2013, vol. 62, nr. 1

CELUL

VOL. 62

Celuloza si Hartie

OZA SIHARTIE

NO. 1/2013

MANAGEMENT BOARD

G. Balogh, M. Botez, Eng. D. Buteica (Chairman), C-tin Chiriac (Vicechairman), Gh.Benea, R. Craciun, T. Campean,

B. Dobbelaere, S.T. Eryurek, C. Ferrero, C. Indreica, A. Itu, P.H. Kohler, A.Oncioiu, F. Smaranda, G. Stanciu,
V. Sarac, A. Vais

CUPRINS

CONTENTS

IN MEMORIAM
Constantin Stanciu

IN MEMORIAM
Constantin Stanciu

VIOREL IFTIMI, ROXANA VLASE,
DAN GAVRILESCU

VIOREL IFTIMI, ROXANA VLASE,

DAN GAVRILESCU

Hartia reciclata ca materie prima pentru

Recovered paper as raw material for

hartiile de ambalaj > packaging papers >
PETRONELA NECHITA, ANCA PETRONELA NECHITA, ANCA
MARIANA AXINTE MARIANA AXINTE
Ambalaje din fibre celulozice cu Fibres based packaging with
proprietafi functionale — recente dezvoltari 13 biofunctional properties — a review of 13
si tendinte recent developments
DAN BUTEICA, MARICICA DAN BUTEICA, MARICICA
BURLACU, ARGENTINA RADU, BURLACU, ARGENTINA RADU,
M.M.CODESCU, R.ERDEI E. MANTA, M.M.CODESCU, R.ERDE]I, E.
E.A. PATROI MANTA, E.A. PATROI
C . . Preliminary research regarding
Cercetari p re? sEare pe l’ll‘li'u reglzzarea 23 to obtain the advanced cellulose 23
unor compozite celulozice inteligente . .
composite materials
DAN GAVRILESCU DAN GAVRILESCU
Cu privire la rezistenta la stivuire a On stacking strength of corrugated
. . 35 35
cutiilor din carton ondulat board boxes
SIMPOZIOANE, CONFERINTE 44 CONFERENCES, SYMPOSIA 44

Quarterly journal edited by THE TECHNICAL ASSOCIATION FOR ROMANIAN
PULP AND PAPER INDUSTRY and PULP AND PAPER R&D INSTITUTE - SC
CEPROHART SA — Brdaila, Romania

Sponsorized by THE ROMANIAN OWNERSHIP OF PULP AND PAPER INDUSTRY

ISSN: 1220 - 9848




Celuloza si Hartie 2013, vol. 62, nr. 1

EDITORIAL STAFF

Angels Pelach - University of Girona, Spain

Branka Lozo - Faculty of Graphic Arts, University of Zagreb, Croatia

Naceur Belgacem - INP- Pagora Grenoble, France

Ivo Valchev - University of Chemical Technology & Metallurgy, Sofia, Bulgaria

Elena Bobu - “Gheorghe Asachi” Technical University of lasi, Romania

Dan Gavrilescu - “Gheorghe Asachi” Technical University of lasi, Romania (Editor)

Paul Obrocea - “Gheorghe Asachi” Technical University of Tasi, Romania

Valentin I. Popa - “Gheorghe Asachi” Technical University of Iasi, Romania

Emanuel Poppel - “Gheorghe Asachi” Technical University of lasi, Romania

Teodor Malutan - “Gheorghe Asachi” Technical University of Iasi, Romania

Florin Ciolacu - “Gheorghe Asachi” Technical University of Iasi, Romania

Petronela Nechita - Pulp and Paper Research and Development Institute - SC CEPROHART SA,
Bradila, Romania (Deputy Editor)

Daniela Manea — Pulp and Paper Research and Development Institute - SC CEPROHART SA, Briila,
Romania

Eva Cristian — Pulp and Paper Research and Development Institute - SC CEPROHART SA, Braila,
Romania

Nicoleta Gherghe — SC VRANCART SA Adjud, Romania

Mihai Banu - SC AMBRO SA, Suceava, Romania

The foreign readers may subscribe by TECHNICAL AssOCIATION FOR RoMANIAN PuLP aND PaPER INDUSTRY, (ATICHR), Walter
Maracineanu Square no.1-3, Entry 2, Fl. 2, Room 177-178, Land 1, Bucharest, RO-78101, phone: +40 21 315 01 62, + 4021 315 01
75, Fax: +4021 315 00 27, E-mail: rompap@pcnet.ro ; rompap@msn.com

The articles, information, advertising can be sent on “CELULOZA si HARTIE” editorial office address: Al.I.Cuza Blvd, no.3, 810019,
Braila, Romania, phone: +40 239 619 741, fax: +40 239 680 280, e-mail: petronela.nechita@ceprohart.ro, or Walter Maracineanu
Square, no. 1-3, land 1, Bucharest, phone: +4021 31501 62, +4021 3150175

Aknowledged in Romania, in the Polymer Materials Sciences field, by the National Council of the Scientific Research from
the Higher Education (CNCSIS), C group. Indexed in PaperBase Abstracts, PIRA International (www.paperbase.org, www.
piranet.com)




2013, vol. 62, nr. 1

Celuloza si Hartie

IN MEMORIAM

Prof.dr.ing. CONSTANTIN STANCIU

1946 - 2013

Nascut pe plaiuri  moldovene, la
25.07.1946 in orasul Botosani, profesorul
Constantin Stanciu a absolvit scoala elementara si
o parte din Liceul Real “George Bacovia” la
Bacau, pentru ca in 1964 sa fie absolvent al
Liceului Real din Buhusi, ca sef de promotie.
Cunoscand incad din copilarie fabrica de hartie
“Letea” Bacau, in perioada 1964 -1969 este
student al Facultatii de Chimie Industriald din
lasi, specializarea: Tehnologia Celulozei, Hartiei

si Fibrelor Artificiale.

Ca inginer “celulozar” a fost repartizat la
Combinatul de Celuloza si Hartie Briila, unde a
ocupat diverse functii cum ar fi: inginer tehnolog,
sef sectie, sef serviciu tehnic. A fost seful
Serviciului Tehnic al centralelor industriale care
au functionat la Braila pana in anul 1989: Centrala
Industriald de Celuloza si Hartie, Centrala
Industriald de Celuloza, Hartie si Fibre Artificiale,
avand contributii notabile la: modernizarea
masinii de carton duplex, a electrofiltrelor si

cazanelor de regenerare de la CCH Briila, la

modernizarea instalatiei de fierbere Kamyr in
vederea trecerii de la materia prima stuf la lemn,
la valorificarea complexa a prehidrolizatului de la
fabricarea celulozei chimice (drojdie furajera,
methanol, furfurol) si mai ales in domeniul
dezvoltarii productiei de hartii tehnice 1in

Romania.

Din 1989 pand in 2001 a coordonat
activitatea de Cercetare si Microproductie a
Institutului de Cercetare si Proiectare pentru
Celuloza si Hartie — CEPROHART SA din Briila,
perioadd in care a fost mereu preocupat de
realizarea unor proiecte de cercetare de
perspectiva, de imbunatitirea infrastructurii de
cercetare si mai ales de formarea unui nou nucleu
de cercetitori tineri. In colaborare cu echipa de
cercetare a contribuit la implementarea unor noi
tehnologii si realizarea unor produse papetare
care se fabrica in prezent in sectorul de celuloza si

hartie din Romania.

Ca recunostintd pentru Intreaga activitate

desfagsurata in acest domeniu, la data de
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25.07.2011, Asociatia Tehnica pentru Industria
Celulozei si Hartiei din Romania si Institutul de
Cercetare si Proiectare pentru Celulozad si Hartie
SC CEPROHART SA Briila i-au acordat dlui
profesor Stanciu Constantin, Distinctia de
Onoare pentru contributia adusa la promovarea si

dezvoltarea activititii de cercetare In domeniul

celulozei si hartiei.

Ca urmare a experientei acumulate in
productie si cercetare, din anul 2001 ocupa postul
de conferentiar universitar si apoi de profesor si
conducator de doctorat (2007) la Universitatea
,Dunarea de Jos” din Galati - Facultatea de
Inginerie Braila, unde a sustinut cursurile aferente
specializarilor ,,Utilaje pentru industria celulozei
si hartiei” si ,Ingineria sistemelor biotehnice si
ecologice”, si a dezvoltat noi cursuri, pentru
licenta si masterat dintre care remarcam:
Tehnologia  fabricarii  foliillor  celulozice,
Tehnologia ambalérii produselor alimentare,
Procese tertiare pentru epurarea apelor uzate

industriale.

A 1ubit si a fost iubit de colegi si studenti,
lasand in urma o operad remarcabild care aduce
contributii deosebite in plan academic si stiintific
domeniilor: inginerie chimicd (celuloza, hartie) si
ingineria mediului, concretizatd in: 14 carti si
indrumare de laborator, 168 de lucrari stiintifice
publicate 1n tara si in straindtate; 80 de
comunicdri sustinute la simpozioane interne si
internationale; coautor la 7 inventii dintre care una
a fost premiatd cu medalia de argint la EUREKA
2009; membru in colectivele redactionale ale

revistelor ,,Celuloza si Hartie” si ,,GeoGebra”.

Atasat de colegi si studenti, cu spirit de
echipa si mult optimism si perseverenta a reusit sa

creeze o atmosfera de lucru propice studiului si

creatiei. A iubit si a sustinut domeniile Inginerie
Chimica si Ingineria Mediului fiind un conducator
si referent de exceptie pentru tezele de doctorat

din aceste domenii.

Comunitatea academica si toti ceilalti care
l-au cunoscut sunt profund indurerati de disparitia
sa prematurd. Ne exprimam intreaga compasiune
pentru familia indureratd, pentru greaua si de

neinlocuita pierdere.

Suntem tristi aldturi de familie pentru
pierderea unui OM si specialist de valoare. Noi
cei care l-am cunoscut si i-am fost aproape suntem
datori s ducem mai departe ceea ce Domnia sa a
inceput pastrandu-i vie memoria §i rostind doar

vorbe frumoase despre un OM DEOSEBIT.

Dumnezeu sa-1 odihneasca !

Colegiul de redactie
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Rezumat

Hartia reciclata si-a intarit pozitia la nivel mondial de materie prima valoroasa
pentru industria hartiei. Pretul atractiv al hartiei reciclate constituie motivul principal
pentru care aceasta se utilizeaza la fabricarea héartiei si cartonului. Deasemenea,
héartia produsa din hartie reciclatd reduce cererea de lemn, foloseste mai putina
energie, apa si chimicale, genereaza mai putine substante toxice gi reduce emisiile
de dioxid de carbon. Practica arata ca existd doua tendinte privind utilizarea hartiei
reciclate: cregterea continutului de fibre reciclate in compozitia sortimentelor de
hartie care se fabrica in prezent si largirea gamei sortimentale de hartie si carton
fabricata pe baza de fibre reciclate. Sortimentele de hartie si carton de ambalaj
reprezintd cel mai bun exemplu privind utilizarea maculaturii. Cu mici exceptii
(hartiile de saci si pungi), hartiile pentru ambalare si hartiile pentru cartonul ondulat
sunt fabricate din fibre reciclate. In acelasi timp, folosirea hartiei reciclate este
insotita de dezavantaje cum sunt contaminarea si numarul limitat de reciclari a
fibrelor celulozice. Scopul acestei lucrari este de a evalua avantajele si
dezavantajele folosirii durabile a hartiei reciclate in sectorul fabricarii hartiei. Se
prezinta unele consecinte ale utilizarii hartiei reciclate la fabricarea sortimentelor de
hartie pentru cartonul ondulat.

Cuvinte cheie: Hartia reciclata, Hartia de ambalaj, Fabricarea hartiei, Mediul,
Resursele

Abstract

Recovered paper strengthened its position as a valuable raw material for paper
industry at global level. The attractive price of recovered paper is the main reason
for using of this raw material in producing paper and board. In addition, paper
made from recovered paper reduces the demand on wood, uses less energy, water
and chemicals, produces less toxic releases and reduces carbon dioxide
emissions. Mill practice shows that there are two tends regarding the use of
recovered: increasing of recycled fibers content of paper grades currently
manufactured and enlarging the paper and board grades produced on recycled
fiber basis. Packaging paper and board grades are the best examples of using
recovered paper. With minor exceptions (sack and bag papers), wrapping papers
and papers for corrugated board are made from recycled fibers. In the same time,
using of recovered paper is associated with drawbacks such as its contamination
and the restricted number of recycling of cellulosic fibers. The goal of this paper is
to evaluate the advantages and barriers for
sustainable use of recovered paper in papermaking sector. Some consequences of
using of recycled fibers in obtaining paper grades for corrugated board are
presented.

Key words: Recovered paper, Packaging paper, Papermaking, Environment,
Resources
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1. INTRODUCTION

The limits in availability of wood
along with encouraging environmental
policies towards alternative sources of raw
materials have forced paper industry to shift
towards recycled paper and other fiber
sources such as non-wood and agro-residues.
The usage of raw materials is a domain in
which the paper industry sustainability is
closely linked with competitiveness. Paper
mills need fibrous raw materials in a
sufficient quantity and at a competitive price,
to produce profitably the products that will
satisfy the needs of their clients.

