59% a 81,19 %, ¢o mozno vysvetlit vyraznym poklesom obsahu EL
v dreve a k miernemu ndrastu obsahu holocelul6zy doslo aj v dreve duba - 78,25 %,
80,48% a 79,69 %.

4, Zaver

Kvalita dreva sa pocas skladovania meni a okrem inych dochadza v nom k ur-
¢itym chemickym zmenam. Tieto chemické zmeny, ktoré su spdsobené hlavne
mikrooganizmami, neprebiehaju rovnako pri vsetkych drevinach. Potvrdil to aj
chemicky rozbor sledovanych drevin. Drevo topola, aj ked' je to jadrova drevina
ako dub, zaradujeme medzi netrvanlivé dreviny. Pokles obsahu holocelul6zy bol
vyrazny uz po 3 mesiacoch skladovania. Spracovanim topolového dreva po dlh-
$om skladovani mézno v désledku degradécie a odburania polysacharidov oca-
kavat nizsi vytazok a nizSie mechanické vlastnosti bunicin. Topol je preto vhodné
spracovat ¢o najkor po dovezeni do celulézky. Buk zaradujeme tak isto medzi
netrvanlivé dreviny, ale pocas skladovania u neho nedoslo k takému vyrazné-
mu poklesu holoceluldzy, ako v dreve topola. U topolového a bukového dreva je
podstatny rozdiel v ich Strukture. Bukové drevo je ndchylné na zaparenie, pri kto-
rom dochadza k zatylovaniu ciev. Topol v jadrovom dreve nevytvéra tyly vobec,
pripadne sa tvoria zriedka. Vytvorenie tyl mohlo zapricinit, ze bukové drevo bolo
tazsie pristupné pre mikrooganizmy v porovnani s topolovym drevom a nedos-
lo k vyraznému poklesu holocelul6zy. Dub zaradujeme medzi trvanlivé dreviny
(bel - medzi netrvanlivé) a preto sa vplyvom skladovania dreva meni chemické
zlozenie dreva velmi pomaly.

Na zaklade dosiahnutych vysledkov, mézeme konstatovat, Ze topolové drevo je
vhodné spracovat prednostne po dovezeni do zavodu, buk je potrebné spracovat
do 6 mesiacov a dub je mozné skladovat aj po dlhsiu dobu ako 6 mesiacov, ale
podla moznosti do 12 mesiacov.
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Lightweight composites based on a woody
part of the hemp plant
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Abstract: Plant fibers from hemp, jute, sisal and the others are used for the purposes of
the construction in the civil engineering. The using of this material has environmental
and economical advantages cause it ’s a renewable and non-waste material. The tech-
nical hemp is the source of two types of fibres; bast fibres (used mainly in the paper and
textile industry) and woody fibres - hurds. Hemp hurds is obtained from the processing
of hemp stems and has a specific properties. Hemp is a plant that has an application
in environmentally friendly materials, mainly as a substitute of synthetic fibers into
lightweight composites. This article discusses about the possibility of using industrial
hemp as a source of natural fibres for purpose of construction and with the preparation
of lightweight composites based on hemp hurds.

Klucové slovd: Renewable source, utilization of plant fibers, hemp hurds, lightweight
composites.

1. Uvod

Lahké prirodné materidly ako slama, trstina, drevna vina, kokosové vldkna, ko-
nopné vlakna a iné prirodné vlakna rastlinného pévodu boli az do polovice 20. sto-
rocia pouzivané ako jednoducho dostupné tepelno-izola¢né materialy. Materialova
baza prirodnych surovin medzi¢asom sice ustupila do Uzadia, ale tento sortiment
bol rozsireny o priemyselne spracované prirodné materidly ako makké drevovlak-
nité dosky, lahké dosky z drevnej viny, trstinové rohoze, konopné dosky a rohoze
ainé. Od roku 2009 je na Slovensku povolené pestovanie technickej konopy, preto-
ze jej hodnoty aktivnej latky tetrahydrokanabinolu (ozna¢ovanej ako THC) su nizke,
takZe je ako droga prakticky nevyuzitelna.

V sucasnej dobe je v stavebnom priemysle trendom vyuzivanie prirodnych vla-
kien kvoli zvySenej snahe o vyvoj a vyuzivanie alternativnych stavebnych materia-
lov a zvySujucemu sa dOrazu na pouzivanie environmentalne vhodnych produktov.
Uz niekolko rokov sa vo vyrobe environmentdalne vhodnych produktov pozornost
venuje vyuzivaniu rastlinnych celulézovych vldkien (konopa, sisal, lan, juta a i.) ako
nahrady syntetickych vlakien vo funkcii vystuzovacich prostriedkov lahkych kom-
pozitnych materidlov. Zo spomenutych sa velky vyznam pripisuje prave technickej
konope, ako rychlo obnovitefnému zdroju vldkien a bezodpadovému materialu.
Konopné pazderie predstavuje drevitu cast stonky, ktora sa az donedavna povazo-
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vala za odpad zo spracovania konopy na vlakna. Vzhfadom na mnoho vyhodnych
vlastnosti, je mozné tuto drevitu cast konopnej rastliny vyuzit ako vyplnovy mate-
rial v kompozitoch s anorganickou matricou.

V tomto ¢lanku je pozornost venovana vyuzitiu technického konope (Cannabis
sativa L.) ako vystuzovacieho prostriedku do lahkych kompozitov na ucely jeho vy-
uzitia v stavebnom priemysle. Rastlina konopy siatej je rychlo rasttca, jednoro¢nd
bylina, ktord ma Siroké vyuzitie. Z konopnej rastliny je mozné vyuzit celd rastlinu:
vlakna, pazderie a aj semena. Konopa siata méze dorast az do vysky 4m, ak ma
rastlina priaznivé podmienky na rast. Technické konope je zdrojom dvoch druhov
vlakien: lykovych vlakien a drevitych vlakien - pazderia (obr. 1). Lykové vlakna su
viazané strednou lamelou a usporiadané zhora nadol v stonke. Konopné vldkna
sa nachdadzaju na okraji stonky, potom nasleduje konopné pazderie a stred stonky
vypliia duty priestor. Konopné pazderie predstavuje asi 60 — 80 % z celej stonky
konope a sklada sa hlavne z celulézy (34-48%), hemicelulézy (21-37 %) a ligninu
(16-28 %) [1].

Widna
'ﬁ} Lykove vidna
* Paadene

i Pavch

| | Dhuty peieiter

Obr. 1: Prie¢ny rez konopnej stonky [1]

Technické konope je vhodné pre poutzitie v Sirokej skale vyrobkov, ako je papier,
cigaretovy papier, textilie, izolaéné materialy, vyplfiové konstrukcie, atd. Od po-
¢iatku 90tych rokov bol vyvinuty novy stavebny material ziskany zmiesanim castic
konope a spojiva. Tento pokracujuci trend umoznuje vytvarat udrzatelné budovy
(nové stavby ale aj rekonstrukcie starych budov). Momentalne je v EU stale viac
pouzivany inovativny stavebny material - konopny betén, ktory kombinuje vapen-
né spojivo a drevitu cast konopnej rastliny [2]. Tento rastlinny material mé nizky
vplyv na Zivotné prostredie a v porovnani s inymi beznymi stavebnymi materidlmi
pouzivanymi v stavebnictve, konopny betén ma nizku tepelnu vodivost, ¢o znizuje
tepelny rozptyl a tym znizuje tepelné straty v zime a zéroven chrani pred letnymi
hordc¢avami [3]. Tento material ma mnoho vyhod, ako je nizka objemova hmot-
nost, dobra tepelna izolacia, priedusnost, poziarna odolnost a antiseptické vlast-
nosti. Avsak nakolko tento konopny kompozitny materidl nie je nosnym prvkom,
musi byt pouzity v kombinacii s nosnym rdmom. Jeho nevyhodou je jeho vysoka
sorpcna schopnost a heterogenita, ¢o sposobuje slabé rozhranie medzi vldknami
a matricou a horSiemu prenosu napatia. Na zlepsenie adhézie vlakna — matrice
bolo venovanych uz vela vyskumnych projektov, kde sa tato prilnavost dosahova-
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la prostrednictvom chemickej Upravy povrchu vlakien. Vzhladom k vysoko poréz-
nej Strukture konope a jeho silnym kapilarnym t¢inkom vo vlaknach, konope ma
schopnost regulovat vihkost vzduchu vo vnutri budov, absorbovat a/alebo uvolto-
vat vodu v zdvislosti na klimatickych podmienkach [4].

2. Material a metédy

2.1. Material

V experimentoch bolo ako plnivo do lahkych kompozitov pouzité konopné paz-
derie pochddzajuce z Holandskej firmy Hempflax. Tento materidl pozostava z vacsej
Casti z konopného pazderia (drevitd cast stonky) ako z konopnych vlakien (Obr.2).
Pouzity konopny material bol polydisperzny a stredny rozmer Castic vypocitany
z Udajov granulometrickej analyzy bol 1,94 mm. Objemova hmotnost tohto pazde-
ria je 117,5 kg.m-3. Chemické zloZenie konopného pazderia je uvedené v tabulke 1.

Dal$im alternativnym materialom, v experimentoch pouzitym ako spojivo, bol
MgO-cement pozostéavajuci z kaustického magnezitu ziskaného nizkotepelnym
rozkladom prirodného magnezitu (CCm 85, SMZ a.s. Jel3ava, Slovensko), kremicité-

Obr. 2: Konopné pazderie

ho piesku (5astin, Slovensko) s dominantnou zlozkou SiO, (95-98%) a hydrogenuh-
licitanu sodného (p.a). Pouzité MgO bolo pre dosiahnutie mensich ¢asic pomleté
suchym mletim na vibraénom mlyne VM 4 po dobu 5 minut [5].

Tab. 1: Vybrané chemické charakteristiky konopného pazderia

1. Toluén- etanolovy extrakt % 3,5
2. Holoceluléza % 74,5
3. Lignin % 24,4
4, Celuléza % 44,2
5. Hemiceluléza % 30,3
6. Popol % 1,4
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2.2, Priprava lahkych kompozitov

Skusobné vzorky boli pripravené podla receptury uvedenej v praci [6], ktoru
tvori z 40% konopné pazderie, z 29% MgO-cement (mlety magnezit, kremicity pie-
sok, hydrogenuhli¢itan sodny v pomere 1:1:1) a z 31% voda. Na pripravu vzoriek
boli pouzité ocelové formy standardnych rozmerov 100mm x 100mm x 100mm.
Vzorky boli po 2 diioch vybraté z foriem a nechali sa vytvrdit v laboratériu po dobu
7,28, 60 dni.

2.3. Metédy pouzité pri merani parametrov

Objemova hmotnost, tepelna vodivost a pevnost v tlaku boli merané na su-
chych vzorkach. Objemova hmotnost bola stanovena v sulade s normou STN
EN 12390-7 [7]. Sucinitel tepelnej vodivosti bol merany komerc¢nym zariadenim
Isomet 104 (Applied Precision, s.r.o., Nemecko), kde samotné meranie je zaloZzené
na analyze tepelnej odozvy analyzovaného materidlu na impulzy pruadenia tepla.
Pevnost vietkych kompozitnych materidlov bola stanovend pristrojom ADR 2000
(ELE International, Anglicko). Obsah vody bol stanoveny v stulade s normou STN EN
12087/A1 (727056). Stanovenie obsahu vody (po uplynuti 1 hodiny) je zaloZzené na
stanoveni zvySenia hmotnosti skiSobnych vzoriek.

3. Vysledky a diskusia

Hodnoty objemovych hmotnosti fahkych konopnych kompozitov sa pohybova-
li v rozmedzi 1100 az 1400 kg/m?,

Vysledky testovania ukdzali, Ze hodnoty obsahu vody v kompozitoch su v roz-
medzi 3,87 az 24,9%. Ako je mozné vidiet na obr. 3, obsah vody vo vzorkach na baze
konopného pazderia sa zvysuje s rasticou dobou tvrdnutia kompozitov. Konopné
kompozity absorbuju vodu rychlejsie ako napr. cementovd malta alebo beton
vzhladom k vysokému obsahu celulézy v konopnom pazderi [8].

[ e ]

e p——r——

Obr. 3: Zavislost hmotnostnej nasiakavosti od doby tvrdnutia

Hodnoty pevnosti v tlaku su v rozsahu 1,7 az 1,93 MPa (obr. 4) a stipaju spolu so
stipajucim ¢asom doby ich tvrdnutia.
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Namerané hodnoty tepelnej vodivosti lahkych konopnych kompozitov su v roz-
medzi 0,082 az 0,125 W/m K, zistené hodnoty su porovnatelné s inymi stavebnymi
materialmi. Zavislost tepelnej vodivosti na dobe tvrdnutia kompozitov je znazor-
nena na obr. 5.

P Thear o Mg [V
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Obr. 4: Z4vislost pevnosti v tlaku od doby tvrdnutia

-
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Obr. 5: Zavislost sucinitela tepelnej vodivosti od doby tvrdnutia kompozitov

V tomto ¢lanku boli studované vlastnosti vytvrdnutych kompozitov na baze ko-
nopného pazderia pouzitého ako plniva a alternativneho spojiva MgO-cementu.
Na vytvrdnutych kompozitoch boli testované niektoré doélezité vlastnosti ako
hmotnostna nasiakavost vody, pevnost v tlaku, sucinitel tepelnej vodivosti.

Zistené hodnoty tepelnej vodivosti su porovnatelné s konvencnymi stavebnymi
materidlmi a hodnoty pevnosti v tlaku su vyrazne nizsie ako konvencnych staveb-
nych materidlov, preto je mozné tieto konopné kompozity pouzivat iba ako vypl-
novy material. Kompozitné materialy na baze prirodného celulézového materidlu
budu predmetom dalsieho vyskumu.
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TECHNICKO-EKOLOGICKA ANALYZA DOPRAVY
ZAKLADNYCH SUROVIN DO CELULOZO-
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Abstrakt: Celulézo-papierensky priemysel sa v uplynulych troch desatrociach vyrazne
zmenil. Prevlddajucim trendom, ako aj v pripade mnohych inych vyrobnych odvetvi,
je rusenie mensich, ekonomicky neefektivnych prevddzok, a preferovanie vyrob s mi-
moriadne velkymi vyrobnymi kapacitami, ¢asto s takymi, ktoré st schopné uspokojit
potreby aj niekolkych Stdtov, alebo dokonca znacnej Casti celého kontinentu. Je vsak
tento trend dlhodobo vhodny pre rozvoj spolocnosti, alebo je potrebné zdvihnttvarov-
ny prst pred nevhodnym zaobchddzanim s prirodnymi zdrojmi. PredloZeny prispevok
analyzuje dopravu hlavnych vstupnych surovin — zberového papiera a vidkninového
dreva do vybraného celulézo-papierenského podniku, a poukazuje na urcité technic-
ko-ekologické a ekonomické aspekty dopravy tychto surovin.

Klucové slova: celulézo-papierensky priemysel, doprava vidkninovo dreva a zberové-
ho papiera, Zelezni¢nd doprava, cestnd doprava, emisie CO,, deponovanie CO,, klticové
ukazovatele vykonnosti — Key Performance Indicators;

1. Uvod

V suvislosti s rusenim mensich papierni dochadza k javu, kedy sa hlavné vstupné
suroviny do celul6zo-papierenského podniku - zberovy papier a vldkninové drevo
dovaza na velké vzdialenosti. Vyroba papiera a celulézy je centralizovana v pre-
vadzke, ktord spractva suroviny v ¢asto aj v okoli niekolkych tisic kilometrov, a na-
sledne uspokojuje trh s celulézou a papierom v porovnatelnom rozmedzi.

V predloZzenom prispevku boli analyzované udaje o doprave hlavnych vstup-
nych surovin — zberovom papieri a vldakninovom dreve do vybraného celulézo-
-papierenského podniku za vybrané ¢asové obdobie - 3 roky. Analyza udajov bola
zamerana na dopad dopravy vstupnych surovin na zZivotné prostredie, a to uvolio-
vanim CO,.

2. Metodika prace

Prisun hlavnych vstupov do celulézo-papierenského podniku si vyzaduje vyuzi-
tie dopravnych sluzieb. Doprava vstupov do vyznamnej miery ovplyviuje Zivotné
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prostredie emisiami CO,. Z tohto dévodu je vhodné preferovat taky dopravny sys-
tém, ktori pri porovnatelnych ndkladoch vyprodukuje menej negativnych vplyvov
na zivotné prostredie emisiami CO,.

Pre zistovanie vplyvov dopravy vstupnych surovin na zivotné prostredie je po-
trebné analyzovat a porovnavat klucové ukazovatele vykonnosti dopravy za sle-
dované obdobie (tzv. ukazovatele KPI — Key Performance Indicators), ktorymi su:

« pocet ubehnutych km pocas dopravy surovin
+ priemernd vzdialenost dodavok

+ priemernd vaha jednej dodavky

« pocet dodavok

Z prezentovanych ukazovatelov je mozné analyzovat a hodnotit vykonnost do-
pravy vstupnych surovin do podniku, a na zdklade zisteni je mozné stanovit glo-
balne ciele v stratégii smerovania dopravy. Medzi globalne ciele dopravy surovin
by v sticasnosti mal patrit aj jej vplyv na Zivotné prostredie a to prostrednictvom
zistovania:

« CO, emitovaného dopravou
+ ekologickej efektivity dopravy porovnavanim emitovaného CO, dopravou a de-
ponovaného CO, v samotnej prepravenej surovine.

Vyhodnotenim ukazovatela CO, emitované dopravou mézeme zistit, ze celkova
doprava vstupnych surovin do podniku v sledovanom obdobi mala aky dopad na
znecistovani zivotného prostredia. Vyhodnotenim ukazovatela ekologicka efektivi-
ta dopravy — emitované CO, dopravou a deponované CO, v prepravenej surovine
mobzeme zistit, Ze aky je podiel emitovaného CO, dopravou na objeme CO, v ktory
je ulozeny v samotnej prepravenej surovine. Tento ukazovatel ndm udéva, do akej
miery je doprava surovin ekologicka — teda do akej miery, vzdialenosti skimanym
druhom dopravy mozeme prepravovat surovinu tak aby sme emisiou CO, z dopra-
vy neprekrocili objem deponovaného CO, v surovine. Doprava surovin ked' déjde
ku prekroceniu emisii CO, z dopravy oproti CO, deponovanému v samotnej pre-
pravenej surovine je velmi nevhodna. Znamend to, Zze prepravenu surovinu by bolo
pravdepodobne vhodnejsie zuzitkovat okamzitym uvolfiovanim toho objemu CO,
ktoré je v nej deponované - napriklad spalovanim v mieste tazby, zberu apod.V ta-
komto pripade je potrebné sa zamysliet nad zuzitkovanim surovin v blizsej vzdiale-
nosti od miesta tazby, zberu.

Prezentované ukazovatele vplyvu dopravy na zivotné prostredie v pripade vy-
uzitia viacerych druhov dopravy je mozné nasledne porovnat aj vzajomne medzi
sebou, napriklad cestnu a zelezni¢nd dopravu.

Vo vybranom celul6zo-papierenskom podniku boli analyzované a hodnotené
nasledovné Udaje o cestnej a Zelezni¢nej doprave hlavnych vstupnych surovin -
zberovom papieri a vldkninovom dreve:

« pocet ubehnutych km dopravou surovin
+ vlhka hmotnost dopravenych surovin

+ suchd hmotnost dopravenych surovin

+ pocet dopravenych dodavok

+ priemernd vzdialenost dodavok
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« smerodajna odchylka vzdialenosti dodavok
« priemerna vaha 1 dodavky
« CO, emitované dopravou
- emisia CO, na dopravu 1 suchej tony surovin
« deponované CO, v prepravenej surovine
« CO, emitované dopravou ku CO, v deponované v prepravenej surovine
Z udajov bol vytvoreny ro¢ny sucet za tri ¢asové obdobia - tri roky. Stcet bol
vytvoreny pre dva druhy dopravy, pre cestnu a zelezni¢nt dopravu. Nasledne boli
ziskané hodnoty ukazovatelov porovnavané medzi druhmi dopravy.

3. Databaza udajov a analyza

V tabulke 1 su uvedené suhrnné ro¢né udaje za tri sledované obdobia o cestnej
a zelezni¢nej doprave zberového papiera a vlakninového dreva do analyzovaného
podniku.

