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The New Papermill
is growing!
Just a year ago, on November 8, 2007, we laid the foundation stone -

-and on a sunny day In October, wuomﬂdholdﬂwmmhgmremunyln
the huge construction.

A new landmark is born , with its 400 m length and 28 m height. The
built-up space corresponds to 600 family housesl|

Day by day, the papar machine movas into ite homes, from whars it will
sarve you from July 2008,



Felelés szerkeszts: Polyanszky Eva
Titkar: Lindner Gyorgy

Folyoiratunknak ez a szama a Papyrus Hungaria Zrt. altal
forgalmazott 115 g/m?-es G-Print papiron késziilt.

KIADVANYUNK TELJES SZOVEGET AZ ORSZAGOS
SZECHENY!I KONYVTAR ELEKTRONIKUS PERIODIKA
ARCHIVUMA (EPA) ARCHIVALJA
(http://epa.oszk.hu/papiripar)

TARTALOM

PAPIRGYARTASBAN HASZNALT ROSTOK FINOMSZER-
KEZETENEK ES TULAJDONSAGAINAK JELLEMZESE UJ
TECHNOLOGIAKKAL

206 A. Treimanis: El6sz6

208 Polyénszky E.: Kilénkiadas

MEGHIVOTT ELOADOK

210 Szikla Z.: A Dunapack-Hamburger dunaujvarosi gyaranak és
az Uj csomagolopapirt gyarté gép projektjének bemutatasa

214 Hernadi S., Lele I.: Kutatasi tevékenység a cellulézrostok
finomszerkezetének terlletén a Papiripari Kutatéintézetben
(PKI) — Budapest

218 Tanczos |I.: Pirolizis gazkromatografia-témegspektrometria
és a modszer haszndlata fa, farost, szalasanyagok és ezek
szarmazékainak vizsgalatara

1. MUNKACSOPORT - Kuilbnb6z6 kezelések hatasa a papir-
ipari rostok szerkezetére és kémiai 6sszetételére

224 A. Treimanis — A. Potthast — U. Henniges — T. Roseanu — U.
Grinfelds — T. Bukova — M. Skute: Mechanikailag levalasztott
fehéritetlen és fehéritett eukaliptusz kraftcelluléz rostok fellleti
rétegeinek elemzése

230 R. Eckhart — M. Donoser — W .Bauer: Ujonnan kifejlesztett
modszer az egyedi rost rugalmassaganak méréséhez

234 T. Larsson, C. Vasile: Cellul6z szupramolekularis
szerkezetének szilard fazist NMR és Réntgen-diffrakcios
Osszehasonlitd vizsgalata fenyd kraftcellul6z roston

2. MUNKACSOPORT - Egyedi rostok kezelése és jellemzé-
siik mikrotechnolégiakkal

238 P. Ander és G. Daniel: Cellul6zrostok vizsgalata sésavval,
foszforsavval és cellulédzzal

245 R. B. Adusumalli: Egyedi cellulézrostok mikromechanikaja

246 L. Kappel, U. Hirn, W. Bauer, R. Schennach: Az egyedi rost-
rost kotések kotési terliletének mérése

3.MUNKACSOPORT - Rostok finomszerkezetének hatasa
papirképzé tulajdonsagaikra, valamint kémiai és enzimatikus
reaktivitasukra

252 J. Valchev, P. Bikov: Rostanyagok viztelenitése és az 6rlés
hatékonysaganak javitasa celluldz kezeléssel

258 M. Lecourt,P. Nougier,A. Soranzo,S. Tapin-Lingua, M. Petit-
Conil: Hogyan hat az enzimes kezelés a rost tulajdonsagaira?

264 T. Arndt, G. Meinl, K. Erhard: Cellul6zrostok finomszerkezeté-
nek viselkedése papirgyartasi vizsgalatokban

ZARSZO
270 Lele I., Vig A.: ZARSZO

Papiripar

A PAPIR- ES NYOMDAIPARI MUSZAKI EGYESULET
FOLYOIRATA

LIl. évfolyam, 6. szam, 2008.

CONTENT

CHARACTERISATION OF THE FINE STRUCTURE AND
PROPERTIES OF PAPERMAKING FIBRES USING NEW
TECHNOLOGIES

207 A. Treimanis: Preface

209 E. Polyanszky: Special issue

INVITED SPEAKERS

211 Z. Szikla: Paper Industry in Hungary

215 A. Hernadi — I. Lele: Research activity in the field of fine
structure of cellulose fibres in PRI Budapest

219 I. Tanczos: Pyrolysis-Gas Chromatography-Mass Spectros-
copy and its use for the analysis of wood pulp fibres and their
derivatives

WORKING GROUP 1. — Structure and chemical composition
of papermaking fibres after different types of treatment

225 A. Tremanis — A. Potthast — |. Henniges — T. Roseanu
— U.Grinfelds — T. Bukova — M. Skute: Analysis of surface layers
of mechanically peeled unbleached and bleached eucalyptus
kraft pulp fibres

231 R. Eckhart — M. Donoser — W. Bauer: A Newly developed
Method for Single Fiber Flexibility Measurement

235 T. Larsson, C. M. Popescu, C.Vasile: A comparative CP/MAS
BC-NMR and XRD study of the cellulose supra-molecular
structure in softwood kraft pulp fibres

WORKING GROUP 2. — Treatment and characterisation of
individual fibres by microsystem technologies

239 P. Ander, G. Daniel: Testing of pulp fibres with HCI, phosphoric
acid and cellulase

245 R. B. Adusumalli: Micromechanics of single pulp fibres

247 L. Kappel, U. Hirn, W. Bauer, R. Schennach: Measuring the
bonded area of individual fiber-to-fiber bonds

WORKING GROUP 3. — The impact of the fine structure of
fibres on their papermaking properties and their chemical and
enzymatic reactivity

253 I. Valchev, P. Bikov: Pulp dewatering and refining efficiency
improvement by cellulase treatment

259 M. Lecourt, P. Nougier, A. Soranzo, S. Tapin-Lingua, M. Petit-
Conil: How do enzymatic treatments affect fibre properties?

265 T. Arndt, G. Meinl, K. Erhard: Behaviour of cellulose fine
structures in papermaking tests

EPILOGUE
271 1. Lele, A.Vig: Epilogue



COST E54

Eloszo

El6szor is szeretném
megkdszonni a ,Papiripar”
szerkesztdbizottsdganak,
hogy megjelenteti az EU
E54 COST Akcié 2008.
oktéber 16-17-én Buda-
pesten ,Papirgyartasban
hasznalt rostok finom-
szerkezetének és tulaj-
donsagainak jellemzése
uj technologiakkal” cim-
mel megtartott szakszemi-
nariumanak eléadasait.

Az E54 COST Akcio
2006-ban indult és 2010. decemberig tart. Méig 19
orszag csatlakozott az Akcidhoz, és szamos, a COST-
ban nem résztvevé orszag tudosai fejezték ki kivan-
sagukat, hogy bekapcsolédjanak a projekt tevékeny-
ségébe.

Az E54 Akcio f6 célkitlizése az, hogy Uj isme-
reteket szerezziink a papiripari rostok mikro- és
nanoszerkezetérdl, és a rostok hatékony és fenntart-
hat¢ felhasznaldsahoz sziikséges tulajdonsagokrol a
hagyomanyos és az Uj termékekben.

Orémoémre szolgél, hogy arrél tajékoztathatom
Onoket, hogy az Akci6 eddigi kétéves periédusa alatt
szdmos nagyon érdekes megkozelitést és modszert
dolgoztak ki az Akcio résztvevéi. Ennek egy része tiik-
rozédik az Ujsagnak ebben a kiadasaban.

Prof. Arnis Treimanis

Az E54COST Akcié harom munkacsoportot (MCS)
fog at.

MCS1: Kiilonb6z6 kezelések hatasa a papiripari
rostok szerkezetére és kémiai 6sszetételére

A Munkacsoport tevékenységének célja, hogy

- Uj jellemzési és értékelési modszereket fejlesz-
szen ki és

+ Uj adatokat gydjtson és generdljon a papir-
gyartasban hasznalt rostok finomszerkezetére
vonatkozdan, olyan korilmények kozott, ahogy
ezeket az ipari folyamatokban eléallitjak.

A Munkacsoport tevékenysége a rostok finom- és
nanoszerkezetére koncentral a leginkdbb relevéns

és recycling technikakat kdvetéen.
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MCS2: Egyedi rostok kezelése és jellemzésiik
mikrotechnoldgiakkal;

Ez a Munkacsoport Uj eszkdzok kidolgozésa-
ra fékuszél, nevezetesen a mikrotechnolégidkra,
melyekkel az egyedi rostokat kezelni lehet, és a
rostszerkezeteket laboratériumi korilmények kozott
lehet vizsgalni.

MCS3: Rostok finomszerkezetének hatasa
papirképzé tulajdonsagaikra, valamint kémiai és
enzimatikus reakcioképességiikre

A 3. Munkacsoport kutatdi és szakértéi tapaszta-
latot cseréltek a rostok finomszerkezetének és médo-
sitasaiknak a bel6lik gyartott papirok tulajdonsagai-
ra gyakorolt hatdsarél. A munka lényege kiilonb6zé
kérdésekre koncentralt:

» milyen hatdst gyakorolnak a kémiai mechaniz-
musok a rostok nano-feliiletén (azaz példaul
a maradék lignin, hemicelluléz és funkciondlis
csoportok mennyisége és elhelyezkedése) a fon-
tosabb rosttulajdonsagokra, és ezt hogyan lehet
értelmezni a papir minéségére vonatkozodan?

- a rostfelliletek mechanikai paraméterei, mint
pl. a rostfal vastagsaga, a rostfal porozitasa,
valamint keménysége hogyan hat a rost tulaj-
donségaira és igy a végsé papirtermékre?

A hdrom munkacsoport kdzott kapcsolat alakult
ki és ezt fenn is kell tartani, mivel minden szempont
fontos a papirgyartasban hasznalt rostok finomszer-
kezetének és kémidjanak jobb megértéséhez.

Végezetil szeretném megkdszonni az E54 COST
Akcié Budapesten megtartott szakszemindriuma helyi
szervezdinek a kivalé munkat, mellyel biztositottak a
nagyon sikeres és gyiimolcs6zd tanacskozast. Koziliik
szeretném megemliteni Dr. Vig Andras, Lele Istvan,
Sz6ke Andras, Pesti Sandor és Dr. Szikla Zoltan urakat.

Az Akcid kovetkezd Uilésére Tamperében, Finnor-
szagban kertl sor, 2009. majus 4-6 kozott.

Prof. Arnis Treimanis, Riga, Lettorszdg
a COST E54 Akcid elndke
arnis.treimanis@edi.lv



COST E54

Preface

First of all  would like to thank the Editorial Board
of the journal ,Papiripar” for its kind consent to pub-
lish the proceedings of the EU COST Action E54 ,,Char-
acterisation of the fine structure and properties
of papermaking fibres using new technologies”
Workshop in Budapest 16-17 October 2008.

COST Action E54 started in 2006 and will last till
December 2010. Now 19 countries have joined the
Action, and the scientists from several COST non-par-
ticipating institutions have expressed their wish to
enroll in the project activities.

The main objective of the Action E54 is to gener-
ate new knowledge on the micro- and nanostructure
of papermaking fibres and properties required for
efficient and sustainable use of fibres in traditional
and new products.

Itis my pleasure to note that during two years of the
Action’s time span several very interesting approaches
and methods were developed by the Action’s partici-
pants. Part of them is reflected in this journal issue.

COST Action E54 comprises three working
groups.

WG1: Structure and chemical composition of
papermaking fibres after different types of treat-
ments

The objective of the activities of this WG is to

- develop new methods for the characterisation
and assessment, and

- to accumulate and generate new data on the
fine structure of fibres for papermaking as they
are produced in industrial processes.

The activities of this WG are focused on the fine
and nano-structure of the fibres after the most rel-
evant industrial treatment techniques, in particular
pulping, bleaching, beating and recycling.

WG2: Treatment and characterisation of indi-
vidual fibres by microsystem technologies

This WG is focused on the development of new
instruments namely microsystem technologies by
which individual fibres can be treated and fibre struc-
tures can be investigated at laboratory scale.

WG3. The impact of the fine structure of fibres
on their papermaking properties and their chemi-
cal and enzymatic reactivity

The scientists and experts of WG3 exchange their
experience with respect to the impact of the fine
structure of fibres and their modification on the qual-
ity of the paper produced thereof. The emphasis of
the work is focused on different questions:

- whatis the impact of the chemical mechanisms
at the nano-surface of fibres, i.e. the amount
and localisation of, for example, residual lignin,
hemicelluloses and functional groups, on
major fibre properties and how does this trans-
late into paper quality?

« how will mechanical parameters of fibre sur-
faces such as fibre wall thickness, fibre wall
porosity as well as hardness influence the fibre
properties and thus that of the final paper
product?

The links between the three working groups are
created and have to be maintained since all aspects
are important for a better understanding of the fine
structure and chemistry of papermaking fibres.

Finally | would like to cordially thank the local
organizers of the COST Action E54 Workshop in
Budapest for their excellent work to guarantee a
very successful and fruitful meeting. Among them
I would like to mention Dr. Andréas Vig, Mr. Istvan
Lele, Mr. Andras Sz6ke, Mr. Sdndor Pesti, Mr. Zoltan
Szikla.

Next meeting of the Action takes place in Tam-
pere, Finland, 4-6 May, 2009.

Chairman of the COST Action E54
Prof. Arnis Treimanis, Riga, Latvia.
e-mail: arnis.treimanis@edi.lv

ocosE
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Kiilonkiadas

Megtiszteltetés
egyesiiletink PAPIR-
IPAR c. lapja szamara,
hogy egy nemzetkozi
kutatasi egyuttmiko-
dés (COST E54 akcio)
2008 oktober 16-17-
iki budapesti Ulésérdl
tudosithat.

Ebben az akcio-
ban 19 eurdpai orszag,
koéztik Magyarorszag
mukodik egydtt, hogy
minden partner a sajat tudasat, mlszereit latba
vesse egy kozos cél érdekében: ismerjuk meg
minél alaposabban a cellulézrost azon tulaj-
donsagait, meiyek felelések a papirgyartas
soran a rostok viselkedéséért. A végsé cél
pedig a minél jobb min6ségl papir elballitasa.

Alapitd fészerkeszténk, Dr. Vamos Gydérgy
biztos 6rémmel venné kézbe ezt az Ujsagot,
mely a klasszikus kutatas nemzetkézi egytittm-
kddésben létrehozott eredményeit mutatja be.

Személy szerintszamomra kulén 6rém, hogy
a konferencia soran az akcio olyan résztvevéivel

Polyanszky Eva

is talalkozhattam, akikkel a 90-es évek elejétdl
tébb mint 10 éven at — Magyarorszag COST
képviseldjeként — egylttmikddhettink sza-
mos kozOs kutatdsban az életciklusanalizistdl
az elfolyasmentes papirgyartasig stb, melyek
mindegyikének eredményei alapvet6 fontossa-
guak a papirgyartasban.

Magyar olvasoéinknak biztosan feltlinik,
hogy az Ujsag szerkezete eltér az utdbbi idében
megszokottdl. Az akcio és a konferencia beosz-
téasa szerint munkacsoportonként mutatjuk be
12 el6adas roviditett valtozatat angolul, illetve
magyar 6sszefoglaléval azok szamara, akiknek
az angol szakszoveg esetleg gondot okozna.

Ez a szam kilonleges tehat, de a kdvetkezd
is feltehetden is az lesz, mert semmi sem 6rok,
csak a valtozas.

Ujsagunk jové évi megjelenése — gazdasa-
gi és szakmai okok miatt — nagy valdszinlség-
gel sok ujdonsaggal szolgal majd olvasoéink
szamara.

Polyénszky Eva
fészerkesztd
polyeva@dunakanyar.net

APIR- Es
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ORGANIZATOR
TEcCHNICAL ASSOCIATION OF PAPER AND PRINTING INDUSTRY — BUDAPEST

NPARI MUS
o <

6’(’DA PEST 2%°
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Special issue

It is an honour for the journal of our Asso-
ciation ,PAPIRIPAR” to report on the ses-
sion of an international research co-opera-
tion (COST Action E54) held in Budapest on
16-17 October 2008. There are 19 European
countries including Hungary co-operating so
that each partner contributes his knowledge,
instruments serving one common goal: to be
more and more familiar with the properties of
the cellulose fibre that are responsible for the
behaviour of fibres during papermaking. The
final objective is the production of paper of the
possible highest quality.

Our founder and editor-in-chief, Dr. George
Vamos would be happy to take this journal in
his hands demonstrating the results achieved in
international co-operation of a classic research.
For me personally it is a special privilege that
during the conference | could meet participants
of the Action whom | had the chance, in my
capacity of Hungary’s COST-representative, to
work together over more than ten years from
the beginning of the nineties, in several joint

research projects, from “life cycle assessment”
through “papermaking towards zero liquid efflu-
ent” etc., the results of which are of basic impor-
tance in papermaking.

Our Hungarian readers will probably realize
that the structure of the journal differs from that
of the ordinary appearance. According to the
Action and Conference schedule an abbrevi-
ated version of twelve papers will be introduced
by Working Groups in English and with summa-
ry in Hungarian for those whom the understand-
ing of the English technical text would cause
difficulties. This issue will be thus a special one
but presumably the next one will be the same
since nothing is eternal but the changes.

The appearance of our journal in the next
year, due to economic and professional reasons
will, most probably, furnish our readers with lot
of novelties.

Eva Polyanszky
redactor in chief
polyeva@dunakanyar.net

209



MEGHIVOTT ELOADOK

A Dunapack-Hamburger dunaujvarosi gyaranak
és az uj csomagolopapirt gyartéd gép
projektjének bemutatasa

Dr. Szikla Zoltan Dunapack Zrt. elnékhelyettese

H-1215-Budapest, Duna u. 42.
e-mail: zoltan.szikla@dunapack.hu

A Prinzhorn csoport
bemutatasa vezeti be az
eléadast. Bemutatasra
keril a magyarorsza-
gi papirgyartasban és
papirfeldolgozasbanvalo
dominans szerepe. Az
elmult évben a csoport
arbevételének tobb mint
28%-a szarmazott mas
kozép- és kelet-eurdpai
Dunapack leanyvallala-
toktol. Az el6éadod a Duna-
Ujvarosi telephely jelen-
legi és jovébeli struktarajat mutatja be. Itta Ham-
burger Hungaria Kft. (j gépének felfutasa utan a
jové évben 520.000 t/év papirgyarté kapacitas all
rendelkezésre. A 205 millié eurds beruhazas szive
a 7,8 m széles papirgép, konstrukciés sebessége
1.500 m/perc, barna 70-150 g/m? hulladékalapu
csomagolépapirokat fog gyartani. A technolégia
néhany technikai részlete mellett a hallgatésag a
hulladékpapir-forgalomrol is kap adatokat.

Szikla Zoltan

Gyarlatogatas a COST E54 programjaban

A Cost 54 akcidprogram magyarorszagi tlése
soran az érdekl6ddk kozel 40 fés csapata meg-
latogatta a Dunapack Ltd Dunadjvarosi Gyarat.
A latogatas aktualitasat az adta, hogy pont az
Ulés megnyitasat megel6z6 napokban tartottak
Kdzép-Kelet Europa legnagyobb papiripari beru-
hazasanak bokrétalinnepségét. A gyarlatogatas
soran a latogatok meggy6ézédhettek a meglévd
egység muikodési korilményeirél, mely éppen
akkor 100 g/m?2-es hullamositott réteget 900
méter feletti sebességgel gyartott, valamint meg-
tekinthették az uj papirgép épitészeti eredményeit
is. Meggy6zddhettek arrol, ahogy az alabbiakban
idézett kiadott sajtokézlemény nemcsak reali-
san ambici6ézus célokat fogalmazott meg, hanem
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annak hataridés megvalésitasa a legjobb ltem-
ben halad.

Bokrétailinnepség

Az oktéber 14-i bokrétalinnepségen — ame-
lyen a tulajdonos Thomas Prinzhorn is részt vett
— Galli Miklés, a Dunapack Zrt vezérigazgatoja
arrol is beszélt, hogy a pénzigyi valsag kozve-
tetten érintheti ugyan a céget, de a beruhazast
semmiképpen.

Braunecker Antal, a tarsasag értékesitési igaz-
gatéja pedig azt hangsulyozta, hogy a régidban
szllkség van egy ilyen kapacitasu gyar felépitésére.
Magyarorszagon ugyanis ma kb. 500.000 tonna
hulladékpapirt gyljtenek be. Az 0j gyar évente
400.000 tonnat hasznosit majd, az orszag hulla-
dékpapir termelésének nagy részét feldolgozza.