Europe is the world leader regarding
collection and use of recovered paper as raw
material, [1]. Paper and board production was
94.97 mil. tones in 2011 and represents 27.8
% of the total paper and board production in
the world, [2]. The European pulp and paper
industry is one of the most modern in the
world, and it has ensured that this production
growth has been taking place with a clear
focus on sustainability.

Recycled cellulosic fibers play an
important role in the global paper industry as
a substitute for virgin wood pulps. Today 51
% of the paper industry’s raw material comes
from recovered paper and board. Paper is the
most recycled product in Europe, the
recycling rate of recovered paper already
reached 70.4 % in 2011, [3]. According to the
European Declaration on Paper Recycling
2011-2015, paper collection must remain at
current high levels in countries where it
already reached levels
of above 70% and should still increase in
countries where it is below 60%, [4].

There are two tendencies regarding the
use of recovered paper in producing paper and
board grades: (I) increasing of recycled fibers
content of paper products that are currently
manufactured, (II) enlarging the paper and
board grades produced on recycled fiber
basis.

Today, at European level, packaging
paper and board grades are produced mainly
using recycled fibers. Utilization rate in 2011
was more that 94 % in producing boxes from
corrugated board and 53 % in producing
wrappings and other packaging papers. On the

whole, the utilization rate of recycled fibers in
producing paper and board packaging grades
was more that 74 % in 2011, [1]. A further
increase of utilization rate of recycled fibers
in producing packaging paper grades is a
difficult task due to the restrictions regarding
collection and properties of recovered paper.

This paper aims to present the driving
forces and limitations of using recovered
paper as raw material for production of
packaging paper grades.

2. ADVANTAGES OF
RECOVERED PAPER

The most important driving force of
using recovered paper as raw material in
papermaking is its acquisition cost. The price
of recovered paper is 4-6 times lower
compared to the price of chemical pulp.
According to FOEX, the price of unbleached
softwood kraft pulp was around 600 Eur/tone
in the middle of January 2013. In the same
period, the average price of recovered paper
was 105 Eur/tone for old corrugated
containers and 128 FEur/tone for old
magazines and newspapers, [5]. Due to the
cost discrepancy between chemical pulp and
recovered paper, the paper production in
Europe in the last decades shifted to the
grades based on recovered paper. On the other
hand, some European chemical pulp mills
were closed in the last years due to the
increasing price of pulp wood and
environmental restrictions. Evolution of
consumption of chemical pulp and recovered
paper in European paper sector is presented in
Table 1.

Table 1 Consumption of chemical pulp
and recovered paper in European paper sector

(modified from [1])

Parameter Year of production %
2000 2005 2010 2011 Change
2011/2000

Paper and 92.6 100.0 96.6 94.9 +2.5

board, mil.

tones

Chemical pulp, 40.2 41.8 38.8 38.8 -4.0

mil. tones

Recovered 42.0 47.6 48.9 48.4 + 15.2

paper

utilization, mil.

tones
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Table 1 shows that during the last
decade, the European paper and board
production increased by 2.5 % only. In the
same period, the production of chemical pulp
diminished by 4.0 %, while recovered paper
utilization increased by 15.2 %. The ratio
between quantities of recovered paper and
chemical pulp used in European paper sector
changed from 1.05 (2000) to 1.25 (2011). It is
obvious that the interest of papermakers in
using recovered paper continuously increased
in the last years.

Many years of paper manufacture
have provided that recycled fibers can be use
in composition of main grades of paper as
presented in Table 2, [6]. Except for some
hygienic and printing grades, the most
common paper grades contain up to 100%
recycled cellulosic fibers.

Table 2 Recovered paper pulp content
of most produced paper grades

Paper Recovered paper
and board grade pulp content, %
Hygienic 0-100
Liner/fluting 100
Cartonboards 80-100
Packaging 40-100
Printing 0-100

Recovered paper gained a special attention in
producing papers for corrugated board. Table
2 shows that liner and fluting papers are
obtained exclusively form recycled fibers.
This reality is particularly important due to
the fact that these are among the most
produced papers grades in Europe. In 2011
were produced more than 40 mil. tones of
packaging papers in Europe, representing 43
% of total paper production. Papers from
corrugated board totalized 24.8 mil. tones in
the same year (62 % of packaging papers).

The contribution of chemical pulp and of
recovered paper in manufacturing costs of
paper mainly depends on the paper grade.
Table 3 shows the structure and percentage of
variable costs in production of some

Celuloza si Hartie

corrugated paper grades in Romanian paper
mills.

Table 3 Examples of manufacturing cost structure
in producing corrugated paper grades in

Romania
Structure of Variable costs, %
variable Kraftliner | Testliner,
costs 120 g/m® 120 g/m’
Recovered paper 0 53.0
Chemical pulp 42.5 0
Chemicals 4.0 5.0
Thermal energy 18.0 18
Electrical energy 28.0 17.5
Process water 2.0 1.0
Sludge processing 4.0 4.0
Used water 1.5 1.5
treatment

Table 4 illustrates that fibrous raw materials
dominate the variable costs in producing
corrugated grades and the cost percentage of
recovered paper is higher than that of
chemical pulp. However, the acquisition cost
of recovered paper in producing one tone of
paper is lower, if compared with chemical
pulp, due to the huge difference between the
prices per tone of recovered paper and
chemical pulp, respectively. Table 3 also
shows that cost with energy (thermal and
electrical) is higher in producing kraftliner
using chemical pulp.

The second driving force of using
recovered paper in  papermaking is
technology. Obtaining pulp from recovered
paper is less complicated than producing
virgin chemical pulp from wood. A pulp mill
includes complex processes and expensive
equipments such as pulp digesters and
recovery boilers. Pulp manufacture uses
corrosive and pollutant chemicals, high
pressure steam and large volumes of process
water. By contrast, recovered paper
processing consists from fewer and less
complicated technological stages and requires
chipper equipments. Figure 1 compares the
flow sheets of chemical pulping of wood and
of recovered paper processing.
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Wood Chemical Pulp Pulp Chemical
preparation » Pulping »  washing »| bleaching g pulp
/screening (optional)
A
A 4 A 4
Wood wastes Spent
incineration liquor
(black
liquor)
e 1
White liquor [ €—] v AlKali recovery |
(NaOH + Na,S) ! '
I Evapora- » Blackliquor [ Causticizing I
: tion burning :
Energy ' '
> generation [ v L !
| Lime 1
! burning '
1 1
1 1
A. Chemical pulping of wood
Recovered H» Recoverd paper [ Recoverd paper Recoverd paper [  Recoverd paper
paper sorting slushing screening > de-inking pulp
(optional)

B. Recovered paper processing

Fig. 1 Flow sheet of chemical pulping of wood (4) vs flow sheet of recovered paper processing (B)

During chemical pulping (scheme A, Figure
1), wood must be debarked and chipped
before to entering in the cooking plant. Large
quantities of logs, chips, bark and sawdust
must be handled into the wood preparation
yard. Wastes as bark and sawdust must be
processed or incinerated in a suitable wood
waste boiler. Large volumes of spent liquor
(so called black liquor) are generated during
chemical pulping. Black liquor is burned in a
recovery boiler in order to recuperate the
inorganic chemicals used as reagents and to
valorize the heat of organic fraction, [7]. In
opposition, recovered paper processing
(scheme B, Figure 1) only consists in three
main stages: sorting of recovered paper,
slushing (converting the recovered paper into
a suspension of individual fibers) and
screening that aims to separate fibers from the
nonfibrous materials which differ in
composition, size and shape.

The third driving force of using
recovered paper in producing packaging grade
papers is environmental impact. Chemical
pulping consumes between 4-6 m® of wood
per tone of pulp. The specific production of a
forest is no more than 7-10 m® wood per
hectar and year and logging is not a
sustainable process. There are many problems
related to the cutting of wood: destruction of
forest areas, desertification, water erosion,
impact on landscape. In this respect, use of
recovered paper as a substitute of chemical
pulp saved large surface of forests, which was
estimated for Europe at more than 0.5 million
hectares during 2005-2010, [8].

Water consumption is a significant
environmental parameter, as it indicates both
the amount of fresh water needed in
production and the potential impact of used
water discharges. The withdrawal and return
of large amounts of water from rivers and
streams can have major ecological impacts.
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The specific water consumption depends on
many factors: paper grade, raw material
(chemical pulp or recovered paper pulp),
technological level of the paper mill etc.
Table 4 shows the limits of consumption of
process water in Romanian paper mills, [9].

Table 4 Specific consumption of process water in
Romanian paper mills.

Consumption of
Paper grade process water,
m*/t of paper
Paper made from chemical pulp’ 20-50
Paper made from recycled fibers’ 10-25

'obtaining of chemical pulp included;
Zobtaining of recovered paper pulp included

As Table 4 shows, producing of paper from
chemical pulp requires considerable much
process water than paper made from recycled
fibers.

Paper manufacture uses more or less
purchased energy in the form of fossil fuels
and electricity depending of the grade to be
produced. Energy is needed to manufacture
both paper from chemical pulp and paper
from recycled fibers, but much less energy is
needed to produce paper grades from
recovered paper. Industry quotes for typical
energy savings by replacing virgin chemical
pulp with recycled fibers in paper
manufacture range from about 28-70%, [10].
Specific energy consumption depends on
paper grade, technological level of paper mill,
management of energy conservation and on
season (summer or winter).

Replacing chemical pulp with pulp
made from recovered paper positively
influences CO, emissions of the paper
industry  sector. Producing pulp from
recovered paper saves large volumes of wood
and reduces specific energy consumption. As
a result, the intensity of carbon dioxide
emission is drastically reduced for papers
made from recycled fibers. Producing of
paper from chemical pulp generates 0.9 - 1.5 t
CO, / t of paper, while paper made from
recovered paper pulp generated 0.15 — 0.4 t
CO,/ t of paper, [11].

Paper recycling recovers used paper
from the waste stream, directly reducing the
amount of paper landfilled. Unfortunately,

large quantities of recovered paper still end up
in the landfills, where the decomposition of
paper produces methane, a greenhouse gas
with 21 times the heat-trapping power of
carbon dioxide. Thus for recycled papers, any
increase in greenhouse gas emissions during
manufacturing is more than outweighed by
reductions in emissions from landfills, [12].
Efforts must be made to increase the
collection rate of recovered paper in all
European countries and paper mills are the
main actors involved in this action.

3. DRAWBACKS OF RECOVERED
PAPER

There are some drawbacks of use of
recovered paper in paper mills that can be
divided into economic barriers and technical
barriers. Economic barriers refer to price
fluctuations and cost-competitiveness of
recovered paper while technical barriers refer
to the limits of paper recycling and to
contamination level of recovered paper.

Recovered paper price undergo
fluctuations that are determined by the
relationship between supply and demand.
Price of recovered paper strongly depends on
market chemical pulp price, paper demand
and on recovered paper amount on the
market. With a periodicity of 0.5-1.5 years,
macro-fluctuations of the price are registered
and its level of magnitude can doubling or
halfling. Micro-fluctuations are frequently
and depend on local conditions. At local level
large increases in supply can drive prices
down, while shortages have the opposite
effect. Price of higher recovered paper grades
can be 2-4 times higher compared with
inferior grades, [13].

Processing of recovered paper
involves costs associated with collection,
sorting and transport. In some countries,
collection and sorting costs can surpass prices
of low-priced recovered paper grades,
particularly in the case of household
collection. The amount of recoverable
material in household waste depends on its
composition i.e. homogeneity, quality, paper
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grades present, and level of waste
contamination. It may be economically
unfeasible to sort heterogeneous waste into
usable components due to high sorting costs.
The contamination may be too high to achieve
quality standards for higher value uses,
rendering recovered paper suitable only for
low-grade papers. In addition, depending on
the distances, transport expenses can double
the price of recovered paper, [14].

There is a technical limit to the
number of times a cellulose fiber can be
recycled before its length and strength are
degraded to an extent that it is of limited
value for paper production. Paper can only be
recycled 3-5 times as fibers shorten and
weaken in each recycling cycle, becoming too
weak for papermaking, and these are at this
stage lost to the process as “fines”. The
generation of fines material is increasing with
repeated recycling of cellulosic fibers, and the
use of closed loop water systems, leading to a
cycle of deteriorating stock quality. Reduction
of endproduct quality can occur with
increasing percentages of recycled fiber in the
finished paper composition, [15].

As a result of repeated use of recycled
fibers, the strength properties of packaging
papers are lower, compared with papers made
from chemical pulp. There are some
packaging paper grades that cannot be
manufactured from recycled fibers such as
sack and bag papers. These papers are very
pretentiuos regarding strength properties, and
for this reason these grades are exclusivelly
produced from chemical pulp (softwood kraft
pulp). Sometimes, the top liner of corrugated
board (kraftliner) is also made from kraft pulp
in order to assure adequate strength, printing
properties and appearance. However, the
papers for corrugated board (testliner and
fluting) and many other packaging papers are
produced from recovered paper, [16].