Vyrazny rozdiel emisii CO, je mozné zistit pri porovndvani cestnej a zelezni¢nej
dopravy. Podla dostupnych informacii [7, 8] su emisie na Urovni 75,339 CO,/t/km
v cestnej, a 13,99 CO, / t / km v Zelezni¢nej doprave. Podla tychto udajov je vyraz-
ne vyssi negativny vplyv cestnej dopravy. Z tabulky 1 je zrejmé, ze v porovnani so
zelezni¢nou dopravou sa do skimaného podniku ubehlo cestnou dopravou menej
km, avsak negativny vplyv cestnej dopravy bol ovela va¢si nez dopravy Zeleznicou,
a to aj pri va¢som mnozstve prepravenej suroviny cestnou dopravou. Tento vysle-
dok je potvrdeny aj prepoc¢tom emisii CO, na 1t prepravenej suchej suroviny - pri-
blizne 19kg CO, / t suroviny v cestnej a 10kg CO, / t suroviny v Zelezni¢nej doprave.

Celkovo v skimanom podniku cestna preprava surovin vyprodukovala priblizne
1% CO, z objemu CO, deponovanom v samotnej prepravenej surovine, v pripade
zelezni¢nej dopravy to bolo zhruba 0,55 %. Podla tychto zisteni bola doprava suro-
vin z vacsich vzdialenosti Setrnejsia ku zivotného prostrediu, dévodom bolo vyuzi-
vanie Zelezni¢nej dopravy. Mozeme teda predpokladat, ze zmena dopravy z krat-
Sich vzdialenosti na Zelezni¢nu dopravou by prinieslo dalSie zniZzenie negativnych
vplyvov na zZivotné prostredie.

Z ekonomickych skisenosti v skimanom podniku vieme, Ze cenovo porovnatel-
né prepravovat suroviny zelezni¢nou dopravou oproti cestnej zacina byt pri vzdia-
lenostiach 180 az 200 km. Ked's touto informaciou porovname priemerné vzdiale-
nosti (priblizne 167 km) a smerodajné odchylky (priblizne 77 km) cestnej dopravy
surovin v sledovanom obdobi, tak vidime, Ze v danom podniku existuje cestna do-
prava surovin aj z takych vzdialenosti, v ktorych je to cenovo pravdepodobne nee-
fektivne, nehovoriac o negativnych vplyvoch na zivotné prostredie. Takéto dopravy
je viak velmi tazké hodnotit, ¢i su cenovo efektivne alebo nie. Prechod na 3etrnej-
$iu dopravu z hladiska Zivotného prostredia je velmi naroc¢ny, zavisi to od mnohych
faktorov, najma moznosti vykonat nakladku na zelezni¢nej vlecke u dodavatela su-
rovin, dohodéach o cenach, apod. Malo by byt ulohou podnikov pokusit v takychto
pripadoch preferovat ekologicky Setrnejsie dopravné spdsoby, a to najma tam, kde
sa to javi cenovo porovnatelné s alternativnym spésobom dopravy. Je predpoklad,
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Ze takato zmena bude vyzadovat aj urcité zmeny v logistickych procesoch prijima-
nia a vykladky surovin na vstupe do podniku, aviak v takom pripade ked je takato
zmena bez negativnych dopadov na ekonomické aspekty, rovnako ako v pripade aj
zmeny spdsobu dopravy, malo by to byt vyzvou a tlohou pre zniZzovanie dopadov
podniku na Zivotné prostredie.

Tab. 1: Vybrané ukazovatele dopravy vldkninového dreva a zberového papiera do skimané-
ho podniku, a ukazovatel deponovaného mnozstva CO, v dreve a papieri

rok
Zberovy papier a vladkninové drevo °
1 2 3
Cestnd doprava
pocet km 1246 979,00 1168 181,00 1292 643,00
hmotnost surovin — vihké (t) 203 766,00 209 464,00 225714,00
hmotnost surovin — abs. suché (t) 137 113,70 141701,75 149 826,35
pocet dodavok 7 295,00 6 995,00 7 811,00
priemer. vzdialenost dodavok (km) 170,94 167,00 165,49
smerodajna odchylka vzdialenosti 77,12 76,66 76,61
priemernd vadha 1 dodavky (t) 27,93 29,94 28,90
CO, emitované dopravou (t) 2 623,82 2635,12 2813,83
emisia CO, na dopravu 1 suchej 19,14 18,60 18,78
tony (kg)

deponované CO, v prepravenej

. 251 329,41 259 739,31 274 631,70
surovine (t)

% CO, z dopravy ku CO, v surovine 1,04 1,01 1,02
Zelezni¢né doprava
pocet km 2486 668,00 | 2266 541,00 1421 607,00
hmotnost surovin - vihké (t) 164 017,00 158 561,00 110 983,00
hmotnost surovin — abs. suché (t) 105 420,74 100 051,87 68 370,30
pocet dodavok 5 041,00 4 970,00 3410,00
priemer. vzdialenost dodavok (km) 493,29 456,04 416,89
smerodajnd odchylka vzdialenosti 115,14 118,33 115,85
priemerna vaha 1 dodavky (t) 32,54 31,90 32,55
CO, emitované dopravou (t) 1124,62 1005,12 643,13
emisia CO, na dopravu 1 suchej 10,67 10,05 9,41
tony (kg)

deponované CO, v prepravenej
surovine (t)
% CO, z dopravy ku CO, v surovine 0,58 0,55 0,51
Deponované mnozstvo CO,vtv 1t
dreva alebo papiera (w=0%)

193 236,21 183 395,08 125 322,76

1,83
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4, Zaver

Z vykonanej analyzy vyplyva, ze doprava vyrazne prispieva ku negativnym do-
padom urcitej produkcie na Zivotné prostredie. Je vhodné tie produkcie ktoré vy-
zaduju prepravu zna¢ného objemu surovin umiestnit tak, aby boli ¢o najblizsie ku
zdrojom surovin, resp. aby kapacitne boli navrhnuté na disponibilné zdroje v bliz-
kosti. Vo faze projektovania a navrhu realizacie takejto produkcie je potrebné ana-
lyzovat, do akej miery bude predmetnd vyroba zatazovat zivotné prostredie z po-
hladu dopravy surovin, v porovnani s prinosmi pre Zivotné prostredie v podobe de-
ponovania emisii CO,. Pre takéto hodnotenie je potrebné zodpovedat nasledujicu
otazku - do akej miery, vzdialenosti budem dopravovat vstupné suroviny, aby som
neprekrocil pozadovanu hranicu deponovaného objemu CO,. Zodpovedanie tej-
to otazky z pohladu technicko-ekonomickych a organiza¢nych hladisk planovania
vyroby je velmi ndroc¢né, je vsak potrebné sa s nou zaoberat, a stanovit ciel do akej
miery bude mat doprava surovin negativny dopad na Zivotné prostredie.

V skimanom podniku bolo zistené, Ze cestna preprava surovin vyzaduje pri-
blizne 1% emisii CO, z objemu CO, deponovaného v samotnej surovine, a v pripa-
de Zelezni¢nej dopravy je to priblizne 0,55 %. Cely proces vyroby viak ma mnoho
okamihov, kde dochadza k emitovaniu a deponovaniu CO,, a teda tym k vplyvu na
zivotné prostredie. Predmetna analyza Udajov mala za ulohu skimat iba samotnu
prepravu surovin, bude ju vsak urcite vhodné v buducnosti doplinit o skimanie cel-
kového efektu vyroby na Zivotné prostredie z pohladu emisii a deponovania CO..

V sucasnom obdobi ekologické aspekty produkcie vyrobkov a poskytovania
sluzieb zohravaju velmi délezitu ulohu pri stanovovani podnikatelskych stratégii.
Je potrebné sa zaoberat s otazkami dopadu na Zivotné prostredie, pretoze rézne
ukazovatele efektivity z pohladu zivotného prostredia su velmi silnym marketingo-
vo-odbytovym nastrojom, a vyrazne prispievaju k uplatneniu podniku na trhu, a ku
zaistovaniu jeho trvalej existencie do buducnosti.

Ukazovatele efektivity z pohladu Zivotného prostredia maju v trend zvySovania
vyznamu, a do buducnosti sa predpoklada dalsi rast vyznamu. Preto je velmi dble-
zité aby ich podnik dokladne zvazoval a implementoval pri stanovovani podnika-
telskych stratégii.
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Abstract: Sulfite spent liquors (SSL) are composed of lignosulfonates (LS), lignin
degradation products (e.g. vanillic acid), carbohydrates (mono- and oligosaccharides)
and their degradation products (e.g. furfural, acetic acid), and inorganic salts (sulfites,
sulfates, etc.). The use of LS as a value-added product requires adequate isolation or
purification. The molecular weight of the LS ranges from 1-1,3 kDa for eucalypt Mg
sulfite LS [1] and may be higher depending on wood species or cooking conditions. SSL
(hardwood and softwood) werefiltrated with an ultrafiltration membrane (Nadir UP010)
on a laboratory scale with subsequent purification using a strong cation exchange
resin. The obtained high purity LS was characterized with UV photospectrometry,
elemental analysis, methoxyl group content, phenolic hydroxyl groups and liquid NMR
to gain information about structural moieties.

Introduction

The purification of SSL to obtain LS is part of the biorefinery concept. In existing
pulp mills SSL is burned for the base (e.g. MgO) and for energy recovery. As an
alternative, the ultrafiltration of SSL (eucalyptus) has been tested successfully with
commercial flat sheet membranes and sugars and acetic acid were separated in
the process [2]. The Nadir UPO10 membrane displayed very good performance in
separating high molecular weight LS from sugars and low molecular weight lignin
fragments [3].

The quantification of sulfonate groups in LS is possible by calculation (sulfur
content from elemental analysis) only if the LS is pure and without residual inorganic
salts. Sulfur that is bound to the LS other than as sulfonate functionality (e.g.
thioether) cannot be distinguished by this method. Another way to determine the
degree of substitution (DS) of LS is the exchange of magnesium cations to prepare
the free lignosulfonic acid followed by a neutralization with tetraethylammonium
hydroxide exactly to the stoichiometrical ratio®. The resulting tetraethylammonium
LS can be analyzed directly by 13C NMR enabling the integration of clearly resolved
and separated ethyl signals in relation to the aromatic carbons of the C9 unit of LS.
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Experimental Part

Materials: SSL from a hardwood dissolving pulp (DP), a softwood DP and a
softwood paper pulp (PP) process were used for filtration experiments.

Filtration: Ultrafiltration was carried out in laboratory scale with a flatsheet
crossflow membrane test equipment. The polyethersulfone membranes were sup-
plied by Microdyne-Nadir (UP010, ultrafiltration, molecular weight cut-off (MWCO)
10 kDa). The operating temperature was 40 °C and the liquors were recycled to the
reservoir or collected as permeate. The volume of collected permeate was replaced
by demineralised water (diafiltration). The spent liquors were diluted with dem.
water to approx. 10% dry substance and filtrated over a G2 glass filter to remove
particles prior to ultrafiltration.

lon exchange: 250 g strong ion exchange resin (Amberlite IR 120 H-form)
was swollen in demineralized water and filled into a 500 mL-glass column. The
ultrafiltrated retentate (~ 10-15%) was poured over the exchange resin and a slow
flow rate (about 5 mL/min) was set. After ion exchange the collected purified LS
was freeze-dried.

Sulfonate group analysis:.Sulfonate group analysis was done according to LI et
al. [4] . The purified LS was neutralized with tetraethyl ammonium hydroxide and
the excess was removed by dialysis (Dialysis Membrane tubing, MWCO 3500). The
LS ammonium salt was freeze-dried and the amount of Et4N substituents per aro-
matic ring was determined by quantitative 13C NMR (Bruker Avance DPX 300) in
DMSO-d6 as a solvent.

Characterization: The LS fractions were analysed for carbohydrates after total
hydrolysis (HPAEC-PAD), lignin content using UV spectrophotometry at 280 nm
(solvent: water) and ash content. Elemental analysis of the purified LS (H-form) was
done by Fraunhofer IAP, Potsdam, methoxyl group content was determined by the
method of Viebock-Schwappach [5], phenolic hydroxyl group content was deter-
mined with Folin-Ciocalteus reagents according tode Sousa et al. [6]. Molecular
weight determinations by size exclusion were done in 0,1 m NaOH on a PSS MCX
1000 column with R, visco and UV detection. A universal calibration with polysac-
charide standards was used.

NMR: 1D and 2D NMR characterization was done according to Lebo et al 7 with
a Bruker Avance DPX 300 with methanol-d4 as a solvent. For proton and HSQC
spectra the lignosulfonates were measured with a 5 mm-probe and a concentra-
tion of 100 mg/mL. The quantitative carbon spectra were measured with a 10 mm-
-probe and the sample concentration was 750 mg/mL and 10 mmol/L Cr(acac)3 as
a relaxation agent was added.

Results and Discussion

The ultrafiltration and ion removal yielded LS with low ash and low carbohydrate
content (Tab. 1). Lignin content of filtrated fractions was calculated using Lambert-
Beers Law by measuring the absorbance A at 280 nm. The required extinction
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coefficient € was determined by measuring a concentration series of the purified
LS. The extinction coefficient is lower than for Kraft lignin (~20-25 g/I*cm) due to
the elimination of conjugated ethylene and carbonyl bonds and the sulfonation of
the lignin [8].

Tab. 1: Analytical data of purified LS.

Carbohydrates  Ash content
[% odw] [% odw] e {L}
l-m
Hardwood DP 0,8 0,11 15,0
Softwood PP 0,6 0,15 15,9
Softwood DP 0,3 0,08 16,2

A pronounced difference between lignosulfonate from hardwood or softwood,
dissolving pulp or paper pulp process was not observed.

From elemental analysis data, methoxyl group content and phenolic OH group
content the C9-formula was calculated (Tab. 2) according to Zakis [9] and compared
to literature data.

Tab. 2: Elemental analysis data, methoxyl group and phen. OH group content.

M [g/
mol]

Hardwood DP 9 | 842 | 2,72 1,01 0,43 048 | 2265
Softwood PP 9 | 876 | 240 0,78 0,44 0,23 2154
Softwood DP 9 | 843 | 1,83 0,85 0,55 032 | 2169

reference description [C] | [H] [O] | [OCH3] | [SO3H] | [OH]

Marques et
al™®

Ringena et
aIH

eucalypt, PP 9 | 977 | 392 1,51 0,36

beech, bisulfite | 9 | 8,89 | 2,77 1,23 0,32 0,39 2259

*C9-formula calculated from elemental analysis data given in the paper.

The lower syringyl unit content of softwood LS is mirrored by the lower metho-
xyl group index. The cooking conditions (DP / PP) have little influence on methoxyl
group content in softwood LS. The methoxyl group content in all LS samples was
low compared to literature data. The lower oxygen index of softwood LS indicates
less hydroxyl- or carbonyl groups in the aliphatic side chain, the softwood DP LS
stands out with a very low oxygen index. The softwood DP LS has a slightly higher
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degree of sulfonation (0,55) compared to the PP LS (0,44). The published data for
eucalypt PP LS and the beech bisulfite LS show an even lower degree of sulfo-
nation. Phenolic OH-group content (partly caused by cleavage of ether bonds in
lignin) is slightly higher in DP LS. The purification and ultrafiltration of SSL leads to
a narrow molecular weight distribution. The hardwood LS seems to have a slightly
lower molecular weight than the softwood LS (Fig. 1). The PP LS has a high molecu-
lar weight fraction that decreases in DP LS. The peak maximum confirms the trends
seen in the distribution- hardwood LS has a lower molecular weight than softwood
LS. The softwood DP LS has a higher molecular weight than the paper LS. This could
be a sign for condensation reactions of the LS caused by the DP cooking.

Malecular Weight Distrisution

walgh fracsan

| [\

VA

2 : B
og M

Fig. 1: Molecular weight distribution of LS determined by SEC.

Quantitative 13C NMR spectra were done with LS (H-form) in MeOD to gain
information about structural moieties (Tab. 3). Assignments of the signals were
done by HSQC spectra and according to (Marques,A.P.et al. (2009b)). The data were
compared to the structural information from wet chemical analysis. The methoxyl
group content and the DS of sulfonate groups determined by different methods are
consistent. Hardwood lignin consists of syringyl and guaiacyl phenylpropane units
and softwood lignin consists mainly of guaiacyl units which is clearly reflected by
the S/G ratios. The condensation degree seems to be quite high with about 0,4 per
aromatic unit but differences between hardwood / softwood or DP/PP LS are not
deducible.
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Tab. 3: Structure elements of analysed lignosulfonates per aromatic ring.

Hardwood DP | Softwood PP | Softwood DP

NMR EA NMR EA NMR EA
S/Gratio 0,94 - 0,17 - 0,10 -
Cond. 0,41 - 0,47 - 0,4 -
MeO 1,1 1,01 09 | 0,78 | 0,97 | 0,85
bO4 0,15 - 0,17 - 0,12 -
SOy 0,50 043 043 | 044 | 060 | 0,55
phen OH* 1,13 0,48 1,1 0,23 1,07 0,32

*[arom CO] - [MeQ] - [b-0-4]

Conclusions

The isolation, purification and analysis of technical LS can be achieved by

ultrafiltration with subsequent ion exchange. The DS of sulfonate groups is ~0,5
per aromatic unit for the analyzed LS. PP cooking conditions lead to slightly higher
DS. The content of phenolic OH groups is higher in hardwood DP LS. Methoxyl
group content is comparably low and the cooking conditions (DP/PP) do not have
a pronounced influence. The molecular weight of hardwood LS is lower than of
softwood LS and the DP cooking conditions lead to a slight increase indicating
condensation reactions. The PP LS has a high molecular weight fraction decreasing
at DP cooking conditions.
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Abstrakt: Cilem této prdce bylo studovat hypermolekuldrni viastnosti celulézovych
materidld. Pro experiment byly pouZity tfi rizné typy oxyceluldzy. Oxyceluldza je velmi
dulezitd Idtka s pomérné Sirokym uplatnénim. Viyznamné jsou predevsim jeji absorpc-
nivlastnosti a nachdzi uplatnéni predevsim v Iékarstvi jako vstrebatelné hemostatické
materidly k zastaveni krvdceni. Ke studiu hypermolekuldrnich struktur studovanych
porovitych materidli byla pouzita metoda kinetiky parni kondenzace, kdy byla pozo-
rovdna kinetiky navlhdni a kinetika absorpce par organickych kapalin. Zaznamendval
se prirlistek hmotnosti vzork( v zdvislosti na dobé navlhdni. Vyhodnocenim namére-
nych hodnot pomoci matematického modelu MMF se ziskaji charakteristické konstan-
ty a pomoci nychz se vypocitaji strukturni a povrchové viastnosti vzorkd jako je napri-
klad adhezni a povrchové napéti, pérovitosti, stredni velikost péri a kompaktnost, atd.
Meéreni se provddeélo pfi tiech riznych teplotdch, aby byla ovérena teplotni zdvislosti
sledovanych strukturné-povrchovych parametra.

Klicovd slova: oxyceluldza, strukturni a povrchové vlastnosti, proces navlhdni

1. Uvod

Oxyceluléza patii mezi jedny z nejvyznaméjsich derivatl celuldzy. Svymi vyji-
mecnymi chemickymi a fyziologickymi vlastnostmi nachazi stale vétsi uplatnéni
v praxi.Vyznamné jsou predevsim jeji absorbpéni vlastnosti a tak nachazi uplatnéni
zejména v |ékafstvi jako absorbovatelny hemostaticky material, dale ma uplatnéni
v potravinaiském, kosmetickém pramyslu atd.

Oxyceluléza vznikd oxidaci celulézy, kdy dochazi pfedevsim o oxidaci na Ses-
tém uhliku glukopyranézového kruhu za vzniku polyanhydroglukoronové kyseliny
(PAGA) (viz. Obr. 1).

Stanoveni hypermolekuldrnich vlastnosti celulézovych materidll je ddlezité pro
jejich vyuziti v praxi. Rychlost procesu navlhani a schopnost pérovitych materiald
pfijimat vodu je ovlivnéna mnoha faktory. Hlavnimi faktory ovliviujici tento proces
jsou teplota, tlak a relativni vlIhkost okolniho prostredi. V teorii navlhani nam c¢aso-
vou zavislost prirGstku vihkosti vzorku az do rovnovazného stavu popisuje mate-
maticky model MMF:

_a-b+c: x4
T b+x?
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y udava obsah zvyseni vihkosti (y=y; - y,, kde y, je skute¢ny obsah vlhkosti, poca-
te¢ni obsah vlhkosti vzorku y,), x udava ¢as, ktery vzorek byl ponechan v pfesné
stanovenych podminek.

Parametr d oznacuje rychlost ustanovani rovnovazné vlhkosti, parametr c znaci
hygroskopi¢nost materialu.

CO0H '?H
3 L ry
n: Sl e \ OH kx1
_U"’J w | J/U
OH COOH |

n

Obr. 1: strukturdlni vzorek oxycelulézy

2. Experimentalni cast

2.1. P¥iprava vzorku

Vzorky oxycelulézy byly nafezany na predem dany rozmér (5 x 2 cm). U téch-
to vzorkl byla zméfena tloustka v mm, po té vypoctena jejich plosna hmotnost
v g m?. Z hodnot tloustky a plosné hmotnosti byla vypoctena objemova hmotnos-
ti, kterd je dana jejich podil v kg m?,

Vzorky byly vlozeny do exsikatoru se silikagelem na 28 dni, aby doslo k vyrov-
nani pocatecni vlhkosti. Po té byly vzorky vloZzeny do sklenénych védzenek o zndmé
hmotnosti. Vzorky byly zvazeny s vazenkou, a tim byla zjistéla hmotnost samotné-
ho vzorku.