Bencs Attila projektvezetd a bokrétalinnepsé-
gen felidézte, hogy az Uj Uzem alapkovét tavaly
novemberben raktak le, idén szeptemberben pedig
megkezdddott a gyartd berendezések telepitése,
szerelése. A probauzemelést j6v6 év majusara
tervezik a szakemberek, 2009. juliusaban pedig a
tervek szerint elindul a papirtermelés.

Ez a fejlesztés az eddigi legnagyobb magan-
er6s kornyezetvédelmi beruhazas Magyarorsza-
gon, amelynek révén az orszag teljesiteni tudja
az Eurépai Unids iranyelvekben Magyarorszagra
meghatarozott hulladékpapir-hasznositasi kétele-
zettséget.

Az Uj papirgép a felhasznaldk igényei szerint
kiilbnlegesen vékony és kdonny( csomagolopapirt
fog gyartani — 70 és 150 g kozotti négyzetméter-
sulyban —, kézel nyolc méter szélességl teker-
csekben, a termékek széles skalajanak biztonsa-
gos csomagolasara.

Az Uzem mintegy 280 fének biztosit munkat
kozvetleniil, de a beruhazas megvaldsulasa révén
a térségben tovabbi mintegy 600 f6 szamara oldo-
dik meg a foglalkoztatottsag.



INVITED SPEAKERS

Paper Industry in Hungary
Dr. Zoltan Szikla

Vice President of Dunapack Paper and Packagings Ltd.

Hungary-1215-Budapest, Duna u. 42.
e-mail: zoltan.szikla@dunapack.hu

Introduction

The Prinzhorn Group is an international pri-
vate owned paper and packaging producer. Its
turnover amounted last year to 1094 million €.
The production capacities reach 1.150.000 t
containerboard, 565.000 t corrugated prod-
ucts and 183.000 t label paper. The concern
employs 3.779 people in 9 European countries.
The Dunapack Group’s share from the total
capacity is 26% in the paper business and
59% in the converting business. In Hungary
there are two paper mills totally with 310.000t/a
containerboard capacity and three corrugating
mills with 155.000 t/a capacity.

In 2007 Dunapack’s Hungarian share was
above 55% both in the total paper produc-
tion and in the corrugated production. The
change of the Hungarian paper and board
production and consumption in the last few
years is shown in Fig. 1. Fig. 2 shows figures
of the corrugated board industry in the same
period.

The biggest still running papermachine in
Hungary is the PM3 in Dunaujvaros/Dunapack.
The annual capacity for 100% recycled cor-
rugated medium is 170.000 t. The corrugating
machine at that site had a capacity of 61 million
gm. At the Dunaujvaros site of Dunapack 250
people are employed.

Investment of Hamburger Hungaria Ltd
in Dunaujvaros

At that site the investment of the new paper-
machine of the Prinzhorn Group is on stream.
The project is managed by the subsidiary
Hamburger Hungaria Ltd. The main items and
targets of the project are a paper machine with
350.000 t/a capacity for Wellenstoff, Testliner

2 and 3, Schrenz in the range of 70-150 g/gm,
a waste paper and a finished good store for
approx. two weeks of production. The planned
production speed reaches 1350 m/min with 7,8
m trimmed width. Foundation works started
in November 2007 and start up is targeted in
June 2009. The investment costs reach 205
million €. The machinery takes about 60% of
that. The main suppliers are

Item Supplier
Paper machine Voith
Slitter-winder Metso
System planning TMB/BMH
Transformators Siemens
Drive, motors ABB

The new stores of the mill will have a direct
connection to the existing systems on both
sides, to the recovered paper side and to the
automatic roll warehouse. The stock prepara-
tion — with a conventional pulper, high and low
consistency cleaning, fractionating — has ele-
ments which have already been approved in the
existing mills. The paper machine has a Duo-

Paper consumption and production in
Hungary
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Fig. 1.
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Consumption and production of
corrugated boxes in Hungary
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Former Masterjet || former, a three nip Nipcoflex
press with shoe press nip, combined drying with
one and two raw drying cylinder, a Speed Sizer
as filmpress.

With this new machine — the only new one
in the last decades in the Central-Eastern-Euro-
pean region- a big gap will be closed for the

INVITED SPEAKERS

packaging industry. The lightweight container-
board production will come nearer to the mar-
ket where the biggest growth is forecasted for
the common years. The investment involves
environmental goals, too. As the Fig. 3 shows
Dunapack/Hamburger will certainly remain the
biggest user of the domestic packaging waste in
Hungary, even in the case, if the volume of the
collected recovered paper will grow in measure
represened in the figure.

The increase of the collection of recov-
ered paper shows that after a shorter period
of import necessity the Hungarian collection
and the closed region can cover the demand
of the new machine on commodity grades. See
Fig. 4.

Conclusion

The growth of the recovered paper collec-
tion, the containerboard and corrugated board
production, consumption was since the mid-
dle of the nineties continuous. The increasing
demand on modern packaging makes neces-
sary to start production of new light weight
RCCM grades in the region. The trend and
the must of growing recovered paper collec-
tion makes possible to use Hungarian tradition
of papermaking at Dunaujvaros in economical
size with the new PM7 from Hamburger Hun-
garia Itd.

ocosE
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Kutatasi tevékenység a cellulézrostok
finomszerkezetének teriiletén
a Papiripari Kutatoéintézetben (PKI) Budapest

Hernadi Sandor — Lele Istvan
Papiripari Kutatéintézet Kft.
H-1215 Budapest, Duna u. 57.
Tel: (36-1)-277-37-50, Fax: (36-1)-276-59-21
e-mail: a.hernadi@pki.axelero.net

Lele Istvan

Hernadi Sandor

A Papiripari Kutatointézetet 1949-ben ala-
pitottak mint 6nallé kutatasi szervezetet, amely
a celluléz- és papirgyartas, nyomtatas és a
kapcsolodo iparagak teriletén fellépd problé-
makkal foglalkozott.

Az intézetet 1991-ben magantulajdonu
céggé alakitottak.

Jelenleg az intézet a kdvetkezd szolgalta-
tasokat nyujtja a cellul6z- és papiripar, papir-
feldolgozas és nyomtatas terlletén mikoédé
vallalatok és intézmények szamara:

— Kutatas és fejlesztés

— Vizsgalatok, szakért6i mérések

— Mdszaki és tudomanyos informacios szol-
galtatas

— Statisztikai és piaci informéaciés szolgal-
tatés

— Elméleti és gyakorlati oktatas, részvétel
féiskolai és egyetemi képzésben

— Szabvanyositassal kapcsolatos munkak-
ban valé részvétel
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A rostok szerkezetét vizsgaltuk tébbek
kozott

— Higany poroziméterrel

— Letapogaté elektronmikroszkdppal (SEM)

— Kilénb6z6 modszerek hasznalataval a
rost-viz kélcsénhatas tanulmanyozasaval.

Kulénb6z6 alapanyagok, valamint papirok
és téltbanyagok porusszerkezetét vizsgaltuk.
Kulénb6zé facellul6zok és egynyari névények
péruseloszlasat és poérusatmeéréjét mértuk. Majd
a papirlapok porusait osztalyoztuk méret szerint.
Megallapitottuk, hogy a papirlapok harom kulén-
b6z6 poérussal, makropérussal, mikropdrussal
és szubmikroporussal rendelkeznek.

SEM technikat alkalmaztunk a cellulézros-
tok felliletének vizsgalatahoz:

— Oregitést
— kilénb6z6 kezeléseket, illetve
— rostfrakcionalast kévetéen.

Példaként néhany képet mutatunk az 6re-
gitett papirfelliletre és papirlapokra, melyeket
Bauer McNett frakcionatoron frakcionalt rostok-
bal allitottunk eld.

A rost-viz kblcsénhatast

— Klemm szerinti vizfelvétellel

— Vizbe torténd bemerités utani vizfelvétellel

— A papir fellletére ejtett viz felszivodasaval

— PDA készulékkel mért, rovid ideig tartd
papirnedvesitéssel vizsgaltuk.
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Research activity
in the field of fine structure

of cellulose fibres in PRI

Alex Hernadi and Istvan Lele
Paper Research Indrustry, Budapest
H-1215 Budapest, Duna u. 57.

Tel: (36-1)-277-37-50, Fax: (36-1)-276-59-21
e-mail: a.hernadi@pki.axelero.net

Introduction

History of the Hungarian pulp and paper
research.

Foundation of the research institute: 1949,
its transformation into private company: 1991.

Based on its almost 60 years experience the
Hungarian Paper Research Institute offers its
services for companies and institutions, oper-
ating in the pulp and paper, paper converting,
packaging, printing and related industries, as
well as in trade and education.

We offer the following services:

— research and development in the area of
pulp and paper production, paper and board
converting, gluing, printing, environmental
protection, collection and service of market,
trade, production and technical data.

— tests, certifying measurements

— service of technical and scientific information

— service of statistical and market information

— theoretical and practical training, voca-
tional education

— contribution to the formation and introduc-
tion of standarts

Experimental

The structure of fibres was investigated by
— Mercury porosimetry

— Scanning electron microscopy

— Studying fibre- water interaction using dif-
ferent methods

Results and discussion
MERCURY POROSIMETRY

One method for measurement of porosity of
fibres and paper sheets is the mercury porosim-
etry. The clue of this method is that the mercury
does not wet fibres and under pressure fills their
pores

p =-2y-cosO/r

there y — surface tension of mercury,
6 — contact angle of mercury on the
solid surface

Pore volume and pore size distribution can
be calculated from capillary resistance and
outer pressure.

A Carlo Erba mercury porosimeter meas-
ures the total pore volume in the range 0,1 — 100
cm®/g. The applied pressure during measure-
ment changes between 10* — 10% Pa.

Average pore radii of different fibres are
given in Table 1.

» The pore structure of paper [1]

Paper itself contains a cluster of voids of
different types and origin. The void system is
incorporated in and amongst the components
of solid network. Different methods can be
used to investigate the effect of raw materials,
rate of delignification, mechanical treatment
(beating and pressing) on the pore volume
and pore radii. It was established that the cel-
lulose fibre has at least three different pore
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Sample Averge pore radii, pm
Micropores [Macropores
Linter 3,4 22
Black pine
TMP 3,2 10
NSSC 3,1 17
Chemical pulp 3,4 17
Bleached chemical 3,3 28
pulp
Poplar
TMP 3,4 24
NSSC 3,3 36
Chemical pulp 1,2 24
Bleached chemical 1,4 32
pulp
Beech
Chemical pulp 3,4 30
Straw
Chemical pulp 1,7 34
Bleached chemical 1,0 31
pulp

Table 1. Pore radii

system depending on the form of existence
of fibres:

— submicropores, which exist only in swollen
state between lamellas of microfibrilles,

— micropores, which are in the fibre wall and
in the lumen and in pitch hole etc.,

— macropores which are the interfibre voids
existing only in paper sheet and disap-
pearing in pulp slurry condition

SCANNING ELECTRON MICROSCOPY

Scanning electron microscopy (SEM) was
used to investigate the surface of cellulose
fibres after

— ageing,

— different treatments,

— fractionating of fibres.

Some pictures can be seen on the next
pictures:

paper from 1797

Fig. 1.: SEM pictures of ancient papers

original sam
%

P e 14-30-fraction _

30-50 fraction

Fig. 2.: SEM picture of different fractions of OCC fibres
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Fig. 3.: Water take-up of enzimatically treated aged paper

Fig. 5.: Some curves of short time wetting on different paper
surfaces

moist sample of matenal moist sample of matenal

without trapped air with frapped air

il Summary

PRI as an industrial applied research institu-
tion uses special methods of research for the
solution of industrial problems

— Beside this PRI also takes role in aca-

demic research and in the education

— Staff of the institute is involved into the

education of students and PhD students

— Scientists of the institute participate on

national and international conferences
and symposia

gquid diry sample of material  adhesive tape sarriple holder

Fig. 4.: Measuring principle of PDA device References
STUDYING FIBRE-WATER INTERACTION BY [11 Hernadi S.: A papirban levé poérusok
szerkezete, azok mérete és meghataro-
— water take up by Klemm Fig. 3. zasanak modja (Structure of the pores
— water take up after immersion into water in the paper)
— suction of water dropped onto the paper Papiripar 47 (1) 11-15 (2003)
surface
— short time wetting of paper measured by [2] HernadiS.—Lelel.—Rab A.: Kuldnb6zd
PDA device (Fig. 4) szekunderrostok inicial nedvesedése és
lapképzé tulajdonsagai kdzotti dssze-
Results of short time wetting of paper meas- fuggések vizsgalata (Initial wetting of
ured by PDA device are shown in Fig. 5. [2] different secondary fibres)

Papiripar 47 (4) 126-130 (2003)
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Pirolizis gazkromatografia-tomegspektrometria
és a modszer hasznalata fa, farost, szalasanyagok

és ezek szarmazékainak vizsgalatara

Tanczos lldiko
Alumna — Johannes Kepler Universitat Linz, Austria
email: ildiko.tanczos@agosys.com

A pirolizis gazkroma-
tografia-tomegspektro-
metria (Py-GC/MS) egy
gyors és rendkivil haté-
kony médszer komplex
szerkezetli szintetikus, s
féleg természetes poli-
merek analizisére, vala-
mint t6bbkomponensi
Osszetett rendszerek,
mint pl. a papir is, vizsga-
latéra. A termikus vagy a
reaktiv pirolizis termékeit
gazkromatograf segitseé-
gével valasztjuk szét, s tdmegspektrumuk alapjan
azonositjuk. A bomlastermékek analizisébdl indirekt
moédon kapunk informaciét az eredeti mintarol.

Er6sen polaris anyagok pirolizisekor gyak-
ran a keletkezd termékek is erésen polarosak,
melyek nehezen jutnak at a pirolizatorbdl a
gazkromatografra, s direkt kromatografias analizi-
siik is igen problematikus. Mellékreakcioként pedig
dekarboxilezddés fordulhat eld.

Ezen hatranyok kiklszdbolésére vezette be
Challinor a 90-es években a tetrametil-ammo-
niumhidroxid (TMAH), mint reaktiv agens hasz-
nalatat a pirolizisben. A TMAH segiti a nagy
molekulaju anyagok lugos hidrolizisét és kbzepes
metilez6 hatasa révén segiti a bomlastermékek
kromatografias analizisét. A modszer leginkabb
elterjedt megnevezése: termikusan segitett hidroli-
zis és metilezés — roviditve THM.

Mi a linzi egyetemen vizsgéaltuk a TMAH ana-
litikai és technologiai alkalmazasanak bizonyos
aspektusait.

Az analitikai alkalmazasban tanulmanyoz-
tuk kilénbozé fa-, lignin és cellulbzminta, vala-
mint szamos modellvegyiilet reaktiv pirolizisét.
Magyarazatot talaltunk a fa- és ligninmintak THM
pirogramjaiban korabban megfigyelt intenziv ben-
zoesav-metilészter szarmazékok megjelenésére.
Modellvegyuletekkel végzett kisérletekkel bebi-

Tanczos Illdiké
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zonyitottuk, hogy a pirolizis kértlményei kozott
a ligninbdl tipikusan keletkez6 benzaldehidek a
jelenlévé TMAH hatasara Cannizzaro reakcidéban
vesznek részt, ahol az ekvimolarisan keletkez6 sav
és alkohol parosbol a benzoesavak rogtén teljes
mértékben metilezédnek észterekké, az alkoholok
pedig kémiai szerkezetiiktdl fliggéen csak részben
alakulnak at metil-éterré.

A celluléz és hemicellulézok hagyomanyos
pirolizise rendkivil sok terméket eredményez, ami
Jingerprint” (ujjlenyomat) jellemzésre nemigen alkal-
mas. A TMAH-ot Fabbri alkalmazta elészér mono-,
di- és poliszacharidok pirolizisében. A hagyoma-
nyos pirolizistél eltérd és kevesebb terméket kapott,
kodzottik a cukrok lugos reakcioira jellemzd szacha-
rinsavak metilezett szarmazékait. Mi uronsav THM
analizisének alkalikus bomlasra jellemz8 szarmazé-
kat talaltuk és azonositottuk a pirogramban.

Az analitikaban, kilénésen a lignin hidrolizisé-
ben jol bevalt TMAH-t technoldgiai folyamatokban
is kiprobaltuk. A fafeltarasban a natrium-hidroxid
helyett alkalmazva, ugyanolyan molaris koncentra-
cio és héfok mellett, jelentésen alacsonyabb kappa
szam és konnyebb fehérithetéség volt elérhetd
a celluléz minéségének és hozamanak csokke-
nése nélkul. Kraft feltarasban TMAH megfeleld
aranyu alkalmazasa NaOH helyett lehetéve teszi
a szulfiditas csokkentését, mikozben a kitermelés
akar néhet is. Lo-solids® folyamatokban rogtén az
elsd, az impregnacios fazisban alkalmazva mutat-
kozik meg elényds hatasa. A TMAH cellulézra gya-
korolt hatasanak vizsgalata soran megallapitottuk,
hogy 2 mol/l koncentracié fol6tt joval erésebben
duzzasztja a cellulézt, mint a NaOH, ugyanakkor a
cellul6z késlelteti a TMAH termikus bomlasat.

A Py-GC/MS technika rendkivil egyszer(
moédszernek mutatkozott fa- és cellulézszarma-
zékok analizisére. Ujonnan kidolgozott eljaras-
sal, izopropenil-acetat segitségével acetilezett
vagy acilezett szarmazékok acilezési fokanak, a
szubsztituensek aranyanak mintael6készités nél-
klli gyors meghatarozéasat teszi lehetévé.
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Pyrolysis-Gas Chromatography-Mass Spectroscopy
and its use for the analysis of wood, pulp, fibers

and their derivatives

lIdiko Tanczos
Alumna — Johannes Kepler University Linz, Austria
email: ildiko.tanczos@agosys.com

Summary

The Pyrolysis Gas-Chromatography Mass-
Spectrometry is a very quick and high-power
method for the analysis of complex structure of
wood, fibres and papers. The use of tetramethyl-
ammonium hydroxide (TMAH) in the pyrolysis sig-
nificantly increases the efficiency of the method.
The thermally assisted hydrolysis and methylation
(THM) was applied in the analysis of different
wood and lignin samples as well as for lignin model
compounds. The origin of benzene carboxylic acid
methyl esters in the pyrograms of lignin and wood
was declared. On the field of carbohydrates the
pyrolysis of uronic acid was emphasized. TMAH,
the chemical agent of the reactive pyrolysis, was
applied also in technical processes as pulping of
wood and swelling of cellulose. The Py-GC/MS
proved to be very useful in the analysis of vari-
ously acylated wood samples, too.

Introduction

In spite of the great development in the analyt-
ical equipments, the analysis of natural materials
as wood and fibres is difficult due to their complex
structure and the high molecular weight of the
components. Instead of a direct analysis, the
analysis of their pyrolytic decomposition products
provides an alternative possibility.

The products evolving at the pyrolysis will be
separated by gas chromatograph and analyzed
by mass spectrometry (Py-GC/MS). The original
structure will be concluded from the decomposi-
tion products. The modern multifunctional pyrolysis
systems enable evolved gas analysis, flash pyroly-
sis, reactive pyrolysis, thermal desorption and
double-shot analysis [1].

The Py-GC/MS is a quick and high-power
method especially for the chemical characteriza-

tion of complex structures, both synthetic and
natural polymers even in different composites (for
example wood, wood composites, fibres, paper
with additives, etc.).

Very small amount of samples are needed
and in a very short time characteristic fingerprints
can be obtained from the samples without being
isolated their components.

However, pyrolytic analysis of highly polar sam-
ples may lead to incorrect conclusions if highly polar
products are evolved which are difficult to transfer
from the pyrolizer to the GC and are almost impos-
sible to chromatograph. Furthermore, as unwanted
thermal reaction decarboxylation may occur.

At the beginning of the nineties John Challinor
[2] suggested the usage of tetramethylammonium
hydroxide (TMAH) as reactive agent in the pyroly-
sis to avoid the above mentioned limitations. The
TMAH is a strong base and a moderate methylat-
ing agent (Fig. 1).

The naming of the reactive pyrolysis method is
not uniform. It is referred in the literature as:

* Pyrolysis in the presence of tetramethyl-
ammonium hydroxide
* Pyrolysis-methylation GC/MS

CHs
H3C_N_CH3 OH_

CHs

Fig.1. Tetramethylammonium hydroxide
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* Thermochemolysis
¢ TMAH thermochemolysis and
* Thermal Hydrolysis and Methylation (THM)

Advantages of the THM analysis:

— Alkaline media helps the hydrolysis of poly-
mers

— Fewer decomposition products — but differ-
ent from the conventional pyrolysis

— The product yields are higher

— Lower temperature is enabled due to the
chemical hydrolysis

— Pyrolytic decarboxylation may be avoided

— The evolved free carboxylic acids will be
methylated

— Organic alcohols may be also methylated

— The methylated products are in most cases
better to characterize and give sharper GC
signals due to their increased volatility

The method is sensitive to the parameters of the
analysis: temperature, TMAH/sample ratio, solvent
of TMAH (methanol or water), sample preparation
(incubation time of TMAH/sample mixture, etc.).