Recovered paper contains
contaminants and  other  detrimental
substances such as additives used at the
previous paper production process (fillers,
coating components, functional and process
chemicals), substances added according to
application (printing inks, coatings, foil
laminations, adhesives) and material mixed

with the paper during its life cycle and
subsequent collection (wires and strings, sand
and stones, paper clips and folders).
Contaminants limit applications of recovered
paper and lower pulp quality.

Contaminants have to be removed to
meet manufacturer specifications concerning
product quality. The level of pulp purity
required will depend on the paper grade
produced. High contaminated recovered paper
is only suitable in producing of lower paper
grades. Recovered paper processing can lead
to low pulp yields, as a proportion of
cellulosic material is lost due to the removal
of contaminants and short fibers. In paper
mills, large quantity of rejects is generated
during screening and cleaning of recovered
paper. Depending on the final product, the
reject rate varies from 5 % for used
corrugated containers to 25 % and even more
for old magazines and newspapers. According
to their composition rejects are incinerated
or/and landfilled, [17].

The wuse of recovered paper in
obtaining of food contact paper and board
grades is a largely disputed topic since it is
difficult to exclude exposure to traces of ink
chemicals, varnishes, adhesives, and other
potentially harmful substances in recycled
fibres. The Framework Regulation (EC) No.
1935/2004 applies to all food contact
materials, and contains general safety
requirements such as not endanger human
health, no unacceptable change in the food
composition and no worsening of their
organoleptic characteristics. However, the
lack specific measures at European level for
the paper and board intended to come into
contact with food, is sometimes
misinterpreted by the customers of paper and
board packaging industry as lack of suitable
standards. In the absence of a specific
European Directive, the paper and board food
packaging supply chain relies on the national
legislation for paper and board adopted in
many  European  countries. Existing
regulations describe the chemicals that are
allowed in the paper and board products and
set limits for contaminants (heavy metals,
polychlorinated biphenyls, phthalates, etc.) in
finished products. Recently, CEPI published
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an opportune industry guideline for the
compliance of paper and board intended for
food contact, [18]. The broad opinion is that
some recovered paper grades, having a low
level of contamination, can be use in
production of food contact paper and board
grades.

Due to increasing price for pulpwood,
energy and labor, the competitiveness of the
European paper industry is decreasing
compared to other regions. In addition, wood
shortage in Europe is becoming apparent. It is
necessary to reduce the impact of these
factors on European paper industry to avoid
the risk of mills closing or relocating and the
risk of job losses as companies attempt to
restore  productivity level. In  these
circumstances, the sustainable wuse of
recovered paper represents a valuable solution
for enhancing performances of the European
paper industry.

4. CONCLUSIONS

1. The most important advantages for
sustainable use of recovered paper in paper
sector are manufacturing costs, technology
and environmental impact; due to its
advantages, recovered paper will continue to
be the most used raw material for European
paper industry;

2. Chemical pulp is used in producing a
few packaging paper grades. The content of
recovered paper composed of common grades
of paper and board increases continuously.
Papers for corrugated board are obtained
exclusively from recycled fibers.

3. Main drawbacks of the sustainable use
of recovered paper in producing packaging
paper grades are economic barriers (price
fluctuations and cost-competitiveness of
recovered paper) and technical barriers (limits
of paper recycling and recovered paper
contamination).

4. The sustainable use of recovered paper
represents a valuable solution for enhancing
the competitively of the FEuropean paper
industry.

11.
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Abstract

This short review describes the state of the art of innovative fibres based
products that include functionalities of selective reactions of bio-active
molecules or compounds such as enzymes, antibodies or fluorescent markers.
In this respect is highlighted that the cellulose fibres materials (i.e papers and
boards) are suitable to develop of the innovative active/bioactive packaging
products, according to the sustainable development principles, being a good
support for incorporating and embedding in their structures or surface of
bioactive compounds.

Key words: Bioactive paper, Packaging, Bio-molecules, Cellulose fibres,
Papermaking

Rezumat

Lucrarea constituie un scurt studiu privind stadiul de dezvoltare si cercetare al
produselor inovative pe baza de fibre care prezintd proprietati functionale
selective date de reactile unor compusgi oprganici/bio-molecule de tipul
enzimelor, anticorpilor sau markerilor fluorescenti. In acest sens este evidentiat
faptul ca materialele din fibre celulozice (hartii si cartoane) constituie materiale
suport potrivite pentru obtinerea ambalajelor cu proprietati bioactive prin
inglobarea in structura sau la suprafata lor a biomoleculelor sau biomarkerilor,
respectand n acelasi timp si principiile dezvoltarii durabile.

Cuvinte cheie: Hartie bioactivd, Ambalaj, Biomolecule, Fibre celulozice,
Fabricarea hértiei
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1. INTRODUCTION

The  fibres  product that includes
functionalities based on selective reactions of
bioactive compounds /molecules (medicines
and antibodies) generally is named bio-active
paper. In this context the bioactive paper
systems usually consist of a paperbased
substrate and a bioactive compound attached
onto this substrate.

This paper grades is low-cost and easy-to-use
fibres-based product that can protect the
public against increasing incidents by fast,
easy and inexpensive detection of pathogens
and/or toxins in food-, water- and air-borne
illnesses.[1]

2. PROPERTIES AND
APPLICATIONS

Applications ranging from protection and
safety (purification of water and air, security
against biological and chemical terrorism),
diagnostics of health, food safety and quality
(testing of microbial contamination and
counterfeit prevention) are poised to become
part of our society and human life. In this
respect can be mentioned some applications
[1,3]:

Protection
e Protective  Clothing (hospital
masks that detect and deactivate

13



Celuloza si Hartie

2013, vol. 62, nr. 1

harmful air-borne viruses such as

SARS)
e Water Purification
e Air Filters
e Face Masks
e hygiene applications (toilet paper)
Security

e Anti-counterfeiting
e Brand Protection
e Authentication

Diagnosis
e Food Packaging (that signals the
presence of E. coli and salmonella)
e Health Monitoring
Biohazards (paper strips that can
check for banned pesticides on
produce)
e Bio-defense
e Water Quality (dip-sticks that can

detect and purify unsafe drinking
water);

color to tell us when kitchen counter top was
contaminated with dangerous bacteria

Image of bioactive paper towel that would change

Image of bioactive paper mask which will warn the

user of viral contamination and capture and
deactivate the virus

Fig. 1 Examples of bioactive paper grades [2]

Why bioactive paper instead of bioactive
plastic? [11,12, 31]

Paper offers unique advantages over plastic
including:

e paper is a competitiveness product,
because is cheaper than current
products, abundant from renewable
and recyclable resources,
biodegradable, and easy to use, store,
transport and modify, which is
important in terms of sustainable
development.

e the porous structure facilitates lateral-
flow assays, chromatographic
separations and inexpensive
microfluidics devices.

Paper, also has the unique property of being
able to move fluids by capillary action
without the need for power and effect
separation of components in mixtures. [3]

In this respect, the innovative products like
bioactive paper present a new research
direction targeting their mass production (in a

e paper has a long and successful
history performing as filter media and
barrier media, and can even function
as sterile packaging;

e paper is easily printed, coated and
impregnated;

e cellulose is particularly protein and
biomolecule friendly;

e paper is a good filter;

typical modern high-speed paper machine by
grafting a bio-active molecule to the pulp
fibres or by surface treatments of paper:
coating, spraying, surface sizing).
Up to day, this is still very challenging and
requires an ambitious research  and
multidisciplinary know-how in many areas.
From the perspective of bioactive paper,
critical properties include : [12]
- surface chemistry -
biomolecule

influences
immobilization, non-
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specific binding and color expression
in enzyme-catalyzed reporting assays

- porosity - together with surface
chemistry, influences wet properties,
which are important for bioactive-paper
fabrication by printing or coating.

3. RESEARCH STAGE

Bioactive paper research has been attracting
considerable attention for the past 10 years
and is motivated by fundamental, biomedical
and industrial interests. In Europe, the
research in this field are limited to:

(1) paper food packaging that embedded
(during printing process) the markers
with  signal at humidity and
temperature changes;

(i)  anti-microbial papers and clothing like

announced by the Finnish VTT

Technical Research Centre.

Other international research (like SENTINEL
Bioactive Paper Network in Canada) are
developing the bioactive paper products like
test strips that can detect and deactivate
airborne pathogens like SARS and could
signal the presence of bacteria such as E. coli
or salmonella from water and foods.

However, bioactive paper products need to be
manufactured with mass production methods
to make their price affordable, and this aspect
is still in its infancy. [1, 40]

The permanent immobilization of
bio(recognition) molecules on paper surfaces
or in their fibrous structure is a crucial step in
the development of any sort of biosensor and
biofunctional materials or devices (figure 2).
With this aim, several processes (as printing,
coating, grafting, spraying) and new materials
(like nanocellulose) must to be identified and
developed. Although individual technologies
are already available as building blocks for
bioactive paper innovations, there are still
huge challenges in how to integrate them with
functional components and devices, how to
manufacture them at low cost, and how to
take usability into account. [2]

M
D

Active
Agent

Bulk
Solution

or Product
Surface

Bulk
Polymer

Spacer
Anchor

Fig. 2 Immobilised functional biologically active
molecules [7,39]

Recent successes have been published with
creation of toxin-detecting dipstick (detects
organophosphate pesticides used in the
developing world on agricultural crops).

Up to day there are several ways to produce
bio-active paper, and most of the time bio
detection agents or bioactive molecules can
be applied to cellulose fibres before
papermaking process, by coating or by
printing on paper. [2,35]

4. BIOACTIVE COMPOUNDS/
MOLECULES

Among the functional/biofunctional
substances which are thought most suitable
for their incorporation in the package wall
are:

Phytochemicals are non-nutritive plant
chemicals that contain protective, disease-
preventing compounds. Many phytochemicals
are polyphenolic compounds with antioxidant
activity. The antioxidative effect of phenolics
in functional foods is due to a direct free
radical scavenging activity and an indirect
effect arising from chelation of prooxidant
metal ions. [6,15,39]

The prebiotics identified thus far are non-
digestible carbohydrates including lactulose,
inulin, and a range of oligosaccharides that
supply a source of fermentable carbohydrate
for the beneficial bacteria in the colon. Some
starches also escape complete digestion
during passage through the small intestine and
arrive in  the colon as fermentable
carbohydrate sources for intestinal bacteria.
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Other biopolymers such as chitosan and some
chitosan derivatives can also have a prebiotic
character and can be used as micro- or
nanofibers or as encapsulating means of other
components. [8]

Silver-based and triclosan-based
antimicrobial additives have already been
introduced in commercialized films in Japan
and the United States. Those films have
applications in paper and plastic containers
indented for food technology.

Another group of compounds that is also
receiving a great deal of attention in the
development of active packages is that of the
molecules with ability to act as oxygen or
radical scavengers. The contact of small
amounts of oxygen with sensitive foodstuffs
might produce their oxidation, the
development of rancidity, colour changes and
off-flavours. The incorporation of oxygen or
radical scavengers in the packaging represents
an active packaging solution able to eliminate
residual oxygen in the headspace and/or
prevent the contact of food with atmospheric
oxygen entering the package. Commercial

oxygen scavengers are usually highly
oxidizable substances, as iron powders,
incorporated to the packaging inside

individual sachets. [9, 36] Oxygen scavengers
offer advantages for the packaging of lots of
different products and new approaches are
being successfully commercialized, included
in the label or directly in the food contact side
of the packaging.

Enzymes - The incorporation in the packaging
of certain enzymes can increase the value of a
foodstuff during storage, and also makes it
match the necessities of target consumers
with health problems. Many enzymes are
currently being wused in several food
transformation processes; however, more
recently there is a number of trials reported in

which these enzymes are also being
immobilized in packaging materials. Soares
and  Hotchkiss (1998) immobilized

naringinase in a plastic package. The results
indicated that the grapefruit juice reduced its
bitterness by hydrolysis of naringine, a bitter
principle ~ of  citrus  juices.  Another
enzymatically bioactive packaging concept
consists the binding of b-galactosidase and

cholesterol reductase in the package walls for
the hydrolysis of lactose and cholesterol,
respectively. The use of this type of packages
would allow the production of a value-added
food without modifying the manufacturing
procedure. For example, UHT milk produced
by a conventional process, could be packaged
in a bgalactosidase-bioactive package and
during storage, the product would transform
into a low-lactose or free-lactose product. [10,
34]

In the last years, the attention of researchers
was focused on nitrogen heterocycles
compounds and aminoglycosides, that can
be used as antimicrobials or biomarkers in
food packaging.