2.2. Kinetika navlhani

Exsikatory byly naplnény nasycenymi roztoky soli k zajisténi poZzadované relativ-
ni vlhkosti (viz Tab. 1). Do exsikatorG byly vioZzeny vaZzenky se vzorky bez vicek, aby
mohli vzorky pfijimat vihkost. Vazenky byly vaZzeny v danych ¢asovych intervalech
(1.,2,3.,7.,14.,20.a23.(24.) den), tim se ziskala zavislost pfiristku hmotnosti vzor-
kd na dobé navlhani az do ustanoveni rovnovéhy.

Studovana byla i teplotni zavislost sledovanych parametr( tak, ze méreni bylo
provadéno pfi tfech rliznych teplotach, lednici (5 £ 1 °C), klimatizované mistnosti
(24 £1°C)avsusarné (60 + 1 °C).

Nameéreny prirtstek hmotnosti byl prepocitan na hodnotu gram ptiristku vih-
kosti na gram porézniho materidlu [g/g]. Tyto udaje byly pouzity pro vytvoreni
grafické zavislost pfirlstku hmotnosti na dobé navlhani. Vyhodnoceni této zavis-
losti pomoci matematického modelu MMF v programu Origin Pro 7.0 (viz. Obr. 2)
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byly ziskany charakteristické konstanty a, b, ¢, d. Pomoci téchto konstant a dalsich
parametrQ (napf. objemové hmotnosti, plose pdrovitého materialu,...) byly vypo-
¢teny strukturné-povrchové vlastnosti, jako je rovnovazna vihkost (y,), pérovitost
za mokra (g,), celkova poérovitost (g), rychlost navlhani na zacatku navlhani porézni-
ho vzorku (v,°), pérovitost v rliznych relativni vihkosti (g; g, &).

Tab. 1: relativni vlhkost prostredi

Roztok soli Relativni \:jlr\;z]st prostre-
KNO, 48
Nacl 75
K,SO, 97

Dalsi grafickou zavislosti tzv. verifikaci naméfenych dat (zavislost v,° na Ag)
v pprogramu Origin Pro 7.0 (viz. Obr. 3) byly ziskany dalsi konstanty a,, by, ¢, d,,
pomoci nichz byly vypocitany dalsi strukturné-povrchové parametry kompaktnos-
ti (w), stredni velikost porl (u), konstanta umérnosti (K) a maximalni polomér port
na za¢atku naplnéné vodou (r,.,).

2.3. Absorpce par organickych kapalin

U stejnych vzorkd oxycelulézy byla vyuZito i stanoveni kinetiky absorpce par
organickych kapalin. Byl pouzit stejny postup jako pfi méreni kinetiky navlhani,
ale prostfedi navlhani bylo tvofeno organickymi kapalinami methylethylketonem
(MEK) a toluenem.

L L it ]

Obr. 2: vyhodnoceni kinetiky navlhdni programem Origin Pro 7.0 modelem MMF

Ke grafickému vyhodnoceni pfirGstku hmotnosti na dobé navlhani bylo opét
pouzit matematicky model MMF, zjistali se konstanty a, b, ¢, d. Pouzitim téchto
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konstant a dalsi parametry (objemové hmotnosti, plose pérovitého materidlu, atd.)
byly vypocteny rychlost adsorpce par na pocatku navlhani, celkové povrchové na-
péti (v, a polarni a disperzni slozky (y,, y4), adhezni napéti systému vzorek-tolu-
en Oy, vzorek-MEK oyy,), relativni zastoupeni disperzni (d=y4/y;) a polarni slozky
(P=V,/Ys), bazické (y) a kyselé sloZky (y*) polarni casti povrchového napéti.

0,35 -
Dala: Dala_1B -
Miachal: ygromedal
0,30 o Expaation: {18502+t 1 S el 212
Weghting
¥ Mo waighling
0,25+
— ChiraDeF -
< HE =1
g 020
» [ TG T.AO0RE-143
s -] TG 1 BTATE- 142
= 0,156 s 019617 B3I0TE- 143
d 204773 1.0808E- 142
0,10+
L
0,05 =
0,00 . *
-0,05 , . T . , - : . .
0,0 0,2 04 0.8 0,8
."lf

Obr. 3: vyhodnoceni verifikace namérenych dat programem Origin Pro 7.0

3. Zavér

V této praci byly stanoveny hypermolekuldrni vlastnosti vzorkl oxycelulé-
zy. Sledovanim kinetiky navlhani a kinetiky adsorpce par organickych kapalin
byly ziskany grafické zavislosti pfirlistku hmotnosti vzorku na dobé navlhani.
Vyhodnocenim téchto grafickych zavislosti pomoci matematického modelu MMF
se ziskaly charakteristické konstanty pro vypocty povrchovych a strukturnich para-
metrd (viz.Tab. 2, Tab. 3, Tab. 4).

Vyznamnou veli¢inou je poérovitost ¢, kterd byla u viech vzorkl pomérné velké,
a to ukazuje na otevienou strukturu vzorkd oxycelulézy.

Dalsim vyhodnocenim grafické zavislosti pomoci tzv. verifikace namérenych
dat byly ziskany dalsi charakteristické konstanty a dopo¢itany dalsi strukturni para-
metry — kompaktnost w, velikost stfedniho péru , polomér maximalniho pérur,,,,
ktery je na pocatku navlhani zaplnén vodou.

Nejvétsi polomér sttedniho péru vykazovaly vzorky DEMI-oxycelulézy, nejmen-
$i vzorky 4/08 2012. Kompaktnost s klesajici hodnotou poloméru stfedniho pdru
svédci o uzavienéjsi strukture. Toto bylo sledovano u vzork(i DEMI a 4/08 2012.
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Tab. 2: strukturni a povrchové vlastnosti vzorka z klimatizované mistnosti

vzorek € [%] & [%] | [%] | &[%] K w Fomin [UM] W [um]
4/08 2012 | 64,93 63,12 | 77,07 | 70,72 38,82 1,258 0,4269 0,6911
DEMI 66,53 57,01 | 47,59 | 80,12 26,374 2,11 1,8928 0,2832
TEMPO 65,91 77,62 69,1 66,77 30,287 | 2,285 0,2834 0,737

Tab. 3: strukturni a povrchové vlastnosti vzorkl z lednice

vzorek e[%] | &I[%] | g[%] | &[%] K W Froin [UM] | p [um]
4/08 2012 | 65,92 208,6 173,4 | 183,76 | 25,95 1,897 0,8003 0,1348
DEMI 68,12 57,35 55,08 75,44 10,02 3,006 2,3719 2,2914
TEMPO 69,58 | 84,67 | 73,86 48,8 2469 | 1,116 1,2058 | 2,8143

Tab. 4: strukturni a povrchové vlastnosti vzorkl ze susarny

vzorek €[%] | &[%] | &[%] | &[%] K w Fmin [AM] M [um]
4/082012 | 62,6 | 62,45 | 56,53 | 16,61 56,761 | 2,156 | 0,6958 0,0593
DEMI 69,17 | 56,04 | 48,45 | 48,37 | 12,782 | 2,527 | 0,1681 0,0929
TEMPO | 71,74 | 71,48 | 782 | 7512 | 7,1614 | 5884 | 0,3275 0,0603

Mimo strukturnich parametrt byly sledovany i povrchové vlastnosti.
Povrchové napéti je dilezitym parametrem pro zjiStovani smacivosti po-
vrchi, kdy k uplnému smaceni dochazi pii hodnotach povrchového napéti
72,2 mN m™. Z naméfenych hodnot Ize usuzovat, ze vzorky oxycelulézy jsou
spiSe nesmacivé.

Vlivem odlisnych teplot byla pozorovany nékteré zmény strukturné-povrcho-
vych vlastnosti oxycelulézy, jejich projevy byly az pfi vysokych teplotéch, kdy do-
chézelo k destrukci sledovaného materialu.

Tab. 5: povrchové napéti

vzorek Vs [IMN m™]
4/08 2012 33,417
DEMI 33,306
TEMPO 10,646
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Abstract: The objective of this work was to determine the potential application
of rapeseed straw in the soda pulping process and to investigate the effect of some
cooking variables, such as active alkali (AA) charge, liquor-to-straw ratio and
anthraquinone (AQ) charge, on the total pulp yield, amount of rejects and kappa
number of the pulp.

Keywords: Soda pulping, rapeseed straw, anthraquinone

1. Introduction

Factors like population growth, better literacy, development of
communication and industrialization in developing countries, have led the
world to the huge consumption of paper and board products continuously. In
order to fulfill the needs of alternative fiber source, paper production facilities
have been forced to utilize uncommon raw materials, especially non-wood
fibers. Due to its abundance and cost effectiveness, it has become reasonable
source of fibrous raw material to pulp and paper industries (Hosseinpour and
Latibari, 2012). The production of non-woody plants pulps has increased more
rapidly and nowadays, several non-wood fiber resources are commercially
utilized to manufacture chemical pulp and paper products in China, India, Latin
America, Africa, Middle East and Turkey (Tutus et al., 2010). Non-woody pulp
has been utilized for the production of common, writing and printing, as well
as specialty papers such as filter, cigarette, bible, currency, etc. (Potlc¢ek and
Milichovsky, 2011).

Among non-woody plants, rapeseed is one of the possible sources. Basically, it
is planted for edible oil production but its uses expand to biodiesel applications
as well. Moreover, its range of applicability can be extended as one of the source
of annual non-wood fiber materials that can address the needs of pulp and paper
industry.

Hence, the objective of this work was to prepare pulp from rapeseed straw by
soda cooking and to investigate the effects of cooking variables, such as liquor-
-to-straw ratio, AA charge, and AQ charge, upon the total pulp yield and degree of
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delignification expressed by a kappa number of the pulp and also by an amount
of rejects.

2. Materials and Methods

Rapeseed straw (Brassica napus L. convar. napus, in our case genotype Labrador)
collected from the field in Polabian lowlands near the city of Pardubice was used
for soda cooking. Fine mass of stalks with varying diameter was obtained separa-
ting the valves of siliques, debris and leaves from rapeseed straw.

Soda pulping runs were conducted in 6 batch reactors, each with capacity of
750 cm?, immersed in a silicon oil bath in a digester. Cooking of raw material was
performed in such a manner: 45 min heating to 105 °C, 30 min dwelling at a tempe-
rature of 105 °C for impregnation, 30 min heating to a cooking temperature of 160
°C and dwelling at it. As soon as the H-factor reached a desired value, the cooking
was stopped. After separating the black liquor by pressing, the cooked pulp was
subjected to defibrillation in a laboratory slusher. Then, the pulp was thoroughly
washed with tap water in four dilution/dewatering stages and screened using 10-
mesh plastic sieve. The rejects held on the sieve were separated manually. Kappa
number of the pulp obtained after screening was determined in accordance with
the TAPPI Test method T 236 om-99.

3. Results and Discussion

The influence of the AA charge ranging within the limits of 0.17 to 0.21 g of Na,O
per g of oven-dry straw on the kappa number and amount of rejects expressed as
a mass fraction of cooked pulp is illustrated in Fig. 1. In all runs, the liquor-to-straw
ratio was kept at 7.

The kappa number shows similar trend like the total amount of rejects with in-
creasing AA charge. With increasing AA charge, both kappa number and amount of
total rejects decrease (Fig. 1). The reduction in kappa number indicates the higher
rate of delignification. The results from soda cooking showed that the highest
amount of total rejects of 7.7% is obtained at cooking conditions of 17% AA charge
and a liquor-to-straw ratio of 7. It must be stressed that, for a more synoptical com-
parison of dependencies showed in Fig. 1 (also in Figs 2-3), thin lines were inserted
between points. In any case, these lines do not express courses of given variables
between discrete values obtained experimentally.

The effect of the liquor-to-straw ratio ranging from 5 to 9 upon the kappa num-
ber and amount of reject was investigated at an AA charge of 0.19 g of Na,O per g
of oven-dry straw. Figure 2 shows how the kappa number increased with increasing
the liquor-to-straw ratio. Similarly, the amount of total rejects increases with incre-
asing liquor-to-straw ratio. With respect to decreasing driving force, which decre-
ases how the cooking liquor is more dilute and the concentration of active alkali
drops, the degree of delignification decreases with increasing the liquor-to-straw
ratio. It is worth mentioning that, in comparison with wood chips, the liquor-to-raw
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material ratio is greater in the case of light bulky materials like straw. For example,
the liquor-to-straw ratio of 8 and 10 was reported for canola straw pulping (Enayati
etal., 2009) and organosolvent pulping of amaranth, lavatera, sverbiga, and schav-
nat (Barbash et al., 2011), respectively.

The results also showed that the rapeseed stalks cooked at a liquor-to-straw
ratio of 7 and 17% AA charge give the highest total yield of 40.9%, whereas the
lowest yield of 26. 4% is found for the rapeseed stalks cooked at 21% AA charge
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Fig. 1: Total rejects, x;, and kappa number, k, as a function of AA charge.

and a liquor-to-straw ratio of 7. The total pulp yield of 37.1%, kappa number of 38.3
and amount of total rejects of 1.1% were reported for rapeseed straw cooked at an
AA charge of 17%, a liquor-to-straw ratio of 5 and an H-factor value of 1,600 h by
Pottcek and Milichovsky (2011).
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Fig. 2: Total rejects, x;, and kappa number, K,
as a function of liquor to straw ratio.
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On the basis of the preliminary results, further pulping runs were carried out at
an AA charge of 0.19 g of Na,O per g of oven-dry straw and a liquor-to-straw ratio of
5. Under these conditions, the influence of the AQ charge ranging from 0 to 0.1%,
based on oven-dry straw, upon the total yield and degree of delignification was
investigated.
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Fig. 3: Dependence of total yield, Y, on AQ charge.
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Fig. 4: Dependence of amount total rejects, x;, on AQ charge.

From the comparison of the dependencies of the total yield and amount of total
rejects on the AQ charge for both raw materials, rapeseed straw and stalks only, it
follows that an increase in the AQ charge causes a decrease in the total yield, as
well as in total amount of rejects, as illustrated in Figs 3 and 4, respectively. The
total yield is higher for 0% AQ charge and lower for higher dosages of anthraqui-
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none. However, for pulp cooked from stalks only, the difference in total yield with
AQ charge ranging from 0.02% to 1 % is not so substantial. The total yield at 0%
AQ charge is of 35.26% and at 0.1% AQ charge is of 31.88%. For comparison, soda-
-AQ pulp yield of 27.7% for Jerusalem artichoke, 34.4% for amaranth and 37.7% for
orache were reported by FiSerova et al. (2006), while Mohta et al. (1998) reported
the soda pulp yield of 53.6% and soda-AQ pulp yield of 50.3% for depithed bagasse
using 12% sodium hydroxide and 0.1% AQ charge.

As illustrated in Fig.4, the amount of total rejects has a decreasing trend with
increasing dosage of anthraquinone. Similarly, the kappa number decreases as
the AQ charge increases (Fig. 5). It could be attributed mainly to higher rate of de-
lignification in the presence of anthraquinone. For stalks, the kappa number was
found to be 33.36 at 0% AQ charge, whereas at 0.1% AQ charge, it is of 16.41 only.
The kappa number decreased as the AQ charge increased for both raw materials
tested. Nevertheless, it was observed that the drop in kappa number is less steep
within the interval of 0.02 to 0.1% AQ charge. In comparison with soda pulping, the
presence of anthraquinone decreases the kappa number and also the amount of
rejects with all AA charges, however, the yield is slightly lower as well.

4, Conclusion

The presence of anthraquinone in the cooking liquor had unambiguously
a positive impact upon the rate of delignification. Anthraquinone addition led to
a decrease in the amount of rejects and kappa number of pulp cooked at a desi-
red H-factor. On the other hand, the total yield of pulp cooked at a presence of
anthraquinone was lower in comparison with soda pulping without anthraquino-
ne. The amount of total rejects and kappa number were found to be higher for
a blend of stalks and valves of siliques in comparison with cooking of stalks only.
The results obtained for anthraquinone application in soda pulping showed that
0.02% of anthraquinone based on o. d. straw appears to be sufficient to achieve
favorable decrease in amount of rejects and kappa number of pulp.
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Abstrakt: Cilem této prdce bylo studium vlivu atmosféry tvorené oxidy dusiku na pro-
ces stdrnuti vzork(i pérovitych materidli na celulézové a lignocelulézové bdzi. CtyFi
typy bunicin byly exponovdny v atmosfére se zvysenou koncentraci oxidu dusiku pri
relativni vihkosti 49 %. Vyvoj oxid( dusiku byl zabezpecen reakcni smési koncentrova-
né kyseliny dusicné a dusitanu sodného. Po uplynuti doby expozice, kterd probihala
v fddech hodin aZ nékolika dni byly méreny mechanické a optické vilastnosti a porov-
ndvdny se stavy pred expozici. Méfeni prokdzalo, Ze mechanické vlastnosti vzorki bu-
niciny se zhorsSovaly, optické vlastnosti byly vsak po expozici ve znecistujici atmosfére
zlepseny.

Klicovd slova: stdrnuti papiru, oxidy dusiku, degradace celulézy

1. Uvod

Starnuti a degradace celulézovych a lignoceluldzovych material{i je nezadouci
proces, ktery je dllezité dikladné popsat, abychom mohli tomuto procesu pred-
chazet. Z dlivodu stéle se zvysujiciho obsahu oxidd dusiku v atmosféfe je nutné
zabyvat se otazkami, jaky vliv ma tato atmosféra na celulézové materidly nové i his-
torické, ulozené v archivech a knihovnich depozitarich.

2. Experimentalni cast

2.1. Popis vzorki

Pro testovani ucinkd vlivu atmosféry tvorené oxidy dusiku byly zvoleny ¢tyfi lig-
nocelulézové materialy, které se bézné vyuzivaji v papirenském primyslu.
1) Sa-L - sulfatova listnacova bunicina z Ruzomberku, stuper mleti 25 SR
2) Sa-J - sulfatova jehli¢nanova bunicina ze Stéti, stuper mleti 25 SR
3) Si - sulfitova bunicina z Biocelu Paskov, stupen mleti 25 SR
4) R.P.-bunicina pro vyrobu ru¢niho papiru z Losin, sloZzena z 60 % bavinénych
lintr(l a ze 40% z Inu, stupen mleti 28 az 29 SR
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2.2, Priprava atmosféry tvorené oxidy dusiku

K pfipravé atmosféry slozené z oxidl dusiku bylo pouzito nésledujici chemické
reakce.[1]

Vyvoj plynného oxidu dusicitého byl podporen ptidavkem koncentrované ky-
seliny sirové do reakéni smési. Reakéni smés vznikla smichanim 125 ml koncentro-
vané kyseliny dusi¢né (63%), 10 ml koncentrované kyseliny sirové (96%) a 7 g du-
sitanu sodného (NaNO,) v promyvaci lahvi. Aby se zamezilo pred¢asnému vyvoji
plynu, byla Iahev ponofend v ledové lazni. Promyvaci lahev s reakéni smési byla
nasledné ponofena do vodni ldzné temperované na 20 °C. Smés se nechala tem-
perovat po dobu 30 minut, po tomto case byl vyvijeny plyn pomoci vodni vyvévy
Cerpan do aparatury (viz obrazek 1).

vyvEva

Fotamcty

reakimi smés rowbok MaldH

Obr. 1: Zjednodusenné schéma aparatury k vyrobé atmosféry oxidd dusiku

2.3. Postup stanoveni optickych vlastnosti

U vzorkll pouzitych papirG byly proméreny optické vlastnosti pred a po jejich
vystaveni atmosfére oxid dusiku. Méfeni probihalo na pfistroji Elrepho od firmy
Lorentzen & Wettre. Pro kazdy vzorek byly zméfeny hodnoty L*a*b*, ISO bélost
a Zlutost.

2.4. Postup stanoveni mechanickych vlastnosti

Pevnost v tlaku byla stanovena pomoci pfistroje TIRAtest 270025 s Celistmi 5044
slouzicimi k upnuti vzorku na kratkou vzdalenost. Méfeni bylo provedeno dle nor-
my SO 9895:2008.

Tuhost vzorkd byla stanovena na pfistroji TIRAtest 26005. Vzorky byly vystaveny
tfibodové zkousce, tzn., Ze byly ohybany tlakem na stfedni ¢ast vzorku. Vzdalenost
mezi spodnimi podporami byla nastavena na 50 mm.