Analytical use of TMAH in reactive pyrolysis
THM analysis of wood

All components of wood have been already
analyzed:

1. most studied is the THM analysis of lignin
and the easiest to identify the decomposi-
tion products [3,4,5]

2.analysis of the cellulose and hemicellu-
loses: the decomposition pattern is more
complicated and difficult to identify the
decomposition products. Sensitive to the
sample preparation [6].

3.Less work has been done with the extrac-
tives.

THM analysis of lignin

In contrast to the conventional pyrolysis the
THM analysis of wood or lignin resulted always
in relatively high amount benzene carboxylic acid
methyl esters. They were absent in conventional
pyrolysis. Mono-, di- and trimethoxybenzenecar-
boxylic acid methyl esters were detected. For
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many years the origin of these a-carboxylic acids
was not clear.

Martin and his co-workers [4] ascribed the
presence of the benzene carboxylic acid methyl
esters first of all to the technique since it avoids
the decarboxylation, on the other hand to oxida-
tion of some structural components of lignin.

Hatcher and his colleges [5] supposed that
TMAH assists in the production of these acids but
they did not find a possible reaction mechanism to
explain the presence of them.

We succeeded to prove and demonstrate [7,8]
that benzene carboxylic methyl esters can be pro-
duced from benzaldehydes that are typical side
chain cleaved products in lignin pyrolysis. Benzal-
dehydes evolved in the pyrolysis (as aldehydes hav-
ing no a-hydrogen) in the presence of TMAH can
undergo to a Cannizzaro reaction producing in equi-
molar amounts the corresponding benzylic alcohols
and benzene carboxylic acids — that is immediately
a salt of the acid. Under the circumstances of the
pyrolysis there is a second step in the reaction, the
methylation of the evolved products (Fig. 2).

In the lignin pyrograms — also from different
researchers - beside a given benzaldehyde the
corresponding products of the Cannizzaro reac-
tion can be really observed. To determine the
importance of this reaction during the pyrolysis
three factors must be considered:

1. the yield of the Cannizzaro type reaction of
the evolved aldehydes

OH N
(5 +TMAH
—_—
o
O NG

z

aleohol methyl ether
+TMAH

ox 9 | 0 __0
N _NI‘_ -
aldehyde
) [\ i pyr. [ 3
—_—
AN AN

carhoxylic acid salt methyl ester

Fig. 2.: Cannizzaro reaction of benzaldehydes evolved in the
pyrolysis of lignin



2.the yield of the methylation by TMAH
3. detectability of all compounds in the Py-GC/
MS system.

Investigations with different aldehydes com-
mon in the lignin pyrolysis showed that the dis-
proportionation is strongly effected by the sub-
stituents and the position of substituents in the
aromatic ring, for example OH-group in the p-
position has a blocking effect — as in the case of
vanillin [7].

THM analysis of cellulose and hemicelluloses

The pyrolytic analysis of cellulose and hemi-
celluloses is more complicated. Fabbri [6] was
the first who explored the behaviour of various
monosaccharides combined with 1,4-linked car-
bohydrates. As characteristic products of mon-
osaccharides, such as xylose, glucose, mannose,
arabinose, C5 and C6 meta-saccharinic acid
methyl esters were identified under the products.
In contrary to the monosaccharides, iso-sac-
charinic acid methyl ester isomers were detected
as primary products of the glycosidically linked
cellulose.

The glucuronic acid groups are important con-
stituents of the xylan backbones of hemicelluloses.
We studied the thermochemolysis of uronic acid,
too (Fig. 3). In the pyrogram we could observe
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two significant new peaks [9]. Applying the gener-
ally accepted reaction mechanism of the effect of
strong bases on reducing sugars to glucuronic acid
we assigned the new peaks as epimers of the cor-
responding permethylated deoxy glucaric acids.

Technical use of TMAH in delignification
and swelling

Delignification of wood using TMAH instead of
NaOH — Quatam process

At the analysis of wood or pulp, the decompo-
sition products of lignin are dominant in the THM
pyrogram. We thought TMAH had to be a very
good agent in the alkaline hydrolysis of lignin.
So we tried it as a reactive agent in wood pulp-
ing instead of sodium hydroxide: in Soda, Sulfite,
Kraft and Lo-solids® processes.

The experiments in laboratory and later in semi-
pilot plants confirmed our assumption [10,11,12] The
tetramethylammonium hydroxide showed a signifi-
cantly better pulping effect than the commonly used
sodium hydroxide both in hardwood and softwood
pulping under the same circumstances. In Kraft
pulping the sulfidity could be drastically reduced
without a decrease in the pulp quality. In Lo-solids®
process the highest efficiency could be achieved if
TMAH was used in the impregnation stage.

@ K

il | L T O

i 1:
D-Xyl
1 il 2/3: C5 methylated metasaccharinic acid methyl

2,4-dimethoxybutanoic acid methyl ester

esters
4:* unknown
5/6: we assigned as tri-O-methylated-3-deoxy-

(b)
3t

4

glucaric acid dimethyl esters

bt 5 6

|

. /
’ 1 X, L_-h,_,.ﬂ‘/-‘m
\VPRIDEOOE PO W L

Fig.3.: THM pyrogram of glucuronic acid compared to the those of xylose and xylobiose [9]
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Beech
60

50 ENaOH

60 min 120 min

1,2 mol/l

Scotch pine
100
[l NaOH
80 1 W TMAH
60
40 -
20 -
0 A

120 min
1,8 mol/l

60 min
1,5 mol/l

Fig. 4.: Kappa numbers of pulps obtained in Soda and Quatam process under the same circumstances.

Where may be the differences between the
effect of NaOH and TMAH? Both physical and
chemical factors must be considered as size
of the cation, hydration, solvation, penetration,
adsorption, desorption as well as degradation
reactions of lignin and hemicelluloses, second-
ary/condensation reactions and methylating effect
of TMAH [11].

Using different quaternary ammonium hydrox-
ides it is obvious that the pulping effect is decreas-
ing with increasing molecular weight (increasing
alkyl chains in the molecule) in the sequence
TMAH > tetraethylammonium hydroxide > benzyl-
trimethylammonium hydroxide [13].

Swelling of cellulose

TMAH proved to be a more effective swell-
ing agent of cellulose than NaOH. The differ-
ence between their swelling effects starts to be
significant at about 2 mol/l concentration [14].
This result was assigned to the large size and
non-polar part of TMAH able to penetrate into the
non-polar sheets of cellulose, furthermore, to the
abnormally high activity coefficient of TMAH in
aqueous solution (Fig. 4).

The decomposition pattern of TMAH itself
is also changed. TMAH bounded on the cotton
fabric contains hardly crystal water anymore
and the cellulose stabilizes TMAH. The molecu-
lar interaction between TMAH and cellulose
results in formation of cellulose-tetramethylam-
monium: CellO- [N(CH,),]* which retards the
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decay of TMAH. The temperature range of the
decomposition is shifted from134°C to about
230 °C.

Py-GC/MS analysis of acylated wood

The acetylation of wood using isopropenyl
acetate (IPA) is a new technique, developed in
the Universitat Linz [15]. The acylation process
was extended also for products containing higher
carboxylic acid rests [16] (Fig. 5).

Py-GC/MS is a high-performance method for
the analysis of wood derivatives, especially in our
case for the analysis of acylated wood containing
different carboxylic groups. Not only the grade of

OH i {0
w000< : )J\ & ¥ B
o 0 OH

cat. l 80-110°C

Fig. 5. Acylation of wood with IPA+carboxylic acid mixture



acylation but immediately the ratio of the different
carboxylic groups in the samples could be quanti-
tatively determined.
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A fasejtfal kdzépsd
lamellajanak és elsédle-
ges falanak maradvany-
alkotérészei befolyasol-
jak a cellulozrost fellleti
rétegének Osszetételét.
Varhatd, hogy ez hat
a cellulozrostok fehé-
rithetéségére is. Jelen
munkank célja az volt,
hogy hidromechanikai
levalasztasi technikak-
kal szétvalasszuk az
eukaliptusz fehéritetlen kraftcelluléz rostjainak
feluleti rétegeit, majd a szétvalasztott (lehamozott)
rétegeket enzimes fehéritéssel dolgoztuk fel, a
peroxid — xilanazkezelés — lugos extrakcié — per-
oxid P'-X-E-P? sorrendnek megfeleléen. Mind a
fehéritetlen, mind pedig a fehéritett rostfalfrakciok
Osszetételet UV/lathatd spektroszkopiaval és az
oxidalt celluléz funkciés csoportjainak fluoresz-
kalo jelolésével elemeztik, melyet GBC-MALLS
kovetett.

Annak érdekében, hogy a maradék lignin és
oxipoliszacharidok altal el6idézett UV-abszorp-
cioképesség kozott kildnbséget tudjunk tenni,
0,5%-0s és 10%-os lugos extrakciot alkalmaztunk
NaOH-dal. A telies NaOH-os oldhatésag fehé-
ritetlen fellleti rétegekre 40 sulyszazalék volt,
a rostfalak f6 részére pedig 19%. Az UV spekt-
rum megmutatta, hogy a lignin és hexénuronsav
tartalom 3-4-szer magasabb a rostok fellile-
ti rétegeiben az atlagértékekkel Osszehasonlit-
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va. A (hetero)aromas vegylletek (furanoidok/
furdngyantak) és oxipoliszacharidok tartalma is
sokkal magasabb volt a becslések szerint a fellleti
frakcioban. Fehéritett frakciok esetében a teljes
NaOH-os oldhatésag csokkent, és 25 sulyszazalé-
kot tett ki a rost fellleti rétegei, és 15%-ot a rostfal
f6 része esetében. A fellleti komponensek frakci-
okrol torténd abszorpcidjanak cstkkenése a teljes
spektralis tartomanyon belll megfigyelhet volt.

A fluoreszkal6 jelélés és GPC-MALLS meg-
mutattak, hogy a fellleti réteg frakcidjanak mole-
kularis sulyeloszlasa lényegesen kilonbozott a
tombfazisu rostokétdl, leginkabb az alacsony
molekulasulyu frakciokban. A bels6 réteg frak-
ci6i megegyeztek a témbfazisi rost molekularis
sulyeloszlasaval. Ugyanez volt igaz a molekula-
sulyra és a karbonilcsoport-tartalomra. A fellle-
ti rétegekbdl nyert frakcidra gyakorolt fehéritési
hatas nagyon hangsulyozott volt. Fehérités utan
a molekulasuly csokkent, és a karbonilcsoportok
pedig, ahogy ez varhat6 volt, az dsszes vizsgalt
mintaban novekedtek. A rostok fellleti részét
azonban még komolyabban érintette. A fellleti
rétegben a karbonilcsoport haromszorosara nétt,
Osszehasonlitva a bels6 rétegben vagy a témbfa-
zisu rostban torténé kétszeres névekedéssel.

A rostfalfrakciok kémiai &sszetételében vég-
bemend meglehetésen radikalis valtozasok elle-
nére az elkllonitett fellleti rétegek ISO-fehérsége
sokkal alacsonyabb maradt a rostok 6 részéhez
viszonyitva. Ez 50%-o0s ISO-fehérséget jelentett
a rostok f6 részeinek 67%-os 1ISO-fehérségéhez
viszonyitva.
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Summary

The objective of the present work was
to separate the surface layers of eucalyptus
unbleached kraft pulp fibres by hydromechani-
cal peeling techniques and to proceed with
enzyme-aided bleaching of the separated lay-
ers according to the sequence peroxide — xyla-
nase treatment — alkaline extraction — peroxide
P,-X-E-P,. The composition of both unbleached
and bleached fibre wall fractions was analysed
by UV/Vis spectroscopy and fluorescence label-
ling of oxidized cellulose functionalities followed
by GPC-MALLS.

UV spectra revealed the content of lignin
and hexenuronic acids to be 3-4 times high-
er in fibre surface layers as compared to the
average values. The content of heteroaromatic
compounds (furanoids / furan resins) and oxy-
polysaccharides was also estimated to be much
higher in the surface fraction. For the bleached
fractions the decrease of the absorbance of the
components from surface fractions occurred
over the whole spectral range.

Fluorescence labelling and GPC-MALLS
showed that the molecular weight distribution of
the surface-layer fraction differed significantly
from that of the bulk fibre, mostly in the low
molecular weight fraction. The inner-layer frac-
tions equaled the molecular weight distribution
of the bulk fibre. The same held true for molecu-
lar weight and carbonyl group content. The
impact of bleaching on the fraction obtained

from the surface layers was very pronounced.
After bleaching molecular weight and carboxyl
group content are decreased in all analyzed
samples. Again, the surface-layer fraction
exhibits a different behaviour than bulk sample
and inner-layer fractions.

In spite of the rather exhaustive changes in
the chemical composition during the fibre wall
fractions, the ISO brightness of the isolated sur-
face layers remained much lower as compared
to the main part of fibres. It provided 50% ISO
as compared to the 67% ISO brightness for
main part of fibres.

Introduction

It is established by several researchers
that the residual constituents of middle lamella
and primary wall of wood cell walls affect the
composition of pulp fibre surface layers. It
is expected that this translates into the pulp
fibres’ bleachability. In order to perform blea-
ching trials directly with separated fibre sur-
face layers (P and S,) and the main part of
the secondary wall (S, and S,) as well as with
intact pulp fibres, hydromechanical peeling of
eucalyptus unbleached kraft pulp fibres was
accomplished. Unbleached fibres (the sample
for integrated analysis by participants of the
COST Action E41) were acquired from the
industrial digester before oxygen delignifica-
tion stage.
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Materials and methods

The hydromechanical peeling techniques
was applied to separate the surface layers of
eucalyptus unbleached kraft pulp fibres [1].
The peeling of the surface material was moni-
tored by ,Lorentzen&Wettre Fiber Tester” and
digital microscope ,Leica DM5500”, separa-
tion of the fractions was done by wet fibres
shaker ,Retzsch AS200” following by centrifu-
gation and freeze-drying. The peeling process
was interrupted before the fragmentation of the
fibres had started. The degree of the exposure
of the secondary wall S, layer usually reaches
30-50% as a consequence of the suspension
of the procedure. Separated fibre wall frac-
tions, i.e., rather clean surface layers (P+S,)
and conditionally the main part of secondary
layer (S,+S,), were analysed by standard TAPPI
methods and subjected to the enzyme-aided
bleaching of the isolated layers according to
the sequence peroxide — xylanase treatment
— alkaline extraction — peroxide P,-X-E-P,. The
composition of both unbleached and bleached
fibre wall fractions was analysed by UV/Vis
spectroscopy. In order to differentiate the UV-
absorbance derived by residual lignin and oxy-
polysaccharides, sequential alkaline extraction
with 0.5% and 10% NaOH was applied. The

total NaOH solubility was 40% by weight for
unbleached surface layers and 19% for the
residual part of the fibre wall. Fluorescence
labelling of oxidized cellulose functionalities fol-
lowed by GPC-MALLS was performed accord-
ing to [2],[3].

Results and discussion

In order to elucidate the distinctions in the
chemical composition of the fractions before the
bleaching, the UV-spectra (Fig. 1) and the 1st
derivative of the spectra were analysed. When
0.5% NaOH solution is applied, the absorbance
values at 218, 290, 330, 350, 386 and 390 nm
are attributed to lignin. Strong absorbance of
the alkaline extract from fibre surface layers
at 245 nm and weaker UV-absorbance at 244,
254, 266 and 276 nm for the alkaline extract of
the fraction enriched in S, and S layers indicate
the presence of the heteroaromatic compounds
of the furanoid (pyranoid) type. In 10% NaOH
extracts, the absorbance at 235 is attributed
to hexenuronic acids (HexA). From UV spec-
tra analysis we conclude that the content of
lignin and hexenuronic acids is 3-4 times hig-
her in fibre surface layers as compared to the
average values. The content of heteroaromatic
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Fig. 1. The UV-spectra of the alkaline extracts from unbleached P-S, (upper curves) and S-S, fractions (lower curves)
(A—0.5% NaOH; B — 10.0% NaOH).
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compounds (furanoids / furan resins) and oxy-
polysaccharides is also estimated to be much
higher in the surface fraction.

For the bleached fractions the total NaOH
solubility decreased and was 25% by weight for
the fibre surface layers and 15% for the main
part of fibore wall. The decrease of the absor-
bance of the components from surface fractions
occurred over the whole spectral range. The
absorbance drop at 218 nm and 250 nm by
45% and 63%, respectively, in the 10% NaOH
extract of the surface P-S, layers indicates the
destruction of the heteroaromatic compounds
possibly incorporated in the furan resins. The
decrease of absorbance at 280-300 nm and
around 340-360 nm indicates the elimination
of both carbonyl groups and double bond con-
jugated structures in the surface layers. The

. before bleaching
I:I after bleaching

0.0 -
whole fibre S$2-83 P-S1

Fig. 2. Brightness values for eucalyptus kraft pulp fibrer and
separated fibre wall layers.

WORKING GROUP 1.

main part of the fiber walls, the S,-S, layers,
has lost most of the easily accessible fraction
of hemicelluloses and HexA during the bleach-
ing procedure. It is indicated by the decrease
of the absorbance around 235 nm. At the same
time an increase of the absorbance at 235 nm
in the case of the polyoses from S-S, layers
soluble in strong alkali points to some increase
of HexA at the bleaching conditions used (no
acidic stage).

The brightness values of the eucalyptus
kraft pulp separated surface (P-S;) and main
secondary wall layers as well as whole fibres
after bleaching were measured [Fig. 2]. In spite
of the rather exhaustive changes in the chemical
composition during the fibre wall layers bleach-
ing, the ISO brightness of the fibre surface
layers remains much lower as compared to the
S,-S, layers. It makes up 50% ISO as compared
to the 67% ISO brightness for both secondary
wall layers and whole fibres.

The molecular weight distribution of the P-S,
layer shows a distinct and well separated hemi-
cellulose peak (Fig. 3 left). In the unbleached
samples the amount of carboxyl groups, which
corresponds predominantly to the uronic acid
moeities in the xylan of the eucalyptus pulp
used is comparable in the whole sample and
the S,-S, layer (Fig. 3 right). Interestingly, the
free uronic acid content in the surface layer is
significantly lower compared to the S-S, layer.
A possible explanation is the engagement of the
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0,6 0,6 1 g
z 0,5 £05- 0,03 E
20,4 30,4- g
kel P £
ELEN 503 002 @
] 024
0,2 0,01
0,14 0,1
0,0 = 0,0 0,00
0,1 T T T T , 01 T T
4 5 6 7 8 3 5 7
Iog Mw |°g Mw

Fig. 3. Molecular weight distribution of bleached (left) and unbleached (right) pulps In addition, the figure on the right shows the

distribution of carboxyl groups in relation to the molecular weight.
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Whole pulp P-S, layer S,-S, layer
umol/g pmol/g umol/g
oo eached 60.1 30.1 63.8
Seached 413 - 409
X
g'fg':hed 16.1 28.4 16.9

*Determination of carbonyl values in bleached samples was not possible due to fluorescence quenching of lignin.

Table. 1: Amounts of carboxyl and carbonyl groups in unbleached and bleached samples

uronic acid group in lignin-carbohydrate com-

plexes, which corresponds well to the increased

UV activity within the surface layer (cf. Fig.1). In

the mild labeling protocol the ester linkages are
not cleaved and only free uronic acid groups
are labeled. The bleached samples showed a
significantly higher carbonyl group content in
the surface layers than in the bulk sample and

in the S,-S, layer, also indicating the presence

of a more complex chemical structure.

Conclusions

» Composition of the papermaking (pulp)

fibres surface layers differs from that of
the secondary wall.

In spite of rather exhaustive changes during
bleaching, ISO brightness of the isolated
surface layers remained much lower.
Carboxyl groups in surface layers are
engaged in lignin-carbohydrate com-
plexes.
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Uj médszer kertiilt
kifejlesztésre az egye-
di rost rugalmassaga-
nak/kezelhetéségé-
nek meghatarozasara
szuszpenzidoban. A
vizben szuszpendalt
rostokat egy plexibél
készilt atlatszd aram-
lasi cellaban nyiréerék-
nek tették ki. A rostok
reakciodjanak megfigye-
|éséhez transzmisszi-
0s fénymikroszképon alapuldé nagysebességl
képelemzési rendszert hasznaltak. A maxi-
malisan elkészitett képek szama 500 kép volt
masodpercenként. Az optikai felbontas 7,63
[um/pixel]. Képelemzés alapjan egy-egy rost
képe maximum 6tszor vehetd fel a nagy nyir6-
erejd zénaban.

Az egyedi rostnak a hidrodinamikus terhe-
Iésre mutatott reakcidja lesz az adott rost rugal-
massaga meghatarozasanak az alapja.