- Pyridinium__quaternary salts attract the
attention of scientists because they can be
used as electron carriers, model systems in
photosynthesis,  cardiovascular  agents,
hypotensive, neuromuscular agents and they
are also effective as phase transfer agents

and catalyst, initiators of cationic
polymerization, acylating agents, wide
range antimicrobials, enzyme inhibitors,

dyes and cationic surfactants. Considering
the recent results on the low cytotoxic effect
of some antimicrobial from bis-quaternary
pyridinium salts group on human cells, may
expected that pyridinium and bispyridinium
salts are potential agents recommended for
use in composition of hygiene products, in
food industry, in catering units, hospitals.
[14,19,20,21,22]

- The _aminoglycosides — there are another
class of antibiotics among which some of
them are well known approved antibiotic
agents recognized for their good tolerance
(neomycin, tobramycin, gentamicin and
amikacin for example). Due to their large
activity spectrum and their rapid and strong
bactericidal effects, the use of
aminoglycosides was limited to the hospital
environment, as last rampart against server
infections. As all antibiotics,
aminoglycosides suffer from a decrease in
efficacy due to emerging multi-resistant
bacteria. Their antibiotic activity is due to
their ability to bind the bacterial ribosomal
RNA and thus interfere with protein
synthesis. Recently, a novel family of
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aminoglycosides derivatives with
remarkable antibiotic activities on both
Gram+ and Gram- resistant strains and a
new mode of action for aminoglycosides
has been identified. [4, 5, 33]

4. MANUFACTURING METHODS

Paper or fibres based products can be
functionalized at different levels of
manufacture:

e functional chemicals can be added to the
paper during and after the web forming
and

e functional components can be added to
the finished paper product during
converting processes or be printed on the
paper surface.

There are now several ways to produce bio-
active paper, an “intelligent” paper that could
detect, capture and disable bacteria and other
water or air-borne pathogens. Biodetection
agents can be applied to cellulose fibres
before papermaking process, by coating and
by printing on paper. [2]

It is also well established that several bio-
active agents, aptamers, enzymes oOr
bacteriophage can be attached to paper such
that they retain their biological functions and
activity. Nevertheless, to take full advantage
of the commercial possibilities opened by
using a paper-based material (mass
production at low cost), it is important to
develop methods that deposit and immobilize
bio-agents on paper with “industrial”
equipments such as high speed printing
presses or coaters. [16]

Mass manufacturing of bioactive paper is a
relatively unexplored territory. It seems as
though the bioactive paper solutions are
typically niche products, and their mass
manufacture is still in its infancy. [1,6]

The types of modification that can be made at
the paper machine level can be divided into:

I. To fibers before papermaking process
Activation of paper components in web

forming

- introduction to chemical activation of
lignocellulosic fibres which have advantage

that Dbioactive material can be evenly
distributed throughout the whole paper
structure and bioactive agents are efficiently
immobilized. Functionalization of fibres can
also be carried out with the aid of enzymatic
treatment. The bonds between the fibres and
the active substances can be chemical or
electrostatic bonds.

- Grafting of fibres - is a process
aimed at introducing some branches of
polymers or functional groups into the main
polysaccharide chain in order to confer
specific additional properties on the cellulose
itself, without destroying its intrinsic
characteristics. The chemical principles of

cellulose  grafting are free radical
polymerisation,  anionic  polymerisation,
cationic  polymerisation, ring opening
polymerisation, polyaddition,
polycondensation and coupling of

macromolecules onto cellulose [17,18,29.41]
(figure 3).

- Chemo - enzymatic fibers
modification - exploiting the power of
enzymes capable of directly introducing new
substituents to fibres by covalently bonding
can be considered as a more specific and
targeted modification method than the
traditionally used methods, such as sorption
or chemical coupling of functionalized
components to the fibres. Due to their surface
specificity, the benefit of enzyme-based
methods over purely chemical methods is in
the retention of important chemical and
physical fibre properties, such as strength.
[23, 30]

- Immobilisation of active components
in the paper web — Porous structure of paper
(pores between the paper’s components and
pores inside the raw materials) can be utilized
as points where bioactive agents can be stored
and released later. [1,2]

- Embedding of active components — as
chip or sensors [33]

- Spraying — material is added to the
paper surface as liquid droplets or mist. In this
literature study no applications were found in
which spraying is used to add bioactive
components to paper.
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linker between fibres and a

compound with desired properties

Fig. 3 Methods for functionalizing fibres [1]

II. Addition of bioactive materials by

coating and/or converting

Coating - a process in which the fibre
network (base paper) is covered with material
that contains inorganic pigments, binders and
a wide variety of materials such as optical
brighteners, dispersing agents and other
special materials that serve to fulfil different
kinds of specific purposes. The bioactive
compound that can be added to the paper
machine can be added as part of the coating as
well. If a bioactive molecule can be grafted
onto a component of a paper web, it can
probably be grafted onto a coating
component. The coating can be transform a
non-conductive surface — in this case, paper —
into a luminescent display. Paper could also

3. A—0O

——

——

8

O = A chemical agent that acts as a

be coated with substances that react when
exposed to certain pathogens or chemicals.
The reaction would act as a switch to turn on
the luminescent message printed on the
paper’s surface. The message might warn
consumers that the food is contaminated.
There are many coating methods, such us
blade coating, and curtain coating, in regular
use in paper making, using for deposition of
one — fours coating layers on paper surface
that confer tailored functions. In this respect,
Multilayer or Layer by Layer technique
self-assembly based on electrostatic theory is
a simple, practical and versatile method for
deposition of oppositely charged
polyelectrolyte on substrate surfaces, which
results in surface charge reversal after each
deposition. The modified substrates can have
embedded  bioactive  components and
demonstrated special functions along with
preserving their originals structure. [24, 25,
31]

Using this method can be obtained a
multilayer  bioactive structure with
appropriate controlled release of active
components to packaged product. (a control
layer/matrix layer/barrier tie layer). The
modified substrates can have embedded
bioactive components and demonstrate
special functions along with preserving their
originals structure. (figure 4)

Active layer/control layer allows controlled/fast release of
active compounds

Active layer (matrix with functional compounds in latent

_— conditions )

Barrier layer that prevents migration of the active compounds

toward the outside of the paper

Paper (cellulose matrix)

Fig. 4 A multilayer bioactive structure
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Surface sizing - unit operation in which
polymeric materials (typically, natural water-
soluble) such as starch are added to the paper
surface in an attempt to alter the porosity of
the paper surface and by this influence the
adsorption properties of the paper. The
literature study did not reveal any current
applications where a process similar to
surface sizing is used to add bioactive
materials to paper. This method has several
advantages: the materials are deposited on the
surface of the paper, the transferred amount
can be varied from a couple of grams per
square meter to even hundreds of grams per
square meter, and the size formulation (pH,
solids content, components.) can be varied to
great extent. [24,25,26]

Plasma treatment - plasma is typically
generated by leading a carrier gas through a
high voltage electric field. This results in the
formation of “mist”, which consists of ions
and electrons and excited and radicalized
molecules. The plasma treatment can be used
in the manufacture of bioactive paper
products in two ways. It can be used to treat
the surface to have optimal adhesion
properties for the addition of bioactive
molecules (activation) or cold temperature
plasma modification can be used to add the
bioactive molecules directly onto the surface
by leading them into contact with the surface
together with the carrier gas. [24]

Hybrid sol-gel coatings - Sol-gel hybrid
coatings are promising new materials
consisting of organic-inorganic components
with a nanoscale structure. By tailoring and
optimizing the composition the properties of a
sol-gel thin coating can be directed in a
certain direction and the integration of active
nanoparticles such as photocatalytic TiO, or
anti-microbial particles within the sol-gel
network offers many possibilities to create
smart functionality in the coatings. [1, 2]

Celuloza si Hartie

III. Printing of functional substances on
package

Printing techniques enable easy disposition of
different kinds of active and functional
substances in patterns having a specified size
and shape. Properties such as accessibility and
dissolution rate of these bioactive patterns can
be modified by changing these factors.

For example, the patent by Figueroa et al.
(2004) describes how ink-jet printing can be
utilized to create bioactive patterns that
represent certain dissolution rates. This means
that the dissolution of printed substances from
the substrate can be controlled. Each printing
technique has its own characteristics with
regard to how printing ink is transferred.

The principle of an indicator printing ink is to
expose a reactive substance to conditions the
intended reaction occurred which then
becomes visible or observable due to colour
change accompanied with the reaction. (figure

5)

Fig. 5 Oxygen indicator detecting leak [30, 31]
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S. CONCLUSIONS

Cellulose fibres materials (i.e papers and
boards) are suitable to develop of the
innovative active/bioactive packaging
products, according to the sustainable
development principles, and being a good
support for incorporating and embedding in

their structures or surface of bioactive
compounds.
These innovative products will become

invisible helpers in our ordinary lives, will be
embedded in our natural surroundings, will be
present whenever we need them, will be
enabled by simple and effortless interactions
attuned to all our senses, and will act
autonomously with a flavour of biomolecular
activity.

Embedded systems of bioactive paper are
going to impact on the way we live, without
constraining our ordinary lives but instead
making them easier and safer. Applications
ranging from protection and  safety
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Rezumat

Lucrarea prezinta cercetarile experimentale si rezultatele obtinute pentru
prepararea si caracterizarea unor compozite inteligente, realizate prin inglobarea
de microfire feromagnetice intr-o matrice celulozica (hartie), care prin utilizarea
lor ca elemente de securizare sa permita validarea hartiilor de valoare.

Cuvinte cheie: Hartii securizate, Microfire feromagnetice, Matrice celulozica

Abstract

The paper presents the experimental work and the obtained results for
preparation and characterisation of composite materials, realised by the
embedding of ferromagnetic glass-coated microwires in a cellulosic matrix
(paper), functional materials which can be used as securing elements for value
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papers validation.

Key words: Security papers, Ferromagnetic microwires, Cellulose matrix

1. INTRODUCERE

Materialele magnetice reprezinta fara indoiala
unul din cele mai atractive subiecte ale
cercetdrii stiintifice contemporane. Cu o
varietate de structuri si forme de organizare
(la toate nivelele: macro-, mezo-, micro- si
nanoscopic), capabile de o extraordinara
varietate de proprietati, magnetice sau si de alt
tip, si ilitati nelimitate de
aplicare, aceste materiale au atras in egala
masurd atentia fizicienilor si inginerilor.

Materialele magnetice sunt impartite Tn mod
traditional Tn materiale moi i materiale dure.
Materialele magnetice dure creaza fluxul in
intrefier, iar cele moi conduc acest flux spre
intrefier. Materialele magnetice moi, numite
astfel datoritda legaturii ce existd intre slaba
duritate mecanicd (oteluri obisnuite) si
usurinta cu care 1si pot inversa magnetizarea,
au calitatea de a putea concentra fluxul
magnetic din piesele componente de orice
forma ale circuitelor magnetice. Atentia
permanenta ce le este acordata este justificata

atat de tendinta de Tmbunatdtire continua a
performantelor si, mai ales, a randamentului
dispozitivelor si  masinilor electrice 1n
componenta cdrora intrd, cat si de dorinta de a
imagina si produce mereu noi aplicatii,
dispozitive si echipamente.
Aplicatiile electrotehnicii in care se utilizeaza
materialele magnetice moi se pot imparti in
doua mari categorii:

a) conversia electromecanica reversibila
a energiei (masinile electrice) si modificarea
parametrilor de utilizare a energiei electrice
(transformatoarele electrice de putere sau
cele cu destinatie speciald). In acest caz,

parametrii importanti pentru materialele
magnetice utilizate sunt permeabilitatea
magnetica, pierderile de energie @ si

magnetizatia de saturatie. In diferitele sale
variante, aliajul FeSi este de departe
materialul cel mai reprezentativ in acest
domeniu.

b) prelucrarea semnalului, domeniu mai
restrans din punctul de vedere al cantitatii
totale de materiale magnetice produse si
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utilizate, dar esential pentru industria
electronica si de telecomunicatii, cu
numeroase tipuri de materiale necesare in
telefonie,

televiziune,  instalatii ~ de  microunde,
traductoare, acceleratoare de particule,
inregistrari magnetice, micromasini §i mici
transformatoare cu caracteristici speciale, etc.
In cele mai multe din aceste aplicatii,
cantitatea de material magnetic ce intra in
componenta unui singur produs nu reprezinta
decat o fractiune infima din cea care este
necesard pentru realizarea unei masini
electrice puternice sau a unui transformator de
mare putere, desi numarul de unitati fabricate
este de obicei extrem de ridicat. Materialele
utilizate in aceste aplicatii trebuie sa fie de cea
mai buna calitate magnetica posibila.

In principiu, se recunosc cinci mari familii de
materiale magnetice moi: (/) otelurile
electrice; (/I) aliajele FeNi si FeCo; (II])
feritele, (/7)) metalele amorfe si, mai nou, (V)
materialele moi nanocristaline.

Obtinerea 1in ultimele decenii, a unor
progrese remarcabile gratie unor noi
tehnologii de fabricatie, cum ar fi de
exemplu solidificarea rapidda, a permis
obtinerea unor materiale amorfe - asa-
numitele sticle metalice - cu compozitii noi
si chiar cu microstructuri surprinzatoare,
datoritd vitezelor de ricire de ordinul a 10*-
107 K/s [1].

Datoritda unor remarcabile proprietati,
amorfele magnetice au inlocuit deja multe
materiale moi conventionale, in tot felul de
aplicatii, de la cele de c.c. pana la frecvente
de cativa MHz.