Méfeni probihalo v klimatizované mistnosti pfi relativni vlhkosti 50 + 2 % a tep-
loté 23 £ 1°C.
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2.5. Postup stanoveni pH a polymeracniho stupné vzorka

Stanoveni pH vzorkd bylo provedeno pomoci dotykového pH metru.
Polymeracni stupen byl uréen rozpusténim vzorkl v cadoxenu a naslednym zmére-
nim viskozity Ubbelohdeho viskozimetrem.

2.6. Postup stanoveni obsahu karboxylovych skupin a absorbanci
cadoxenovych roztokii vzorki

Vzorek byl rozpustén v odmérném roztoku NaOH 0,5 mol I a po piidani
demineralizované vody byl nespotfebovany NaOH stanoven titraci odmér-
nym roztokem HCl 0,1 mol I" na fenolftalein. Vypocet obsahu volnych COOH
(% hm.) byl proveden podle rovnice 1.

COOH = (A,-A,).f.(04502/n) (M

Kde A, je spotieba odmérného roztoku HCl na slepy pokus, A, je spotieba od-
mérného roztoku HCl na vzorek, f je faktor odmérného roztoku HCl a n je navazka
vzorku.[2]

Absorbance byla méfena v rozsahu 200 az 500 nm. Na zékladé promérenych
hodnot absorbanci a dalSich vypocitanych hodnot (primérny polymeracni stupen,
obsah COOH skupin) byly stanoveny tyto parametry. Obsah volné kyseliny gluku-
ronové, destabilizujici latky, hodnotu charakterizujici stupen polydisperzity a miru
zastoubeni COOH v destabilizujicich latkach (PAGA).[3]

3. Zavér

V této praci byly proméfeny ctyfi typy bunicin pfed a po vystaveni at-
mosféfe oxidl dusiku. U vzorkd byly méfeny pfirdstky hmotnosti, optic-
ké vlastnosti (ISO bélost, Zlutost, L*a*b*), mechanické vlastnosti (pevnost
v tlaku, tuhost), polymera¢ni stupen, pH, obsah karboxylovych skupin
a absorbance cadoxenovych roztokl vzork(. Zména hmotnosti vzorkd po
vystaveni atmosfére dusiku se projevila predevsim u kratkodobé expozice.
U vzorG exponovanych jednu hodinu byl zaznamendn nejvétsi nardst
hmotnosti cca 5%. Postupnym zvySovanim expozi¢nich ¢ast dochézelo
k ustaveni rovnovahy v atmosfére a narGst hmotnosti byl pouze kolem 1%. Vzorky
vystavené dennimu svétlu béhem expozice vykazovaly vyssi prirlstek hmotnosti
nez vzorky ulozené ve tmé. Tento rozdil se projevil pfedevsim u vzorkd ru¢niho
papiru.

Zajimavy vysledek poskytlo méfeni optickych vlastnosti vzorkd buni-
¢in vystavenych atmosféfe oxid( dusiku. Degradace materidlu se neproje-
vila jeho zloutnutim ¢i snizenim bélosti. Naopak bélost stoupla u Sa-L vzor-
kd jiz po hodinové expozici o vice nez 4% a Zlutost klesla z 9,19% na necelych
6%. Podobného nardstu bélosti a poklesu Zlutosti dosahuji i vzorky Sa-J
a Si. U vzorkGl ru¢niho papiru dochazelo ke zvyseni bélosti jen do 1%
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a pokles Zlutosti byl taktéz minimalni. Narlst bélosti a pokles Zlutosti u vzork(
vystavenych dennimu svétlu byl vyssi nez u vzorkl umisténych ve tmé. Nejvyssi
narUst bélosti se projevil jiz po hodinovych vystaveni oxidim dusiku a prodluzo-
vanim expozi¢ni doby se bélost zvySovala jen minimalné. Nejstabilnéji se projevily
optické vlastnosti u buniciny z ru¢niho papiru. Zlep3eni optickych vlastnosti bylo
pravdépodobné zplisobeno obsahem kyseliny dusi¢né v kapilarnim systému ma-
teridlu, kterd v pocatecni fazi vzorky vybélila.

Mechanické vlastnosti degradovanych vzorkl byly posouzeny pomoci méreni
pevnosti v tlaku a tuhosti. Z dostupné literatury vyplyva, Ze po vystaveni vzork( at-
mosfére oxidll dusiku by se mély tyto vlastnosti zhorsovat. Z vypocitanych hodnot
pevnosti v tlaku a indexu pevnosti v tlaku byl patrny pokles jiz po hodinové expo-
zici v atmosfére oxidl dusiku. Pokles hodnot tuhosti se projevil u vSech pouzitych
bunicin. Zhorseni pevnostnich vlastnosti dokazalo i snizeni polymera¢niho stupné
exponovanych vzorkd.

Naméiena hodnota pH vzorkli pred expozici se pohybovala v rozmezi
5 az 7. Po vystaveni vzork( atmosfére oxidl dusiku kleslo pH vzorkd na hranici 2,
coz dokazovalo vznik kyseliny dusi¢né v kapilarnim systému testovaného materia-
lu. Tato vznikajici kyselina byl zodpovédna za zhorSovani mechanickych vlastnosti
papiru a celkovou destrukci.

Nejvyssi obsah karboxylovych skupin (cca 5 %) byl naméfen u bunicin pfiprave-
nych sulfatovym zplsobem (Sa-L, Sa-J), a to jiz u vzorkl po jednodenni expozici.
U zbylych typ0 bunicin nestoupl obsah karboxylovych skupin ani po Sestidenni
expozici nad 3,4 %, totéz se projevilo i u dlouhodobé exponovanych vzorkd.

Obsah glukuronové kyseliny ve vzorcich byl stanovovan po rozpusténi vzorku
v cadoxenu a naslednym promérenim pfi 272 nm. Z velmi nizké absorbance pfi
272 nm lze usuzovat na maly obsah glukuronové kyseliny. Nulova absorbance pfi
vinové délce 396 nm dokdazala neptitomnost destabilizujicich slozek v testovaném
materialu.

Podékovdni:

Diplomova prace vznikla za podpory projektu Véda pro papirové artefakty, reg.
¢islo CZ.1.07/2.3.00/20.0236 opera¢niho programu Vzdélavani pro konkurence-
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Soda pulping of rapeseed straw
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Abstract: The suitability of rapeseed straw for cellulosic fibre production under convec-
tional soda pulping process was examined. The pulping results were obtained for stalks
of rapeseed straw and for rapeseed straw comprising stalks and valves of siliques. Both
the total yield and kappa number of pulp drop with increasing H-factor which is direct-
ly proportional to cooking time. The addition of anthraquinone to cooking liquor led
to a significant decreasing in total yield and kappa number characterizing a degree of
delignification of pulp. It is worth mentioning that the presence of anthraquinone had
a positive effect on decreasing in amount of rejects, mainly at lower values of H-factor
up to 1,500 h.

Keywords: rapeseed straw, delignification, soda pulp, anthraquinone

1. Introduction

In many countries where wood is not available in sufficient quantities, one al-
ternative to replacing short wood fibres for printing papers is to use of non-wood
fibres from annual plants or agricultural residues.

The most commonly used commercial method in pulping of non-woody spe-
cies is still soda process using sodium hydroxide as the cooking chemical. Addition
of anthraquinone (AQ) to cooking liquor not only can affect pulp yield, it also can
increase the rate of delignification leading to lower lignin levels for equivalent co-
oking conditions. In the past decade, the soda-AQ process has been utilized to
produce pulps from kenaf bark [1], okra stalks [2], weed (l[pomea carnea), and hemp
[2], amaranth, orache, and Jerusalem artichoke [3], industrial grass [4], bamboo
[5], dhaincha (Sesbania aculeata) [2, 6], and rice straw [7]. Using conventional soda
process without anthraquinone addition, pulps have been produced from cannola
stalks [8], and rapeseed straw [9] as well.

The objective of this paper was to conduct batch soda pulping of rapeseed
straw and to investigate the effect of anthraquinone addition on the degree of de-
lignification. For rapeseed straw formed from stalks and valves of siliques and for
stalks only as a pulping material, the dependencies of the total yield and kappa
number upon H-factor were evaluated. Thus, this study continues in investigation
of chemical pulping of rapeseed straw and extends the results on soda pulping
reported in the previous work [9] over the area of soda pulping with anthraquinone
as a catalyst of delignification.
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2, Experimental

Rapeseed straw (Brassica napus L. convar. napus, in our case linie genotype
Labrador) collected from the field in Polabian lowlands near the city of Pardubice
was used for the pulping process. Raw materials consisted mainly of stalks, but
approximately one third of total amount were valves of siliques.

Prior to cooking experiments, the rapeseed straw was cut into 2-3 cm length
chips. The moisture content of straw was within 6 and 10%, depending on the re-
lative humidity of air. Soda and soda-AQ pulping of rapeseed straw was carried
out in a laboratory rotary digester comprising six autoclaves of 750 cm?® capacity,
immersed in an oil bath. The batch cooks giving pulps to produce handsheets were
performed at the liquor-to-raw material ratio kept at 5:1, alkali charge of 19% ex-
pressed as Na,O per o. d. raw material, and cooking temperature of 160 °C. When
anthraquinone was added to cooking liquor, its charge was 0.1% per o. d. raw ma-
terial. The temperature regime was as follows: 45 min heating to 105 °C, 30 min
dwelling at 105 °C, 30 min heating to 160 °C, and then dwelling at cooking tempe-
rature. The batch cooks were ended as soon as the H-factor reached a value from
500 to 2 600 h. The corresponding pulping time at cooking temperature varied
from 40 to 220 min.

After the cooking process, the cooked pulp was refined, thoroughly washed
with tap water, and screened using 10 mesh sieve. The kappa number of the
pulp obtained after screening was determined in accordance with the TAPPI Test
method T 236 om-99.

3. Results and Discussion

H-factor selected for describing batch cooking process is a cooking variable that
combines cooking temperature and time into a single variable that indicates the
extent of delignification reaction. This variable is often used for comparison of the
cooks of varying reaction time and temperature.

In Figure 1, the results obtained for rapeseed straw and stalks only are compa-
red. As would be expected, the total yield, as well as the kappa number decrease
with increasing H-factor within the limits of 860 h to 2 580 h. Nevertheless, H-factor
influenced the total yield for stalks much markedly than for rapeseed straw. It has
to be reminded that random samples of straw containing different amounts of
stalks having various diameters were inserted into digester vessels. This fact co-
uld influence the dependencies of the total yield determined experimentally. The
lower total yield obtained for straw in comparison with stalks can be ascribed to
the presence of valves of siliques having lower content of cellulose. Valves of siliqu-
es formed approximately one third of the straw mass.

It must be stressed that, for a more synoptical comparison of dependencies
showed in Figure 1 (also in Figures 2-3), thin lines were inserted between points.
In any case, these lines do not express courses of given variables between discrete
values obtained experimentally.
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The effect of the presence of anthraquinone in the cooking liquor upon soda
cooks for stalks is demonstrated in Figure 2. The addition of AQ in the amount of
0.1% on o. d. raw material led to considerable changes in the total yield and kappa
number. It confirmed that anthraquinone in the cooking liquor accelerates deligni-
fication reaction.
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Fig. 1: Total pulp yield, Y, and kappa number, k, as a function of H-factor
for soda pulps from stalks and rapeseed straw.

While with increasing H-factor the kappa number dropped from 66 to 38 for
cooking liquor without anthraquinone, the anthraquinone addition led to substan-
tial decrease in kappa number ranging within the limits of 22.7 to 16. At the same
time, the difference in the kappa number decreased with increasing H-factor. While
for H-factor of 860 h the kappa number decreased by 43 points, the decrease in
kappa number by 22 points was attained for H-factor of 2 590 h. The presence of
anthraquinone influenced the total yield

as well. For soda cook without anthraquinone, the total yield dropped in the ran-
ge of 41% to 34% with increasing cooking time. However, in the case of anthraqu-
inone presence in cooking liquor, the total yield decreased from 36% to 32.5%.
Thus, with increasingH-factor, the difference in the total yield decreased from 5%
at H-factor of 860 h to 1.5% at H-factor of 2 590 h.

The influence of the presence of valves of siliques in the raw material used to
soda-AQ cooking is shown in Figure 3. The stalks without valves of siliques gave
greater total yield in comparison with a blend of stalks and valves of siliques. The
increase in the total yield in the region of H-factor above 1 400 h for stalks can be
probably attributed to random sampling. The kappa number decreased with in-
creasing H-factor for both raw materials tested. Nevertheless, it was observed that
the drop in kappa number is less steep with increasing cooking time. In contract to
cooking without anthraquinone, the kappa number for pulp from rapeseed straw
is greater in comparison with pulp produced from stalks.
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Fig. 2: Total pulp yield, Y, and kappa number, k, as a function of H-factor
for soda and soda-AQ pulps from stalks.

4, Conclusion

Rapeseed straw can be thought as one of possible sources of short fibre pulp,
mainly in the regions suffering a lack of hardwoods. Pulp fibres manufactured from
rapeseed straw are short with average length less than 1 mm (the weighted ave-
rage length of 0.84 mm). The lignin content of rapeseed straw is comparable with
that of hardwoods. Owing to relatively great solubility of rapeseed straw in alkaline
solutions, the lower yields after soda pulping can be achieved.
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Fig. 3: Total pulp yield, Y, and kappa number, k, as a function of H-factor
for soda-AQ pulps from stalks and rapeseed straw.
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Adding anthraquinone to cooking liquor brings the greater rate of delignifica-
tion. At given H-factor, the soda-AQ pulping provides pulp cooked to lower kappa
number, containing lower amount of rejects, but also a decrease in total yield must
be taken into account.

The presence of valves of siliques in straw leads to lower pulp yield and has
also a negative impact on strength characteristics of pulp. The breaking length of
beaten rapeseed straw pulp (= 5 km) seems to be greater than that of waste paper
(= 4 km), but lower in comparison with unbleached softwood kraft pulp (= 8 km).
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Abstract: As a material, paper has certain specific characteristics resulting from the
features of substances used for its production, from the manner of processing and used
technology. As a universal carrier of information, it has increasingly become a com-
mon target of counterfeiters. Whether modifications or whole counterfeits are made,
all these are subject to investigation and forensic examination. To successfully identi-
fy differences between the original and the questioned document, it is also necessary
to have knowledge of the structure, composition and specific properties of paper. The
existence of different types of technology in papermaking as well as types of techno-
logy of production of the main component - pulp and the consequent diversity in the
resulting properties, allow us to identify subtle differences that give each package or
a sheet of paper originality and unique character. Therefore, it is necessary that the
investigators, who come into contact with evidence have knowledge about the nature
of technological processes and substances present in the production process, because
the type of used technology and the identification of substances provide important in-
formation leading to finding differences in their documents.

Klucové slovd: graficky kanceldrsky papier, formdcia, FT-IR analyza, kriminalistické
skiimanie dokumentov

1. Uvod

Pre potreby kriminalistického skimania dokumentov je ddlezitd podrobna cha-
rakterizacia najréznejsich vlastnosti papiera. Ziskané hodnoty Specifickych vlast-
nosti papiera moézu umoznit identifikaciu aj nepatrnych rozdielov pri skimani
sporného dokumentu, napr. aj medzi jednotlivymi harkami papiera pri dokazovani
nepravosti jedného listu, ktory sa nezhoduje so zvyskom skimaného dokumentu.

Pri vyhodnocovani rozdielov medzi viacerymi harkami dokumentu méze poslu-
zit aj identifikacia pritomnosti niektorych papierenskych aditiv pridavanych do pa-
piera v procese jeho vyroby. Predovietkym ide o typ pouzitého plniva a jeho mnoz-
stvo v harkoch skimaného dokumentu. Pridanie plniva meni vietky vlastnosti pa-
piera, teda predovietkym pevnostné, strukturne a optické. Umoznuje dosiahnutie
vysokej belosti a opacity, zlep3enie potlacitelnosti, rozmerovej stélosti, hladkosti,
adsorpcie kvapalin aj zvysenie makkosti papiera. Vietky tieto skutoc¢nosti sa do-
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kazu prejavit na niektorych meratelnych vlastnostiach papiera, ktorych spravnou
interpretaciou je mozné identifikovat aj zdanlivo nepatrné rozdiely ¢i uz medzi roz-
nymi druhmi papiera alebo medzi jednotlivymi harkami rovnakého druhu papiera.

2. Metody

Zatial o metddy skusania kvality papiera prostrednictvom merania fyzikalno-
-chemickych charakteristik, napr. stanovenim mechanickych a optickych vlast-
nosti, su dané prislusnymi normami, metédy urcené na kriminalistické skiumanie
a identifikaciu dokumentov az tak casto uvadzané nie su. Avsak mnohé postupy,
ktoré sa vyuzivaju v papierenskom priemysle napriklad ako sucast kontroly kvality
findlneho produktu, su aplikovatelné taktiez pre kriminalistické vedy.

V prvom rade je mozné skimat fyzikdlne vlastnosti papiera ako jeho farba,
hribka, hmotnost, opacita a fluorescencia [1]. Tato Uroven skusok je pomerne rych-
la a nedestruktivna, pricom casto krat je dostacujuca pre dékaz, Ze dve alebo viac
vzoriek papiera su rozne. Tento typ testov vsak poskytuje menej reprodukovatelné
vysledky obzvlast pri skimani novodobych dokumentov, kde substratom je grafic-
ky kanceldrsky papier, ktory v sic¢asnej dobe v oblasti technolégie vyroby papiera
podlieha vysokej Standardizacii, teda v kone¢nom désledku sa vacsina tychto pa-
pierov vyznacuje vysokou uniformitou.

Pri vyrobe papiera sa viak pouzivaju technologické zariadenia, ktoré zanecha-
vaju na papieri urcité stopy typické pre danu vyrobu, podla ktorych je mozné pri
skimani dokumentov identifikovat niektoré nepatrné rozdiely na vlastnostiach
papiera. KedZe stopy su pre kazdu technoldgiu iné, nie je moz-né, aby falsovatel
vyhotovil dokonalu imitaciu origindlu papiera. Medzi tieto stopy patri napriklad aj
formacia, ktora vznika pri nerovhomernom natekani papieroviny na papierenské
sito. Tym na niektorych miestach papiera vznikaju zhluky vlakien, ktoré spdsobuju
nerovnomernu hribku papiera, nerovnomernu transparentnost, plosnd hmotnost
a podobne. Okrem subjektivnej kontroly formacie papiera (pozorovanie oblackovi-
tosti proti prechadzajucemu svetlu) existuju aj objektivne spdsoby vyhodnocova-
nia formdcie ako obrazova analyza alebo meranie formacie na optickych formac-
nych testeroch.

3. Experiment

Vo vietkych fazach experimentu bol predmetom skimania subor deviatich dru-
hov grafického kancelarskeho papiera.

Prvym krokom v experimente bolo charakterizovat formaciu ako optickd neho-
mogenitu, ktord sa moze pouzit pri kriminalistickom skimani dokumentov a na-
vrhnut postup pri vyhodnocovani tak, aby viedol k odhaleniu rozdielov medzi har-
kami dokumentu.

Vysledky prace poukazuju na to, Ze papiere s rozdielnym priehladom je mozno
rozlisit objektivnym meranim. Tato veli¢ina sa vsak nevztahuje na urcenie pévodu
papiera, nakolko zavisi od parametrov a podmienok vyroby papiera [2].
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Dalsia ¢ast experimentu bola postavena na teoretickych predpokladoch ul-
trazvukového merania papierov pre kriminalistické skimanie dokumentov. Overila
sa moznost vyuZitia merania charakteristik papiera nedestruktivnou ultrazvukovou
metddou, vhodnou na rozlisovanie papierov TSO zariadenim. Vysledky ukazuju, ze
meranie papierenskych charakteristik ultrazvukom predstavuje dobry predpoklad
pre vyuzitie tejto metddy na porovnavanie papierov z hladiska ich manipulacie
v dokumente. Vyuzitie metddy pre kriminalistické ucely je vSak potrebné este pod-
robnejsie rozpracovat [3].

Hlavna cast experimentu bola zamerana na identifikaciu rozdielov medzi jed-
notlivymi harkami v sibore papierov, zaloZzenom na statistickom vyhodnoteni FT-
IR spektier zvolenych vzoriek papiera metdédou analyzy rozptylu. Tento pristup je
zvoleny pre rieenie Specifického problému rozliSovania grafickych kancelarskych
papierov, ktoré vo vacsine pripadov obsahuju rovnaky druh plniva - uhli¢itan va-
penaty, s malymi rozdielmi v jeho koncentracii. Prave tento druh papiera je proble-
maticky z hladiska kriminalistického skiimania dokumentov, ktoré su v sucasnosti
produkované vo velkom mnozstve, vyznacuju sa vyraznou uniformitou a ¢oraz ¢as-
tejsie sa stavaju predmetom falSovania.