Az aramlasi cellat az Aramlastani és Héat-
adasi Intézettel egyittmikodésben fejlesztet-
ték ki a Grazi Miiszaki Egyetemen.

Az eredmény egy olyan cella, amelyben
azonos aramlasi sebességgel rendelkezd két
aramot egymassal szemben vezetnek. Ezal-
tal elegendd nyiréerd keletkezik ahhoz, hogy
lathaté rostdeformacié keletkezzen laminaris
aramlasi rendszer feltételei mellett.

A pulzalas elkerllése érdekében (a pul-
zalasok befolyasolnak vagy akar rombolnak
is a laminaris aramlasi mezét) a szuszpenziot
sUritett leveg6 alkalmazéasaval a transzparens
cellan keresztil atszivattyuzzak.

Rene Eckhart
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Az aramlasi mez6t az Aramlastani és Hoat-
adasi Intézetben szimulaltak folyékony anyag
(FLUENT) alkalmazasaval. A sebességkompo-
nensek x és y iranyban, valamint gradienseik 30
m-es térbeli felbontassal ismertek.

Erre a szimulaciéra alapozva elérhetdk azok
a hidrodinamikus feltételek, melyeknek a rostok
az aramlasi mez6ben ki vannak téve. A rost rugal-
massagi modulusban kifejezett rugalmassaganak
kiszamitasahoz a folyadékaram miatt a rostra
hat6 valédi erék sziikségesek. Ezeket az eréket
a rost és a folyadék kozotti sebességkiilonbség
hatarozza meg. Ez a sebességkulénbség nem
szamithato ki egyszerlen, mivel a folyadékaram-
lasi feltételek, amelyek kdz6tt a rostot hasznaljak,
dramai modon valtozhatnak két egymast kovetd
kép kozott.

A rostrugalmassag/merevség meghataroza-
sanak altalunk kévetett koncepcidja a rost és
egy idedlisan rugalmas partner 6sszehasonlita-
san alapszik. Az egyedi rost aramlasi mezdben
vald reprezentalasa alapjan kiszamitjuk ennek a
rostnak a helyzetét és megjelenését a kbvetkezd
képen, feltéve, hogy a rostok kdzépvonalaban
Iévé minden egyes pont idealis mddon kéveti az
aramlasi mez6t. Ennek az idealisan rugalmas
rostnak a referenciarosttal 6sszehasonlitott val-
tozasat értékeljik az alak 6sszehasonlitasaval.
Az alak hasonlésagat a rost alakjat leiro, tobb
paramétert tartalmazé vektorok kézti euklideszi
tavolsag alkalmazasaval szamitjuk ki.

A valbs rost deformaciéja és az idedlisan rugal-
mas rost deformacioja kézti aranyt alkalmaztuk
rugalmassagi paraméterként.
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Summary

A new method for single fibre flexibility meas-
urement in suspension was developed at the Insti-
tute for Pulp, Paper and Fibre Technology at Graz
University of Technology.

A flow cell with suitable channel geometry is
used to induce a flow field with high shear forces
in flowing suspension. These shear forces are
strong enough to deform pulp fibres under laminar
flow conditions. A high speed image acquisition
system is used to acquire several images of a fibre
while passing the transparent flow cell. Thereby
the deformation of the fibre due to the shear forces
is recorded.

To gain access to the defined flow conditions
at any point in the sheared region the flow field
was simulated in FLUENT.

The fluid flow is then linked with the fibres
reactions. Thereby a flexibility parameter for every
evaluated fibre is determined.

Introduction

Fibre flexibility/conformability is an important
pulp parameter during stock preparation, sheet
forming, in fiber to fiber bonding and thus for the
resulting paper properties.

Several fibre flexibility measurement methods
are mentioned in the literature. Some are based on
single fibre manipulation and apply bending beam
theory to determine a modulus of elasticity. These
methods are rather tedious and or can not treat all
fibres in a given pulp sample but are restricted to
rather long and undamaged fibres [1]. Others are
based on the fibres ability to conform to a wire/
glass fibre/another pulp fibre after settling on to a
glass slide. These methods determine a “conforma-
bility” that is closer to the fibre property relevant for

the fibre to fibre contact in a sheet [2]. Still, neither
of these methods can be applied on line.

Today pulp morphology parameters like for
example fibre length, width, curl or kink [3] are to an
increasing extent determined using commercially
available flow cells with high on line applicability.
Highly diluted fiber suspension is pumped through
a transparent cell and photographs of individual
fibers are taken by means of transmitted light micro-
scopy. Automated image analysis is used to detect
and evaluate the fibres in these images.

Two fibre flexibility measurement methods
show at least theoretical on-line applicability in
such a flow cell. Kuhn et.al. [4] described a meth-
od where fibres are photographed while exiting
a capillary tube into a main channel. The fibres
are deformed due to the load of the fluid flow of
the main channel. The deformation of the fibres
exiting the tube is compared to that of fibres of
defined flexibility, simulated under the same flow
conditions. This method was never implemented
in a commercially available device.

Another method was patented by STFI in 1992
[5]. The fiber curl of a large number of fibers is
registered at two different flow velocities. As the
shear rate in the flow cell is higher at increased
fluid velocity the fibers are straightened in the
second run. Fibre flexibility is not determined for
every single fibre but defined as the relationship
between the average fibre curl values of the two
measurements. The method is implemented in the
commercial fiber analyzer FibreMaster.

The goal was to develop a flow cell based meth-
od that delivers flexibility values for every evaluated
fibre. That way not only average flexibility values but
distributions of fibre flexibility should be accessible.
Such distributions of fibre flexibility might deliver
beneficial information concerning for example the
earlywood-latewood ratio or the number of fibres
reached during a refining process.
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Approach

The idea is to use an appropriate flow cell
geometry to generate shear forces strong enough
to provoke fibre deformation under the boundary
condition of a laminar flow regime. A high speed
image acquisition system is used to record the
movement of single fibers in the sheared region.
Based on the fibres deformation due to the fluid
forces a flexibility parameter is determinable for
every evaluated fibre.

The Flow Cell

The flow cell was developed in cooperation with
the Institute of Fluid Mechanics and Heat Transfer of
Graz University of Technology (Fig. 1.) .

Several channel geometries were tested but only
the one described in the following induced shear forc-
es strong enough to provoke visible fibre deforma-
tion under the boundary condition of a laminar flow
regime. Two fluid streams of identical flow rate and
velocity are headed against each other in a crossing.
The average flow velocity in the ingoing channels is
1,4 [m/s]. No turbulence or mixing of the fluid streams
headed against each other occurs. Fig. 1a shows
schematically the transparent flow cell made of Plexi
Glass. To avoid pulsations (pulsations would affect
or destroy the laminar flow field) in the fluid flow,
suspension transport is done using a pressure resist-
ant glass bottle equipped with a stand pipe and a
compressed air connection. Thereby the suspension
is pumped through the flow cell by air pressure.

The flow conditions in the flow field were simu-
lated by the Institute of Fluid Mechanics and Heat
Transfer using FLUENT. Experiments have shown

that the fibres tend to move in the centre plane of
the flow channel. Furthermore the z-direction of the
channel is not accessible in the images. Therefore
only the centre plane of the channel was simulated.
The velocity components in x- and y-direction as well
as their gradients are known with a spatial resolution
of 30 um. As an example Fig. 1b shows a contour plot
representing the velocity magnitude in the flow cell.

Based on this simulation, the hydrodynamic
conditions in the flow field are accessible and can
be linked to the fibres reactions.

Images are acquired using a Basler A504k high
speed camera. It allows a frame rate of 500 images
per second. Thereby each fibre passing the cell is
acquired 2 to 3 times in the region of highest shear
forces. The optical resolution is 7.63 [um/Pixel]. lllu-
mination is done using one red high power LED.

Automated image analysis is used to evaluate
the acquired images. Two main tasks have to be
accomplished by the image analytical algorithms:
fibre segmentation and fibre tracking through the
consecutive images, where fibre tracking means
relocating a specific fibre in the consecutive image.

The segmentation process starts with a back-
ground correction to delete impurities in the optical
path and eventual uneven illumination. In the next
step binary images of the fibres are calculated.
Based on these binary images the corners of the
fibre are detected and the fibre is reduced to its
centreline. Fibre length as well as the centre of
gravity is calculated.

Tracking of the fibres through the consecutive
images is done using the flow field data and the
fibres length. The region where the centre of gravity
of a detected fibre should most likely emerge in the
following image can be calculated. If a fibre within
a certain distance to this calculated region shows

nis

Fig. 1: The flow cell made of Plexi glass with the two streams meeting in a crossing and the profile of the velocity field in the
region of high shear forces (one of the symmetric quarters)
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an adequate fibre length it is selected as a second
representation of the specific fibre. That way up to
five representations of a fibre can be captured for
flexibility determination.

Determination of Fiber Flexibility

For a calculation of fibre flexibility in terms of an
elasticity modulus the real forces acting on the fibre
due to the fluid load would be necessary. These
forces are determined by the speed difference
between fibre and fluid. In our concept this speed
difference is not determinable as the fluid flow con-
ditions a fibre is exerted to can change dramatically
between two consecutive images. Even an estima-
tion of the translational and the rotational part of
fiber movement would demand a higher framerate.
Therefore an approach using bending beam theory
and the forces acting on the fibre to determine the
modulus of elasticity seemed inappropriate.

The concept for the determination of the fibres
flexibility/rigidity is based on a comparison of the
fibres behaviour with that of a calculated ideally
elastic counterpart.

Two consecutive images of the same fibre
are taken into account for the determination of its
flexibility. The first image of the specific fibre in the
region of high shear forces is used to calculate
position and appearance of the fibre in the follow-
ing frame, provided that every single point along
the fibres centreline follows the flow field ideally.
The result is an ideally elastic fibre following the
fluid flow without any restrictions (bright gray in
Fig. 2). The deformation this ideally elastic fibre

mis

I

10 200 250 30 B0 400 480 S0

[Pixel]

Fig. 2: Two schematic representations of a fiber as it is
photographed in the high shear zone and the calculated,
ideally elastic counterpart (bright grey); scaling in pixels

(7,36 um/pixel)

WORKING GROUP 1.

undergoes compared to the reference fibre in the
first image is evaluated using a comparison of
shape. The Euclidian distance between vectors
containing several shape parameters and thereby
describing the shape of the reference fibre and of
the calculated ideally elastic one represents the
deformation of the ideally elastic fibre and thereby
determines the “load” acting on the fibre.

The deformation of the real fiber in the high shear
zone is calculated likewise based on the reference
fibre (the one that was used to calculate the ideally
elastic one) and the same fibre in the consecutive
image. The deformation of the real fibre due to the
fluid forces determines the “reaction” of the fibre.

The ratio between the deformation of the real
fiber and the ideal one, the ratio between “reac-
tion” and “load” is used as a parameter for the
fibres flexibility.

The method delivers promising results e.g. for
softwood fibres with different drying history or for
fibres treated in a laboratory refiner to increase
fibre flexibility step by step.
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A COST E54 akcio
keretén belll kbz6s rost-
mintakat hasznaltak.
Egy fehéritetlen fenyd
kraftcellul6ztés egyfehé-
ritett fenyd kaftcelluldzt
bocsatottak az Osszes
akciodban résztvevd ren-
delkezésére. A COST
E54 akcid keretén belll
szilardfazisat NMR (CP/
MAS *C-NMR) és Ront-
gen diffrakciés adatok
(XRD) eredményeit régzitették.

Az azonos anyagokkal végzett vizsgalatok
a muszeres mérések széles kérének alkalma-
zasaval ritka alkalmat teremtenek a modszerek
interkalibralasahoz és az adatok értelmezésé-
hez hasznalt modellek érvényességének vizs-
galatahoz. Ebbdl a célbol a Réntgen-diffrakcio
és NMR mérések eredményeinek dsszehason-
litasarél dontéttek.

Az 0Osszehasonlitas 6 célja a celluléz |
szupramolekularis szerkezete, azaz a cellul6z
nativ formaja volt. Az NMR és Rontgen-diff-
rakcio alapvetéen kulénb6zd mérési techni-
kak, melyek adatokat hoznak létre; ezek kozul
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néhany a meglévé modellek keretén beliil 6sz-
szehasonlithato. A Réntgen-diffrakcié és az
NMR kulénb6z6 természete miatt kulénbdzd
modelleket alkalmaztak az adatok értelmezé-
sére, ami bizonyos mértékig megnehezitette az
Osszehasonlitast. Az celluléz |, |évén félkrista-
lyos anyag, amely a rostfal komplex morfolégia-
jaba rendezett biopolimerekbdl all, nem igazan
optimalis anyag az NMR vagy Réntgen-diffrak-
cios mérésekhez.

Az @sszehasonlitdas az eredmények harom

iaja latszolagos
krisztallitmérete, a kristalyossag foka és a rost-
falban 1évé celluléz celluldztartalma. Ez a harom
tulajdonsag, kdzvetve vagy kozvetlenll, rendel-
kezésre all mind a Roéntgen-diffrakcidbél mind
az NMR mérésekbdl.

A Rontgen-diffrakcié és NMR muikédési
elveinek kilénb6zésége miatt az 1. tablazat-
ban bemutatott eredmények kozti egyezdség a
kivalotol a joig értékelhetd. A celluldztartalom
becslésében megallapitott kilénbség varhato
volt, mivel tudott, hogy az NMR médszer nem
veszi figyelembe a hemicellul6z jel intenzita-
sat. Mindkét modszer enyhe névekedést mutat
fehérités utan a latszélagos krisztallitméretben,
mig a kristalyossag foka valtozatlan marad.

Fehéritetlen Fehéritetlen Fehéritett Fehéritett
Rontgen-diffrakcid NMR Rontgen-diffrakcid NMR
Latszdlagos krisztallitméret (nm) 3.0 3.2(0.1) 3.2 3.4 (0.1)
Kristalyossag foka (%) 60 55 (1) 59 56 (2)
Celluldztartalom (%) 86 90 84 90

1. tablazat: A cellulézmintakon régzitett Rontgen-diffrakcié és NMR eredmények Az NMR esetében a latszélagos krisztallit-
méreteket a mért atlagos lateralis fibrilla-méretb6l becstiltiik, figyelmen kiviil hagyva a fibrilla-feltileti polimereit. A gliikanlanc
atlagos lateralis mérete 0,57 nm volt. A kristalyosodas fokanak NMR becslése tartalmazza a parakristalyos formakat is.
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the cellulose supra-molecular structure in softwood
kraft pulp fibers

Per Tomas Larsson*, Carmen Mihaela Popescu** and Cornelia Vasile**

*STFI-Packforsk AB, Box 5604, SE-114 86 Stockholm, Sweden, tomas.larsson@stfi.se
** P.Poni Institute of Macromolecular Chemistry Department of Physical,
Chemistry of Polymers, 41A Grigore Ghica Voda Alley, RO 700487 IASI

ROMANIA, cvasile@icmpp.ro

Key words:

Softwood kraft pulp, spruce, pine, Nuclear
Magnetic Resonance, CP/MAS "*C-NMR, XRD,
X-ray diffraction, cellulose supra-molecular struc-
ture, Cellulose fibril, Cellulose fibril aggregate,
Kraft cooking, Bleaching

Abstract

Cross Polarization Magic Angle Spinning (CP/
MAS) Carbon-13 Nuclear Magnetic Resonance
("*C-NMR) spectroscopy and X-Ray Diffraction
(XRD) has been used to study cellulose | structural
characteristics. Both methods were applied to the
same set of samples, unbleached and bleached
softwood kraft pulps. Despite the differences in
principles of operation the two measuring tech-
niques give some estimates of material properties
that can be compared. In this study the focus was
on the cellulose | fibril dimensions, degree of crys-
tallinity and the cellulose content of the materials.
Within the models used for interpreting the meas-
ured data good agreement between the two meth-
ods were found for fibril dimensions and degree of
crystallinity. Estimates of cellulose content were in
qualitative agreement, which was expected since
the NMR method tends to over estimate the cellu-
lose content in the presence of hemicellulose.

Introduction

CP/MAS "C-NMR spectroscopy has been
shown to be a versatile tool for the study of cellu-
lose supra-molecular structure (VanderHart 1984
[8], Larsson 1997 [5], Wickholm 1998 [9], Hult
2001 [3]). Measured spectra can be used to obtain

estimates of cellulose allomorph composition,
degree of crystallinity, lateral dimensions for both
cellulose fibrils and for cellulose fibril aggregates.
In cellulose | isolated from softwoods cellulose |
fibrils are typically 4 to 5 nm thick and cellulose
fibril aggregates thicknesses range from 15 to 30
nm depending on isolation procedure.

The most known method of determining the
structure characteristics of cellulose substrates
is the study of their X-ray diffraction, in the small
as well as wide angle region. The X-ray diffrac-
tion in the wide angle region (beyond 26 = 6
degrees) allows the determination of the degree
of crystallinity, the degree of orientation and from
the width at the half maximum intensity of the
meridional and equatorial reflections, the crys-
tallite length and width dimensions, respectively
(Kréassig 1993 [4],Teeaar 1987 [7]).

The average size of the crystallites can be
evaluated using the well-known Scherrer equation
while the degree of orientation can be obtained
through calculation of the Hermans orientation
function (Cullity, Stock 2001 [2]). Other charac-
teristics related to the material crystallinity can be
also obtained (Anderson 2003 [1], Popescu 2007
[61). Unfortunately this method can not reflect the
hydrogen bonding patterns, allomorph composi-
tion in cellulose crystallites and the integrity of the
crystallite (J. Xe 2007).

Both NMR and XRD methods are depen-
dent on models for the interpretation of recorded
data. Due to the fundamental differences relat-
ing to how data is acquired, different conceptual
models are used for interpretations. In the case
of estimates of lateral dimensions as obtained
from the two methods it is necessary to impose
some assumptions in order to obtain compa-
rable results. Further, the interpretation of NMR
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spectra includes separate signal intensity from
so-called para-crystalline cellulose, domains of
highly ordered glucan polymers interior in the
fibril (Larsson 1997 [5], Wickholm 1998 [9]).
Currently it is not clear whether or not the para-
crystalline form contribute to the degree of crys-
tallinity as observed by XRD.

Experimental

Materials: The unbleached and the bleached
pulps were commercial pulps supplied by Sédra
Cell Varo, Sweden. The spruce (P. abies) to pine
(P. sylvestris) ratio was 79:21. The pulp was
batch cooked and TCF-bleached. The bleaching
sequence was Q OP Q+Paa PO where Q repre-
sents a chelator and Paa is per-acetic acid. The
kappa-numbers were 26.8 and 3.2 respectively
for the unbleached and the bleached pulps.

X-ray diffraction (XRD): The analysis was
done using a Bruker diffractometer equipped
with a Kiristalloflex 760 sealed-tube copper
anode generator, operated at 40 kV and 40
mA, and a two-dimensional position-sensitive
wire-grid detector (Bruker AXS) pressured with
xenon gas. Collimation was effected by a graph-
ite monochromator with a 0.8-mm pinhole, the
sample-to-detector distance was 9 cm. Samples
were placed in sealed Mark-Rdhrchen glass
capillaries (Charles Supper) of 1.0 mm inner
diameter (1200 scans).

NMR spectroscopy. All samples were wetted
with deionised water (40 to 60% water content)
and packed uniformly in a zirconium oxide rotor.
The CP/MAS "®C-NMR spectra were recorded
using a Bruker Avance AQS 300 WB instrument
operating at 7.04 T. All measurements were per-
formed at 290 (+/- 1) K. The MAS rate was 5 kHz.
A double air-bearing probe was used. Acquisi-
tion was performed with a CP pulse sequence,

using a 4.3 ps proton 90° pulse, 800 ps ramped
(100 — 50%) contact pulse and a 2.5s delay
between repetitions. A TPPM15 pulse sequence
was used for 'H decoupling. Glycine was used
for Hartman-Hahn matching procedure and
as external standard for the calibration of the
chemical shift scale relative to tetramethylsilane
((CH,),Si). The data point of maximum intensity
in glycine carbonyl line was assigned a chemical
shift of 176.03 ppm. The software used for spec-
tral fitting was implemented at STFI-Packforsk
AB and is based on a Levenberg-Marquardt
algorithm (Larsson 1997) [5].

Results and discussion

The main target for the comparison was
the supra-molecular structure of cellulose |, the
native form of cellulose. NMR and XRD are fun-
damentally different measuring techniques that
generate data, some of which are directly com-
parable within the limits of existing models. Due
to the different nature of XRD and NMR different
models are used for interpreting data, which to
some extent complicates the comparison. Cel-
lulose | being a semi-crystalline material made
up from bio-polymers arranged into a complex
morphology of a fibre wall is not the optimal mate-
rial for NMR or XRD measurements.