Materialele  feromagnetice au  moment
magnetic propriu, dar momentele magnetice
ale atomilor vecini sunt orientate identic,
formidnd domenii de magnetizare spontana.
Diversele domenii sunt orientate diferit, insa,
sub influenta unui cdmp magnetic exterior, se
orienteazd 1in acelasi sens, ceea ce se
materializeaza la nivel macroscopic prin
valori foarte mari ale permeabilitatii
magnetice si prin dependenta liniara de
histerezis a inductiei B de intensitatea
campului H.

Conform criteriilor ingineriei electrice, un
bun material magnetic moale, supus actiunii
unui cadmp magnetic relativ slab, trebuie sa
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prezinte o magnetizatie cat mai apropiatd de
valoarea de saturatie, din care sd reprezinte
circa 80%...90%. Aceastd usurintd de
magnetizare inseamnda o permeabilitate
magnetica foarte ridicata. Apoi, daca in cursul
utilizdrii sale materialul trebuie magnetizat
dupd directii diferite, el trebuie sd aiba, de
obicei, o comportare asemanatoare dupa
fiecare din directiile respective, ceea ce
implica absenta unei anizotropii
magnetocristaline prea importante. Nici
magnetostrictiunea sa nu trebuie sa fie prea
mare, pentru a evita aparitia anizotropiei
induse.

BE &
Bs 4---=
1T
E’rr T -"( .-": :
!
B |/ ff i
. rd i
Hs -He -He / ! l H
i .;"J J,"EH: Hr Hs "
_|Ir i
.
A B
! .:"i -t -E-;

Fig. 1 Dependenta B=B(H) pentru materialele
feromagnetice. Se definesc urmatoarele marimi:
Br — inductia remanenta; Bs— inductia la
saturatie;

Hs — intensitatea cdmpului de saturatie;

H¢ — intensitatea cdmpului coercitiv,

B, H,, - valorile medii ale inductiei, respectiv
intensitatii cdmpului magnetic

Ciclul de histerezis al materialului, B=B(H)
sau M=M(H), care sintetizeaza in modul cel
mai fericit toate aceste proprietati, cunoaste
astfel o enorma varietate de forme, lucru care
se datoreazd 1n principal neliniaritatii si
caracterului disipativ al fenomenelor ce
concurd la aparitia sa (figura 1). Acest fapt
ridicd mari dificultati atunci cand se incearca
exprimarea sa Intr-o manierda analitica
coerentd, dar constituie totodatd si sursa
extraordinarei bogdtii si complexitati a
dispozitivelor ce utilizeaza aceste materiale.
Un foarte mare numar de probleme ce vor
trebui rezolvate in cadrul viitoarei evolutii a
sectorului materialelor magnetice priveste
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tocmai obtinerea unor cicluri de histerezis
care sd convind din punctul de vedere al
aplicatiei careia 1i este destinat materialul.
Réspunsul nu va putea fi obtinut decat prin
studierea corelata a proprietatilor materialului
disponibil (sau producerea unui nou material),
a procedeelor termomecanice la care trebuie
supus §i a geometriei pieselor care se vor
fabrica.

Evident, nu existd material care sa prezinte
simultan ansamblul de proprietati ideale mai
sus enumerate. Dar, in acelasi timp, Tn functie
de natura solicitdrii (magnetice) la care
urmeazd a fi supus materialul, nici toate
aceste cerinte nu prezintd aceeasi importanta.
Rolul principal in judecarea prioritatii
diferitelor criterii 1l joaca frecventa campului
aplicat.

Astfel, in regim stationar, cel mai bun este, fara
indoiald, materialul care prezintd cea mai
ridicatd magnetizatie de saturatie. In domeniul
frecventelor joase (de exemplu frecventa
industriald), proprietatile cele mai importante
sunt inductia de saturatie si permeabilitatea,
cat mai ridicate, si campul coercitiv redus. La
frecvente mai ridicate, conditia unei
magnetizatii de saturatie ridicate este mai
putin restrictiva, deoarece pierderile prin
histerezis sunt direct proportionale cu
frecventa. In sfarsit, la frecvente foarte inalte,
pierderile prin curenti turbionari,
proportionale cu patratul frecventei, devin
predominante, aga incat ceea ce conteaza in
primul rand va fi o rezistivitate cat mai
ridicatd a materialului.

Directiile de dezvoltare ale materialelor
magnetice au fost impuse de nevoile
industriei, la inceput cercetarea fiind orientatd
catre obiective mai simple, cum ar fi: gasirea
unor materiale caracterizate printr-o inductie
de saturatie si o permeabilitate din cele mai
ridicate, un camp coercitiv si pierderi cat mai
reduse. Progresele realizate au permis
reducerea dimensiunilor dispozitivelor si
cresterea randamentului acestora. Prin tehnici
de procesare de ultima ora a materialelor s-a
reusit in ultimul deceniu prepararea unor
materiale feromagnetice compozite, asa cum
este cazul microfirelor feromagnetice izolate
in sticld. Caracteristicile celor doud materiale
ce formeaza microfirele: miezul metalic si
invelisul de sticld, conferd acestora proprietati
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deosebite, ce deschid domenii de aplicatii

specifice;

e senzori magnetici cu  microfire
magnetice cu proprietati speciale
(magnetostrictive,  magnetocalorice,
etc);

e ccrane electromagnetice in gama de
frecvente extinsd (sute de kHz — 2

GHz);

e sisteme antifurt a produselor din
magazine;

e autentificarea produselor si
documentelor, protectia marcii si

sisteme de control al accesului;
e sistem de incalzire a pardoselelor;

e cabluri micro-conductoare  pentru
telecomunicatii;

e mini-transformatoare.

Avantajele  securizarii cu  microfire

constau in:

e posibilitatea
distanta;

e proprietitile magnetice sunt stabile
chiar si la temperaturi Tnalte si medii
corozive;

e gama mare de temperaturi functionale;

e stabilitate la ecranare — codurile
ecranate cu panouri metalice pot fi
citite;

e stabilitate la actiuni mecanice;

e dimensiuni si consum mic, iar pentru
microfibrele cu proprietati speciale, de
ultimd generatie (ce permit si
inscrierea informatiei):

e cantitatea de coduri create foarte mare;

e informatia poate fi citita atat de la o
sursa stationara, cat si de la o sursd in
miscare;

e codarea este imposibil de distrus, atat
in camp magnetic continuu, cat si
variabil (codare fiabild);

e posibilitatea de a citi informatia de pe
orice cod aleator orientat in spatiu.

identificarii de la

2. PARTEA EXPERIMENTALA

In partea experimentali se vor studia
preliminar conditiile in care, intr-o matrice
fibroasd celulozica, poate fi inglobat un
anumit compozit inteligent sub forma de
microfire/microfibre feromagnetice.
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Prin inglobarea microfirelor feromagnetice se
urmdreste obtinerea unui nou element de
securizare a hartiei care va fi detectat si
validat electronic cu ajutorul unui senzor de
camp. De asemenea, se intentioneaza, ca in
aceste microfire sd fie depozitate anumite
informatii pe baza cdrora sd se asigure un
nivel ridicat de securizare a hartiilor destinate
obtinerii documentelor de valoare.

MATERIALE SI METODE
1. Obtinerea microfirelor magnetice

Microfirul este format dintr-un miez de metal
(un cilindru subtire din metal, aliaj,
semimetal, semiconductor sau alte combinatii
ale acestora) si un strat de izolatie continua
din sticla. Acesta este obtinut cu ajutorul unei
instalatiei de turnare a firelor, folosind metoda
Ulitovsky—Taylor [2,3].

In figura 2 este prezentat un aspect din
timpul operatiei de tragere a microfirelor
metalice. Se poate observa prezenta topiturii
metalice n tubul de sticla, plasat in centrul
inductorului de cupru, prin a carei parte
inferioara se trage microfirul metalic
impreund cu invelisul de sticla topita, microfir
care mai departe se incarcd pe mosoare
(figura 3).

Fig. 2 Aspect din timpul operatiei de topire si
obtinere a microfirului

Pentru imbunatatirea calitatii microfirului, in
timpul procesului de tragere, acesta se trece
printr-un jet de lichid pentru racire (apa sau
ulet).

Instalatia permite sd se obtind microfire cu
lungimea de panda la 1 km (conditii de
laborator), iar in procesul continuu de tragere
se pot obtine microfire cu lungimi de pand la
10 km (conditii industriale). Diametrul
miezului de metal poate fi obtinut in domeniul
I ... 50 pm cu grosimea izolatiei de sticla
cuprinsd intre 1 si 20 pm, functie de
materialul metalic folosit. In figura 4 se
prezintd structura si grosimea unui microfir,
observate prin microscopie.

La efectuarea experimentdrilor preliminare de
laborator s-au folosit mai multe variante de
microfire cu proprietdti magnetice din aliaje
din sistemul ternar Fe-Si-B, din care, luand in
considerare criteriul comportarii la tragere, s-a
selectat aliajul cu compozitia chimica
Fe77B13S1;0. Datorita izolatiei de sticld, aceste
microfire oferd o rigiditate dielectrica ridicata
si permit folosirea lor in diverse domenii cu o
gama largd de temperaturi: de la - 80 panad la
+250°C.

Microfir din aliaje

Microfir din cupru

Fig. 3 Mosoare cu microfire din Cu si din aliaje
Fez:B3Si0
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2l Microfir in invelis

a)

Strat de sticla

Miez metalic

b)

Fig. 4 Micrografie optica a unui microfir din Fe;;B;35i;) comparativ cu un fir de par a)
si detaliu b) in care este vizibila structura microfirului din care se poate observa miezul metalic si stratul de

2. Caracteristicile specifice ale
microfirelor feromagnetice

Procesul de solidificare ultrarapida care are
loc in procedeul de tragere a microfirelor din
topiturd conduce la aparitia unei structuri
quasiamorfe, pusa in evidenta prin difractie cu
raze X. In figura 5 este prezentat spectrul de
difractie al miezului metalic al unui microfir
feromagnetic de compozitie Fe77B3Si.
Proba prezinta o structura cristalind de Fe;Si

sticla

in sistem cubic, structura care este foarte
asemanatoare cu cea a o-Fe, dar cu o celula
elementara mai micd, cu parametrul de retea a
= 2,837 A fatd de a = 2,866 A in cazul a-Fe.
Alaturi de aceasta faza apare si o faza amorfa,
de tip Fes,SisBi3, care cristalizeaza in sistem
tetragonal.

Dimensiunea medie de cristalit a fazei de
Fe;Si, calculata cu ajutorul formulei Debye-
Scherrer pe baza spectrului de difractie
prezentat in figura 5 este de 5,4 nm.
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Fig. 5. Spectrul de difractie al microfirelor de aliaj Fe;;B3Si,
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3. Pregatirea microfibrelor feromagnetice
pentru a fi inglobate in matricea fibroasa a
héartiei

3.1. Dimensiunile microfibrelor

In vederea inglobarii materialului
feromagnetic in matricea celulozica a hartiei,

microfirul de aliaj a fost transformat in
,microfibre” printr-o

operatie simpld de sectionare a firului la
dimensiuni de 5 — 8 mm. In tabelul 1 se
prezinta dimensiunile microfibrelor din
aliaj feromagnetic comparativ cu cele ale
fibrelor celulozice [4]. Din datele prezentate
rezultd ca microfirele feromagnetice au
diametrul mai mic decat cel al fibrelor
celulozice nemacinate.

Tabelul 1 Dimensiuni comparative: fibre din specii lemnoase / fibre din

aliaj feromagnetic
Natura Lungimea fibrelor, mm Diametrul fibrelor, mm
lemnului minima maxima | medie minima maxima medie
Specii de rasinoase
Pin 2,6 4,4 3,5 0,03 0,075 0,05
Brad 2,6 3.8 3,2 0,025 0,069 0,047
Molid 2,6 3,5 3,05 0,024 0,045 0,035
Specii de foioase
Plop 0,78 1,68 1,15 0,020 0,046 0,030
Mesteacdn 0,78 1,63 1,15 0,014 0,042 0,025
Fag 0,70 1,72 1,13 0,015 0,029 0,022
Fibre din aliaj

Fe,B,Si, | 5-8 0,007 — 0,023

3.2. Determinarea densitatii

Pentru a cunoaste comportarea in suspensie a
microfirelor feromagnetice, comparativ cu
fibrele celulozice, s-a determinat densitatea
acestora prin masurarea cresterii volumului de
apd datorat scufundarii unei anumite cantitéti
de microfire (t = 20°C). Determinarea s-a
efectuat folosind un sortiment de microfire cu
diametrul de 14 pum (diametrul mediu al

experimentirilor preliminare). in tabelul 2 se
prezinta densitatea microfirelor
feromagnetice, comparativ cu densitatile
cunoscute ale altor materiale [5-7].
Densitatea microfirelor feromagnetice apare
ca rezultantd a densitatilor celor doua
materiale componente ale microfirului,
respectiv cea a aliajului feromagnetic si cea a
sticlei. Se evidentieazd diferenta foarte mare
de densitate care existd intre microfire si

microfirelor realizate pentru efectuarea hartie (3.200 fatd de cca. 1.300 kg/m”).
Tabelul 2 Densitati comparative
Nr. Specificatie Densitatea,
crt. kg/m®
1 Fier (otel) 7.850
2 Bor 2.340
3 Siliciu 2.330
4 Sticla 2.500
5 Microfir din aliaj feromagnetic — Fe,B,Si, 3.200
6 Fonta 7.250
7 Aluminiu 2.700
8 Hartie 700 —1.300
9 Carton presat 1.350

3.3. Determinarea vascozitatii

La determinarile de vascozitate s-au folosit
probe de pasta de hartie a carei compozitie o
imitd pe cea realizatd intr-o fabricatie
industriala. Acesteia i s-au adaugat cantitati

crescatoare de fire feromagnetice de 0,002 g,
0,003 g si respectiv 0,005 g, la un volum de
pasta de 700 ml cu un continut de 2,4 g
material a.u. (c 0,34%). Rezultatele
determindrilor sunt prezentate in tabelul 3.
Prin cresterea adaosului de microfire
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feromagnetice de la 0,083% la 0,208% (fata
a.u.),

de materialul fibros

vascozitatea +2 cP.