Testovanie navrhnutého postupu sa realizovalo na subore 9 modelovych vzo-
riek papierov. Naslednou aplikaciou Statistickych metéd na vyhodnotenie name-
ranych spektralnych dat sa dokazovala variabilita v obsahu plniva pre rézne druhy
papiera.

4, Vysledky a zhodnotenie

V prvom rade sa posudzovala variabilita hodn6t absorbancie medzi jednotlivy-
mi stranami harku, pricom tymto sposobom sa podarilo poukazat na dvojstrannost
ako vlastnost papiera suvisiaca s prislusnou technolégiou vyroby, pretoze tato je
sposobend pri formovani papiera jednosmernou filtraciou na site papierenského
stroja. V pripade niektorych vzoriek, kedy bol vyhodnoteny tento faktor ako Statis-
ticky vyznamny, mozno konstatovat, Zze samotnd dvojstrannost papiera méoze byt
jednym z vyznamnych rozlisovacich faktorov, ktory sa do velkej miery méze podie-
[at na Uspesnej identifikacii rozdielov medzi réznymi harkami papiera v dokumen-
te. Ide o pripady, kedy niektory z harkov v dokumente vykazuje dvojstrannost na
rozdiel od zvySnych harkov v skimanom dokumente. So sucasnym trendom zava-
dzania novych technolégii dvojsitovych strojov do vyroby tak mo6zeme identifiko-
vat rozdiel medzi harkami aj na zdklade porovnavania vysledného tvaru spektier
skimanych papierov, pricom sledujeme, ¢i je u nich dana vlastnost (dvojstrannost)
potla¢end alebo dokéazana.

Dalej sa posudzovala variabilita hodnét absorbancii medzi &smymi konkrétny-
mi miestami merania na jednom harku papiera, pricom tento faktor suvisi s dalSou
vlastnostou papiera - heterogenitou. V tomto pripade v3ak boli ziskané vysledky
Statisticky nevyznamné, ¢o v kone¢nom désledku znamend, ze uvedend vlastnost
nie je vhodnd na sledovanie a rozliSovanie pravych a spornych harkov papiera
v skimanom dokumente. Na druhej strane vSak dava informacie o kvalite papiera
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z hladiska vplyvu technolégie na homogenitu a distribuciu zloziek v pase papiera.

Tretim skiimanym aspektom bolo sledovanie rozdielov hodnét absorbancii jed-
notlivych harkov v rdmci konkrétneho balika papiera a dodrzaného poradia harkov
v baliku. Aj v tomto pripade boli zaznamenané Statisticky nevyznamné vysledky.
Z toho vyplyva, Ze sledovanie zmien na za sebou iducich harkoch v rdmci jedného
balika papiera nedokéze poskytnut informacie vhodné na kriminalistické skima-
nie a porovnavanie. Tato skutocnost viak poukazuje na urcité zaujimavé aspekty
hodnotenia kvality findlneho produktu, teda v tomto pripade uniformnost jednot-
livych harkov papiera v rdmci jedného druhu papiera.

Blre e s

Obr. 1: Porovnanie FT-IR spektier harkov papiera
a) s potvrdenou dvojstrannostou a b) s potla¢enou dvojstrannostou

V pripade samostatnych balikov papiera reprezentujicich 9 konkrétnych dru-
hov grafického kanceldrskeho papiera sa sledovali rozdiely v hodnotach absorban-
cii pre jednotlivé baliky, ktoré sa takto porovnavali medzi sebou. Variabilita absor-
bancii v sledovanej oblasti v rdmci porovnévania medzi vietkymi druhmi papiera
bola bez pochyb potvrdena, pretoze v danom pripade bolo mozné hovorit o $ta-
tisticky vyznamnych rozdieloch v analyzovanom subore dat. Rovnako na zéklade
analyzy rozptylu bolo mozné konstatovat, Ze rozdiely medzi meranymi komerc¢ne
dostupnymi grafickymi kancelarskymi papiermi su statisticky vyznamné a teda je
mozné ich navzajom odlisit, a Ze tento postup je vhodny pre ucely kriminalistické-
ho skimania a rozliSovania r6znych druhov papierov [4].

5. Zaver

Vysledky experimentu potvrdili, ze spektralnou analyzou grafickych kancelar-
skych papierov so zameranim sa na hodnotenie obsahu plniva a jej naslednym
Statistickym spracovanim je mozné rozlisit jednotlivé druhy papiera a mozu sa
spracovat do navrhu metody pri identifikacii rozdielov medzi jednotlivymi harkami
spornom dokumente. Rovnako na zaklade analyzy rozptylu mozno konstatovat, ze
rozdiely medzi meranymi komercne dostupnymi kanceldrskymi papiermi su Statis-
ticky vyznamné a teda je mozné ich navzajom odlisit [5].
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Abstract: Natural polymer materials from renewable resources are becoming a part of
objects with different functions, over time take historical value and are part of the cul-
tural heritage. That is why it is important to stabilize them. One of the most important
questions in protection and preservation is identification of the material composition
and level of degradation of objects in cultural heritage. Method selection of analysis is
linked to the information you want to identify. An important factor is non-destructivity.
The article presents the identification of different types of fibers with FTIR and XRF ana-
lysis, as well as determining by fiber analysis by specific staining methods and analysis
of natural waxes with FTIR and GS/MS analysis.

Klucové slovad: prirodné polymérne Idtky, analytické metddy, mikroskopické metddy,
vldkninové zloZenie

1. Uvod

Technicky rozvoj fudskej spolo¢nosti, zvySujuci jej zivotnu Uroven, ma aj svo-
je negativne dbésledky, ktoré sprevadza stale sa zhorSujluce Zivotné prostredie.
Poskodzuje rastliny, Zivocichy i ¢loveka samotného, ale nici aj nezivé materidly.
Koroduje latky, z ktorych su vytvérané kultirne a umelecké predmety - drevo, kovy,
usne, textil, papier a iné. Nasledky negativnych vplyvov m6zeme do urcitej miery
zmiernit starostlivostou o pamiatkové predmety a objekty. Ak ma byt tato ochrana
Uc¢inna, musime poznat ich materidlové zlozenie, chemicku podstatu ako aj priciny
degradacie. VyZaduje si to interdisciplinarny tim odbornikov z radu konzervéatorov
a restauratorov, v Uzkej spolupraci s chemikmi [1].

2. Prirodné polymérne materialy

Kultdrno-umelecké predmety aj objekty su tvorené organickymi polymérny-
mi materidlmi a su sucastou velkej casti zbierok z kolekcii muzei, galérii, archivov
a kniznic [2]. Siroko zastUpené su predmety na baze vysokomolekulovych a niz-
komolekulovych latok, ktoré su tvorené materidlmi ako drevo, papier, textil, koza,
vosky a iné [3].

Medzi najrozsirenejsi materidl patri papier, ktory je nosicom najrozmanitej-
Sich technik textu alebo obrazu. Papier je vlaknita hmota, ktora sa tvori z vod-
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nej suspenzie tak, ze sa jemné vldkna splstia a na papierenskom site sa spoja
a vysusia. Vyraba sa prevazne z rastlinnych vldkien, ktorych zakladom je celu-
l6za [3, 4].

V objektoch kultirneho dedicstva sa vyskytuju textilné vldkna prirodné (orga-
nické a anorganické) a chemické. Medzi vlakna organického pévodu zaradujeme
rastlinné a Zivocisne. Hlavnu zlozku rastlinnych vldkien (bavina, lan, juta, konope)
tvori celuldza, hemiceluldzy a lignin. Zivocisne vldkna (ov¢ia vina, prirodny hod-
vab) su na bielkovinovej baze (Obr. 1). K prirodnym anorganickym vldknam patria
kovové nite (zlaté, strieborné, mosadzné, medené, cinové) a iné, ktoré si zname
vo forme tahaného drétika s prirodnym jadrom a su sucastou vysiviek a brokatov
(Obr. 4) [4].

Vosky (Obr. 2, 3), Zivice a oleje su zmesou organickych zlicenin, ktoré tvoria su-
cast réznych typov objektov a su charakteristické dlhymi uhlovodikovymi retazca-
mi, s velkymi molekulovymi hmotnostami, s nasytenymi a nenasytenymi kyselina-
mi a volnymi kyselinami a estermi [5]. Patria medzi zloZité zmesi s komplikovanou
chemickou podstatou. Z toho dévodu nie je vyskum Struktury tychto materialov
aich chemickych reakcii uzavrety [1].

V préci su uvedené priklady identifikacie materidlov v kultirnom dedi¢stve po-
mocou analytickych (napr. FTIR, XRF, GC/MS) a mikroskopickych metdd (stanovenie
vlakninového zloZenia), ktoré spresnili chybajlce informacie o artefakte - typ po-
uzitého materidlu, stav, stupen degradacie. Tieto informacie minimalizuju zdsahy
a maximalne predizia dobu jeho existencie.

3. Metody analyzy

Materialovy prieskum by mal poskytovat objektivne informacie o meratelnych
vlastnostiach materidlov daného artefaktu, ktory nie je jednoduchou Struktu-
rou, ale Strukturou zlozitou, meniacou sa a podliehajucou starnutiu i degraddcii.
Vysledky ziskané prostrednictvom aplikacie analytickych metéd ndm poskytuju
odpovede na rozne typy otazok. Informuju nas o druhu materialu, chemickom zlo-
Zeni a Strukture, o nam moze potvrdit autenticitu, stupen degradacie artefaktu
a na druhej strane zabezpecuje neinvazivny pristup k objektom. Niekedy slizZia na
rozsirenie poznatkov o historickej technolégii. Samozrejme interpretéciou vysled-
kov treba byt opatrny vzhladom na urcité Specifika. Objem vzorky je velmi maly,
¢im sa vylucuje pouzitie niektorych analytickych metéd, chemickéa podstata mate-
ridlu moZe byt pozmenena samotnym starnutim alebo p6sobenim primesi, ktoré
mébzu degradaciu procesov urychlit [6].

Medzi neinvazivne a nedestruktivne analytické metddy patri infracervena spek-
trometria s Fourierovou analyzou (FTIR), réntgenova fluorescen¢nd analyza (XRF),
plynovéa chromatografia s hmotnostnou spektrometriou (GC/MS) a opticka mikro-
skopia.

Vyhodami prezentovanych metéd pre vyuzitie v analyze materidlov objektov
dedi¢stva su: rychlost zdznamu, ziskanie mnohych informdcii aj o velmi kompli-
kovanych organickych molekuldch vratane polymérov, nedestruktivnost alebo se-
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mi-destruktivnost, vysoka selektivnost a citlivost, moznost analyzovat rézne formy
materidlov dedi¢stva [7].

Spojenie FTIR analyzy a optickej mikroskopie prinieslo pozitivne vysledky pri
identifikacii vzorky vldkna z odevu z konca 18. storocia. Na zéklade porovnania
nameranych FTIR spektier a spektier z databazy sa vlakno identifikovalo ako Zivo-
¢iSne. Dodatkovym mikrosnimkom sa potvrdila pritomnost keratinového vlakna
zviny (Obr. 1).
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Obr. 1: Porovnanie FTIR spektier vzorky odobratej z odevu z konca 18. storocia
a spektra viny z databézy. Mikroskopicka snimka vzorky pri 40 ndsobnom zvacseni
zobrazuje Supinky, ktoré su typické pre keratinové vldkna vo vine.

Kombinacia FTIR a GC/MS analyzy sa pouzila pri identifikacii nezndmeho mate-
ridlu a jeho degradac¢nych produktov. Vzorka bola odobrata z figuriny z Il. polovice
19. storocia. Materidlovou analyzou na zéklade FTIR spektroskopie sa zistilo, ze fi-
gurina je vyrobend zo vcelieho vosku bez primesi. Nasledne GC/MS analyza po-
tvrdila vysoky stupery degraddcie voskovych casti sochy vzhladom na pritomnost
degradacnych produktov. Nastali zmeny v zastUpeni n-alkénov, ¢o sveddi o prejave
vysokého stupna degradécie, kedZe sprievodnym znakom degradacie je ubudanie
nenasytenych vazieb. TaktiezZ sa zvysil pocet metyl esterov kyselin, kedy sa vplyvom
starnutia zvysuje pocet karboxylovych skupin vo forme esterov vyssich mastnych
kyselin (Obr. 2, 3).

Pomocou fyzikdlno-chemickych analyz sa charakterizovalo materidlové zloze-
nie liturgického rdcha pochéadzajuceho z polovice 18. storocia, ktorého sucastou
boli kovové nite z bortni (Bortria — ozdobnd stuzka).

Optickou mikroskopiou pri 10 ndsobnom zvacsenim bola zaznamenana Struk-
tura kovovych niti. Kovové nite su tvorené jadrom a obalom. Jadro niti je tvorené
suborom vlakien, ktoré su ovinuté pevnym kovovym pasom. Pritomnost kovov
bola potvrdenda XRF analyzou, ktorou sa zistilo, Ze kovové nite obsahuju vo velkom
mnozstve Ag a v malom mnozstve Fe, Cu a Au (Obr. 4a). Prvky ako Au, Ag, Cu, Zn
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a ich zliatiny sa bezne pouzivali na vyrobu kovovych vldkien takmer vylu¢ne do 19.
storocia. Jadro kovovej nite tvoria vlakna z prirodného hodvabu, ktoré boli identifi-
kované prostrednictvom FTIR analyzy (Obr. 4b) [8].
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Obr. 2: Identifikacia nezndmeho materialu z figuriny z Il. polovice 19. storocia
pomocou FTIR spektroskopie (U - vzorka odobrata z figuriny,
M1 — M4 modelové vzorky véelieho vosku).

Obr. 3: Na zaklade vysledkov GC/MS analyzy sa stanovil stupen degradacie
a degradacné produkty veelieho vosku z figuriny z Il. polovice 19. storocia
(A oznacuje n-alkan, K je oznacenie pre mastnu kyselinu).

4, Zaver

Pre identifikaciu a analyzu materidlov v objektoch kultirneho dediéstva je dole-
Zitd nedestruktivnost, kvalitné databdazy k jednotlivym metodikam bez ktorych by
identifikdcia neznamych vzoriek bola komplikovand, vedomostny potencidl, ktory
zahfna poznatky z oblasti chémie, analyzy, identifikacie, historickej a su¢asnej tech-
nolégie vyroby tychto materidlov, ale aj prehlad v umeleckych a reStauratorskych
technikach, ¢o si vyzaduje spolupracu v interdisciplinarnom time.
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T i (P

Obr. 4: Mikroskopické snimky kovového vldkna z kazule zo suboru liturgickych textilii z pol.
18. storocia, 10 ndsobné zvacsenie. a) XRF spektrum kovovych niti. b) FTIR spektrum jadra
kovovej nite porovnané s databazou spektier.

(Kazula - kedysi bohato zdobené, dnes jednoduché liturgické bohosluZobné richo katolickych kriazov s otvorom pre hlavu
a pre ruky, nosené pri omsi cez albu, orndt)
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Abstract: A supercritical fluid extraction with CO2 (SFE) method was investigated for
the treatment of hardwood and softwood samples. In this work were studied changes
in the content of major wood constituents (cellulose, hemicellulose and lignin) after
SFE treatment. The effect of efficiency of SFE was evaluated by determination of cellu-
lose, soluble and insoluble lignin, and hemicelullose content.

Keywords: wood compounds; supercritical fluid extraction; structure changes; wood
extractives

1. Introduction

Wood is an important raw material used in the industry for fabrication of
many economically important products, e.g. paper and paper products, cellu-
lose and cellulose derivates. The quantity of extractives remaining in the wood
pulp after the pulping and bleaching processes has influence on additional
processing or properties of the pulp. Extractives are commonly defined as the
matter that can be removed from the wood by a solvent system during Soxhlet
extraction.

One purpose of the extractives presence in wood is to protect this natural and
renewable matter against external unfavourable influences [1]. On the other hand
these compounds can be used for the production of stabilizers, natural pharma-
ceuticals, essential oil, drugs, waxes etc. However, content of extractives is highly
variable not only from tree to tree but also within an individual tree [2]. Function
of SFE method is thus in obtaining an extract of the wood and the subsequent use
remaining material for further treatment, e.g. for the production of pulp and paper,
or acquiring carbohydrate and aromatic substances [3-6].

Cellulose and lignin are the most abundant organic compounds, representing a
vast amount of biomass (in the range of hundreds of billions of tons). It is interes-
ting to note that only 3% of this large resource is actually used. Despite the fact that
a significant amount of recent research is carried in the purpose to augment the
industrial using of readily available carbohydrates as organic raw materials [3-9],
the systematic exploitation of this vast resource is still in progress.
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Fractionation of lignocellulosic material is a therefore critical step in the valori-
zation of lignins, cellulose, hemicellulose and extractives [7, 10-13].

2. Material and Methods

Four species of wood were analysed before and after threatment by SFE with
CO.,.

Characterisation and pre-treatment of material can be divided to 4 steps. In the
first step all samples were milled to size 60-80 mesh. Milled samples were then in
the second step extracted with ethanol by Soxhlet apparatus, according to TAPPI
method T264 om-88. Amount of extractives in the raw material was determined by
gravimetric analysis. In the third step, after removing extractives, obtained matter
was separated into two fractions. The first one was used for the determination of
lignin (T222 om-88) and second one was used in the determination of holocellulo-
se by Wise method (NREL/TP-510-42618). In the last step was determined amount
of cellulose (Wise) and of soluble lignin (STN 50 0538). Amount of insoluble lignin
was calculated from data of total soluble lignin and from lignin determined in step
lll. Degree of degradation (DoD) was determined by Limiting Viscosity Number
(LVN) method (ISO STN 5351/1):

IogLUC.—Iog[r]]:iogw-c-ﬁ[ﬂ]@ (1 M

a

(M -1Mo) /M, .C - is Viscosity Number (cm?3.g™)
k - is empiric constant
¢ - is concentration of absolutely dry celullose in diluted solvent (g.ml™)

3. Results and Conclusion

Determination of the basic building components of wood (plant raw material)
before and after treatment, can serve us to evaluate the effect of SFE method.

The obtained results from SFE for softwood samples are shown in the Table 1. In
the Table 2 are shown the results for hardwood samples. All results are recalculated
to absolute dry content.

Degree of degradation (DoD) can be used to compare and evaluate the extrac-
tion effect on treated materials.

Itis also possible to present the changes in the percentage of individual compo-
nents. The main effect of extraction was observed in the case of lignin component.
This extraction procedure shows other possibility for refining of pulp, and good
results in the cellulose purification in isolation process.

Effect of SFE treatment on softwood and hardwood samples is mainly observed
in the different content of lignin. Hardwood species are in general more resistant
in SFE process.
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Tab. 1: Changes in structural parameters of softwood samples

Sample Pine - untre- Pine - trea- Spruce-un- | Spruce - tre-
ated ted treated ated
dry matter [%] 92.96 95.52 91.78 93.89
ash [%] 0.46 0.40 0.36 0.42
extractives [%] 2.58 14.73 0.63 22.86
lignin soluble [%] 25.1 8.75 25.33 13.91
lignin insoluble [%)] 0.12 0.10 0.12 0.08
Holocellulose (HC) [%] 75.88 77.07 79.77 66.64
a - cellulose [%] in HC 54.64 69.13 58.92 61.26
hemicellulose [%] in HC 21.24 7.94 20.84 5.38
LVN [cm?/g] 1079.82 531.48 1169.03 549.89
DoD [%] - 49.22 - 47.04

Tab. 2: Changes in structural parameters of hardwood samples

sample Birch - untre- Birch - tre- Eucalyptus - | Eucalyptus -
ated ated untreated treated
dry matter [%] 95.46 95.50 93.26 94.91
ash [%] 0.42 0.43 0.28 0.56
extractives [%] 8.19 22.37 2.86 17.99
lignin soluble [%] 25.9 3.88 16.48 4.13
lignin insoluble [%] 0.35 0.05 0.58 0.11
Holocellulose (HC) [%] 65.28 72.37 84.57 73.65
a - cellulose [%] in HC 43,96 63.50 51.55 64.27
hemicellulose [%] in HC 21.33 8.87 33.02 9.37
LVN [cm?/g] 1258.06 742.98 1061.13 753.83
DoD [%] - 59.06 - 71.04

After SFE treatment was observed a significant decrease in the content of so-
luble lignin. On the other hand the content of extractives was after SFE treatment
higher, which was the result of degradation of the lignin that has passed into ex-
tractives. LVC values further confirmed the degradation effect on cellulose struc-
tures.
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Abstract: Lignin is a natural polymer. It is impossible to be isolated in a native form. Its
character depends on the form of isolation. It is necessary to characterize a lignin be-
fore working with it. This work contains the basic methods of lignin’s characterization.
Also some methods (dry, ash, elementar analysis, solubility, heat of combustion, UV/
VIS, FTIR, TGA) were tested on the real sample of lignin.
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1. Uvod

Lignin je jednym z biopolymérov, ktory mé najslubnejsi potencial nahradit po-
uzitie neobnovitelnych surovin, nakolko je lacny a biodegradovatelny. Na susi je
druhym najrozsirenejSim polymérom po holoceluléze [1]. Ro¢ny prirastok ligninu
je 30 miliard ton [2]. Nech uz je ciefom lignin spalovat alebo ziskavat z neho cenné
chemikalie je vzdy potrebné ho charakterizovat.