The comparison was made for three catego-
ries of results: cellulose | fibril lateral dimensions,
the degree of crystallinity and the cellulose con-
tent of the fibre sample. These three properties
are directly or indirectly available from both XRD
and NMR measurements.

Table 1 shows the results of the compari-
son of estimates from NMR and XRD. A slight
increase in apparent crystallite size due to the
bleaching is observed using both NMR and
XRD. Further the agreement in lateral dimension

Unbleached Unbleached Bleached Bleached
XRD NMR XRD NMR
Apparent crystallite size (nm) 3.0 3.2 (0.1) 3.2 3.4 (0.1)
Degree of crystallinity (%) 60 55 (1) 59 56 (2)
Cellulose content (%) 86 90 84 90

Table 1. XRD and NMR results recorded on the pulp samples. In the NMR case the apparent crystallite sizes was estimated from
the measured average lateral fibril dimension by neglecting fibril surface polymers. The average lateral dimension of a glucan chain
was set to 0.57 nm. The NMR estimates of the degree of crystallinity include contributions from para-crystalline cellulose forms.
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estimates between NMR and XRD is excellent.
Results obtained from NMR spectral fitting give
estimates for the lateral fibril dimension (LFD)
which includes the fibril surface glucan chains.
The procedure used to translate LFD measures
to apparent crystallite size (the lateral dimension
of the highly ordered fibril interior) was to remove
the contribution of surface glucan from the LFD.
This gives a reduction in LFD measures with 1.14
nm. These are the NMR values quoted for appar-
ent crystallite size in Table 1.

Due to the occurrence of para-crystalline
(PC) signal intensity in NMR spectra recorded
on cellulose | (Larsson 1997 [5], Wickholm 1998
[9]1), a question arises whether or not this form of
cellulose | will be detected as crystalline cellulose
| during XRD measurements. In the studied sam-
ples the cellulose | forms classified as crystalline
and para-crystalline were about 20% and 35%
respectively according to NMR, typical for cel-
lulose | isolated from softwood. It is obvious from
the comparison with XRD data that the relevant
basis for comparison consists of the sum of crys-
talline and para-crystalline NMR signal intensity
adding up to some 55%.

Conclusions

Given the differences in principle of operation
between XRD and NMR the agreement between
similar results is judged as excellent to good. The
difference found in the estimates of cellulose
content is expected since the NMR method is
known to discriminate hemicellulose signal inten-
sity. Both methods indicate a slight increase in
the apparent crystallite size after bleaching while
the degree of crystallinity remains unchanged.
Further, the comparison of the degrees crystal-
linity determined by NMR and XRD indicate that
the NMR signal intensity interpreted as para-
crystalline cellulose is detected as a crystalline
form during XRD measurements.
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Az Uj s6savas mod-
szert haszaltuk kiilonb6zé
lucfeny®, erdeifenyd, nyir-
fa, eukaliptusz és TMP-
rostok 6sszehasonlitasara.
Néhdny eredményt az 1.
tablazatban mutatunk
be: a gyari rostok savra
sokkal érzékenyebbek
voltak, mint a laboratdri-
umi rostok, és a nagyobb
lucfenyé-erdeifenyé ara-
nyu rostanyagok is sokkal
érzékenyebben reagdltak a savra. A szinergetikai
hatds miatt az N342 és a Celluclast az 6sszes rost
nagyon erés hasadasat eredményezte. A celluldzok
azonban nem mutattak kiilénbséget a gyari és labo-
ratériumi rostanyagok kozott. A HCl a fenti rostokat
0.7-1.7 um kozott duzzasztotta, mig az N342 és a
Celluclast a rostszélességet 1-3 um-rel csokkentet-
te. A HCl bocsatotta ki a legtdbb xylézt (0.1 g/l) és
nagyon kevés gliikézt (0.015 g/l). Ez arra utal, hogy a
HCI 80-82°C-nal az 6sszes sejtfalrétegen athatol, ezzel
degradalva féként a hemicellul6zokat. igy a xilan és a
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van bizonyos jelentésége a gyari és laboratériumi

rostanyagok kozotti kilonbségekben. A — féként a
rost fellletén aktiv — nagy celluldzmolekuldk eseté-
ben a gliikéz volt a kibocsétott legnagyobb mennyi-
ségU cukor, ami nagy EG + CBH katalitikus tevékeny-
séget tiikroz 0.8 g/l gliikdz adagolasa mellett.

Az 1. abra lucfenyé teljes hasadasat mutatja
1N HCl jelenlétében. A 2. abran 79%-os foszforsav
hatéséra bekovetkezé gémbduzzadés és felcsava-
rodott

S1 ,9yongysor” lathaték. A gémbduzzadas a
rostok tulajdonsagaitél figg.

Vizsgaltuk a HCl hatdsat eukaliptuszra és
nyircelluléz rostokra. Ezek az eredmények azt
mutatjak, hogy a nyir kraftcelluléz rostjai sokkal
inkabb ellendllnak a savnak, mint az eukaliptusz-
rostok. A hosszabb nyirrostok (cca 1 mm) ellené-
re, ezek a rostok kevésbé hasadtak, mint a 0.65
mm hosszu eukaliptuszrostok. (hasadas 0.22-0.35
vs 0.835-1.40). Ebben az eltérésben az edények és
a parenchimaszovet is szerepet jatszanak.

Kovetkeztetés

A sosavas kezelés, a rosthosszisdag megha-
tarozasa és a rostonkénti hasadas (viszonyitva a

;f’;;g Luc-erdeife- HCI N476 N342 Celluclast 1.5L | Celluclast 1.5
tipusa ny0 aranya | Hasadas/rost | Hasadas/rost | Hasadas/rost | Hasadas/rost | Hasadas/rost
Gyari | 33:67 1.93+£0 0.42 + 0.07 8.40 + 0.08 *5.59 + 0.09 ---
Labor 1 33:67 0.935 £ 0.24 | 0.32 £ 0.07 9.31 £0.24 | *5.73 £ 0.60
Gyari 11 84:16 4.16 £+ 0.02 0.22 + 0.03 9.98 + 0.42 | *5.91 + 0.08 | **9.93 + 0.23
Labor 11 84:16 1.23 + 0.02 0.23 + 0.04 9.95 + 0.68 | *5.59 £ 0.75 [ **9.62 + 0.34

1. Tdbldzat. Gydri és laboratdriumi kraftrostok hasaddsa HCI (81°C, pH 0) és kiilonbézé celluldz keverékek hatdsdra 50°C-ndl. A celluldz N476-
ndl pH értéke 7 volt, és a tébbinél pedig 5. *0.3 ml; **0.6 ml enzim.
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Abstract

HCl treatment, determination of fibre length and
cleavage per fibre was found to differentiate between
pulps made in the laboratory and mill even though
the same batch of spruce wood fibres was used. This
was not the case for cellulase fibre cleavage. The
reason is due to better penetration of fibre walls by
the acid at a higher temperature with release of hemi-
cellulose sugars, while cellulase activity is mainly
restricted to the fibre surfaces, except in dislocations,
with release of glucose as the main sugar. Phosphoric
acid probably penetrates through cracks and disloca-
tions of the S1 wall and swells the S2 fibre cell wall cre-
ating balloons. The number of balloons and degree of
swelling reflects the history of the pulp fibre such as
bleaching and mechanical treatment.

Introduction

The new pulp fibre testing method called the
HCl-method can be used to compare different spruce,
pine, birch, Eucalyptus and TMP pulp fibres by allow-
ing calculation of the number of fibre cleavages in
dislocations and other weak points [1,2]. Here fibre
cleavage using HCl and cellulase treatments are fur-
ther evaluated regarding differences in cleavage pat-
tern, in degradation of the different fibre cell walls
and in sugar release [3]. For more background see [4].
The use of phosphoric acid and fibre balloon swelling
as a test of fibre quality is also shortly described.

Experimental

Pulps

Source and properties of kraft and TMP pulp fibres
are given in [1,2]. Four kraft pulps were from two
Scandinavian mills and called Mill 1 & Lab | (spruce:pine
relation 33:67) and Mill [l & Lab Il) (spruce:pine relation
84:16)[3]. Spruce kraft pulp samples along a kraft pulp

fibre line were: I. After cook; Il. After Wash press; lII.
After O2; IV. After EOP; V. After D2. L -values are from
each sampling point before HCI-treatment [2].

HClI-treatment and calculation

Final version of the HCl-method is given in[2,4]. In
short, never-dried fibres are swelled in 20 ml water and
20 ml 2N HCI added to give pH 0. Incubation is then
carried out for 4h at 80-82°C with cleavage completed
during cooling using a stirring bar for 30 min. Finally
the fibres are washed with phosphate buffer at pH 7 to
remove the acid. Fibre length determination was done
using a FibreMaster or a Kajaani instrument. Calcula-
tion: Cleavage per fibre = (L, / L) - 1 were L is length
weighted fibre length distribution in mm for control in
water (or for untreated fibres), and L is length weighted
fibre length distribution in mm for HCI-treated fibres.

HCl and Cellulase treatment

The four kraft pulps Mill | & Lab I and Mill Il & Lab I
were tested with HCl as above and with Novozym 476
(monocomponent endoglucanase EG), Novozym 342
(multicomponent endoglucanase + cellobiohydro-
lase CBH) and Celluclast 1.5L (EG + CBH from Trichode-
rma reesei) at 50°C[4].

Sugar analyses

Arabinose, galactose, glucose, mannose and
xylose in fibre filtrates were determined at M-real/
MoRe Research, Ornskéldsvik using ion chromatog-
raphy and pulsed amperometric detection [4].

Phosphoric acid swelling

Balloon swelling of fibres was performed using
79% ortho-phosphoric acid as described earlier
[5-7]. Some balloon swelling tests were also done
with 8% LiCl in DMAC, copperethylenediamine
and Fe(lll)-tartrate [7].

Light microscopy. For polarized light microscopy,
a Leica DMLB or DMLS coupled to an Image-Pro Plus

Cont. p 241
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1.dbra. Lucfenyérost HCl hatdsdra bekGovetkezé teljes hasaddsa,
feltdrva a sejt belsejét

diszlokacidk szamahoz) kilonbséget tesznek a
laboratériumban vagy gyarban el8allitott rost-
anyagok kozott, még akkor is, hogyha ugyanazt
a lucfenyérostot alkalmaztuk. Ugyanakkor ezt
nem tapasztaltuk celluldzos rosthasitasban. A
nyirfarostok nagy ellenélldst mutatnak a sésavval

2.dbra. Lucfenyérost gémbduzzaddsa
foszforsavkezelés utdn

szemben. A foszforsav valdszintileg behatol a S1
fal repedéseibe és az elmozdulasok kozé, és meg-
duzzasztja az S2 rostsejtfalat, ezaltal gdmboket
hoz létre. A gémbdk szama és a duzzadas foka
tlikrozi a cellulézrost multjat, mint példaul fehéri-
tés és mechanikai kezelés.
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image analysis program was used. Dislocations are
most easily seen in latewood fibres.

Scanning electron microscopy

Pulp fibres and fragments (free of buffer) follow-
ing HCl or cellulase treatments were prepared and
gold sputtered as described [4,7]. Electron micro-
scopy instruments used were Philips ESEM XL 30 or
Hitachi 4500 FE-SEM.

Results and discussion

Dislocations as light bands are most easily seen in
latewood fibres in polarised light and one example is
shown in Fig. 1. It was reported in Riga 2004 [8] and
in [1] that industrial (Mill) pulps, both from early thin- Fig. 1. Spruce latewood fibre showing dislocations in pol. light
nings and final cutting, were significantly more sensi-
tive to HCl cleavage indicating more dislocations than
in laboratory (Lab) produced kraft pulps from the 45
same spruce wood batch. Thus the HCl-method is a
valuable tool in Strength Delivery studies [1,2]. These
results have been confirmed for many kraft pulps
and one example is given in Fig. 2. In a comparison
between bleached pine and spruce kraft pulps, it was
shown that pine pulp fibres were less sensitive to HCI
cleavage than spruce kraft pulps (Fig. 3). A similar
result was obtained for pine and spruce TMP pulps.

=

3,5 —

2,5 1

15 1

Cleavage per fibre
|

Influence of hemicellulose 05 T |
Bleached spruce pulp fibres (PH, RDH, ITC, PS) 0 T T
containing 8.1, 15.9, 17.0, and 20.8 % hemicellulose, Lab 1 Mill4  Mill 5

respectively were tested with the HCl-method [2].
The corresponding cleavage per fibre were: 4.90,
3.42, 3.10, 2.43 (R? = 0.965). Thus hemicelluloses, Fig. 2. Cleavage of Lab and Mill spruce fibres by HCI.
mainly glucomannan, may protect the cellulose
from acid cleavage.

Fibres from a kraft pulp fibre line o 35 Os _
Pulp fibre samples were taken along a pulp fibre ;E_ 3T pruce
line. Strong cleavage was obtained after the wash v 251 [l Pine
. . T . o
press in point 2 indicating fibre compression and o 2 ——
mechanical effects in the wash press[2]. In samples O 15
3-5, the cleavage numbers gradually decreased prob- Q 1
ably due to removal of HCl-vulnerable structures % 0s
. . o Y
already in the bleaching process. Thus the HCl-meth- S o | |
od can be used to study all kinds of pulps and to '
evaluate pulping processes (Fig. 4). 2 4 6
Comparison of fibre cleavage by HCI and Cel- Time, h
lulase
Four pulps (see Table 1) were tested with HCl and
the cellulases N476 (EG), N 342 and Celluclast 1.5L Fig. 3. Cleavage of bleached pine and spruce fibres by HCI
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(both with EG + CBH). The last two cellulase mixtures
gave good fibre cleavage in dislocations but only HCI
could differentiate between Mill and Lab pulp fibres
(Table 7). N476 containing only endoglucanase had
little cleavage activity.

Some interesting points from Table 1: Mill fibres
were more sensitive to acid than Lab fibres, and pulps
with a larger spruce to pine relationship were also more
acid sensitive. Due to the synergistic effect, N342 and
Celluclast gave very strong cleavage of all pulp fibres.
The cellulases, however did not distinguish between Mill
and Lab pulps. HCI swelled the above fibres between
0.7-1.7 um, while N342 and Celluclast decreased fibre
width by 1-3 pm (not shown) indicating removal of S1
and the outer part of S2 fibre cell walls by cellulase [4].
Furthermore, HCl released most xylose (0.1 g/l) and very
little glucose (0.015 g/I). This indicates that HCl at 80-
82°Ciis penetrating all cell wall layers mainly degrading
hemicelluloses. Thus degradation of xylan and gluco-
mannan by the acid seems to be of some importance
for the differences obtained between Mill and Lab pulp
fibres. For the large cellulase molecules acting mostly
on the fibre surface; a supposition supported by the

Cleavage per fibre
w

Pulp fibre line samples

Fig. 4. HC cleavage of fibres from a pulp fibre line.

decreased fibre width, with glucose beeing the major
sugar released reflecting the catalytic activity of EG +
CBH giving up to 0.8 g/l of glucose.

Balloon swelling of pulp fibres

The morphology of balloons produced by 79%
phosphoric acid swelling[5] was studied in light- and
electron microscopy (SEM and TEM). The goal was
to evaluate balloon swelling as a method for char-
acterization of spruce kraft pulp fibres [5,7,9]. The
studies showed that phosphoric acid was the best
swelling agent as compared with LiCl/DMAc giving a
slimy substance on the fibre, which hindered electron
microscopy studies. Very stable balloons, possible to
study in EM, were obtained in fibres with 3-4% lignin.
Cellulase-treated, bleached or mechanically affected
fibres gave rapid ballooning and further dissolution
of the fibre. The reason for the remarkable regularity
of swelling in the form of “string of pearls” or if dislo-
cations are involved is not known with certainty. Eck-
hart et al. [9] developed an image analysis method to
study fibre swelling in copperethylenediamine and
calculated degree of swelling in percent of the total
fibre length. In this way an indication of outer fibre
wall damage for pulps of similar type was obtained.
Dislocations may be involved in this fibre swelling.

Le Moigne et al. [10] recently investigated swell-
ing of bleached cotton fibres, Na-sulfite pine pulps
and Ca-bisulfite spruce pulps in N-methylmorpho-
line-N-oxide — water mixtures and in NaOH-water.
It was suggested that both the primary wall and
the outer part of the ST wall are important in bal-
loon swelling and formation of “unswollen sections”
between the balloons (similar as in Fig. 7). This is
partly in contrast to our opinion [6,7] after using
spruce kraft pulp without primary wall, which if
present, is only 0.1-0.2 um thin. We suggested that it
is mainly the S1 wall, which is rolled off the balloons
creating the “collars” shown in Fig. 7. In COST Action
E54 we want to continue cooperation to clarify fur-
ther the mechanisms of balloon swelling of different

Pulp type ';E'ra:é‘;” HCl N476 N342 | Celluclast 1.5 | Celluclast 1.5L
Pine Cleavage/fibre | Cleavage/fibre | Cleavage/fibre | Cleavage/fibre | Cleavage/fibre
Mill 1 33:67 1930 0.42 + 0.07 8.40 £ 0.08 | *5.59 + 0.09 -
Lab I 33:67 0.935 £ 0.24 | 0.32 £ 0.07 9.31 £ 0.24 *5.73 £ 0.60 ===
Mill 11 84:16 4.16 £+ 0.02 0.22 + 0.03 9.98 + 0.42 *5.91 + 0.08 | **9.93 £ 0.23
Lab 11 84:16 1.23 £ 0.02 0.23 + 0.04 9.95 + 0.68 *5.59 + 0.75 | **9.62 + 0.34
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Table 1. Cleavage of Mill and Lab kraft pulp fibres by HCI (81°C, pH 0) and by different cellulase mixtures at 50°C.
Cellulase N476 was run at pH 7, and the others at pH 5. *0.3 ml; **0.6 ml enzyme.
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Spruce fibre balloon swelling in phosphoric acid[6,7].
Figs 5-6: Polarized light microscopy, S2 and S3 cell walls are shown in Fig. 6.

cellulose and wood fibres. Another line of investiga-
tion is to use Raman spectroscopy to see whether
phosphoric acid is converting cellulose | to cellulose
Il'in bleached fibres[11].

HCl-effects on Eucalyptus and birch pulp fibres
were also tested [12]. These results indicate that birch
kraft pulp fibres (ca 1 mm) are more resistant to HCI
than the 0.65 mm long Eucalyptus fibres. Despite
longer birch fibres, they were poorly cleaved as com-
pared with Eucalyptus fibres (cleavage 0.22-0.35 vs
0.835-1.40). Vessels and parenchyma may be involved
in these differences.

Conclusions

- The HCl-method can be used to determine
dislocations and other weak points in different
pulp fibre types and may be a complement to
wet zero span measurements and other paper
tests.

- Fibre length determination in Fibermaster or
Kajaani or other instruments can be done in
many paper and fibre research laboratories.

- Spruce pulp fibres are more sensitive to HCl
than pine pulp fibres.

— Pulp samples from fibre lines can be studied
with the HCl-method.

— Hemicellulose degradation by HCl seems to be
of importance for the differentiation between
Mill and Lab pulp fibres, while cellulases mainly
release glucose from the fibre surfaces causing
decreased fibre width.

Spruce fibre balloon swelling in phosphoric acid[6,7].
Fig. 7. SEM micrograph of balloons and rolled off S1 “collars”.

- HCI penetrates deeply into the fibre cell walls,

while cellulases act mostly on the fibre surfaces
and only penetrate the fibre to a certain extent
in dislocations, that are supposed to be of a more
amorphous character.

Dislocation cleavage and/or cleavage of 3-1,4-
glucosidic bonds in cellulose by HCl or cellulase
give little sugar release and the amount of sug-
ars cannot be used to differentiate between Mill
and Lab pulp fibres.

Fibre swelling and ballooning in phosphoric
acid or copperethylenediamine coupled with
image analysis may be used for pulp fibre char-
acterisation.
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Egyedi cellulézrostok mikromechanikaja

Ramesh-Babu Adusumalli, Patrick Schwaller, Johann Michler

Anyagmechanikai és nanostruktura laboratérium
Empa — Anyagtechnika & Technoldgia
Feuerwerkerstr. 39; CH-3602 Thun, Svajc
Telefon: +41 33 228 2996; Fax: +41 33 228 4490
E-mail: ramesh.adusumalli@empa.ch

Kilénb6zd tipusu
rostanyagokat, bele-
értve feny6-, lombos,
fehéritett és fehéritet-
len cellulézokat vetet-
tink ala szakitasi vizs-
galatoknak. Az egyedi
rostok vizsgalatdhoz
papirkeretbe rogzitett
rostokat alkalmaz-
tunk. A cellul6zrostok
térékeny természete miatt a javasolt egyedi

Ramesh-Babu Adusumalli

rost vizsgalatok nem hoztak igéretes ered-
ményeket. Az egyedi rost sejtfalanak MTS
Nano indenterrel [alakvaltozast, bemélyedést
mérd szerkezet] végrehajtott keménységi
vizsgélata a sejtfal elhelyezésének nehéz-
sége miatt nem volt sikeres. Jelenleg a
sejtfal keménységét Tribo nanoindenterrel
mérjik, amelyre AFM van felszerelve, és a
rost hosszanti iranyaban a bemetszéseket
MTS nanoindenterrel végezziik, és mindket-
t6 kivalé eredményeket mutatott az elézetes
vizsgalatok soran.