Celuloza si Hartie

Brookfield a pastei de hartie se modifica cu 1

Tabelul 3 Determinari de vascozitate — pasta de hdrtie cu adaosuri crescatoare de

microfire feromagnetice

Nr. Specificatie Viscozitatea Brookfield, LVT, cP
crt. (23°C, fus nr.1)
1 Pasta de hartie fara adaos de microfire feromagnetice 15-16
2 Pasta de hartie cu adaos de 0,002 g microfire feromagnetice
pentru fiecare foaie de laborator (2,4 g material a.u.) 15-16
3 Pasta de hartie cu adaos de 0,003 g microfibe feromagnetice
pentru fiecare foaie de laborator (2,4 g material a.u.) 16 — 16,5
4 Pasta de hartie cu adaos de 0,005 g microfire feromagnetice
pentru fiecare foaie de laborator (2,4 g material a.u.) 17-18

3.4. Compatibilitatea microfibrelor
feromagnetice cu materialele componente
ale hartiei

In compozitia aliajului feromagnetic exista si
un anumit continut de Fe, care ar putea genera
o anumitd vulnerabilitate a aliajului la
coroziune. De aceea, se impune ca microfirele
feromagnetice sa fie testate si din punct de
vedere al rezistentei la coroziune in contact cu
diversi auxiliari care se folosesc frecvent la
prepararea pastei de hartie. In mod normal,
microfirele fiind inglobate in invelisul de
sticla nu ar trebui sa existe probleme de
coroziune. Fenomenul de coroziune poate sa
apard 1n urma operatiei de scurtare a
microfirului, deoarece este posibil ca la

sectionare, o parte din invelisul de sticld sa
sufere anumite deteriorari.

in vederea efectudrii testelor de coroziune, din
componentele folosite la fabricarea hartiei s-
au preparat mai multe solutii §i suspensii cu
concentratii crescatoare, pana la concentratia
maximd a produsului comercial. Microfirele
feromagnetice au fost introduse in aceste
preparate, timpul de contact fiind bine
delimitat: 15, 30, 60 si 180 de minute.
Rezultatele obtinute la aceste teste sunt
prezentate in tabelul 4. in vederea evitarii
fenomenului de coroziune a microfirelor
feromagnetice, formarea foilor de hartie se va
realiza imediat dupa dozarea i omogenizarea
acestora in pasta de hartie.

Tabelul 4 Interactiunea microfirelor feromagnetice cu materialele

componente ale pastei de hdrtie

Nr. Componentii pastei de Specificatii Observatii
crt. hértie
- este un hidrat de carbon din grupa - nu interactioneaza cu mirofirele
polizaharidelor cu o structura de macromoleculd | feromagnetice.
1 Celuloza a.u. si grad ridicat de polimerizare;
- pulbere - carbonat de calciu; - prezinta o usoara tendinta de oxidare a
- este un material anorganic; microfirelor feromagnetice la durate de
2 Material de umplere - in suspensie apoasa are contact mai mari de 30 minute.

pH —ul alcalin.

3 Agent de retentie

- are ca substanta activa rasina cationica
poliamid-poliamin-epiclorhidrina;
- pH —ul solutiei concentrate este acid.

- nu oxidaza microfirele feromagnetice.

4 Agent de incleiere

- emulsie apoasd alba, continand ca substanta
activa un dimer de alchilcetena modificat;
- pH —ul acid

- nu oxidazad microfirele feromagnetice.

5 Inilbitor optic

- are ca substanta activa un derivat organic pe
baza de stilben;
- pH—ul alcalin.

- prezinta o usoara tendinta de oxidare a
microfirelor feromagnetice la durate de
contact mai mari de 30 minute.

Agent de tratare a hartiei la
6 suprafata

- amidon oxidat din porumb sau
cartofi;
- pH—ul solutiei neutru;

- nu interactioneaza cu microfibrele
magnetice.

Apa grasa extrasa din
7 suspensia pastei de hartie.

- pH —ul usor alcalin.

- in contact cu apa grasd, microfirele
manifestd tendinta de oxidare la durate de
contact mai mari de 30 de minute.
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3.5. Pregitirea pastei de hértie si obtinerea
foilor de hartie in laborator

Hartia reprezintd o structura fibroasd care
adeseori inglobeazd si materiale auxiliare si
are anumite proprietdti impuse de domeniul
de utilizare [4].

Procesul in care semifabricatele fibroase
celulozice, Tmpreund cu adaosul unor
materiale auxiliare, sunt transformate intr-o
pastd, din care se obtine ulterior pe masina
foaia de hartie, poartd denumirea de
prepararea pastei de hartie [8].

Pasta poate fi constituitd dintr-un singur

sort de fibre sau dintr-un amestec de
semifabricate fibroase. Natura si proportia
semifabricatelor care intrd in compozitia
pastei de hartie, depind de caracteristicile lor
calitative si de proprietitile ce se cer
produsului finit.
Structura hartiei este constituita din fibre, de
obicei vegetale, consolidate intre ele prin
diferite tipuri de legaturi. Rezistenta structurii
depinde de numarul de fibre pe unitatea de
volum, de  uniformitatea  distributiei
elementelor structurale, de numaéarul de
contacte interfibre, de valoarea fortelor de
legatura, de rezistenta proprie a fibrelor etc. In
procesul de fabricatie, hartia trece consecutiv
prin diferite faze de consolidare in decursul
carora isi schimba umiditatea si odata cu
aceasta si valoarea fortelor de legatura dintre
elementele structurale. Prin trecerea benzii de
hartie de la sitd la prese si apoi la uscare
structura trece treptat de la starea de coagulare
la retea in care deja actioneaza forte Van der
Waals si forte de frecare slabe intre
suprafetele fibrelor in contact. Aceasta
structura la uscare trece in stare consolidata 1n
care fibrele sunt puternic legate intre ele, in
principal prin punti de hidrogen, iar fortele de
frecare ating valoarea maxima [4].

Prepararea pastei de hartie cuprinde mai
multe faze tehnologice, cele mai principale
fiind:  destramarea, individualizarea  si
macinarea materialelor fibroase, incleierea,
umplerea, colorarea si epurarea pastei.

3.6. Destramarea,
macinarea celulozelor.

individualizarea si

Semifabricatele fibroase sunt furnizate,
adeseori, 1n fabricile de hartie, sub forma de
foi, calupuri sau suluri cu consistenta ridicata
sau chiar in stare uscati. In acest caz se
procedeaza la destramarea si individualizarea
materialului fibros. Totodata, in acest proces
se realizeaza si hidratarea si umflarea fibrelor,
ceea ce determind ca operatia urmitoare —
macinarea, sa decurgd in condifii mai bune,
intr-un timp mai scurt $i cu un consum mai
mic de energie [§].

Destramarea  materialelor ~ fibroase

trebuie sa se realizeze fara scurtarea fibrelor,
deoarece de lungimea acestora depind viteza
de deshidratare a pastei pe sita masinii de
fabricatie si proprietatile fizico-mecanice ale
foii de hartie.
Macinarea materialelor fibroase constd in
trecerea unei suspensii de fibre in apa printre
organele lucratoare ale utilajului de macinare,
constituite din cutite fixe (montate pe platina
sau stator) si cutite mobile (fixate pe valt sau
rotor). In acest proces fibrele celulozice sufera
insemnate modificari dimensionale si ale
proprietatilor.

In laborator lucririle de destrimare,

individualizare si de macinare a celulozelor s-

au efectuat in conformitate cu prevederile

urmatoarelor standarde [9]:

e inmuierea si dezintegrarea colilor de

celuloza, STAS 6095-1:1995;
e macinarea celulozelor in holendru Valley,
SR ISO 5264-1:1997;

e determinarea gradului de mdécinare cu
ajutorul aparatului Schopper—Riegler, STAS
6095-4:1990.

In acest mod s-au prelucrat doui sortimente

de celuloza, respectiv:

e celuloza sulfat inalbitd din

rasinoase;

e celuloza sulfat inalbita din lemn de foioase.

Caracteristicile de calitate ale celor doua

sortimente de celulozd se incadreazd 1in

prevederile normelor de calitate ale

furnizorilor (tabelele 5,6).

La celuloza sulfat indlbita din rasinoase s-a

realizat un grad de micinare de 28 °SR, iar la

cea de foioase 32°SR.

lemn de
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Tabelul 5 Celuloza sulfat inalbita din rasinoase

Nr. Specificatie UM Valori prevazute in normele de
crt. calitate

1 | Lungimea de rupere (50° SR) min. m 8.000

2 Rezistenta la plesnire (50° SR) kPa .m’/g 53

3 Rezistenta la sfasiere (50° SR) mN.m%/g 8,5

4 Gradul de alb min. % 81

5 Nr. de impuritéti max. nr./m’ 80

6 Uscaciunea, min. % 60

Tabelul 6 Celuloza sulfat inalbita din foioase

Nr. Specificatie UM Valori prevédzute in normele
crt. de calitate

1 Lungimea de rupere (50° SR) min. m 6.500

2 Rezistenta la plesnire (50° SR) kPa .m%/g 2,5

3 Rezistenta la sfagiere (50° SR) mN.mz/g 4,5

4 Gradul de alb min. % 82

5 Nr. de impuritati max. nr./m’ 100

6 Uscaciunea, min. % 70

3.7. Umplerea si incleierea hartiei

Prin umplere [4, 8] se defineste operatia de
inglobare 1n pasta de hartie a unei cantitati de
substante minerale, fin divizate cu scopul de a
imbunatati unele proprietati ale hartiei
(proprietatile optice ale hartiei - opacitatea si
gradul de alb), iar termenul de incleiere
defineste operatia tehnologica prin care se
conferd hartiei rezistenta la penetratia apei si a
solutiilor apoase. De aceea, procesul se mai
numeste si hidrofobizarea hartiei [4, 8].
Materialele de umplere (de sarjare)
introduse 1n pasta de hartie sunt partial
retinute in foaia de hartie si partial eliminate
cu apele grase in partea umedd a masinii de
fabricatie. Mecanismul de retentie a
materialelor de wumplere in hartie este
dependent de raportul dintre factorii mecanici
si fizico-chimici, care au un rol important nu
numai asupra cailor de retinere a particulelor
de pigment in foaie, dar si asupra eficientei
operatiei de umplere si a procesului de
reciclare si prelucrare a apelor grase.
Cresterea randamentului de retentie la
fabricarea hartiilor sarjate se realizeaza si prin
folosirea unor aditivi chimici care se adaugd
in pasta de hartie.
In laborator, pentru realizarea acestor faze
tehnologice s-au folosit ca material de
umplere carbonatul de calciu (> 98% CaCOs),
iar ca agent de incleiere o emulsie de alchil —
dimercetene. De asemenea, pentru cresterea

randamentului de retentie a materialului de
umplere s-a utilizat un produs pe bazd de
poliamid-poliamin- epiclorhidrind cu un
continut redus de formaldehida.

3.8. Stabilirea retetelor si formarea foilor
de hartie in laborator

La realizarea foilor in laborator s-a avut in
vedere, in principal, sd se stabileascd daca la
acest nivel de cercetare se pot obtine foi de
hartie cu un anumit continut de microfibre
feromagnetice §i mai putin obtinerea unor
anumite caracteristici de calitate ale hartiei. S-
a urmarit totusi, sa ne apropiem cat mai mult
de o retetd de fabricatie care este posibild de
realizat si industrial, pe o masind de hartie.
Astfel, s-a stabilit urmatoarea reteta:

e continut de celuloza sulfat inalbitd din
raginoase (28 °SR) — 40%;
e continut de celuloza sulfat indlbitd din

foioase (32 °SR) — 60%;
Fata de acest amestec fibros se adauga:
material de umplere (carbonat de calciu) —
15 %;
e agent de incleiere — 1,5 %;
e retentor — 2,0 %;
e inalbitor optic — 0,3 %;
Formarea si uscarea foilor de hartie s-a
realizat in conformitate cu prevederile STAS
6095-3:1990, pe aparatul Rapid K&then.
Programul de experimentari s-a desfasurat in
doua etape:
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e foi de hartie fara adaos de microfire
feromagnetice - proba martor (R1);

e foi de hartie cu adaosuri crescdtoare de
microfire  feromagnetice, dupd cum
urmeazd: R2-0,002g/foaia de hartie de
2,4g, R3-0,003 g/foaia de hartie de 2,4g si
R4-0,005 g/foaia de hartie de 2,4 g.