Struktura ligninu sa meni v zavislosti od zdroja, ale vyznamny vplyv na zmenu
Struktdry ma sposob izoldcie. Vo vieobecnosti je nemozné izolovat nativny lig-
nin, preto je potrebné v praci uviest sposob akym bol lignin ziskany. Vzhladom
na velku variabilitu ligninovych zli¢enin sa pouziva niekolko metéd na ich cha-
rakterizaciu.

Cielom tejto prace bolo vypracovat metodicky postup na charakterizaciu ligni-
novych zlt¢enin a vybrané metédy experimentalne overit.

2. Experimentalna cast

Chemickd charakterizacia ligninov a ich derivatov nie je jednoducha, kvoli
ich priestorovej strukture, variabilite vazieb, funkénych skupin, naroc¢nej izola-
cii a nizkej rozpustnosti v organickych rozpustadlach. Prave kvéli spominanym
doévodom bolo navrhnutych niekolko rozdielnych metéd na charakterizaciu lig-
ninov [1].

Vzorka ligninu, ktord sa charakterizovala bola dodand vo forme prasku z firmy
Innventia AB.

Popol bol stanoveny po spéleni vzorky pri 525°C za pouzitia metédy TAPPIT211
OM-93. Susina sa stanovila podla normy STN EN ISO 638.
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Elementarna analyza

Uhlik, dusik, vodik a obsah siry bol stanoveny pomocou elementdrnej analyzy
pouzitim analyzatora Vario Macro Cube, Elementar.

Stanovenie karboxylovych skupin - ¢islo kyslosti

100ml 95% - ného roztoku etanolu vo vode sa upravilo na pH = 9 pouzitim
0,1 mol/I hydroxidu sodného. Po pridani 1g absolutne suchého ligninu sa zmes
nechala 10 minut miesat. Potom sa titrovala spat na pH = 9 pomocou 0,1 mol/I
hydroxidu sodného [3].

Stanovenie karboxylovych skupin - titracia vodnym roztokom

Presne navazené mnozstvo 0,5 g absolutne suchého ligninu sa rozpustilo v 5 ml
alkalického vodného rozpustadla (my sme pouzili 0,1 mol/I roztok hydroxidu sod-
ného). Po 1 hodine miesania sa pH upravilo na 12 pomocou hydroxidu sodného. Po
dalsich 2 hodinach mie3ania sa roztok titroval s 0,1 mol/l kyselinou chlorovodiko-
vou na pH=7[3].

Rozpustnost ligninu

Lignin sa vyznacuje nizkou rozpustnostou v organickych rozpustadlach. Existuje
vsak niekolko vhodnych rozpustadiel, v ktorych sa lignin dobre rozpusta a na zak-
lade toho vieme rézne ligniny medzi sebou porovnat. Pouziva sa napriklad chlorid
litny/dioxan, tetrahydrofuran, 1,4-butandiol/voda, hydroxid sodny/voda alebo eta-
nol/voda.

Presne 1g absolutne suchého ligninu sa rozpustilo v 50 ml DMF (dimetylforma-
mid) s 0,2 mol/I chloridom litnym. Rovnako sa postupovalo pri pouziti 50 ml roz-
pustadla THF (tetrahydrofuran). Roztoky sa nechali cez noc pri izbovej teplote a po
filtracii sa nechala zrazenina vysusit pri 70 °C [3].

UV/VIS spektroskopia (diferenéna metoda)

Spektroskopickou metédou UV/VIS sa stanovili diferenén,é excitacné spektrg,
pricom z nich sa nasledne urcili maxima pri dvoch vinovych dlzkach, 300 nm a 350
nm.

Nasledne sa stanovili koncentracie fenolickych hydroxylovych skupin - konju-
govanych, nekonjugovanych a ich celkovy obsah [4].

Nekonjugované fenolické Struktury:

OH(I+111)=(0,250%A ;00 ym(NaOH)+0,0595xA 5, (NaOH))x(I/(cxl)) [mmol/g]
Konjugované fenolické Struktury:

OH(I+1V)=(0,0476XA 50 s (NaOH))x(I/(cx])) [mmol/g]

A - absorbancia
¢ - koncentrécia ligninu (g/1)
| - sirka kyvety (cm)
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Navazilo sa 5mg ligninu, ktory sa rozpustil v 5 ml dioxanu a 5ml 0,2 mol/l hyd-
roxidu sodného. Z roztoku sa odoberalo pipetou 2 x 2ml a prenieslo do priprave-
nych 25 ml baniek. Banky sa doplnili do objemu 25 ml. Jedna sa doplnila roztokom
bufferu (pH = 6, citran sodny, Merck) a druha 0,2 mol/l hydroxidom sodnym. Banka
s bufferom sluzila ako pozadie pri analyze UV/VIS spektroskopie.

FTIR spektroskopia

Pomocou Fourierovej transformacie infracervenej spektroskopie (FTIR) sa cha-
rakterizovali funk¢né skupiny ligninu. FTIR bola uskuto¢nend pomocou Nicolet
spektrometra. Bola zaznamenana oblast medzi 4000 a 400 cm™, rozlisenie 4 cm™
a 20 skenov. Vzorka bola pripravena s vyuzitim bromidu draselného, pomer 1:100
(200mg KBr priblizne). Spektrum sledovaného ligninu ma rovnaky charakter ako
uvadza literatura [2].

Termogravimetricka analyza

Termogravimetrickd analyza (TGA) ligninu bola uskuto¢nend s pouzitim Metler
Toledo TGA/DSC zariadenia. Analyza bola robend v inertnej atmosfére dusika.
Meranie bolo robené v teplotnom intervale od 25 do 800 °C, pricom vzorka bola
kondiciovana pri teplote 25 °C pocas 3 minut, rychlost ohrevu bola 50°C/min.

Spalné teplo
Spalné teplo (HHV) bolo stanovené pomocou FTT Calorimetrickej Bomby pou-
Zitim Standardnej metédy [5].

Obsah metoxylovych skupin

Obsah metoxylovych skupin (% hmotnosti) ligninu bol vypocitany za pouzitia
nasledujucej rovnice [6]:

OCH; =-18,5769 + 4,0658 (H) + 0,34543 (O)

3. Vysledky a diskusia

Vzorka ligninu sa charakterizovala uvedenymi metédami a postupmi. Na vzor-
ke ligninu bola stanovena susina 71,6+0,3 %, obsah popola 0,42+0,02% a ele-
mentarne zlozenie 65,0% C, 0,12% N, 5,44% H, 1,14% S. Vyhrevnost skimanej
vzorky bola 26,8+0,5 kJ/kg ligninu. Pomocou rovnice na predikciu metoxylovych
skupin sa stanovil obsah metoxylov na 13,2%. Mnozstvo karboxylovych skupin
stanovenych metédou ¢isla kyslosti bolo 0,54 + 0,02 mmol/g ligninu. MnoZstvo
karboxylovych skupin stanovenych metédou titracie vodnym roztokom bolo
0,64 £ 0,10 mmol/g ligninu. Rozpustnost ligninu bola stanovena dvomi meté-
dami a vysledky su nasledovné: v LiCl/dioxadn bola rozpustnost 96,6 = 0,1 %
a v tetrahydrofurane bola 96,1 + 0,3 %. Pomocou UV/VIS spektroskopie sa sta-
novili diferen¢né excitac¢né spektra. Podla prace [7] sa stanovili koncentracie fe-
nolickych hydroxylovych skupin. Obsah nekonjugovanych fenolickych struktur
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bol 6,43 mmol/g, konjugovanych fenolickych Struktur bol 0,55 mmol/g a celkovy
obsah bol 6,98 mmol/g. Na obr. 1. mézeme vidiet FTIR spektrum skiimaného lig-
ninu. Nachadzal sa tu silny Siroky pas medzi 3700-3000 cm™, ktory je priradovany
vibraciam alifatickych a fenolickych OH skupin. Pas pri 2934 cm™ prislicha vib-
raciam CH,- a CH;- skupin. Zaujimavou charakteristikou je, ze ligninové spektra
nevykazuju absorpcné pasy pri 2800-1800 cm™. Identifikoval sa pas 1708 cm,
ktory prislucha vibracidam C=0 vazbam v B lokacii a COOH skupine. Absorpc¢né
pasy v okoli 1600 az 1420 cm™ indikuju pritomnost aromatickych kruhov typic-

Obr. 1: FTIR spektrum skimaného ligninu
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Obr. 2: TG a DTG krivka ligninu

kych pre lignin. Vibracia pri 1267 a 1217 cm™ prislicha guajacylovym kruhom
a vibracidm C-0O vazieb. Pas 1141 cm™ je spdsobeny deformacnymi vibraciami
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C-H vézieb v guajacylovych kruhoch. Pasy 1028 az 642 cm™ st sposobené defor-
macnymi vibraciami C-O a C-H vazieb v aromatickych kruhoch.

Na obr. 2 je TG a DTG zéznam spravania sa vzorky v inertnej atmosfére. Udaje
z termickej analyzy poskytuju zdsadné informacie o termickej stabilite vzorky
a moznostiach vyuZitia tychto preparatov ako plniv do kompozitnych materialov.
Merania mézu byt uskutocriované v inertnej alebo oxida¢nej atmosfére. V nasom
pripade je uvedeny zdznam spravania sa vzorky v inertnej atmosfére. Zbytok pri
teplote sa pohyboval na Urovni 61,5 %. Najvacsi ubytok vzorky sa dosahuje pri tep-
lote 402,8 °C.

4, Zaver

Stanovenie vlastnosti izolovanych frakcii ligninu je jednou z najdéleZitejsich
operacii. Charakterizacia ligninov vedie k ureniu vlastnosti ligninov a nasledne
umoznuje lepsie vyuzZivat ziskané frakcie pri dalSom spracovani ligninu na produk-
ty s pridanou hodnotou.
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Abstract: Thermal degradation of lignin materials is one of the possibilities to convert
these materials to the products with added value, or to prepare an appropriate source
for biofuels. Study of the thermolytic reactions of lignin can lead to the development of
new methods for the synthesis of various chemicals. All studied lignins were isolated
by the precipitation from black liquor by different acids. Products of the precipitation
were purified by ultrafiltration. Purified products were analyzed by thermal analysis
(TG). The analysis was performed in reduction and inert atmosphere keeping identical
temperature regime for all the samples. The aim of this study was to find the important
temperature intervals of lignin degradation.

Keywords: Lignin, black liquor, thermal and elemental analysis, ultrafiltration

1. Uvod

Zlozita Struktura ligninu je tvorena fenylpropanovymi jednotkami [1]. Tato ben-
zoidna 3D Struktura zabezpecuje jeho termicku stalost na rozdiel od inych prirod-
nych polymérov [2].

Ro¢ny prirastok ligninu sa odhaduje na 20 milidrd ton a zasoby asi na 300
miliard ton [3]. Tieto skuto¢nosti predurcuju lignin ako vhodnu surovinu na zis-
kavanie energie a produktov s pridanou hodnotou [4-7]. Lignin je v sucasnej
dobe povazovany za hlavny zdroj aromatickych zluc¢enin z obnovitelnych zdro-
jov [8]. Struktura ligninu je pri¢inou jeho najlepiej odolnosti, spomedzi vietkych
prirodnych polymérov zastupenych v biomase, voci teplotnému naméhaniu.
Najdolezitejsie produkty, ktoré vznikaju termolytickymi reakciami, su fenoly [9].

Termicka degradacia ligninu zahffia okrem mnozstva degradacnych aj konden-
zacné reakcie. Tento komplikovany proces sa da rozdelit do viacerych oblasti [10].
Degraddcia ligninov pri atmosférickom tlaku sa da zjednodusene vysvetlit dvoj-
stupnovym priebehom: degradaciou éterovych, alkylovo-arylovych vazieb a frag-
mentuju sa niektoré C-C vazby. V druhom stupni nastava Stiepenie éterovych va-
zieb cyklov [11].
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2. Materialy a metody

2.1. Priprava vzoriek

V préci sa pouzil ¢ierny vyluh ziskany z jednoro¢nych rastlin bez obsahu sirnych
zlt¢enin (OP Papieren, Olsany, Ceska republika). Parametre vyluhu: pH = 12,9+ 0,3,
hustota 1,24 (kg.I-1), obsah popola 14,8 % [12] a susina 35,36 % [13]. Lignin sa ziskal
z ¢ierneho vyluhu zrdZzanim pomocou kyseliny sirovej, dusi¢nej, chlorovodikovej
a octovej. Pri prvych troch kyselinach sa zrdzalo do pH 4. Pri kyseline octovej sa
zrdzenie uskutocnilo do pH 4,3. Nasledne sa tato vzorka premyla vodou a precistila
ultrafiltraciou cez PES membranu s cut-off 1 kDa.

2.2. Elementarna analyza

Obsah uhlika, vodika, dusika a siry sa stanovil pomocou elementarnej analyzy,
pristrojom Vario Macro Cube (Elementar).

2.3.Termogravimetricka analyza

Termogravimetricka analyza (TG) ligninov sa realizovala na pristroji Mettler
Toledo TGA/DSC 1. Merania sa uskutoc¢nili v oxida¢nej atmosfére vzduchu
a v inertnej atmosfére dusika. Rychlost ohrevu bola 10 °C/min a rozsah merania
do 800 °C.

3. Vysledky a diskusia

3.1. Elementarna analyza

Zastupenie prvkov C, H, N a S vo vzorkach pripravenych ligninov je uvedené
v Tabulke 1. Najviac zastupeny prvok v nasich vzorkach bol uhlik v rozsahu od
49,37 do 62,68 %. Najvyssie zastupenie C sa zistilo u vzorky zrdzanej pomocou
kyseliny dusi¢nej. Vysledky elementarnej analyzy poskytuju doélezitu informa-
ciu o vhodnosti procesu zrdzania réznymi kyselinami. V pripade ligninu ziska-
ného zrdzanim pomocou kyseliny sirovej sa stanovilo 1,31 % siry, ¢o indikuje
nevhodnost pouzitia tejto kyseliny. Podobne dusik sa najviac stanovil vo vzor-
ke zrdzanej kyselinou dusi¢nou, celkovo sa jeho obsah pohyboval od 1,13 do
1,67 %.

V Tabulke 1 su uvedené aj vytazky ligninu z jednotlivych procesov pripravy.
Najvyssi vytazok sa zistil pri zrazani ¢ierneho vyluhu pomocou kyseliny dusi¢nej.
spésobom sme sic dokazali pripravit len lignin s vyssou molekulovou hmotnostou
ako 1 kDa, ale na druhej strane bol aj najcistejsi.
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Tab. 1: Elementdrna analyza

Lignin pripra- Vytazok C H N S Popol 0}
veny s (%) (%) (%) (%) (%) (%) (%)
H,SO, 21,35 57,61 5,50 1,13 1,31 10,84 23,61
HNO, 37,52 62,68 5,89 1,67 0,00 6,13 23,63

HCl 29,66 53,19 5,36 1,16 0,01 13,96 26,32
CH,COOH 19,88 62,48 5,93 1,21 0,09 3,79 26,50
CH,COOH* 16,39 49,37 6,08 1,16 0,12 1,70 26,27

(¥) Ultrafiltrovana vzorka

3.2. Termogravimetricka analyza

Na zaklade vysledkov termickej analyzy (TG) v oxida¢nej atmosfére sa sta-
novili pomocou prvej derivacie TG krivky Styri hlavné intervaly degradacie
(Tabulka 2).

V prvom intervale teplot 0-210°C dochadza u vzoriek k uvolfiovaniu hlavne
volnej, viazanej vody a prchavych nizkomolekulovych zldéenin. V dalSom in-
tervale 210-360°C boli zaznamenané najvyssie ubytky hmotnosti pri teplotach
216-281°C.

V oblasti teplot 210-650°C bol najodolnejsi ultrafiltrovany lignin pripraveny
s kyselinou octovou.

V tretom teplotnom intervale 360-650°C nastavala degradacia s najvyssou rych-
lostou pri teplotach od 409°C do 542°C. Najvyssia teplota prisltchala vzorke zraza-
nej pomocou kyseliny chlorovodikove;j.

V poslednej oblasti teplét 650-800°C sa v pripade ligninu zrdZzaného s kyselinou
sirovou zaznamenala najnizsia teplota degradacie 562°C.

Najvyssia teplota degradacie 754°C bola stanovena pri lignine zrdZzanom kyseli-
nou octovou, ¢o znamena, Ze pripraveny lignin nebol dostatocne precisteny a zbyt-
ky kyseliny octovej spdsobili jeho zosietenie vplyvom kondenzaénych reakcii, a tak
vytvorenie rezistentnej Struktury.
pri ktorej nastaval najrychlejsi rozpad vzorky. Vplyv na tuto teplotu zrejme spdsobi-
li stopy kyseliny octovej v pripravenom lignine.

Po dosiahnuti teploty 800°C sa stanovili rozne mnozstva rezistentného zbytku,
ktory sa sklada z anorganického podielu, ale aj zo zosietovaného ligninu, ktorého
vznik bol spésobeny nedostato¢nym precistenim.

V inertnej atmosfére sa hodnotili rovnaké styri hlavné intervaly degradacie vy-
zrdzanych ligninov ako v oxida¢nej atmosfére (Tabulka 3).

V prvej oblasti boli teploty degradacie podobné, najvyssia teplota 141,70°C bola
zaznamenana pri lignine zrdzanom s kyselinou chlorovodikovou. V druhom inter-
vale sa teploty pohybovali v rozmedzi 244,77-280,51°C, najvyssia teplota prislicha-
la ultrafiltrovanému ligninu.

Vintervale 360 - 650°C sa zistila najnizsia teplota 381,16°C pri lignine zrdzanom
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s kyselinou sirovou a najvyssia teplota 414,28 pri lignine zrdzanom s kyselinou oc-
tovou. Posledny interval 650-800°C bol v rozpati teplot 488,89-753,49°C.

Tab. 2: Hlavné teploty degradacie v oxidac¢nej atmosfére

o Teploty rozkladu s najvys$sou rychlostou Degradacia Zvysok

Lignin pripra- | - gegradécie vo vybranych intervaloch (°C) 210-650°C pri

veny s (%) 800°C
0-210 210-360 | 360-650 | 650-800 (%)

H,S04 143,08 270,17 428,62 562,52 85,01 10,84
HNO, 145,06 281,08 460,28 659,65 90,01 6,13

HCI 145,29 257,20 541,65 721,91 77,65 13,96
CH,COOH 150,46 216,55 537,24 753,85 89,59 3,79

CH,COOH* 128,64 281,30 408,94 736,37 37,81 17,00

(¥) Ultrafiltrovana vzorka

Tab. 3: Hlavné teploty degradacie v inertnej atmosfére

Teploty rozkladu s najvys$sou rychlostou degradacie . y .

Lignin pri- vo vybranych intervaloch (°C) Degradaccla Zvysof pri
praveny s 210-650°C 800°C

0-210 210-360 360-650 650-800 (%) (%)

H,SO, 119,28 305,31 381,16 488,89 41,66 43,09
HNO, 141,57 276,28 408,63 597,59 39,62 44,02
HCl 141,70 264,67 401,08 562,17 37,84 48,93
CH,COOH 127,97 244,77 414,28 563,45 39,11 46,98
CH,COOH" | 126,61 280,51 454,11 753,49 41,25 41,59

(¥) Ultrafiltrovana vzorka

4, Zaver

Doékladné zistenie presnych parametrov termickej dekompozicie ligninov ve-
die k jeho vhodnej aplikacii. Su¢asny trend vo vyuzivani surovin z obnovitelnych
zdrojov sa snazi nahradzat doposial' pouzivané fosilne zdroje prirodnymi a lahko
obnovitelnymi zdrojmi. Priestor pre aplikaciu tychto zloziek na aromatickom zakla-
de, ziskanych z ligninov, vidime v priemysle spracivajucom plasty, farmaceutickom
a gumarenskom.

V tejto praci sa ako najodolnejsi laboratérne pripraveny lignin v oblasti 210-
650°C ukazal lignin zrdzany kyselinou octovou a nasledne ultrafiltrovany.