Micromechanics of single pulp fibres

Ramesh-Babu Adusumalli, Patrick Schwaller, Johann Michler

Mechanics of Materials and Nanostructures Laboratory
Empa - Materials Science & Technology
Feuerwerkerstr. 39; CH-3602 Thun, Switzerland
Phone: +41 33 228 2996; Fax: +41 33 228 4490
E-mail: ramesh.adusumalli@empa.ch

Pulps of various grades including softwood, hardwood, bleached, unbleached were
subjected to tensile testing. Paper frame set-up was adopted to test the single pulp fibres.
Due to the brittle nature of pulp fibres, proposed single fibre tests did not yield promising
results. Hardness measurements on single fibre cell-wall using MTS Nano indenter were
not successful due to the difficulties in locating the cell-wall. Presently cell-wall hardness is
measured using Tribo nano indender equipped with AFM and indents on the fibre longitudinal
direction is performed using MTS Nano indenter, both revealed excellent results during
preliminary tests.
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Az egyedi rost-rost kotések

kotési feliiletének mérése
Lisbeth Kappel', Ulrich Hirn', Wolfgang Bauer', Robert Schennach?

Grazi Mlszaki Egyetem

"Papir- Celluldz- és Rosttechnologiai Intézet
Papirszilardsag fellleti kémiai és fizikai alapok CD-Laboratériuma
Kopernikusgasse 24/11 8010 Graz
e-mail: lisbeth.kappel@tugraz.at

2Szilardtest Fizikai Intézet
Papirszilardsag fellleti kémiai és fizikai alapok CD-Laboratériuma
Petersgasse 16/11 8010 Graz

Ez az el6éadas az Minden egyes vagasnal

képelemzéssel

egyedi rost-rost kotések
kotési fellletének meg-
hatarozasi modszerét
mutatja be mikrotommal
torténd sorozatos sze-
letelés és képelemzés
alapjan. A kotési teri-
let méretét és harom-
dimenziés strukturajat
a keresztmetszeti rost-
morfoldgiaval egyitt
értékeltik. A lyukakat és
atfedett, de nem kotott éleket potidlag meértik.
Az egyedi rost-rostkdtések hidegen polime-
rizalédo gyantaba vannak beagyazva. Kezelés
utan a kétési terlilet haromdimenziés strukturajat
elemeztik automatikus mikrotom rendszer alkal-
mazasaval. A mikrotommal harom mikrométer
vastagsagu szeleteket vagtunk le, és a vagasi
teriiletet minden egyes vagas utan automatiku-
san megjelenitettik. Ez a rost keresztmetszeté-
bdl szamos képet eredményez, amely a rost-rost
kétés haromdimenzios alakjat reprezentalja.

Lisbeth Kappel

hataroztuk meg azt a vonalat, ahol a rostok
érintkeznek, és megmértik ennek hosszat.
A kotési terlletet ugy szamitottuk ki, hogy a
kotésvonal hosszat megszoroztuk a vagas vas-
tagsagaval (3 um).

A kotési terlilet mellett a rostok szamos mor-
folégiai paraméterét és kotési teriletét mertuk
képanalizissel. A rostkeresztmetszet, a rostke-
rilet, rostfal vastagsaga, a rost 6sszeomlasa, a
rost szélessége, és a nem tokéletes kotés foka
atfogo képet adnak a rost-rost kétésrél.

87 rost-rost kotést elemeztiink linearis korre-
lacioval, amely megmutatta, hogy a rostszélesség
ad magyarazatot a kétési tertlet majdnem 50%-
ara. Ugyanakkor a tobbi morfolégiai paraméter
(rostfal vastagsaga, rostkertlet, rostkeresztmet-
szet terllete), 2 rost keresztezésének szoge és a
nem tokéletes kotés is fontos szerepet jatszanak,
és nem hagyhatok figyelmen kivil. Ezek az ered-
mények csak egyszerl korrelacion alapulnak,
a tovabbi elemzésekhez linearis regresszios
modellezést kell végezni, hogy megtalaljuk a
koélcsdnkapcsolatokat és redundanciakat.
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Measuring the bonded area of

individual fiber-to-fiber bonds
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Summary

This paper presents a method for the deter-
mination of bonded area of single fiber-to-fiber
bonds, based on microtome serial sectioning
and image analysis. The size and three dimen-
sional structure of the bonded area are assessed
together with cross sectional fiber morphology.
Holes and overlapping but unbonded edges are
measured additionally.

87 fiber-to-fiber bonds of unbleached and
unbeaten softwood Kraft pulp were analyzed.
Correlations between bonded area and mor-
phological parameters show influences on size
of bonded area. In this study only single correla-
tions were performed, so linear modelling and
analysis of interrelations and redundancies will
be part of future work.

Introduction

Paper strength depends on the strength of
single fibers and the strength of the fiber-to-
fiber bonds. The strength of the fiber-to-fiber
bonds again depends on the size of the bond-
ed area and on the specific bonding strength.
Measuring the actual size of the bonded area
helps to understand the governing factors for
fiber-to-fiber bond strength. In this study we
investigate the distribution of the bonded area
for individual fiber-to-fiber bonds. We propose
a novel method for the determination of bonded
area based on microtome serial sectioning.

Analysis of geometrical and morphological
parameters of 87 single fiber-to-fiber bonds will
help to explain the governing factors for the size
of bonded area.

Measurement of bonded area

The method for the determination of the
bonded area is based on microtome serial sec-
tioning and image analysis. It yields the size of
bonded area together with the three-dimension-
al structure of the bonded area and morphologi-
cal fiber parameters.

The samples are embedded in a gelatine
capsule using a cold-polymerizing resin. After
curing, the three dimensional structure of the
bonding region is analyzed using an automated
microtomy system [1]. Slices with a thickness of
3 um are repeatedly cut off the embedded sam-
ple with the microtome and the cutting area is
imaged automatically after every cut with a pixel
size of 0,161 um. This yields a stack of images of
the fiber cross section, representing the three-
dimensional shape of the fiber-to-fiber bond.

Three exemplary light microscope images
at different cutting positions are given in Fig. 1.
The firstimage (a.) shows the edge of the bond,
the fibers contact region is small. The left fiber
is fully collapsed and folded, the right fiber on
the other hand is fully collapsed and unfolded.
The following two images (b. and c.) proceed
deeper into the bond. Because of the irregular-
ity of the fold the contact between the fibers is
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Fig 1 a., b., c.: Microscope images of fiber-to-fiber bond cross sections. d.: Segmented fibers of c. with bonding line.
e.: 3-dimensional representation of bonded area by plotting the bonding lines.

interrupted. Fig. 1 (b.) shows, that the fibers are
only partly bonded. In the upper part of the bond
the fibers are separated. In the next image (c.)
the fibers are in contact over a greater length,
but the contact is interrupted.

Segmentation of the fiber regions is per-
formed by the operator, the fiber outline is drawn
into the microscope image by hand (Fig. 1 d.).

From these fiber outline images the mor-
phology of the bonding region and the fibers is
determined using image analysis.

For bonded area measurement we consider
these fiber regions to be bonded, where the
fibers in the microscope images are in direct
contact. This region is determined image ana-
lytically, yielding a bonding line for every cut, as
it is indicated by the white line in Fig. 1 (d.).

Bonded area is calculated from bond line
length multiplied with the cut thickness (3 um).
A 3-dimensional representation of the bonding
region is obtained by plotting all lines of one
bond (Fig. 1e.). The rightmost line corresponds
to the length where the fibers were in contact in
the first cut (a.). The line which is marked gray
belongs to the cut of the label image (d.). The
interruption caused by the fold of the left fiber
can be seen. The distance between the lines is
equivalent to the cut thickness (3 pm).

In addition to bonded area several morpho-
logical parameters of fibers and bonding region
are measured image analytically using a proce-
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dure described by [2]. Fiber cross sectional area,
fiber perimeter, fiber wall thickness, fiber col-
lapse, fiber width and incomplete bonding give a
comprehensive picture of the fiber-to-fiber bond.

Results

Bonded area and morphological parameters
of 87 fiber-to-fiber bonds of unbleached unbeat-
en softwood Kraft pulp were analyzed. We tried
to find linear correlations between bonded area
and morphology.

The mean value for bonded area is 1130
um? and standard deviation is 602 pm?. Fig.
2 shows a histogram of all values for bonded
area, the distribution is positively skewed.
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Fig. 2 Histogram of values for bonded area, mean=1130
um?, variance=602 um? skewness=0.9495.



Determining factors for bonded area

The influencing factors on the size of bond-
ed area will be discussed in the following sec-
tion, based on the results for bonded area and
morphological parameters.

Fig. 3 shows correlations between bonded
area and morphological parameters, the R?
value is given in each diagram.

Fig. 3 (a) shows that fiber width has the big-
gest impact on size of bonded area. The draw-
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ing in Fig. 4 illustrated this relationship. Bigger
fiber width leads to larger bonded area.

The influence of fiber width is also reflected
in fiber perimeter (Fig. 3c), as bigger fiber width
leads to a bigger fiber perimeter. The same
correlation is also valid for fiber cross sectional
area (Fig. 3b).

Incomplete bonding (Fig. 3d) also seems to
be important for the size of bonded area. This
shows that only consideration of morphologi-
cal fiber parameters is not enough, as in some
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Fig. 3 Correlations between bonded area and morphological parameters (fiber width, fiber cross sectional area, fiber perimeter,
incomplete bonding, fiber wall thickness and crossing angle)
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cases quite large unbonded areas have to be
considered.

Fiber wall thickness (Fig. 3e) is closely relat-
ed to conformability. Summerwood fibers with a
thick fiber wall cannot conform so well to each
other and so bonded area gets smaller, though
the influence is far smaller than the influence of
fiber width.

The deviation of the crossing angle from
right angle also has an influence on size of
bonded area (Fig. 3f). Bigger deviation from
right angle leads to bigger bonded area, as can
also be seen in Fig. 4.

Conclusions

The method introduced in this paper seems
to be a useful tool to investigate bonded area
together with the morphology of the fiber cross
sections and the bonding region. The method is
able to measure incomplete bonding (holes and
overlapping but unbonded regions at the border
of the bond). This combined measurement of

Fig. 4 Influence of fiber width and crossing angle
on size of bonded area.

fiber morphology and bonded area morphology
might contribute to a comprehensive under-
standing of fiber-to-fiber bonding.

The analysis of 87 fiber-to-fiber bonds
showed that fiber width explains almost 50 % of
bonded area. Also other morphological param-
eters (fiber wall thickness, fiber perimeter,
fiber cross sectional area), crossing angle and
incomplete bonding play an important role and
have to be considered.

Please note that only single correlations
were analyzed in this study. Linear modeling
will have to be performed in order to investigate
interrelations and redundancies.
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Petar Bikov

Ivo Valchev

A papir- és karton gyartasdban a leginkdbb
energiaigényes folyamat az 6rlés és a rostanya-
gok szaritasa. A celluldz termékek alkalmazésa
az egyik legkorszeribb médszer a viztelenités és
az 6rlés hatékonysadganak javitadsara. Ha az &érlés
elétt adagolunk enzimet, annak hatasa eltéré
lesz az 6rlés utani kezelés hatdsatol. Az 6rlés
el6tti alkalmazas jobb 6rlési hatékonysagot
eredményez, mig az 6rlés utani kezelés nagyobb
Orlésfokot eredményez. Tény, hogy a celluldz
a gél formaju strukturak lebomlasahoz vezet.
Ezeket a viztelenedés javitasara lehet alkalmazni
hidrolizis révén a rostokban, finomanyagokban
és oldott kolloidanyagokban jelenlévé cellul6z-
és hemicelluléz leginkdbb hozzaférhetd részei-
ben. A megfelel6 médon alkalmazott celluldzok
novelhetik vagy helyreallithatjak a rostszilardsa-
got, csokkenthetik az 6rlési id6t, és ndvelhetik a
rostok kozti kotést fibrillacion keresztul.

Ennek a munkanak a célja az, hogy vizs-
géljuk az uj cellulaztermékeknek az 6rlésre, a
viztelenedésre és a rostanyag szilardsagi tulaj-
donsdagaira gyakorolt hatdsat.

A vizsgdlatokat a Bulgaridbdl, az ,Duropack-
Trakia-Papir” AD - Pazardjik éltal biztositott OCC
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rostanyaggal, a ,Mayr-Melnhof” AD -Nikopol éltal
biztositott festéktelenitett rostanyaggal, a Svilocell
AG dltal biztositott fehéritett cellulézzal, valamint
fehéritett brazil eukaliptusz rostanyaggal végeztik.

Az enzimes kezelést a Novozymes AS
FiberCare® D celluldz termékével végeztik, amely
nagyon hatékony, de ugyanakkor kiméletes a ros-
tokkal.

0,05-0,2% enzim 20-45%-kal javitja az OCC-
rostanyag viztelenedését, illetve max. 25%-kal
az Orlésfokot. Nagyobb négyzetmétertomegu
termékek gydrtasaban a szarité gézfogyasztasa
akdr 4%-kal is csokkenhet. Az enzimes kezelés
kapott eredményeit a masodlagos rostok kol-
loid anyagainak részleges destrukcidjaval lehet
értelmezni. Ez a gélfrakcié megtartja a vizet,
és a masodlagos rostok lassu viztelenedését
okozza. A hulladékpapir FiberCare® D kezelése
lassan néveli a rostanyag szakadasi hosszat, mig
a tépo- és repesztési mutatd csdkken.

Az ,Mayr Melnhof” AD 4ltal szallitott fes-
téktelenitett rostanyag viztelenedésében vizs-
gdlt celluldzhatds kisebb enzimaktivitdst mutat,
amely nagyobb FiberCare® D terhelést tesz szlk-
ségessé ugyanolyan viztelenedés eléréséhez.

Az oldatban a redukalt cukrok vizsgalatanak
eredményei korilbelll 0,4-0,5%-0s rostvesztesé-
get mutatnak, ami a kolloid anyagok oldédasaval
kapcsolatos. A papir minéségek és a rostanyag
viztelenedése kozotti optimalis egyensulyt ala-
csony szint enzimterhelésnél lehet elérni.

A FiberCare® D hatdsa az 6rlés el6tti kémiai
rostanyagkezelésben elésegiti az 6rlésfok nove-
kedését 14°SR-rel eukaliptuszra, és 24°SR-rel a
Svilocell rostanyagdra. Az enzimadagolasnak a két
rostanyag tipus szildrdsagi tulajdonsdgaira gyako-

Folyt. 254. oldalon
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Summary

Refining and pulp drying are the most energy-
intensive processes in the production of paper and
boards. The usage of cellulases products is one of
the modern methods to improve dewatering and
refining efficiency.

The enzyme treatment was performed with the
Novozymes AS cellulase product FiberCare® D.

The carried out investigation shows the positive
effect of enzyme treatment on the secondary fiber
dewatering. The obtained results of enzyme action
can be interpreted by partial destruction of colloidal
substances of secondary fibers.

The effect of enzyme treatment on the pulp
strength properties shows insignificant increasing of
breaking length, while the tear index and the burst
index decrease. Probably the FiberCare® D action at low
enzyme charge contributes an improvement on the
paper structure independent of fiber destruction proc-
esses. Optimal balance between paper qualities and
pulp dewatering is reached at low level enzyme charge.

The pre-refining cellulase treatment of Svilocell
and eucalyptus bleached pulp significant improves
beating efficiency without pulp strength properties
loss. The influence of enzyme treatment on the pulp
yield and waste water pollution are not significant.

FiberCare’ D is able to waste paper dewatering
improvement and is a prerequisite for dryer steam
consumption decreasing, refining energy costs sav-
ing and paper machine capacity increasing.

Introduction

Cellulase pulp treatment has been investigated
for several years, with the goal of achieving improved
refining efficiency and fibre dewatering. There are two
methods for enzyme treatment. Addition of enzyme
prior to refining has a very different effect compared
with a post-refining treatment. Pre-refining applica-
tion results in improved refining efficiency, while a

post-refining treatment results in increased furnish
freeness. A combination of the two can provide opti-
mized strength and drainage benefits [1]. Beating
and refining are mechanical processes that enhance
fibrillation and inter-fiber bonding. Properly applied,
cellulases can enhance or restore fiber strength,
reduce beating times, and increase inter-fiber bond-
ing through fibrillation. A correctly applied enzyme
treatment provides a tool that can improve recycled
paperboard operations. This isaccomplished by treat-
ing the refined stock with an enzyme blend to recov-
er a portion of the freeness typically lost through
refining. A pre-refining enzyme treatment can help
the papermaker meet strength tests more readily
through improved refining efficiency. Mill experience
has shown that a combination of these two methods
can provide strength and drainage benefits.

Distinguishing feature of secondary fibers is the
breaking down of cell walls, causing liberating fine
particles, which grow swollen and change in gel form.
They retain water, slow down the dewatering, impede
drying, and causes over consumption of chemicals in
the paper production. It is a standing fact that cel-
lulase lead to breaking down the gel form structures
[1,2]. They can be applied to improve the drainage by
hydrolyse the most accessible parts of the cellulose
and hemicellulose present in the fibers, fines and dis-
solved colloidal substances [3].

Jackson et al. [4] suggest that enzymes can
either flocculate or hydrolyse fines and remove
fibrils from the surface of large fibres. According to
these authors, the enzyme-aided flocculation occurs
when alow enzyme dosage is used. In this case, fines
and small fibre particles aggregate with each other
or with the larger fibres, decreasing the amount of
small particles in the pulp and consequently improv-
ing pulp drainage. For higher enzyme concentra-
tion, flocculation becomes less significant, and
fragmentation of the fibres begins to predominate.
Numbers of authors observe pulp strength proper-

Cont. p. 255
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rolt hatasat vizsgalva javulast mutattak ki a szaka-
dési hosszban, mig a tépési mutatoéra a FiberCare®
D alacsony mennyiségben nem gyakorolt negativ
hatést. Azt is megfigyeltiik, hogy az eukaliptusz
rostanyag 40°SR 6rlésfokat 20 perccel hamarabb
értlik el FiberCare® D kezeléssel. Ugyanakkor a
rostanyag szilardsagi tulajdonsagainak fiiggése
a tépési mutatdk és a szakaddsi hossz esetében
hasonld. Ezért az elért jelent6s 6rlésjavulas adott
6rlésfokon, FiberCare® D kezeléssel 0,05%-o0s ala-
csony enzimadagolds mellett nem befolyasolja
a rostanyag szildrdsagi tulajdonsagait, melyeket
kisebb &rlési energiaigénnyel is el lehet érni. A
FiberCare® D optimalis adagolasa mellett (0,025%
a Svilocell rostanyag és 0,05% az eukaliptusz rost-
anyag esetében) 0,2%-nal kevesebb cukor kelet-
kezik. Ezért az enzimes kezelés eredményeként a
hozamveszteség és a szennyviz szennyezettsége
nem jelentés.

A masodlagos rostanyagok FiberCare® D
celluldz kezelésével folytatott vizsgalatok lehe-
téséget mutatnak a rostanyag viztelenedésének
jelentds javulasara.

Optimalis enzimadagolas mellett a szakadasi
hossz javuldsat figyeltik meg, mivel a celluldz
féleg az oldott kolloidanyagokra van hatassal, és
csak enyhén csékkenti a rostanyaghozamot.

AFiberCare®D-hatékonysagamasodlagos rostok
tipusatol fiigg, és az enzimaktivitas toltéanyagok és
rostanyag-adalékok jelenlétében csdkken. Az 6rlés
elétti enzimes kezelés Iényegesen javitja az Orlés
hatékonysagat anélkil, hogy rontana a rostanyag
szildrdsagi tulajdonsagait. Az enzimeknek a rost-
anyag 6rlésére vagy a papirhulladék viztelenedésére
gyakorolt hatasanak kialakitasa el6feltétele annak,
hogy csokkenjen a széritd gézfelhasznalasa, illet-
ve 6rlési energiakoltség-megtakaritast és papirgépi
kapacitasnovekedést tudjunk elérni.

WG-meeting
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ties decreasing by rise of enzyme quantities and by
increase reaction time [5, 6, 71.

Surface properties may be modified, not only
because of enzymatic hydrolysis of the outer layers
of the fibre, but also because of the adsorption of
enzyme molecules onto the fibre surface. It could
be speculated that changes in fibre-water interac-
tion, induced by the presence of enzyme molecules,
might be the factor responsible for drainage and
strength modification [8].