Cantitatile de microfire au fost introduse
direct in formatorul de foi. Pentru a se realiza
un amestec omogen intre fibrele celulozice si
microfirele feromagnetice, inainte de formare,
pasta de hartie este agitatd intens. Astfel,
microfirele feromagnetice se aseaza haotic in
structura  foii de hartie. In  vederea
imbunatatirii caracteristicilor de suprafata,
dupa uscare, foile de hartie au fost tratate la
suprafatd cu o solutie de amidon oxidat.

Conditionarea foilor de hartie s-a efectuat

timp de 24 de ore (temperatura constanta de

23°C si o umiditate relativa a aerului de 50%),

dupa care au fost supuse analizelor de

determinare a  caracteristicilor  fizico—
mecanice.

3. REZULTATE SI DISCUTII
Prezenta wunei structuri quasiamorfe a
miezului metalic al microfirului, pusd in
evidentd prin spectrul de difractie raze X
prezentat in figura 5, favorizeaza existenta
unor caracteristici magnetice favorabile
aplicatiei, specifice materialelor magnetic
moi: magnetizatie ridicatd si intensitate a
campului scazutd. Coercivitatea probelor
constituite din microfire feromagnetice este
de cca. 1250 Oe, adica 0,1 kA/m.

Datorita faptului ca cele doua cicluri de
histerezis aproape se suprapun (figura 6), desi
provin din doud probe diferite, dar de mase
egale, se poate estima ca microfirele prezinta
reproductibilitate in ceea ce priveste valorile
caracteristicilor ~— magnetice, caracteristicd
foarte importanta in procesul de fabricatie in
serie mare.

2013, vol. 62, nr. 1
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Fig. 6 Curbe de histerezis obtinute pentru
microfirele pe baza de aliaj Fe;;B,;Si gprelevate
din doua epruvete diferite

Microfirul din aliajul feromagnetic,
transformat in ,,microfibre” prin ,,sectionare”,
participd In compozitia hartiei ca un material
de umplere. In structura hartiei, aceste
materiale nu pot realiza forte de tipul ioni —
dipoli sau dipoli — dipoli specifice legaturilor
van der Waals. De asemenea, datorita
compozitiei lor nu pot forma nici legdturi de
hidrogen specifice unei structuri celulozice. In
aceasta situatie, microfirele feromagnetice nu
participa la consolidarea structurald a matricei
celulozice, iar retentia lor in foaia de hartie se
produce prin filtrare, adsorbtie, si cofloculare
cu diferite materiale introduse in compozitia
hartiei. Microfibrele metalice situate la
suprafata hartiei nu sunt puternic ancorate in
structura acesteia §i pot constitui un pericol
pentru formele de tipar si calitatea tipariturii
(fenomen similar cu prafuirea hartiei din
cauza materialului de umplere neinglobat). De
aceea, pentru o mai buna fixare se impune
tratarea la suprafata a hartiei cu amidon oxidat
si folosirea unor agenti pentru suplimentarea
incleierii de suprafatd a hartiei.

Diametrul microfirelor realizate
experimental este comparabil sau chiar mai
mic decat cel al fibrelor celulozice provenite
din diferite specii de lemn — foioase sau
rasinoase. Prezenta acestora in structura
hartiei nu va ,distanta” semnificativ
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apropierea dintre fibrele celulozice care
constituie sursa de rezistentd pentru structura
hartiei.

Banda de hartie trece prin mai multe zone ale
maginii de hartie unde intervin forte mari de
presare (in special, zona preselor umede si in
calandrul de masind). Avand un diametru mic,
in aceste zone ale masinii de hartie,
microfibrele nu vor suferi deteriorari
semnificative ale invelisului de sticla.
Densitatea microfibrelor metalice este cu
mult mai mare decit cea a unei hartii care nu
contine decat fibre celulozice si material de
umplere (3200 fata de 1300 g/cm®). Avand in
vedere cd hartia se obtine dintr-o suspensie
apoasd, microfibrele metalice vor avea
tendinta de a sedimenta. De aceea, pentru
obtinerea unei repartitii  uniforme a
microfirelor 1n foaia de hartie este necesar, ca
pasta sd fie sub o agitare continud pana la
formarea foii de hartie.

Datorita diferentei mari de densitate, este de
asteptat ca foaia de hartie sid contind o
cantitate mai mare de microfire metalice spre
suprafata care vine in contact cu sita de
formare. Pe de altd parte, lungimea
microfibrelor fiind mai mare decit cea a
fibrelor celulozice, acestea din urma, in
timpul procesului de deshidratare a pastei de
hartie vor manifesta o tendintd de ,,rdmanere
in urma”, chiar dacd au o greutate specifica
mai mare.

Prin introducerea microfibrelor metalice in
compozitia pastei, proprietitile reologice ale
acesteia nu se modificd semnificativ. Prin
urmare, procesul de deshidratare a pastei de
hartie 1n timpul formarii nu va fi afectat.

In marea majoritate a instalatiilor, hartia se
fabrica dupa tehnologia de incleiere in mediu
neutru/slab alcalin (pH-ul pastei de hartie 6,5
—8,5). Adaosurile de aditivi 1n pasta de hartie
fiind foarte mici §i consistenta de lansare a
pastei pe sita de formare fiind subunitara, pH-
ul pastei de hartie este practic pH-ul apei
tehnologice. In acest mediu, pericolul de

oxidare a microfibrelor metalice vine numai

din partea apei. De aceea, este de retinut

faptul ca timpul de contact al microfibrelor
metalice cu pasta de hartie trebuie limitat.

Acest lucru va conditiona locul unde

microfibrele metalice pot fi introduse in

circuitul pastei de hartie.

Valorile determinate pentru caracteristicile

fizico-mecanice ale foilor de hartie (tabelul 7)

conduc la sustinerea urmatoarele afirmatii:

e cresterea adaosului de microfibre metalice
in compozitia foilor de laborator (de la
0,002g pana la 0,005/foaie de 2,4g), nu
modificd  semnificativ = grosimea  s§i
densitatea  acestora.  Prin  urmare,
microfibrele metalice nu au o contributie
substantiala la cresterea densitatii foilor de
hartie prin ,,surplusul” de densitate pe care
il aduc. De asemenea, microfibrele avand
o grosime chiar mai mica decat a fibrelor
celulozice, nu contribuie la deformarea
constructiei matricei celulozice. Aceastd
constatare este sustinutd si de rezultatele
obtinute la determinarile de porozitate
care oscileazd foarte aproape de valorile
constatate la proba martor.

e tot din aceleasi motive (neafectarea
structurii fibroase celulozice) nu s-au
constatat diferente esentiale nici in cazul
caracteristicilor de rezistentd — lungimea
de rupere, numar de duble indoiri, sfasiere
sau plesnire.

e datele privind continutul de cenusd nu se
coreleaza cu cresterea adaosului de fibre,
deoarece aici a intervenit calitatea apei
folosite la formarea foilor de hartie (apa
contribuie  prin propria Incdrcare de
suspensii minerale).

Prin urmare, rezultatele obtinute aratd ca

adaosurile ~de  microfire  folosite la

experimentari, de la 0,083 la 0,208%, nu au o

influenta semnificativa asupra principalelor

caracteristici  fizico-mecanice ale foilor de
hartie de laborator.
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Tabelul 7 Caracteristicile fizico — mecanice ale foilor de hdrtie cu continut de
microfire feromagnetice

Retete cu adaos de microfibre
feromagnetice (la o foaie de 2,4 g
Nr. Metoda Reteta de material a.u.)
crt. Caracteristici UM de martor R2 R3 R4
incercare R1 0,002¢g 0,003g 0,005¢g
1 Gramaj g/mp SR EN ISO 536:1997 80,4 80,4 79,8 79,8
2 Grosime mm SR EN 534:2005 0,126 0,129 0,128 0,127
3 Densitate aparenta g/cm3 SR EN 534:2005 0,64 0,62 0,62 0,63
4 Sarcina de rupere N SR EN 1S01924-2:2009 68,5 68,9 68,3 68,6
5 Lungimea de rupere m SR EN 1S01924-2:2009 5.770 5.794 5.757 5.758
6 Numar duble indoiri - SR ISO 5626:1996 101 97 93 104
7 Rezistenta la plesnire kPa SR ISO 2758:2004 242 252 261 236
8 Rezistenta la sfagiere mN SR EN 21974:1997 590 630 600 610
9 Porozitatea Gurley, F/S S SR ISO 5636-5:1996 28/25 24/24 25/24 26/25
10 Continut de cenusa % SR ISO 2144:1999 9,26 9,06 9,32 9,18
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cercetarilor care urmeaza.
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Rezumat

Lucrarea abordeaza problema rezistentei la stivuire a cutiilor din carton ondulat sub
aspectul modului de determinare si factorilor care o influenteaza. Deoarece
rezistenta la stivuire se apreciazd indirect, prin intermediul rezistentei la
compresiune a cutiilor, se prezintd modul de determinare in laborator si prin calcul
a acestui parametru. Se subliniaza faptul ca rezistenta la compresiune indica
valoarea maxima a rezistentei potentiale a ambalajului. O atentie speciala se
acorda factorilor care influenteaza rezistenta la stivuire: marimea si durata de
actiune a sarcinii aplicate; modul de stivuire; umiditatea cartonului ondulat;
prezenta decupajelor. Fiecare factor este discutat privind masura in care
influenteaza rezistenta la stivuire in conditii reale de exploatare a cutiilor. Influenta
cumulata a factorilor de influenta se apreciazd cu ajutorul coeficientului de
sigurantd la stivuire, care tine seama de pierderea de rezistentd indusa de
conditiile concrete de utilizare a ambalajelor. Se subliniaza ca pentru a se asigura
rezistenta la stivuire, sarcina preluatd de cutie in conditii reale de exploatare
trebuie sa fie substantial ori mai mica decéat valoarea rezistentei la compresiune
determinata in laborator,

Cuvinte cheie: Carton ondulat, Cutii, Rezistenta la compresiune, Rezistenta la
stivuire, Incercéri

Abstract

The paper deals with the stacking strength of corrugated cases, under the aspect
of its testing and of factors of influence. Due to the fact that stacking resistance is
indirectly quantified through the box compression resistance, its testing in the
laboratory and the method of calculating of it are presented. It is underlined that
box compression resistance represents the maximum value of potential resistance
of a package. Special attention is paid to the factors affecting stacking strength:
size and duration of compression load, stacking pattern, moisture of corrugated
board, the presence of cuttings in the box walls. Each factor is discussed
regarding its influence on stacking strength of boxes in real operating conditions.
The cumulative influence of this factors is quantified using the stacking safety
coefficient, that takes into consideration the resistance decrease induced by the
real operating conditions. It is emphasized that to ensure the required stacking
strength, the loading of box must be significantly lower compared with the value of
compression resistance of box determined in the laboratory.

Key words: Corrugated board, boxes, Compression resistance, Stacking
resistance, Testing

1. INTRODUCERE
Viata ambalajului include mai multe etape in si continud in timpul operatiilor de manipulare,
care asupra sa se exercitd solicitari extrem de depozitare, transport si desfacere. Solicitarile
complexe ca naturd si intensitate. Ele se complexe, de natura

manifestd incd din faza de introducere a
produsului si Inchidere a ambalajului
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mecanica, termicda, chimica, climatica si
biologicd duc la uzura ambalajului, care isi
reduce continuu valoarea de consum. Aceleasi
solicitari se exercita cu intensitate diferita si
asupra produsului ambalat si de aceea, rolul
ambalajului  este sd asigure protectia
cantitativa si calitativa a marfii, pana ce
aceasta ajunge la cumparator. Cele mai
importante categorii de factori agresivi la care
sunt supuse ambalajele sunt: solicitdrile
mecanice, chimice, biologice si climatologice.

Solicitarile mecanice reprezinta
categoria cu influenta cea mai mare asupra
ambalajului si sunt de mare varietate. Ele pot
avea ca origine mediul exterior ambalajului
sau pot veni din partea produsului ambalat.
Solicitarile mecanice apar inevitabil in fazele
de manipulare, depozitare si transport si difera
substantial ca mod de exercitare a fortelor si
ca intensitate. Astfel, in fazele de manipulare,
cea mai frecventa solicitare este cea de impact
violent, respectiv de cadere sau de proiectare
pe un corp dur. La depozitare predomina
solicitarea de compresiune, care se exercita cu
intensitate maxima asupra cutiei de la baza
stivei. Din acest motiv trebuie precizate
inaltimea maxima de stivuire sau numarul de
cutii care se pot suprapune, precum si modul
de suprapunere. In timpul incarcarii si
transportului apar solicitdri multiple care
depind de sistemul de incarcare, tipul de
transport, lungimea si durata transportului,
conditiile climatice de micromediu sau
exterioare. Desi proiectantul nu poate
prevedea toate situatiile care apar in timpul
transportului §i operatiilor de incarcare-
descarcare, el poate proiecta ambalajul astfel
incat acesta sd reziste satisfacdtor chiar la
solicitari complexe: compresiune laterala sau
verticald exercitatd simultan cu vibratii,
stivuire neuniformd ca urmare a deplasarii
cutiilor in mijlocul de transport, caderea
stivelor Tn mijlocul de transport sau a cutiilor
de pe dispozitivele de transport intern, efectul
cresterii umiditatii asupra acestor solicitari
[1].