Specifickym spésobom ziskania ligninov je mozné izolovat frakcie, ktoré maju
vyznamne rozdielne vlastnosti, co méze viest k moznosti jeho $pecialnej aplikacie.
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Abstract: The effect of ultrasound on the quality of recycled fibers was investigated.
To study the changes of fibre properties in the process of recycling was ultrasonic tre-
atment used. Some of their properties were determined and analyzed. Ultrasonic ener-
gy has positive effect on properties of recycled fibers and it was found to increase the
tensile index and tensile energy absorption of recycled fiber and WRV. The results indi-
cate that the ultrasonic treatment of the pulp can be used to improve the properties of
recycled fibers.
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1. Uvod

U¢inkom ultrazvuku na buni¢inové vlakna dochadza k morfologickym zme-
nam, zvysovaniu Uzitkovych vlastnosti, pricom nema vplyv na chemické zmeny
a vznik efluentov. Zvy3uje sa pristupnost a reaktivita vlakien [1]. Faktory, ktoré
ovplyviuju ucinky ultrazvuku na buni¢inové vldkna si doba posobenia a vy-
kon ultrazvuku. Sledovaniu vplyvu ultrazvuku na bielend dlhovldknita [2, 3]
a kratkovlaknitu [4, 5] sulfatovd bunicinu pri réznych frekvenciach bola veno-
vana znacna pozornost. Najcastejsie sa pouziva frekvencia 20 kHz. Vseobecne
mozno vyvodit zaver, ze sonifikdcia zvySuje pevnostné vlastnosti v porovnani
s nemodifikovanou bunicinou, aviak hodnoty nedosahuju kvalitu mletych bu-
ni¢in. Hlavnym vysledkom merani je, Ze sonifikacia nevedie k fibrildcii vlakien
bez mechanickej Upravy mletim. Laine a Goring [6] sledovali vplyv ultrazvuku
na suSené sulfatové bunicinové vldkna pri 23 kHz. Sledovali vyznamny vplyv
na povrch vlakien a poukazali na fakt, ze sa zmenila porézna struktura vldkien.
Zistili, ze sonifikacia vyustuje v transformaciu mensich pérov na vacsie. Tiez zis-
tili, ze nedochéadza k zmene obsahu polysacharidov a zmene mélovej hmot-
nosti celulézy. Nemeni sa krystalickd Struktura a ani mnozstvo karboxylovych
skupin, ale zvySuje sa obsah karbonylovych skupin. Gadhe a kol. [8] sonifikovali
termicko-mechanicku bunicinu pri frekvencii 610 kHz. Sledovali narast nekon-
jugovanych karbonylovych skupin, pravdepodobne v désledku oxidacie feno-
lovych hydroxylovych skupin na lignine. Rovnako sledovali narast povrchovej
energie vlakien, ¢o vysvetlili aktivaciou povrchu v dosledku sonifikacie. Tieto
vysledky poukazuju na fakt, Ze pri sledovani vplyvu sonifikacie je délezité che-
mické zlozenie buniciny.
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2. Experimentalna cast

Pouzila sa nikdy nesusena listnacova sulfatova bunicina, bielena postupom ECF,
v nemletom stave (12,5 °SR). Bunicina bola vyrobend zo zmesi drevin (buk 80 %,
javor, jasen, hrab, breza, dub a agat). Bunicinové vldkna napuciavali pocas 24 hod,
nasledne sa rozvlaknili pri 1 % konzistencii. Suspenzia vldkien sa pouzila na povr-
chovt Upravu vldkien pdsobenim ultrazvuku. Pocas prvej série experimentov sa
sledovala zavislost stupria mletia a schopnost buniciny zadrziavat vodu od mnoz-
stva dodanej energie (1,4; 5,6; 8,3; 11,1; 13,9; 15,4 a 19,4 Wh). Amplituda ultrazvu-
kovych vin bola 50% a frekvencia 20,10 kHz. Suspenzia vlakien vo vode sa stale
miesala (1200 ot.min™). Sledoval sa vplyv ultrazvuku na odvodnovaciu schopnost
buniciny podla Schopper-Rieglera (norma STN ISO 5267-1) a mechanické vlastnosti
podla normy STN ISO 1924-2 (500340).

3. Vysledky a diskusia

Pésobenim ultrazvuku na bunic¢inové vldkna moéze dochédzat k fibrila-
cii vldkien a k zvyseniu pristupnosti v zavislosti od mnoZzstva dodanej energie.
Modifikaciou vldkien pomocou ultrazvuku sa zistilo, ze dodanim energie v sle-
dovanom rozmedzi, nedochadza k vyraznej zmene WRV. Rovnakym spdsobom
nedochadza pri nizSom mnoZstve dodanej energie k vyraznej zmene hodnoty
stupna mletia (obr. 1). AZ zvy3enim celkovej dodanej energie nad 15 Wh narasté
stupen odvodnenia. Tieto vysledky dobre koreSponduju zo zisteniami Batalhu
[1]. Zistil, Ze az energia 30 Wh spdsobuje vyraznejsi narast stupna odvodnenia
(35 %). To znamena, ze v sledovanom rozmedzi nedochadza k vyraznym mor-
fologickym zmeném vlakien. V priebehu modelovania recyklacie sme sa snazili
eliminovat mechanické pésobenie na vldkna, ¢ize zvysovat WRV bez dodatocné-
ho kratenia vldkien. Nasledovny experiment bol nastaveny tak, aby sa sledoval
vplyv ultrazvuku iba na vldkna, bez morfologickej zmeny. Z tohto dévodu bolo
zvolené celkové mnozstvo dodanej energie 10 Wh. Tatsumi a kol. [4] sa vo svo-
jej praci venovali vplyvu ultrazvuku na recyklované vldkna. V dosledku pésobe-
nia ultrazvuku sa zvy3uje pevnost recyklovaného papiera, ako aj hodnota WRV.
Nakolko ultrazvuk ma iba minimalny vplyv na tvorbu jemného podielu, zvysenie
WRV nemoze byt vyvolané v désledku vytvarania jemného podielu bez morfo-
logickej zmeny. Josefsson [8] vo svojej praci sledovala vplyv ultrazvuku na nikdy
nesusenu a susenu bunicinu. V pripade susenej bunic¢iny dospela k zaveru, Ze bez
mechanickej predupravy sonifikdcia nema vyrazny vplyv na vlastnosti bunici-
ny. Méze to byt sposobené hornifikaciou, ktora sa v priebehu susenia objavuje
a vlakna su odolnejsie voci napuciavaniu a fibrilacii. Na druhej strane nikdy nesu-
$end bunicina bola mletd v désledku pdsobenia ultrazvuku. Zvysila sa vnutorna
aj vonkajsia fibrilacia, ¢o sa prejavilo zvySenim hodnoty WRYV, stupna mletia ako
aj trznej dizky. Dolezitym vysledkom bolo, Ze nedochadza ku krateniu vlakien
a k vytvaraniu jemného podielu. Sledovanim relativnej zmeny WRV vlakien po
posobeni ultrazvuku v jednotlivych recyklaénych cyklov sa sledoval pokles vlast-
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nosti. Pokles bol vSak miernejsi ako v pripade nemodifikovanej buniciny (obr. 2).
MozZnosti vyuzitia ultrazvuku na zvysenie pevnostnych vlastnosti sa diskutovali
v mnohych pracach. V tejto praci sa sledoval vplyv pésobenia ultrazvuku na re-
cyklované vlakna, pricom ultrazvuk sa aplikoval pred kazdym susiacim procesom
v jednotlivych recykla¢nych cykloch.

Spectreha o erg e W

Obr. 1: Zmena schopnosti buniciny zadrziavat vodu (WRV)
a stupfia mletia buniciny (°SR) v zavislosti od celkovej dodanej energie.
Podmienky: 1 % konzistencii suspenzie, frekvencia ultrazvuku 20 kHz,
amplituda 50%.

Obr. 2: Relativna zmena schopnosti buniciny zadrziavat vodu (WRV)
merana na harkoch vyrobenych z vlakien neupravenych a upravenych
pbésobenim ultrazvuku v zavislosti od poctu recykla¢nych cyklov.
Podmienky sonifikacie: celkova dodand energia 10 Wh,

1 % konzistencia suspenzie, frekvencia ultrazvuku 20 kHz.

Z nameranych vysledkov je zrejmé, Zze v priebehu 6 recykla¢nych cyklov do-
chadza k poklesu vietkych pevnostnych vlastnosti v porovnani s nultym cyklom.
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Obr. 3: Relativna zmena indexu pretrhnutia merana na harkoch
vyrobenych z vldkien neupravenych a upravenych pésobenim
ultrazvuku v zavislosti od poctu recykla¢nych cyklov.
Podmienky sonifikacie: celkova dodana energia 10 Wh,

1 % konzistencia suspenzie, frekvencia ultrazvuku 20 kHz

1w TEA %]
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Obr. 4: Relativna zmena absorpcie tahovej energie (TEA) merana na harkoch
vyrobenych z vldkien neupravenych a upravenych pésobenim
ultrazvuku v zavislosti od poctu recyklacnych cyklov.
Podmienky sonifikacie: celkovd dodand energia 10 Wh,

1 % konzistencia suspenzie, frekvencia ultrazvuku 20 kHz

Mierny alebo Ziadny pokles, je vSak pozorovany v priebehu prvych troch cyklov.
Az dalsi recyklacny cyklus vedie k ¢iasto¢nému poklesu pevnostnych vlastnosti.
Z udajov je mozné skonstatovat, Ze dochédza k zvy3eniu pocetnosti medzivlakno-
vych vézieb (narast indexu pretrhnutia) a to v priebehu prvého a druhého cyklu.
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Nasledne klesne hodnota indexu pretrhnutia na hodnotu povodnej nerecyklo-
vanej bunic¢iny a uz sa vyrazne nemeni. Z tychto vysledkov vidiet pozitivny vplyv
ultrazvuku na medzivldknovi pevnost harkov (obr. 3). Pokles medzivlidknovej
pevnosti v priebehu Siestich cyklov bol iba 10 % v porovnani s nemodifikovanou
bunicinou, kde pokles dosahoval takmer 50 %. Pri opakovanom pouziti absorpcia
tahovej energie (TEA) klesa v pripade modifikovanej aj nemodifikovanej buniciny.
Avsak pésobenim ultrazvuku je tento pokles miernejsi. V priebehu Siestich cyklov
klesne zivotnost papiera o 60 %.

Na druhej strane v pripade nemodifikovanych harkov sa vldkna Uplne znicia
a TEA vlakien klesne az o 85 % (obr. 4).

4, Zaver

Sonifikacia je ucinnd metdda pri ochrane bunicinovych vlakien pred negativ-
nym vplyvom recyklacie. Sonifikaciou sa zvySuje medzivldknova pevnost hérkov.
Absorpcia tahovej energie sonifikovanych vldkien v priebehu recyklacie klesa, ale
je vyssia v porovnani s nemodifikovanou bunicinou. Vseobecne mozno skonstato-
vat, Ze sonifikdcia ma pozitivny vplyv na zmenu pevnostnych vlastnosti v procese
recyklacie. Pocas recyklacie klesne hodnota WRV v priebehu Siestich cyklov o 25 %.
Sonifikaciou sa v priebehu Siestich recykla¢nych cyklov znizi negativny vplyv re-
cyklacie na WRV, hodnota klesne o0 17,5 %, ale dosahuje sa aj pozitivny U¢inok na
mechanické vlastnosti.
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Stalost a trvanlivost zirkéniovych derivatov celulézy
bunicinovych vlakien a papiera

Pavel Krkoska, *Jozef Hanus, Martina Kovacova

*FCHPT STU v Bratislave, Radlinského 9, 812 37 Bratislava, Slovenska republika
jozef.hanus@stuba.sk

Abstract: It is described permanence and durability of laboratory sheets of bleached
sulphate pulps (A), those sheets acidified with aluminium sulphate (B) as well as modi-
fied with kalium zirconate carbonate (KZrCa) (C, D). The Zr compound reacts with po-
lysacharidic components of pulp fibres and acidic impurities of paper sheets resulting
in high permanence and durability, the same as for sole pulp fibres, those treated with
KZrCa and the sheets acidified with aluminium sulphate and then treated with KZrCa.

Keywords: paper, permanence, durability, deacidification, Zr-compunds

1. Uvod

Problémy kyslej degradacie papierovych dokumentov a knih st konzervatorskej
a reStauratorskej verejnosti dostato¢ne zndme. Mnohé odborné publikacie pouka-
ZUju na to, Ze zhorsovanie mechanickych vlastnosti papiera v priebehu starnutia je
sposobené prave ich kyslostou, ktora je primarne zapric¢inend uz samotnou tech-
nolégiou vyroby papiera od polovice minulého storocia. [1, 2, 3].

V tabulke ¢. 1 uvddzame zndme chemické prostriedky na zachranu papiera od-
kyslovanim.

Znepokojujuca je skutoc¢nost, ze kyslé papiere, ktoré presli procesom odkyslo-
vania do alkalickej oblasti, pri dalSom starnuti degraduju rychlejsie. [4, 5, 6, 7, 8].

Po degradicii kyslou hydrolyzou teda nasleduje degradacia uc¢inkom vysoké-
ho pH, i6nmi prechodnych kovov a latok iniciujucich radikalové oxidacné reakcie.
Alarmujuci stav knizni¢nych a archivnych dokumentov vedie k nevyhnutnosti hla-
dania postupov a technoldgii, ktoré by tento nevratny proces degradacie materia-
lov zastavili alebo spomalili. Treba hladat nové riesenia v spojitosti s materialozna-
lectvom, novymi chemickymi ¢inidlami, chemického p6sobenia na nano-techno-
logickej drovni, a pod.

V st¢asnosti sa uzndva, Ze kultdrne bohatstvo sucasnosti bude mozné pre bu-
ducnost zachranit jedine prevenciou - pouzivanim stalych a trvanlivych papierov
a pisacich ¢i tlacovych latok uz pri samotnej tvorbe knih a dokumentov [9].

Definovanie stélosti a trvanlivosti a metddy ich opisu su viackrat definované
a uvedené, napr. v publikacii [10].

Vo vztahu k stélosti a trvanlivosti papiera, sledujeme v tejto praci uc¢inok aktual-
nych zirkéniovych zlGcenin na stalost a trvanlivost papiera, ako aj moznost pouzit
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zirkdniové zltceniny na odkyslenie a zvysenie stalosti a trvanlivosti kyslych papie-
rov.

Tab. 1: Chemické prostriedky na odkyslovanie papiera
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Z tabulky ¢. 1 vidno, ze doteraz sa re$pektovalo, ze papierové archivne doku-
menty treba najskor chranit odkyslovanim. Uvazuje sa aj s posiliovanim ich me-
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chanickej pevnosti v procese odkyslovania. S tym treba suhlasit. To plati pre vietky
doterajsie pristupy.

V postupe uvedenom ako posledny uvadzame mozny novy princip odkyslova-
nia, mozno aj posiliovania a mozno aj princip vSieobecnej technolégie vyroby sta-
leho a trvanlivého papiera. Na zaklade urcitych poznatkov chemickych vlastnosti
Zr zlt€enin je mozna chemickd modifikacia bunic¢inovych vlakien zirkéniovymi zld-
¢eninami, ¢im tieto nadobudnu vyssiu stalost a trvanlivost definovanu sucasnymi
parametrami. Naviac, kyslé archivne dokumenty sa premenou na zirkéniové deri-
vaty odkysluju a odkyslené vykazuju urcité posilnenie pevnostnych parametrov.

Tiez treba pripomenut, ze papier je v kontakte s fudmi a nema obsahovat jedo-
vaté a skodlivé latky ani po odkyslovani, konzervovani a restaurovani archivnych
dokumentov.

Nasledne uvadzame niektoré charakteristické reakcie zirkéniovych zlicenin
s funk¢nymi skupinami polysacharidovych zlozZiek bunicinovych viakien (papiera).

Zirkénium reaguje silnejsie s karboxylovymi skupinami, s ktorymi tvori pevné
chemické vazby (obr. 1).

&
o s M o ™ 0
Gadhont — L drmp
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OH OH™ oy E:\,:H/zlr\
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Obr. 1: Interakcia uhlic¢itanu zirkonicito aménneho s karboxylovymi
funkénymi skupinami organickych polymérov

Vodikovymi vdzbami sa viaZze na hydroxylové skupiny s energiou v rozsahu
slabych az silnych interakcii.[11]

Kysly papier obsahuje kyselinu sirovi poévodne z priddvaného siranu hlinitého
ako papierenskej chemikalie, ktora je tiez sucastou znecisteného prostredia spolu
s oxidmi dusika a kyselinou dusi¢nou. Neutralizacia tychto kyslych zloZiek sa méze
uskutoc¢nit podla nasledujucej reakcie:

K,ZrO(COs), + Al,(SO4); — K,SO, + Zr(SO,), + Al,O, + 2CO,

Doteraz je zname pouzitie zirkdniovych zlGéenin v papierenskom priemysle na
rozne Ucely (literdrne Udaje su podrobnejsie uvedené v [12]:
a) natieranie
b) povrchové glejenie
¢) formovanie papiera a do papieroviny
d) fixacia a retencia plniv a pomocnych latok

@Wood, Pulp and Paper2014@ 375



5+ OH |, OH 5*
N NI
“-\ P ol |\ /l ‘\H/

5 H  OH "

Obr. 2: Interakcia uhli¢itanu zirkonic¢ito aménneho
s hydroxylovymi funk¢nymi skupinami

e) zlepsena praca papierenského stroja retenciou a cistenim.

2. Experimentalna cast

Na pripravu laboratérnych skusobnych harkov sa pouzila bielend sulfatova bu-
ni¢ina z ihlicnanov firmy Neusiedler SCP, a. s. Ruzomberok. Mletie na 30° SR sa vy-
konalo na laboratérnom holandri Valley (STN ISO 5267-1). Harky sa vyhotovili na
laboratéornom harkovaci Unger (STN ISO 5269-1).

Na upravu skusobnych harkov sa pouzili roztoky siranu hlinitého a uhli¢itanu
zirkonicito draselného (KZrCa). Pripraveny roztok Al,(50,);.18 H,O o koncentracii
0,00375 mol/dm?* mal hodnotu pH 3,0; roztok KZrCa o koncentracii 0,01875 mol/
dm? mal hodnotu pH 10,48.

Zirkéniovu sol, uhlic¢itan zirkonicito draselny, komercne vyrabany pod nazvom
Zirmel 1000 pre ucely prace poskytla chemicka spolo¢nost Mel Chemicals so sid-
lom v Manchesteri (Anglicko).

Jednotlivé harky boli ponorené do roztoku na dobu 2 minut, potom sa nadby-
to¢né mnozstvo roztoku nechalo odtiect a harky boli susené volne na vzduchu. Na
sériu desiatich harkov sa pouzil vzdy 11 cerstvého roztoku. MnoZzstvo napenetro-
vaného roztoku sa urcilo z prirastku hmotnosti pred a po namacani a koncentracie
roztoku.

Na sledovanie sa pouzili:
A - neutrdlne skisobné harky (pévodné, neupravované)
B - neutrélne skisobné harky okyslené siranom hlinitym
C - okyslené skusobné harky upravené zirkéniovou solou
D - neutralne skiSobné harky (A) upravené zirkdniovou solou.

Vzorky pripravenych skisobnych harkov boli podrobené urychlenému starnu-
tiu podla normy STN ISO 5630 v laboratérnej susiarni WSU 100 pri teplote 105°C
pocas 1,4,8a 12 dni.

Po urychlenom starnuti sa vzorky klimatizovali v klimatizovanej skisobni pri re-
lativnej vlhkosti 50 + 5% a teplote 23 + 1 °C podla normy ISO 187. Po klimatizacii sa
stanovili jednotlivé sledované vlastnosti.
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Priebeh urychleného starnutia sa definoval optickymi (belost, opacita) a pev-
nostnymi vlastnostami (pevnost vlakien a pevnost papiera) a kyslostou papiera
(pH).

3. Vysledky a diskusia

Limitujucou vlastnostou pre funkciu papiera ako nosica informacie (pisaného,
tlaceného a kresleného znaku) je pevnost. Tato je limitovana pevnostou vlakien.

Udaje o pevnosti vlakien a pevnosti harkov papiera sui uvedené na obr. 3, 4
v priebehu 12 dni urychleného starnutia.