The purpose of this work is to investigate the
effect of the new cellulase product on the refin-
ing and dewatering improvement and on the pulp
strength properties.

Experimental

The investigations were performed with OCC
pulp supplied by "Duropak - Trakia-Papir” AD
- Pazardjik, deinking pulp provided by “Mayr-Mel-
nhof” AD - Nikopol, bleached pulp supplied by
Svilocell AD - Bulgaria and with bleached Brazilian
eucalyptus pulp.

The enzyme treatment was performed with the
Novozymes AS cellulase product FiberCare’ D, which
is designed to be effective, yet gentle on fibers. This
is accomplished because FiberCare’ D takes advan-
tage of Novozymes’ proprietary mono-component
cellulase technology, resulting in a product that is
highly specific and targeted in its action.

The enzyme treatment conditions were as fol-
lows: pulp consistence 6 and 10%, temperature
60°C, reaction time 60 min., enzyme charge 0.025
-0.5%andpH4-7.

The reducing sugars were determined according
to a DNS method [8].
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Pulp beating was performed with Jokro mill
according to I1SO 5264-3 at duration from 10 to 50
min.

The degree of refining was determined on the
Schopper Riegler device according to ISO 5267. The
rate of dewatering was determined on the same
device.

Pulp strength properties: breaking length, tear
index and burst index were determined according
to the ISO 1924, ISO 1974 and ISO 2758 respec-
tively.

Results and discussion

The effect of FiberCare” D treatment on the
dewatering time and refining degree of Duropak
- Trakia-Papir OCC pulp is shown on Fig. 1 and Fig.
2. The enzyme charge 0.05-0.2% improves the
pulp dewatering by 20-45% and refining degree
up to 25% respectively. In the production of the
heavier weight, dryer steam consumption is able to
decreased by over 4%.

The obtained results of enzyme action can be
interpreted by partial destruction of colloidal sub-
stances of secondary fibers. That gel fraction retains
water causing slow dewatering of secondary fibers.

Similar study of cellulase action on the pulp
dewatering is conducted with deinking pulp sup-
plied by “Mayr-Melnhof” AD. Typical feature of that
pulp is the present of fillers (basic CaCO3), pulp
additives and mechanical fibers. It is found a lower
enzyme activity with respect to that pulp, which
determines on the higher FiberCare® D charge for
achievement the same dewatering.

The effect of enzyme treatment on the pulp
strength properties is present in Table 1. As it is
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Fig 1. Influence of enzyme charge on the pulp dewatering rate,
(pH 5, T=60°C and t = 60min)

Fig 2. Effect of enzyme charge on the pulp refining degree,
(pH 5, T=60°C and t = 60min)
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s Duropak - Trakia-Papir OCC pulp Mayr-Melnhof — Nikopol deinking pulp
chgfy?%/ Breaking Tear ind., Burst ind., Breaking Tear ind., Burst ind.,
9& %o length, m mN.m?/g kPa.m?/g length, m mN.m?/g kPa.m?/g
0 2720 4.5 2.7
0.05 2740 4.4 2.7
0.1 3040 3.7 2.5 2790 4.0 2.5
0.2 3000 3.3 2.2 3130 3.6 2.3
0.5 2970 3.2 2.1
Table 1. Effect of FiberCare® D charge on the waste paper strength properties
L0 60
2:{ 60 ‘% 50
L g 4
‘g 40 ;_
o S 30
5 30 & Svilocell S 9 & without
g 20 pulp 3 enzyme
> m eucaliptus 5 10 0.05%
a 10 pulp 2 enzyme
ol ‘ 0 . . . . ,
0 0.02 0.04 0.06 0.08 0.4 0.12 0 10 20 30 40 50 60
Enzyme charge, % t, min
Fig. 3. Influence of enzyme charge Fig. 4. Effect of enzyme treatment (pH 4.5, T=60°C, t=60min)
on the refining efficiency on the rate of eucaliptus pulp beating
. Svilocell pulp, pH 6.5, T=60°C, t = 60min Eucaliptus pulp, pH 4.5, T=60°C, t = 60min
ch:rzy??’/ Breaking Tear ind., Burst ind., Breaking Tear ind., Burst ind.,
9& % length,m mN.m?/g kPa.m?/g length, m mN.m?/g kPa.m?/g
0 5200 5.0 4.2 7800 5.2 5.6
0.025 5300 5.1 4.2 7900 5.2 5.7
0.050 5400 4.9 4.3 8200 5.3 6.4
0.075 5450 4.7 4.3 8200 4.8 6.1
0.1 5600 4.4 4.4 8100 4.6 6.0
Table 2. Influence of pre-refining cellulase charge on the pulp strength properties
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Fig. 5. Influence of enzyme treatment on the eucalyptus pulp
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breaking length - tear ind. dependence

Fig. 6. Effect of enzyme charge on
the reducing sugars formation




shown the breaking length slowly increases by the
enzyme charge, while the tear index and the burst
index decrease. Probably the FiberCare’ D action at
low enzyme charge contributes an improvement on
the paper structure independent of fiber destruc-
tion processes.

The results of analysis of reduced sugars in the
solution show fiber losses about 0.4-0.5 % which
are connected with dissolving of colloidal substanc-
es. Optimal balance between paper qualities and
pulp dewatering is reached at low level enzyme
charge.

It is studied the effect of cellulase charge in
pre-refining chemical pulp treatment on the pulp
beating efficiency. The results obtained for the two
types of bleached pulp, presented in Fig. 3, show a
total refining degree increase with 14°SR and 24°SR
for eucalyptus and Svilocell pulp respectively. The
performed investigation on the effect of enzyme
charge on the strength properties of the two types
of pulp show improvement on the breaking length,
while the tear index is not adversely affected by
FiberCare’ D at low dosage (Table 2).

The influence of enzyme action on the rate of
eucaliptus pulp beating can be seen on the Fig.
4. It is observed that pulp refining degree 40°SR is
reached for 20 min. less in the case of FiberCare’ D
treatment. In the same time the pulp strength prop-
erties dependence between tear index and break-
ing length is a common relation for enzyme treated
and untreated pulp. (Fig. 5).

Therefore the obtained significant beat-
ing improvement to a given refining degree by
FiberCare’ D treatment at low enzyme dosage up
to 0.05% is not affected on the pulp strength prop-
erties, which can be developed with less refining
energy requirements.

The obtained reducing sugars as a result of cellu-
lase treatment are in the range up to 0.4 % based on
pulp in relation of enzyme charge and type of pulp
(Fig. 6). At optimal dosage of FiberCare’ D (0.025%
for Svilocell pulp and 0.05% for eucaliptus pulp) the
generated sugars are less of 0.2%. Therefore in the
result of enzyme treatment the yield loss and waste
water pollution are not significant.

Conclusion

The carried out investigations on cellulase treat-
ment of secondary fiber materials by FiberCare® D
show opportunity for significant improvement of
pulp dewatering.

WORKING GROUP 3.

It is observed breaking length improvement in
the optimum enzyme dosage as the cellulase affects
mainly on the dissolved colloidal substances and
slightly reduces the pulp yield.

FiberCare’ D efficiency depends on the type of
secondary fibers and enzyme activity decreases on
the presence of fillers and pulp additives.

The pre-refining enzyme treatment significantly
improves beating efficiency without pulp strength
properties deterioration. At optimal FiberCare” D
dosages 0.025%-0.05% the yield loss and waste
water pollution are not significant.

Established enzyme effect on the pulp beating
or waste paper dewatering is a prerequisite for dryer
steam consumption decreasing, refining energy
costs saving and paper machine capacity increas-
ing.
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Hogyan hat az enzimes kezelés

a rost tulajdonsagaira?
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Az enzimek vilag-
szerte nagy mennyiség-
ben és szamos alkalma-
zasban hasznalt vegyi
anyagok. Ezeket els6-
sorban az élelmiszer-
iparban és mez6gaz-
dasagban hasznaljak.
Az enzimek eléallitasa-
ban jelenleg végbement
fejlédés lehetévé tette,
hogy tiszta egynemd
komponenseket allit-
sunk elé. igy lehetévé valt az enzimek felhasz-
nalasa a rostel6allitas folyamataiban is.

Rostanyag szuszpenzidkhoz kilénb6z6
enzim tipusokat adagoltunk annak érdeké-
ben, hogy meghatarozzuk, milyen lesz a hatas
az ilyen vegyszerekkel kezelt rostok eseté-
ben. A celluléz viszkozitasvaltozasait mértik
eukaliptusz és fenyéfa cellulézokon. Az enzim
tipusatol figgéen a kezelés kdvetkezményei
eltéréek voltak. A fenydcelluléz viszkozitasa
volt a leginkabb érintett cellulazzal térténd
kezeléskor, 6sszehasonlitva az eukaliptusszal.
A maximalis veszteség fenydnél 20% volt,
mig az eukaliptusznal csak 10%. Minél tobb
cellulazt adtunk hozza, annal alacsonyabb lett
a viszkozitas, ami a cellulézlanc gyakoribb
hasadasat jelenti. Ha azonban 3 cellulazt vizs-
galtunk, az egyiknek nem volt hatasa a viszko-
zitasra még nagyobb koncentracio esetén sem.
Kdvetkezésképpen elmondhato, hogy a cellulaz
sz6 nem jelentette ugyanazt, a markanévtdl
figgben. Endo- és exo- glikanaz-aktivitast kell
specifikalni annak érdekében, hogy azonositani
lehessen a cellulaz alkalmazasanak kdvetkez-
ményeit. Ekdzben a vizsgalt hemicellulaz csak
korlatozott tevékenységet mutatott a celluléz-
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lancok iranyaban. Ez igazolta azt a feltevést,
hogy ezek az enzimek meglehetésen tisztak,
és hogy mikddésik a hemicellulézok iranyaban
korlatozott volt. A cellulazkoncentracio hatasa a
viszkozitas cstkkenésében mutatkozott meg.
25%-0s csokkenést figyelhettink meg a leg-
alacsonyabb koncentracional. 1.000-szer tébb
cellulaz adagolasaval a viszkozitas megfelez6-
dott. A cellulézlanc hasadasa nem volt aranyos
az enzimkoncentracioval. Az enzimmobilitas és
arost mentén a degradaciora rendelkezésre allo
helyek is szerepet jatszottak és hatassal voltak
az enzim hatékonysagra. Oréletlen celluloz
tulajdonsagait mértiik prébalapokon, ami jobb
kotési potencialt mutatott cellulazok alkalmaza-
saval, és tisztan mutatta a vizretencio értéknek
névekedését. Ekdzben nagyobb fehérséget is
mértiink hemicellulaz alkalmazasakor. Orlés
utan a kilénbségek néttek. Az alkalmazott
enzimtdl figgéen a szakadasi hossz maximum
25%-kal volt magasabb, a tépési mutatdo 10%-
kal, hasonlé energiafogyasztas mellett.

GOST
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Summary

Enzymes are catalysts used worldwide, in
large scale and for many applications. They are
mainly used in food industry and in agriculture.
Recent developments in enzyme production
made it possible to produce pure monocom-
ponent. So that, it became possible to use
enzymes in fibres production processes.

Different enzymes were added to pulp sus-
pensions in order to determine the impact on
fibres characteristics, fibres structure and pulp
quality. Cellulose degree of polymerisation or
pulp viscosity was also considered to under-
stand the enzyme effect on fibre ultrastruc-
ture. Depending on the enzyme type, conse-
quences were different. Softwood pulp viscos-
ity was the most affected by treatment with
cellulase compared to eucalyptus one. Maxi-
mum losses were 20% and 10% for softwood
and eucalyptus pulps, respectively. The more
the cellulase charge, the lower the viscos-
ity, meaning the more cellulose chain cutting.
However, between the 3 tested cellulases,
one did not affect the pulp viscosity, even
at the highest charge. As a consequence, it
could be said that “cellulase” name had not the
same sense depending on production origin.
Endo- and exo-glucanase activities should be
specified in order to identify cellulase effects.
Cellulose chain cutting was not proportional
to enzyme concentration. Meanwhile, tested
hemicellulases presented only limited action
towards cellulose chains, confirming that those
enzymes were rather pure and that their action
was limited towards hemicelluloses. Enzyme
mobility and fibre locations available for deg-
radation played both role and impacted on
enzyme efficiency.

Unrefined pulp properties showed a better
bonding potential using cellulase and also a
clear increase in water retention value, reveal-
ing increased fibrillation and fibre hydration.
Besides, a higher brightness was enhanced by
hemicellulases treatment. Refining enhanced
differences. Depending on enzyme applied,
breaking length was increased by 25% and tear
index by 10% for similar energy consumptions.

Introduction

Enzymes are used in many processes. Main
applications are in food industry (starch modifica-
tion, wine fermentation...), agriculture or chemis-
try (chemical synthesis, fuel, bio-ethanal, ...).

Nowadays, various enzymes are intro-
duced or are ready to be used in pulp and
paper processes. Most advanced applications
are bleaching of virgin pulps, deinking, pitch
control, effluent treatment and energy savings
in mechanical pulping.

The objective of this work was to study
the impact of various enzymes on commercial
chemical pulps quality and fibre characteristics
before and after refining.

Materials and methods

Commercial bleached kraft pulps were con-
sidered in this study: eucalyptus one and soft-
wood one. Five commercial enzymes were used:
3 cellulases, 1 mannanase and 1 xylanase. Pulps
were treated with the different enzymes at 40°C,
pulp pH at 5% consistency for 30 minutes in a
slusher. Pulp quality was analysed on Rapid
K&then handsheets according to ISO standard.
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Viscometers control system

Qil bath for
temperature
control
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system control

Water, CED,
and waste bottles
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Figure 1: Automatic viscometer supplied by Rheotek (UK)

Pulp intrinsic viscosity (SCAN method) was
measured with an automatic viscometer sup-
plied by Rheotek (Figure 1).

Refining was carried out at low consistency
with a 12” single disc refiner pilot plant in order
to reach different drainage levels.

Results

Firstly, pulp viscosity was analysed on
eucalyptus kraft pulp at different refining lev-
els and with two different drying methods
(Figure 2).

Celluloseviscosity obtained after air dried or handsheet former dried
eucalyptusbleachedkraft pulp

3800

7007
6007
5007
400
3007

Pulp viscosity (ml/g)

200
100

0
0 1 2
Refining level
Air dried

B Handsheet formerdried

Figure 2: Comparison of pulp viscosity measured on air-
dried or sheetformer dried eucalyptus pulps
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The pulp drying method did not affect pulp
viscosity. Besides, pulp viscosity measure-
ments were also unaffected by refining level.
As a consequence, viscosities were assumed
to be similar whatever drying method or refin-
ing level. So that, it was decided to carry out
the intrinsic viscosity measurements on hand-
sheets.

Effects of enzymatic treatments on pulp vis-
cosity are presented in Figure 3 and Figure
4. Hemicellulase action was limited on pulp
viscosity. As expected, those enzymes did not
affect cellulose chains, because the main target
structure for hemicellulases are hemicelluloses.
If some small differences were observed, they
could be due to small amounts of cellulase that
may be contained in enzyme solution. In the
case of eucalyptus bleached kraft pulp (Figure
3), none of differences were significant. But
some trends were identified: the more the cel-
lulase A, the lower the viscosity. Results were
different with softwood bleached kraft pulp
(Figure 4) as significant differences between
cellulase A and B were found. A clear impact
of cellulase charge was also observed with cel-
lulase A, contrary to cellulase B. Cellulase E
did not affect this property. Therefore, cellulase
reaction mechanisms were different in these 3
cases. As these 3 cellulases solutions present
a similar action, it could be concluded that other
mechanism was involved and needed to be
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Figure 3: Pulp viscosity obtained on eucalyptus bleached
Kraft pulp after various enzymatic treatments

Figure 4: Pulp viscosity obtained on softwood bleached Kraft
pulp after various enzymatic treatments
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Figure 5: Breaking length of eucalyptus bleached kraft pulp
after enzymatic treatments before refining

characterised. Cellulases activity and protein
composition seemed to be important param-
eters to be considered.

Mechanical properties, and more particu-
larly breaking length, measured on eucalyptus
kraft pulp before and after refining, confirmed
the observed differences in enzyme efficiency
(Figure 5 and Figure 6).

Before refining, breaking length was affect-
ed by enzymatic treatments (Figure 5). Hence,
the highest improvements were obtained with
cellulase A and also mannanase treatment at
the highest concentrations. The other enzymes

Figure 6: Breaking length of eucalyptus bleached kraft pulp
after enzymatic treatments and refining (50kWh/t applied)

did not affect significantly this property. After
refining, a strong improvement was measured
and differences observed before refining were
changed (Figure 6). Hence, cellulase A at the
lowest charge presented the highest breaking
length. It was significantly improved compared
to control and hemicellulases treatments, which
all were similar. Other cellulase treatments led
also to an improvement, but at a lower degree.
However, cellulase E showed the lowest break-
ing length. This was in agreement with that was
observed on pulp viscosity for softwood pulp
treated with cellulase E.
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Conclusion

In the enzyme treatment of kraft pulps, differ-
ent behaviours of pulp viscosity were observed
depending on enzyme.

For hemicellulases, their actions were rather
limited. Viscosity measurements on eucalyptus
and softwood bleached kraft pulps were not
significantly affected by either xylanase or man-
nanase. In the case of eucalyptus kraft pulps,
impact on breaking length measured before or
after refining was rather limited, indicating that
the hemicelluloses had a lower impact on inter-
fibre bonding.

For cellulases, totally different behaviours
were observed. Cellulases treatments had vari-
ous consequences on pulp viscosity, depending
on their origins and treated substrate. Softwood
kraft pulp was strongly affected: a maximum
drop in viscosity of 22% was observed. Mean-
while, for the same condition, eucalyptus kraft
pulp presented a loss of 11% only. Among the 3
considered cellulases, none of them had a simi-
lar behaviour. Hence, one cellulase impacted
differently pulp properties, depending on con-
centration. Another one led to the same results

whatever the applied charge was. The last one
had a very limited impact compared to control,
and even an opposite one.

As a consequence, the enzyme name was
not sufficient to characterise an enzymatic solu-
tion and its potential efficiency. An enzyme
presents a specific action devoted to catalyse
the cleavage of a given structure linkage. The
most common way to characterise the enzyme
activity is to evaluate the amount of sugar
released after treating the corresponding pure
component. For example, in the case of xyla-
nase, enzyme activity to degrade xylose can be
evaluated by colorimetric method and modelled
at various pH and temperature (Figure 7).

However, commercial bleached chemical
pulps are composed of different polysaccha-
rides, cellulose and hemicelluloses, with in
some cases a very limited amount of residual
lignin. So that, the expected enzyme actions
might be precised in order to determine the
result to look after and to unexpected pulp
degradations. Cellulases and/or hemicellulases
could be interesting alternatives to enhance
the pulp properties and to save some electrical
energy during refining.
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Figure 8: Dosage of xylanase activity by dosing sugar released after 1h treatment
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Cellulozrostok finomszerkezetének viselkedése
papirgyartasi vizsgalatokban
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A papirszilardsa-
got, tébb mas para-
méter mellett, a cel-
lulézrostok finom-
szerkezete is befolya-
solja. Az 6rlés soran
rostfibrillacié torténik,
és ez noveli a rostok
fellletét. Ez nem csak
a vegs6 papirszilard-
sagot befolyasolja,
hanem a lapképzés
soran a viztelenedési
tulajdonsagokat is. Ebben a munkaban a
mikrofibrillalt celluloz (MFC) lapképzésre és a
végs6 papirtulajdonsagokra gyakorolt hatasat
vizsgaltuk. MFC hozzaadasa utan a Schopper-
Riegler érték dramai novekedését figyeltik
meg. Ugyanakkor a papirszilardsag is néveke-
dett az MFC nanoméretl tulajdonsagai miatt.
A papirlapok letapogaté elektronmikroszképos
vizsgalata megmutatta, hogy az MFC a ros-
tok kozo6tti kapcsolédasi pontokon filmszer(ien
aggregalodik. Nehéz azonban megérteni és
megmeérni ezeknek a cellul6z finomszerkeze-
teknek a viselkedését a lapképzés soran és
a végsd papirszerkezeten belll. Azért, hogy
tébb informaciot tudjunk feltarni a celluloz
finomszerkezeteinek viselkedésérdl, egy fent-
rél lefelé torténd megkdzelitést alkalmaztunk a
makro szintrél a nanoszintre, a rostmorfolégia,
viztelenedési tulajdonsagok és a Page egyen-
let alapjan. A relativ kétési terllet (RBA) és a
kotésszilardsag kiszamitasahoz egy egysze-
rlsitett referencia rosthalozatot feltételeztiink.
Ennek a modellnek az alapjan kévetkeztetést
lehetett levonni a hatékonysagrol. A hidrodi-
namikai fellletet az SR és a fajlagos felllet
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(SSA) kozotti korrelaciora alkalmazott empi-
rikus moédszerrel hataroztuk meg. Az MFC
retenciét az eredeti rosthalé és az SR mérése
utan a dezintegralt rosthalé SSA értékeinek
kuldnbségébdl hataroztuk meg.

182.79 m?/g hidrodinamikai felliletet sza-
mitottunk az MFC-re. Az 0&rélt rosthoz 5%
MFC hozzaadasaval a celluléz fellilete 3.6
m?/g-rél 12.56 m?/g-ra nétt. Az SSA-bdl szar-
maztatva, az MFC retencioét 63,5%-ra becstl-
tik. A mért papirtulajdonsagokkal kapcso-
latban azt a kdvetkeztetést vontuk le, hogy
az MFC viselkedése és hatékonysaga nem
hasonlithaté 6ssze az 6rlés soran keletkezett
finomanyagokkal, mert csak kisebb néveke-
dést észleltiink a latszdlagos s(lirliségben az
MFC koévetkeztében. Az egyszerisitett refe-
rencia rosthalézat alapjan azonban a rostok
kozti kotési szilardsagot 9 MPa-nal szami-
tottuk 5% MFC adagolasakor, ami kétszer
annyi, mint a kiindulasi anyagként hasznalt
cellulézban.

Az alkalmazott modell-feltételezés és a
mért papirtulajdonsagok alapjan azt a kdvet-
keztetést lehet levonni, hogy az MFC a hidro-
génkoétések szamaban névekedéshez vezet a
kontakt terlleteken a rostok kézétt a magas
SSA miatt, mert a latszélagos s(iriségre és,
ezzel egyutt, az RBA-ra szinte semmi hatassal
sincs az MFC. Ennek kdvetkezménye a kotési
szildrdsag novekedése. Az MFC viselkedé-
se azonban bizonytalan és nehezen magya-
razhaté, mert a fényszorasi tulajdonsagok
csOkkenése az RBA ndvekedését jelzi, féleg
a latszolagos denzitas ndvekedéséhez kap-
csolodva.
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Summary

In this work the influence of microfibrillated
cellulose (MFC) on sheet forming and final paper
properties was investigated. In order to reveal
more information about the behaviour of these
cellulose fine structures a top-down approach
from macro- to nano-scale was used based on
fibre morphology, dewatering properties and the
Page equation. A hydrodynamic ‘specific sur-
face area (SSA) of 182.79 m?/g was calculated
for MFC. By addition of 5% MFC to the refined
pulp the surface area of the pulp was increased
from 3.6 m?/g to 12.56 m?/g. Derived from SSA,
MFC retention was estimated at 63.5%. In con-
nection with the paper properties measured, it
was concluded that behaviour and effectiveness
of MFC are not comparable with those of fines
produced during refining because only a minor
increase in apparent density was observed
due to MFC. However based on the simplified
reference fibre network the bonding strength
between fibres was calculated at 9 MPa for an
addition of 5% MFC, which is twice as much as
in the pulp used as starting material.

Introduction

The paper strength is influenced, among
other parameters, by the fine structure of pulp
fibres. Refining is the method most frequently
used in papermaking to change the fine struc-
ture of fibres. Fibre fibrillation takes place dur-
ing refining and increases the surface area of
fibres. At the same time different types of fine
structures are produced. This influences not
only the final paper strength but also optical
properties and the dewatering properties dur-

ing sheet forming. Fines are commonly defined
as the fraction that passes through a 200 mesh
screen. The largest fines particles are fibre
fragments and the smallest are fibrils whose
size can be below 1um. In this work we investi-
gated the influence of micro-fibrillated cellulose
(MFC) as a special cellulosic fine material on
sheet forming and final paper properties. MFC
is completely different to commonly known pulp
fines, because of its much smaller size and
the material properties associated with it. MFC
was invented by Herrick and Turbak in the
early 1980ies through mechanical disintegra-
tion of the fibre wall down to the cellulose fibril
aggregates as building blocks of the fibre wall
[1, 2]. Since then many patents have been
granted and applications introduced on the
basis of MFC. However, due to the high energy
consumption for fibre wall homogenization, the
preparation of MFC has been less attractive
in view of cost effectiveness. The main break-
through for reducing the energy consumption
has been made by Lindstrém and co-workers
in recent years — by improving the pulp prepa-
ration before final homogenization [3]. Today
MFC is one of the most interesting nano-materi-
als not only to papermaking scientists, but also
in the field of composite materials.

Although MFC is also a cellulosic fine mate-
rial derived from fibre walls, it is completely
different to primary or secondary fines because
MFC is a fibrillar network of entangled fibrils.
The size of the fibrils varies across a wide range
from 20-30 nm in width, but larger fibril bundles
are present as well. Alince and co-workers
compared the behaviour and effects on paper
properties of MFC, fines of high and low specific
surface area, and microcrystalline cellulose.
Their results indicate that the strength prop-
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erty improvement is much greater with MFC. A
different type of action was observed particu-
larly with bleached kraft pulp, because the light
scattering coefficient was almost unaffected by
MFC in contrast to other fines, where increas-
ing light scattering coefficients indicated that a
higher relative bonded area (RBA) was respon-
sible for the improvement in strength properties
[4]. Due to the nano-scale level and similarity
of MFC to other fines and fibres it is difficult to
characterize the mechanisms and effectiveness
of MFC in sheet forming. In order to reveal more
about the effectiveness and interaction of MFC
with fibres a top-down approach was used, sup-
ported by model assumption and calculation
methods. The bonding strength was calculated
based on the PAGE equation; and the hydro-
dynamic mass-specific surface area (SSA) of
MFC was calculated as well.

Materials

A mixture of dried bleached hardwood
and softwood pulps (ratio 4:1) was used as
pulp source together with 2% suspension of
micro-fibrillated cellulose (MFC) supplied by
STFI-Packforsk in Sweden. MFC was prepared
according to Paakké and co-workers [5]. In
order to support the retention of fines and MFC
a retention aid based on high-molecular poly-
ethylene imine (PEI) was used.

Methods

Technical methods

The dried market pulp was disintegrated in
water for 15 minutes, at 40°C and a consist-
ency of 5%. The resulting pulp suspension
was then refined in a pilot refiner at a consist-
ency of 4%, using a specific refining energy
of 65 kWh/t and a specific edge load of 0.1
Ws/m. After refining the fibre dimensions were
analyzed by means of a Fiberlab 3.0 device. A
special method was used to characterize the
fibre fraction and dimensions of collapsed and
dried fibres in the fibre network according to
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Meinl and Erhard [6]. Sheets were formed in a
Rapid Kéthen former according to ISO 5269-2
at a consistency of 0.3%. The MFC used was
stirred for 10 minutes at 0.2% consistency and
treated with an ultra-turrax blender for 2 min-
utes. MFC was added to the stock container of
the Rapid Kéthen former sheet per sheet, to a
pulp consistency of 0.3%. When PEI was used
as a retention aid, it was also added in the
stock container after the MFC addition. Before
sheet forming the SR value was measured.
The dried sheets were characterized accord-
ing to standard methods for light scattering
coefficient Syy Scott bond z-strength, apparent
density, tearing resistance, tensile index, and
air permeability.

Mathematical methods

The mass-specific surface area (SSA) — an
empirical formula based on the SR value — was
used for calculation.

_ SR4
SSA=Cs* N 700-SR

The factor ¢, is about 6,24 when applying
corresponding known values of SR and SSA
from Heinemann [7, 8]. Eq. 1 is only valid if no
chemical additives are used which could influ-
ence the pulp viscosity). The SSA value is addi-
tive. If SSA,, / SSA, ., are the specific surface
areas of the pulp / microfibrillated cellulose and
W, is the mass-weighted MFC share then the
specific surface area SSA, ..

(Eq. 1)

(Ea. 2)

SSA o= SSA To(al_(1 OOZZCWMFC) xSSA Pulp

To estimate the relative bonded area (RBA)
— a critical value for applying the Pace equa-
tion — in a given sheet, one can use a regular
fibre network reference which is made up of the
same fibres and which has the same apparent
density as the original fibre network. The RBA
was assumed as ratio between bonded area
(A,) and total area (A;) according to the follow-
ing equation:



A 4D’

— s _ _
RBA= A:" 4dxD+4dxH

(Eq. 3)

The values D (diameter) and H (height) of
collapsed and dried fibres in the network were
calculated by means of the fibre morphology
data from FIBRELAB 3.0 according to Meinl
and Erhard [6]. We have yet to calculate the dis-
tance d (distance between neighbouring fibres
in a layer, which equals the length and width of
the elementary cell) according to (Eq. 4). This
equation ensures that the apparent density of
the elementary cell equals the apparent density
p of the sheet.

_ Dxpw
9==AD

(Eq.- 4)

The bonding strength b can now be calculat-
ed via the Page equation [9] for given values of
mean fibre length FL, tensile index T and zero-
span tensile index ZI. The cross sectional fibre
area A, equals D-H and the fibre perimeter P
equals 2(D+H). For the zero-span tensile index
a value of 150 Nm/g was assumed.

1_9

T8z

12XACSA xpW

bxPxFLxRB; (Eq. 5)

Results and discussion

The sheet properties are listed in Tab. 1.
As expected, pulp mat dewatering was dete-
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riorated. The SR value has increased dramati-
cally from 28 to 86 at 5% MFC. The addition of
PEI caused MFC and fines to agglomerate on
fibre surfaces, thus helping to reduce the SR
value. At the same time, strength properties
have been improved to the same extent. But it
is obvious that not all MFC has been retained
in the paper sheet, because the PEI contain-
ing sheets had always higher strength levels
than sheets containing no PEI - due to better
fines and MFC retention. The tensile index has
increased by up to 70% , and also the Scott
Bond z-strength by up to 170% in compari-
son to the reference pulp. However one can
see that the apparent density has remained
almost unaffected, indicating that the strength
improvement is not due to a higher RBA as
usually expected from common fines. But — by
contrast — the light scattering S as indicator of
the unbonded area has been reduced.

In order to reveal more about the mecha-
nisms and effectiveness of MFC the SSA was
calculated based on dewatering properties.
The calculation results of SSA are listed in
Tab. 2. It is obvious that the SSA of the whole
pulp has been increased by MFC. At 5% MFC
the SSA of the pulp is 12.6 m?/g. This value is
in a range usually obtained by intense refin-
ing only. This increase shows that with MFC
more OH-groups are available for the forma-
tion of more H-bonds between pulp fibres.
The SSA of the MFC has been calculated
at 170.7 - 182.8 m?/g. This range is consist-
ent with the results of other authors working
with nanofibrillar cellulose aerogels. Hoepfner

MFC % 0 0 1 3 5 1 3 5
PEI on dry pulp % 0 0,25 0 0 0 0,25 0,25 0,25
Schopper Riegler 28 28 44 68 86 32 55 77
Density glem?® 0,61 059 060 0,62 0,66 0,62 0,63 0,66
Air permeabilty ml/min 1873 1924 603 185 25 1203 214 19
Tensile-Index Nm/g 36,7 37,9 441 49,4 57,0 42,1 50,5 62,3
Scott Bond Jim? 229 305 345 421 453 223 463 551
Tearing resistance mNm/m 1275 1349 1447 1533 1724 1422 1576 1833
S m?/kg 40,6 39,1 39,8 371 34,3 40,3 36,8 33,6

Tab. 1: Sheet properties of MFC containing papers
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and Co-workers estimated the BET surface
area of freeze dried MFC at 160 m?/g and by
supercritical drying in the range of 200-220
m?/g [10].

Furthermore the influence of MFC on the
bonding strength b between fibres was cal-
culated according to (Eq. 4). The bonding
strength of the reference pulp was calculated
at 4.76MPa. At 5% MFC the calculated bond-
ing strength was increased to 9MPa. As men-
tioned above PEI as retention aid improves
the retention of MFC. This is also reflected
by the bonding strength, where b was calcu-
lated at 10.62. In Fig. 1 the calculated bonding
strength has been plotted against the Scott
Bond z-strength often used to describe the
bonding degree in paper sheets. Obviously,
there is a clear correlation between these two
different approaches to estimating the bond-
ing properties. This indicates that the method
used for calculating the bonding strength is
also useful to describe the bonding behaviour

Wurc  SRrota  SSArotar  SSA e
% m?/g m?/g
0% 28 3,6 -
1% 44 53 170,7
3% 68 8,8 177,7
5% 81 12,6 182,8

Tab. 2: Mass-specific surface area (SSA) of pulp and MFC
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Fig. 1: Calculated bonding strength in comparison to Scott
Bond z-strength
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of MFC containing paper sheets. The results
suggest that the high surface area and avail-
able OH-groups lead to much more H-bonds
between the fibres in their contact areas. This
can explain why the density and bulk proper-
ties, respectively, have remained unchanged
after the application of MFC.

Conclusion

The high SSA of MFC leads to improved
interactions between fines and fibres. In line with
the number of H-bonds, the bonding strength is
increased. It may be concluded that the bond-
ing strength is improved not only by the greater
bonding area due to better fines retention, but
also by a higher number of H-bonds in the
contact areas. However the behavior of MFC is
ambiguous and difficult to explain, because the
decrease in light scattering properties indicates
an increase in RBA which is mostly connected
to an increase in apparent density. But this was
not observed here.
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ZARSZO

Zarszo

Lele Istvan

Vigh Andras

A COST (European Cooperation in the Field
of Scientific and Technical Research) keretében
szervezett E54 COST ACTION 2006-2010 prog-
ramban (,,Papirgyartasban hasznalt rostok
finomszerkezetének és tulajdonsagainak jel-
lemzése uj technolégiakkal”) 19 egyuttm(ik6dd
eurdpai orszag vesz részt.

A program fé célja egy olyan nemzetkdzi
férum létrehozasa, ahol lehet6ség nyilik a papir-
ipari rostok mikroszerkezete és a kész papir
makroszkopikus tulajdonsagai kozotti 6sszeflig-
gésekrél Uj ismeretek szerzésére. Ezen tulme-
néen kilonds figyelmet igényel, hogy hogyan
befolyasoljak a kémiai, illetve mechanikai feltarasi
folyamatok és utankezelések a papirgyartasra
alkalmas kilonb6z6 rostok 6sszetételét és finom-
szerkezetét.

A kutaté munka harom munkacsoportban
(MCS) folyik. Témak:

— MCS1: Kiilénb6z6 kezelések hatasa a papir-
ipari rostok szerkezetére és kémiai 6sszeté-
telére

— MCS2: Egyedi rostok kezelése és jellemzé-
stk mikrotechnolégiakkal

— MCS3: Rostok finomszerkezetének hatasa
papirképzd tulajdonsagaikra, valamint kémi-
ai és enzimatikus reaktivitasukra.

E program keretében 2008-ban két rendez-
vényre kerUlt sor, aprilisban Graz-ban és oktober-
ben Budapesten. A hazai rendezvényt a COST
E54 Intéz6 Bizottsagaba delegalt magyar rész-
vevok, Lele Istvan, a Papiripari Kutatointézet Kft
K+F igazgatoja és Dr. Vig Andras, a Budapesti
Mdiszaki és Gazdasagtudomanyi Egyetem egye-

270

temi magantanara koordinalta, egyuttmikodve a
Papir- és Nyomdaipari Egyestlet (PNyME) Papir-
ipari Szakosztalya elnokével, Széke Andrassal,
valamint, az Egyesilet Ugyvezet6 igazgatojaval,
Pesti Sandorral.

A rendezvény harom f6 eseménye az Inté-
z8 Bizottsag Ulése, a harom Munkacsoport 6nallé
tanacskozasa és az MCS-k profiljanak megfelel
12 el6adéasbdl allé Szakszeminérium volt.

A program fontos kiegészitése volt a Buda-
pesttél 75 kilométerre levd Dunapack Papir és
Csomagoléanyag Zrt dunadjvarosi papirgya-
ranak meglatogatasa. Dr. Szikla Zoltan elnok-
helyettes ismertette a magyar papiripar helyzetét
és ezen belll a Dunapack Zrt-ben foly6 csoma-
golopapir-termelést és -fejlesztést. A Hamburger
csoport Dunaujvarosban 205 millié eurés beruha-
zas keretében 1.500 m/min sebességi, 7.800 mm
munkaszélességl Uj papirgépet helyez tzembe,
melynek évi kapacitasa 350.000 t 70-150 g/m?
csomagolopapir. A résztvevék megtekinthették
az Uzem muikddé papirgépét és az Uj beruhazas
elkészilt épitményeit.

A gyarlatogatast kovetéen Budapesten a részt-
vevOk barati és szakmai kapcsolatokat erdsité
kitin® hangulatd kézos vacsoran vettek részt.

Zar6 beszédében Prof. Dr. Arnis Treimanis
a COST Eb54 Akcid Intézé Bizottsaga elndke
koszonetét fejezte ki a Munkacsoportok Koordi-
natorainak, az el6adasok szerz6inek, valamint
valamennyi tisztségvisel6nek és Intéz6 Bizottsagi
tagnak aktiv tevékenységikért a Szakszeminari-
um el6készitésében és megvalodsitasaban. Kilon
kdszénet az Intéz6 Bizottsag magyar tagjainak,
Dr. Vig Andrasnak és Lele Istvan urnak, tovabba
Szb6ke Andras urnak, Pesti Sandor Urnak és Dr.
Szikla Zoltan alelndk Urnak. Nagyrabecsiilés és
készonet Dr. Polyanszky Eva fészerkesztd asz-
szonynak a Szakszeminarium teljes anyaganak
sajtd ald rendezéséért a Papiripar c. folydirat
kildnszamaban.

Lele Istvan
igazgato
e-mail: ilele@axelero.hu

Dr. Vig Andras
egyetemi magantanar
e-mail: avig@mail.bme.hu
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The representatives of 19 European coun-
tries cooperate in the program of E54 COST
(European Cooperation in the Field of Scientific
and Technical Research) ACTION 2006-2010
“Characterisation of the fine structure and
properties of papermaking fibres using new
technologies*

The main objective of the Action is to
generate new knowledge on the micro- and
nanostructure of papermaking fibres and prop-
erties required for the efficient and sustainable
use of fibres in traditional, advanced and future
products. Furthermore specific attention should
be paid to the influence of the pulping proc-
esses i.e. for chemical and mechanical pulps
and fibre treatment on the fine structure and
composition of different papermaking fibres.

Three working groups (WG) carry out the
necessary scientific activities within the pro-
gram.

— WG1: Structure and chemical composi-
tion of papermaking fibres after different
types of treatments.

— WG2: Treatment and characterisation of
individual fibres by microsystem technolo-
gies.

— WG3: The impact of the fine structure of
fibres on their papermaking properties and
their chemical and enzymatic reactivity.

Two meetings have been performed within
the program in 2008 in Graz, in April and in
Budapest, in October.

The Hungarian meeting has been organised
by the local MC members: Istvan Lele manag-
ing director of the Paper Research Institute Ltd.
and prof. Dr. Andras Vig Budapest University
of Technology and Economics in cooperation
with the Technical Association of the Hungar-
ian Paper and Printing Industry represented by
Andras Sz6ke Chairman of the Section of Paper
Industry and by Sandor Pesti managing director
of the Society.

The three main parts of the Meeting have
been: MC meeting, meeting of the Working

Groups organised separately from each other
and a Workshop including 12 Scientific presen-
tations in accordance with the activity of WGs.

The Visit of Dunapack Paper and Pack-
aging Ltd. in Dunaujvaros in distance of 75 km
from Budapest has been significant additional
part of the program. Detailed information about
the present situation of the Hungarian paper
and pulp industry as well as about the activity
of Dunapack Paper and Packagings Ltd. has
been performed by Dr. Zoltan Szikla vice presi-
dent of the Ltd.

In Dunaujvaros a new paper machine (Rate:
1.500 m/min, productional width 7.800 mm.)
investment of 205 million EUR has been decid-
ed by the Hamburger Group establishing a
yearly capacity of 350.000 t corrugated paper
of 70-150g/m?2.

After getting back from the excursion a joint
dinner has been organized for the participants
where the excellent atmosphere did a lot for
strengthening the friendly and professional
relations within the international group of the
experts of paper and pulp production and
research.

In closing the Management Commit-
tee meeting Action Chair Prof. A. Treimanis
expressed his gratitude to the Working Group
co-ordinators, the authors of the presentations
as well as other officeholders and MC members
for their active role in preparing and performing
the workshop. In particular he thanked the local
organizers Dr. Andras Vig, Mr. Istvan Lele, Mr.
Andras Sz6ke, Mr. Sandor Pesti and to vice
president Dr. Zoltan Szikla. Special thanks go
to Dr. Eva. Polyanszky for preparing the Work-
shop Proceedings collection in form of journal
“Papiripar” special edition.

Istvan Lele
Managing Director
e-mail: ilele@axelero.hu

Prof. Dr. Andras Vig
e-mail: avig@mail.bme.hu
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