Aj podla nich plati poznatok, Zze pevnost papiera je limitovana pevnostou vla-
kien, ale vysostne zaujimava stalost harkov zo samotnych bunicinovych vlakien
a hérkov upravenych KZrCa, ale aj harkov okyslenych siranom hlinitym (pH 3,4)
a nasledne upravenych (odkyslenych KZrCa) sme definovali dlhodobym urychle-
nym starnutim v priebehu 48 dni.
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Obr. 3: Zavislost nulovej trznej dizky od ¢asu urychleného starnutia pri 105 °C

Poznatky uvedené na obr. 5 su velmi povzbudzujice. Pocas sledovanej doby
starnutia sa ako stéle a trvanlivé preukazuju harky z cistej buniciny, harky z istej
buniciny s pridavkom KZrCa, ale hlavne aj harky okyselené siranom hlinitym a na-
sledne upravené KZrCa priblizne rovnakou mierou.
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Obr. 4: Zavislost trznej dizky od ¢asu urychleného starnutia pri 105 °C
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Obr. 5: Zmeny pevnosti v tahu sledovanych laboratérnych harkov
pri urychlenom starnuti 105°C

Vysledky potvrdzuju, ze zirkdniové soli vstupuju do reakcie s kyslymi zlozkami
pritomnymi v papieri a stabilizuju ho. Zirkdniové soli sa teda ukazuju ako perspek-
tivne pre odkyslovanie a stabilizaciu kyslych papierov a je pravdepodobné, Ze tuto
funkciu plnia i vtedy, ak sa pridavaju ako pomocné chemikélie pri vyrobe a Upra-
vach papiera, kde je ich priaznivy u¢inok znamy uz dlhsiu dobu. Ak pozerame na
skutocnost, Ze papier je tvoreny z polysacharidov, je vhodné reakciu so zirkénio-
vymi solami definovat napr. stupfiom substittcie a hladat optimalne vztahy me-
dzi mnozstvom pritomnych zlucenin a chemickymi viastnostami vratane stélosti
a trvanlivosti.

Pouzitie zirkdniovych zlucenin je priaznivé aj z toho pohladu, ze zatial sa uznava,
Ze nepOsobia nepriaznivo na ludsky organizmus.
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Abstract. An engineering approach for the calculation of the specific mass energy
consumption, q,,, (in kWh-t') for the heating of non-frozen wood chips in the cellulose
production has been suggested. The approach takes into account the dependenceof q,,

on the specific heat capacity of the wood, whose mathematical description has been
made earlier by one of the co-authors. For the calculation of the specific heat capacity
of the non-frozen wood chips, c,,, , and of the specific mass energy consumption for the
heating of non-frozen chips, q,,_..., according to the suggested approach, a software
program has been prepared in the calculation environment of MS Excel 2010. Using the
program, computations have been carried out for the determination of ¢, and q,,

for wood chips with initial temperatures of 0°C, 10°C, 20 °C, 30 °C, and 40 °C and with
moisture content above the hygroscopic range from 0.3 kg-kg' to 1.0 kg-kg' during
chips’ heating until reaching of mass temperatures of 80 °C, 100 °C, and 120 °C. The
obtained results are graphically presented and analysed. They are valid for chips from
all wood species that are used in the cellulose production.

Keywords: wood chips, cellulose production, heating, specific heat capacity, mass
energy consumption

1. Introduction

It is known that the cellulose fibers, which are uniquely suited to produce a
quality, uniform pulp product, come from various wood species. Raw materials enter
the mill as logs. The logs are then chipped into uniform pieces with dimensions,
such as 40 x 40 x 10 mm, to facilitate the following cooking process. The chips are
screened to remove any large or small pieces that do not fit the needed dimensions
and are then sent to the pulping area.

It is known also that the pulping is the process of cooking wood chips at a
certain temperature and pressure with specialized chemicals (Stamm, 1964). The
objective of this process is to remove the natural glue (lignin) from the chips to
reveal the individual fibers.

Before the starting of the chemical reaction between the wood chips and the
processing medium during the pulping, a pure heating process with the chips has
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been undergoing. The creation of a methodology for the calculation of the energy
consumption for the heating of wood chips until the starting of the chemical
reaction during its pulping is of certain scientific and practical interest.

The aim of the present work is to suggest an engineering approach for the
calculation of the energy consumption for the heating of non-frozen wood chips at
the beginning of the pulping process.

2. Material and methods

2.1. Classical approach for the calculation of the energy consumption for the
heating of different materials

The specific energy consumption for the heating of 1 m? of a given solid body
with an initial mass temperature T, to a final mass temperature T, is determined
using the equation (Deliiski 2013)

_ ':-'|T'{T1 _T:J]
' 3610 m

The multiplier 3.6-10°in the denominator of eq. (1) ensures that the values of g
are obtained in kWh-m?3, instead of in J-m=.

After dividing of the right part of eq. (1) by p the following equation for the
determination of the specific mass energy consumption for the heating of 1 kg of
different materials is obtained:

_ & ”— B Tﬂ]
" 3.6-10% (2)

For the practical needs it is more convenient to determine the energy
consumption gq,, in kWh-t" (i.e. for the heating of 1 ton of wood chips) according
to equation

_eT-T)

= 36-10° (2a)

2.2. Mathematical description of the specific heat capacity of the non-frozen
wood

For practical usage of eq. (2a) it is needed to have a mathematical description of
the specific heat capacity of the wood.

The wood moisture content of the raw materials used for the production of cel-
lulose, as a rule, is higher than the fiber saturation point, i.e. it is situated above the
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hygroscopic diapason. Using the experimentally determined data by Kanter (1955)
in his PhD thesis and by Chudinov (1966) in his DSc. dissertation for the change of
the specific heat capacity of non-frozen wood as a function of the temperature T
and of the wood moisture content u the following equation for the calculation of
the specific heat capacity of the non-frozen wood from all wood species above the
hygroscopic diapason have been obtained (Deliiski 2003, 2013):

- 2BB2u+ 555 | S48y + 285 T, 0.0036

L]
r'r —

T U
@ " (3)

T+u T+u T+u

2.3. An engineering approach for the calculation of the energy consumption
Im

For engineering calculations it is necessary to be able to determine according to

eg. (2a) the specific energy q,, needed for the heating of 1t wood chips with an ini-

tial mass temperature T, to a final mass temperature T,. In this case for the value
of Tin eq. (3) one must use the average arithmetic value between T, and T, i.e.

_ T+ T

2
After substituting T into eq. (3) with the average arithmetic value T = To ; T ,

it obtains the following form:
P N 3.0036

2&5'2u+555‘5.49u+2.95| | |"TL+T:‘E
1+ i ' T+ 8t w20 v 20, 4

T

o

After substituting eq. (4) into eq. (2a) the following final equation for the calcula-
tion of q,, above the hygroscopic diapason, i.e. at u > Uy, , is obtained:

2862w + 555 S+ 295 T, 4T, N 0.0036 | T+ T, o
4., 1+4 -t 2 . Tvw s 2 7, -7,
36-10° (5)

3. Results

For the solution of egs. (4) and (5) a program in the calculation environment of
MS Excel 2010 has been created (refer to http://www.gcflearnfree.org/excel2010).
With the help of the program the change in ¢% andin g%, dependingonT,, T,,
and u have been calculated.

The influence of the initial wood temperature on ¢% and on g% . has been
studied for non-frozen wood chips with t, =0°C, t,=0 °C, t,=D °C,
t,=8 °C,and t, =8 °C.The influence of the heating medium temperature,
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Fig. 1. Changein ¢* andin ¢* att =8 °C,dependingonuand t,

which is equal to the final mass temperature of the chips, on ¢% andon g% . has

been studied for t, =8 °C, t, =100 °C,and t, =120 °C .The influence of u on
c and on g” . has been studied with an interval of 0.1 -g ' in the range
038 ‘g '<u<1.0 kgkg?,in which usually the moisture content of subjected
to heating wood chips for the cellulose production falls.

The calculated according to egs. (4) and (5) change in ¢/ =f(u,t,) and in

g¥ « =f(u,t,) of subjected to heating wood chips until reaching of t, =8 °C,
t, =100 °C,and t, =120 °C is shown on Fig.1, Fig. 2, and Fig. 3 respectively.

4, Discussion

The analysis of the shown on Fig. 1, Fig. 2, and Fig. 3 results leads to the fol-
lowing conclusions:

1. The specific heat capacity of the non-frozen wood chips above the hygrosco-
pic diapason, ¢ , increases according to a slight curvilinear dependence when

the wood moisture content u increases. If the dependences ¢c® = f(u) on Figs. 1,
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Fig. 2. Changein ¢* andin g¥ at¢ =100 °c,dependingonuand ¢,
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2, and 3 are approximated with straight lines, which connect their initial and final
points, it turns out that each increase in u with 0.1 kg-kg™”' causes an increase in C::r
with approximately 106.0 J-kg'-K" at all studied combinations between values of
t, and t,.

2. The specific mass energy consumption for heating of non-frozen wood chips
above the hygroscopic diapason, q¥ ., increases according to a slight curvilinear
dependences when the wood moisture content u increases. If the dependences

g¥ . =f(u) on Figs. 1, 2, and 3 are approximated with straight lines, which con-

e

= Jkg 'y
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Fig. 3. Change in o andin g¥ att =120 °C,depending onuand ¢,

nect their initial and final points, it turns out that each increase in u with 0.1 kg-kg™
causes an increase in g% . as follows:
- with approximately 1.17 kWh-t" when the difference t,—t, =8 °C;
- with approximately 1.76 kWh-t" when the difference t, -t, =6 °C;
- with approximately 2.35 kWh-t" when the difference t,-t, =8 °C;
- with approximately 2.94 kWh-t"' when the difference ¢, —t, =100 °C;
- with approximately 3.53 kWh-t" when the difference t, - t, =120 °C.
This means that each increase in the difference t, —f, with 20 °C increases the
impact of the increase in u with 0.1 kg-kg'on g% . with approximately 0.59 kWh-t".
3. The increase in the initial chips temperature f, at given values of u and ¢,
causes a linear decrease in ¢ andin g% ..
4.The increase in the mass chips temperature at the end of the heating, {,, at
given values of u and t, causes a linear increase in ¢% andin g* . .

nfr

5. Conclusions

The present paper describes the suggested by the authors an engineering ap-
proach for the calculation of the specific mass energy consumption for the heating
of non-frozen wood chips above the hygroscopic diapason, g, (in kWh-t") in the
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cellulose production. The approach takes into account the dependence of o ON
the specific heat capacity of the wood, whose mathematical description has been
made earlier by one of the co-authors. An equation for the easy determination of
q¥ . for chips from all wood species has been derived.

For the calculation of the specific heat capacity of the non-frozen wood chips
above the hygroscopic diapason, ¢ , and of the specific mass energy consumption
for the heating of non-frozen chips, ¢* , according to the suggested approach, a
software program has been prepared in the calculation environment of MS Excel
2010.

Using the program, computations have been carried out for the determination
of ¢ and q* . for wood chips with moisture content in the range from u = 0.3 kg--
kg to u = 1.0 kg-kg™ and initial temperature in the range from ¢, =0°Cto f, =40
°C during chips’ heating until the reaching of mass temperature t,, equal to 80 °C,
100 °C, and 120 °C.

The obtained results show that the change in ¢% and g% . dependingon uis
non-linear. For the heating of chips with u= 1.0 kg-kg™ and t, =0 °C the following
values of g% . are needed:

- 7126kWht'at t,=8 °C;
- 90.56 kWh-t'at t, =100 °C;

11047 kWht' at t, =120 °C.

With an increase in t, the specific mass energy g% . decreases according to a
linear dependence and for the heating of chips with u = 1.0 kg-kg™ and £, =40 °C
the following values of g% . are needed:

- 36.82kWht'att, =8 °C;
- 56.14kWht'at t, =100 °C;

76.07 kWht" at t, =120 °C.

The obtained results can be used for a science-based determination of the ener-
gy, which is needed for the heating of the wood chips in the cellulose production.
They are also of specific importance for the optimization of the technology and of
the model-based automatic control of the chips’ heating process.
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Lignin removal from
kraft pulp mills

Per Tomani

INNVENTIA AB, Box 5604, SE-11486, Stockholm, Sweden,
e-mail: per.tomani@innventia.com

Abstract: Pulp mill biorefining is still a relatively young area in modern pulping R&D
driven by trends such as increased costs for fossil oil and wood, but also increased com-
petition on the pulp market. The need for new revenues is obvious if the pulp and pa-
per industry is to maintain its strong position. Biorefining can simplified be defined as
the efforts to reach as complete utilization of wood raw material as possible in a pulp
mill to reach as high revenues as possible. The focus in this paper is on separation of
lignin from kraft black liquors by the LignoBoost process. This process concept, whe-
re lignin is removed from alkaline kraft/soda black liquors by precipitation and filtra-
tion, has been developed in cooperation between Innventia and Chalmers University
of Technology. The technology was sold to Metso Power 2008 and was 2013 installed
in a kraft pulp mill in North America. The second installation is announced to be in the
Sunila kraft pulp mill in Finland, owned by Stora Enso. Innventia has since 2003 actively
been evaluation lignin applications. The energy applications are obvious as lignin has
high energy content. Energy applications like fuel oil replacement in lime kilns, co-inci-
neration with coal, mixtures with fuel oil and pyrolysis oil have successfully been varied
out. Even higher values can be reached in applications such as binder in various fiber
board products and feed-stock for activated carbon, carbon fibers, phenol/benzene.
The amount of lignin that can be extracted without upsetting the recovery boiler va-
ries from 0-50% of available. The ideal case is a pulp mill with a huge energy excess
in the black liquor and modern evaporation and recovery boiler. The worst case is a
recovery boiler with a low level of dry solids and a thermally overloaded recovery boi-
ler. However, the potential for lignin removal has to be evaluated individually for every
single pulp mill. Innventia is today very active in the lignin area. Many LignoBoost pre-
-studies are carried out every year in terms of laboratory experiments as well as using
mobile LignoBoost pilot equipment in pulp mills. These pre-studies often include a sys-
tem analysis covering the energy and S/Na balance as well as other consequences for
the mill. A significant part of these efforts also include production of lignin in kg scale
and tonne scale in Innventias LignoBoost demo plant in Sweden for testing in different
applications. In the development the opportunities to modify the properties of lignin
in the pulp mill including the LignoBoost process are studied extensively. Lignin for
fuel applications was the first target in the LignoBoost development. The demands on
ash content are moderate and 0.5-1% ash is in most cases acceptable. Other applica-
tions require a combination of properties that varies between different applications.
Properties that can be controlled are ash content down to 0,1%, molar mass distribu-
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tions, melting point, glass transition point as well as chemical characteristics such as
degree of cross linking, reactivity, amount of hemicellulose, phenol content etc.

GENERAL PROCESS DESCRIPTION

Several black liquors (from different wood species, annul plants) have, over the
years, been studied in the LignoBoost process where a stream of black liquor is
taken from the evaporation plant, Figure 1. The lignin in the stream is precipitat-
ed by acidification (preferred acid is CO,) and filtered (“Chamber press filter 1”in
Figure 1). Instead of washing the lignin directly after filtration the filter cake is re-
dispersed and acidified (“Cake re-slurry” in Figure 1). The resulting slurry is filtered
and washed using displacement washing (“Chamber press filter 2”in the Figure 1).

Black hiquor
sho raL.e tank

Frecipitation — VWhite Lia
Coolng & maturation e
= C

L
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Figure 1: A general layout of “the lignin separation process”
(post-treatment, i.e. drying & pulverizing, is excluded).

It should be noted that the filtrate from chamber press filter 1 (a filtration and
dewatering stage), Figure 1, should be recycled to the mill evaporation plant after
the point at which the feed stream to the LignoBoost process is located. This to
avoid a decrease in the lignin concentration in the stream fed to the process, which
would be the result if the filtrate were recycled to the beginning of the evaporation
plant. The filtrate from chamber press filter 2 (a filtration, washing and dewatering
stage) should be recycled to the weak black liquor.
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Aspects of Ecological Printing
Ivan Topolsky, Lubos Beko
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Katalyticka konverzia lignocelulozy
na vyznamné chemikalie

Milan Hronec

Fakulta chemickej a potravinarskej technolégie STU,
Radlinského 9, 812 37 Bratislava,
milan.hronec@stuba.sk

Abstrakt: Nakolko vyroba velkého mnoZstva chemikdlii a motorovych paliv je v su-
casnosti zaloZend na vycerpatelnych fosilnych surovindch, intenzivne sa hladaju aj
iné zdroje na ich vyrobu. Lignoceluléza, masovo dostupnd a obnovitelnd surovina je
najvhodnejsim kandiddtom saturovat budtce potreby, nakolko obsahuje vsetky zloz-
ky (uhlik, vodik, kyslik), ktoré sa najcastejsie vyskytuju v prevaznej vicsine chemikalii.
Vysoky surovinovy potencidl lignocelulézy je mozné vyuzit aplikdciou enzymovych
alebo katalytickych procesov na dekonstrukciu polymérnych molekdl, z ktorych pozo-
stdva prislusny typ biomasy. Vo vseobecnosti lignoceluldzu je taZsie konvertovat ako
cukry, skrob alebo oleje. To si vyZaduje pouZivat multifuncné katalyzatory na urych-
lenie réznych typov reakcii (hydrolyza, dehydratdcia, hydrogendcia, oxiddcia), ktoré
st navyse vysoko selektivne pre stiepenie specifickych C—C alebo C-O vdizieb v pris-
lusnych Struktirach molekdl lignocelulézy. Nakolko sa to nedd dosiahnut neselektiv-
nymi vysokoteplotnymi termickymi procesmi, potom neprekvapuje, Ze vyse 2/3 prdc
publikovanych v ostatnych rokoch o konverzii biomasy su katalytické. V sucasnosti su
rozpracované a poloprevddzkovo overované rézne katalytické procesy vedtce k pro-
dukcii chemikdlii, teraz masovo vyrdbanych petrochemickymi postupmi. V predndske
sa pozornost zameria na katalytické postupy vyroby kyselin (y-ketovalerovd, mravcia,
maslovd), aldehydov (furfuralu, 5-hydroxymetyl furfuralu a ich derivdtov), diolov (ety-
lénglykol a vyssie dioly), keténov (cyclopentandn, 4-hydroxy-2-cyklopentendn) a sur-
faktantov z celulézy a hemicelulézy, a aromatickych Idtok a prekurzorov vyroby poly-
uretdnov z ligninu.
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Energy savings on paper machines -
Options in real time

Vargic Ladislav, Voith Paper FRS

Abstract: Energy is one of the biggest cost driver in todays paper manufacturing.
Independant if this is steam energy, electrical energy or vacuum energy every paper
mill tries to save energy cost.Voith Paper has contributed to this and is offering tools
for this task for every paper mill. The Voith OnV EnergyProfiler records and visualizes
energy data in real time and shows potential for possible savings. Any change on the
paper machine shows the influence on energy consumption so that you can optimise
the energy cost in every paper machine section.Above that Voith can provide several
product solutions that can additionally contribute to savings in energy and water con-
sumption. In this paper some of the product are explained and results from existing
applications are shown. Huge savings are posssible with smart product solutions and
a very short return on invest.

Keywords: Energy savings, Water savings, Cost reduction, Smart product solution
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Application for paper and paperboards packaging
Oznur Ozden, Ahsen Ezel Bildik

TheUniversity of istanbul, ForestFaculty,
Department of ForestProducts Chemistry and Technology,
34473 Bahcekdy/istanbul-Turkey e-mail. ozdeno@istanbul.edu.tr

Abstract: Pulp and paper industry is one of the most important industries in the World.
Paper and Paperboard widely used in the packaging industry. Paper is lighter in basis
weight, thinner and more flexible than paperboards. The largest use for paper is in the
printing, writing, wrapping and sanitary purposes. Also Paperboards normally refers
to sheets of paper 012”(12points) or more in thickness. Analysis of using paper and
paperbords in the packaging industry is important for application packaging. There
is a need a well-equipped labrotary for this analysis. We have a labrotory like this our
department. We are doing projects and researchies with my fiends in our laboratory of
Forest Product Chemistry and Technology department. In This study, we're going to tell
our laboratory and ou rprojects. We will ask. Can we collaborate?
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Fiber Properties of Rumeks Crispus L. Root
Mertoglu - Elmas Gulnur

Istanbul university , forestry faculty,Istanbul University,
Forest Industrial Eng. Department, 34473 Istanbul, Turkey

Abstract: Rumex crispus L., is a multiyear vegetative cycled plant growing to 150 cm at
most. Lower most leaves are structured as being spare-like to reverse spare-like and as
having in widths which are longer than 3 layers. Plant’s roots and leaves are boiled for
tea making. Leaves are also consumed in various ways. It grows extensively in Turkey.
Rumex crispus extract (1,5 dihydroxy-3-methoxy-7-methyl-anthraquinone) is manufa-
ctured Rumeks crispus root as natural paper dyes. The retention properties with satu-
ration of the color are higher in stock solution and at the level of refining stage. ASAM
with Rumex crispus extract organosolv pulping is developed for in the manufacturing
of special papers. It is known as a paper dye also used of Rumex crispus extract in a
study conducted. Therefore, fiber properties of Rumex crispus was aimed to characte-
rize and to evaluate suitability of fibers for making paper in this study. The Shultz a
macerate method is used for the preparation of fibers. The image is taken by means of
Leica DM 2500 microscope according to the Tappi T 232 cm-85 at the macerated sam-
ples by preparing microscope slides and are measured fiber sizes. (lengths and diame-
ter).The results were compared with annual plants used in the pulp and paper industry.
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