Solicitarile de naturd chimicd se
datoreazd unor factori agresivi care au ca
origine mediul ambiant dar si produsul
ambalat. Mediul ambiant contine gaze
agresive (oxigen, ozon, vapori de apa, dioxid
de sulf, vapori de acizi), umezeala sub forma

de micropicaturi, precum si particule solide.
Produsul ambalat poate emana umezeala,
gaze, solventi, vapori corozivi sau substante
lichide care sa degradeze ambalajul dinspre
interior. In toate aceste cazuri existd

e fie
exterioara prin tratamente de acoperire a
cartonului ondulat la fata acestuia, fie
interioard, prin ambalarea suplimentard a
produsului Tnainte de a fi introdus in cutia de
carton ondulat.

Solicitarile climatologice sunt
determinate de diferentele de climd dintre
zonele terestre: polara si subpolara, temperata,
tropicala umeda sau uscatd, de desert, intre
care existd deosebiri mari de parametri
climatici, temperaturd si umiditate a aerului.
Energia solard, care contine radiatii infrarosii
si ultraviolete, este un factor distructiv
important al ambalajelor din carton ondulat.
Iradierea indelungatd determind imbétranirea
hartiilor, adezivilor si a altor clemente
constitutive ale ambalajelor.

Umiditatea aerului este parametrul cel
mai important care afecteazd rezistenta
ambalajului. In zonele uscate si calde
umiditatea cartonului ondulat scade accentuat
si se produc contractii care determina
curbarea cartonului, desprinderea benzilor
adezive, deformarea clapelor de inchidere etc.
Daca umiditatea este crescutd se reduce
rezistenta cutiilor, mai ales la solicitarile de
compresiune sau apare pericolul desprinderii
straturilor componente ale cartonului ondulat.
Roua sau apa condensata din zonele unde
umiditatea relativa a aerului ajunge la 100%,
determind deformarea cutiilor, desprinderea
lipiturilor si in general afecteazd major
integritatea ambalajelor din carton ondulat.
Ciclurile de inghet-dezghet la care sunt
supuse cutiile cu alimente au efect puternic
distructiv asupra ambalajului din carton
ondulat. Partial, aceste efecte negative se pot
limita prin utilizarea unor hartii miez si capac
cu hidrorezistenta crescutd sau prin tratarea la
suprafatd a cartonului ondulat cu materiale
hidrofobe, tehnologii care 1nsa ridica pretul de
cost al ambalajului [2].

Solicitarile biologice se
actiunea microorganismelor
ciupercilor si  mucegaiurilor,
conditii de temperatura,

refera la
(bacterii),
in anumite
umiditate  si
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ventilatie. Intensitatea acestor solicitdri este
puternic potentatd de atmosfera umeda,
temperatura ridicata, absenta luminii, precum
si un pH adecvat al hartiei. Conditiile de
depozitare si transport sunt hotaratoare in
privinta aparitiei degradarilor biologice, mai
ales dacd produsul ambalat este de naturd

organicd: alimente, legume si fructe
proaspete, etc [3].
Valoarea rezistentei la stivuire a

cutiilor in conditii reale de exploatare este
determinatd de un complex de factori dintre
care cel mai importanti sunt: marimea sarcinii
aplicate si durata de actiune, umiditatea
cartonului ondulat si modul de stivuire.
Lucrarea de fata isi propune sd analizeze
rezistenta la stivuire a cutiilor din carton
ondulat sub aspectul modului de determinare
si a factorilor care o determina.

2. DETERMINAREA
REZISTENTEI LA STIVUIRE

Rezistenta la stivuire a cutiilor nu se poate
determina in laborator sau pe teren,
neexistind o metodd omologatd si nici o
unitate de masurd. Avand in vedere cd la
stivele de cutii cea mai importanta solicitate
este compresiunea, rezistenta la stivuire se
apreciaza indirect, prin intermediul rezistentei
la  compresiune a cutiilor.  Aceasta
caracteristica se determind in laborator sau se
poate calcula cu ajutorul unor ecuatii. Prin
acest indicator se apreciazd In mod direct

AN

—

Forta

rezistenta la strivire a cutiei §i se anticipeaza
comportarea acesteia in conditii reale de
stivuire, manipulare §i transport. Este
determinarea de baza prin care se apreciaza
rezistenta ambalajelor din carton ondulat.
Rezistenta la compresiune a cutiilor trebuie sa
fie suficient de mare, incat sd nu se produca
strivirea cutiei de la baza stivei, in conditiile
in care beneficiarul ambalajelor a respectat
cele convenite cu producatorul privind masa
produsului ambalat, dimensiunile acestuia,
modul de ambalare, numarul de cutii din stiva
si metoda de stivuire, precum si conditiile de
depozitare.

2.1. Determinarea in laborator a rezistentei
la compresiune a cutiilor

Rezistenta la compresiune a cutiilor (Box
Compression Test — BCT) se determina
conform standardelor FEFCO No 50 sau
TAPPI T-804 si se exprimd in Newtoni (N).
Metoda de  determinare  constd  in
comprimarea cutiei intre placile perfect
paralele ale presei, care se apropie cu viteza
constanta de 12,5 +/- 2,5 mm/min. Se
inregistreaza continuu valorile fortei si ale
deformatiei. Valoarea maxima a fortei
inregistrate reprezinta rezistenta la
compresiune a cutiei.

="

Deformatia

B

Fig. 1 Distribitia sarcinilor la solicitarea de compresiune pe directia capac-fund a cutiilor din carton
ondulat (A) si forma tipica a curbei efort-deformatie (B) [4]
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Intrucat valoarea BCT este foarte sensibila la
variatille ~ de  umiditate,  cutiile  se
conditioneaza la 23 °C si 50 % umiditate
relativa, iar determinarile se efectueaza numai
in atmosferd conditionatd. Presele pentru
determinarea BCT au forta maxima de 30 kN,
dimensiunile placilor 600 x 1000 mm,
inaltimea maxima a cutiei 1000 mm si viteza
de lucru reglabila, intre 1-50 mm/min. In
afard de obligativitatea conditiondrii, cutia
trebuie pregatita pentru determinare prin
inchidere si lipire cu banda adeziva.

Studierea  mecanismului  deformarii
cutiei sub influenta sarcinilor uniform
distribuite aratd ca in cazul exercitarii unor
forte de compresiune scazute, acestea sunt
preluate aproximativ uniform pe intreg
perimetrul cutiei. La cresterea sarcinii, se
atinge un prim punct critic la care peretii
cutiei se bucleaza elastic spre exterior, in timp
ce colturile cutiei raman neafectate (punctul a,
figura 1). Fortele de compresiune se
concentreaza spre colturile cutiei, care vor fi
solicitate mai mult decat fetele acesteia si la
depasirea celui de-al doilea punct critic, b, se
produce strivirea colturilor in punctul de
intdlnire  dintre panourile verticale si
orizontale.

In momentul atingerii valorii maxime a
sarcinii aplicate, panourile se indoaie si
muchiile se strivesc, moment reprezentat de
punctul ¢ de pe diagrama efort-deformatie.
Prin urmare, rezistenta cutiei este data atat de
rigiditatea cartonului ondulat care se opune
buclarii peretilor, cat si de rezistenta la
compresiune pe cant, care se opune strivirii
colturilor. Colturile cutiei contribuie cu
aproximativ 80 % din valoarea BCT.

Este de mentionat faptul ca valoarea
rezistentei la compresiune determinata n
laborator este cea maximad pe care o poate
suporta cutia. In conditii reale de exploatare,
rezistenta la compresiune a cutiilor se reduce
in timp, principalele motive fiind:

- continutul  cutiei  poate  produce
deformarea spre exterior a peretilor;
- fortele actioneazd asupra cutiilor

perioade lungi de timp (saptamani-luni),
aparand fenomenul de obosealda a
cartonului;
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- In timpul manipularii si transportului
cutia este expusd vibratiilor, socurilor
sau diferitelor lovituri;

- in timpul depozitarii fortele de
compresiune nu sunt distribuite uniform
pe suprafata cutiei;

- parametrii aerului sunt variabili, astfel
incat umiditatea la echilibru a cutiei se
schimba relativ frecvent;

Pentru a tine seama de influenta
cumulata a factorilor enumerati mai sus, se
foloseste coeficientul de sigurantd Ia
stivuire, prin care se majoreaza substantial
sarcina de compresiune pe care trebuie sd o
suporte cutia. Acest coeficient se obtine prin
insumarea coeficientilor partiali ai influentei
factorilor care determind rezistenta la
stivuire. In tabelul 1 se prezinti valorile
coeficientilor partiali si ale coeficientului de
siguranta la stivuire si se observa ca valorile
acestui coeficient sunt cuprinse intre 3-7,

[5].

Tabelul 1 Valorile coeficientilor partiali
si ale coeficientului de siguranta la stivuire

Factorul Valoarea Factorul
de influenta partial
de siguranta
Modul de stivuire Suprapus 1,00 -1,33
Interpatruns 1,67 — 2,00
Umiditatea 65 1,07 -1,25
relativa 75 1,25 - 1,67
a aerului, % 90 1,82 —-2,50
Depozitarea la 90 1 ora 1,11-1,40
% 10 zile 1,33 -2,00
umiditate a 1 an 2,00- 2,55
aerului
timp de:
Valoarea minima / maxima 3,18 /7,05

Aceasta inseamna ca, fatd de valoarea BCT
determinata in laborator, sarcina preluata de
cutie In conditii reale de exploatare trebuie sa
fie de 3-7 ori mai mica.

2.2. Determinarea prin calcul

Valorile rezistentei la compresiune a
cutiilor se pot determina si prin calcul,
cunoscand:

- rezistenta la compresiune pe cant a
cartonului ondulat, ECT (ECT-Edgewise
Compression Test); kN/m
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- rigiditatea cartonului ondulat, Sb, pe
directia masinii §1 pe directia transversald
(Sbwmp, respectiv Sbep); Nm

- perimetrul cutiei, Z; m.

Acesti parametri compun binecunoscuta
ecuatie a lui McKee, care are forma generala:
BCT =k,.ECT".Sb'*.Z**' N (1)

In cazul cutiilor din carton ondulat,
formula lui McKee se particularizeaza:

BCT =k,.ECT*”.Sb**. 7%, N )
in care :
Sb = ( Sbump.Sbep)'?, Nm (3)

In forma simplificata, formula Mc Kee
devine:
BCT = kECT.T.Z"°, N 4)
S-a stabilit ca valoarea constantei k_ce
aproximeaza cel mai bine valorile calculate cu
cele determinate in laborator este k= 5,87,
astfel Incat forma practica a ecuatiei Mc Kee
este [6] :
BCT = 5,87.ECT.T*.2*°, N (5)
in care ECT este exprimatd in N/m, T este
grosimea cartonului ondulat (m), iar Z este
perimetrul cutiei (m).

Formula (5) se foloseste wuzual
determinarea prin calcul a valorii BCT a
oricaror formate de cutii, fabricate din diferite
tipuri de carton ondulat. Se observa ca
formula include doar un singur parametru de
rezistentd a cartonului ondulat, determinat in
laborator, rezistenta la compresiune pe cant
(ECT). Formula Mc Kee are si limite, de
exemplu nu tine seama de indltimea cutiilor,
ori este cunoscut faptul ca valoarea BCT
scade cu indltimea (la cutiile din acelasi
carton §i cu acelasi perimetru).

Exemplu de calcul al rezistentei la compresiune

(stivuire):

Sa se verifice daca cutia de la baza rezista

intr-o stiva de 6 cutii (1+5), cunoscandu-se:

- cutia este rectangulara cu perimetrul 1200 mm,
din carton tip III cu ondula C si masa de 420
g/m?;

- valoarea ECT a cartonului: 3,7 kN/m;

- grosimea cartonului: 4 mm;

- masa cutiei si a contintului: 10 kg;

- coeficientul de siguranta la stivuire: 4,0

Rezolvare:

Cutia trebuie sa reziste la: 10 x 5 x 4 =200 kgf =
2000 N,

(s-a considerat 1 kgf =10 N);

Se determina valoarea BCT cu ecuatia McKee:
BCT = 5,87.ECT.T*.Z%, N

BCT = 5,87.3700.0,004 % . 1,2 = 1498 N

Concluzie: Cutia de la baza stivel nu rezista la
sarcina de 2000 N. Cutia rezistd la limitd daca
masa se reduce la 7,5 kg

3. FACTORII CARE
INFLUENTEAZA REZISTENTA
LA STIVUIRE

Principalii factori care influenteaza rezistenta
la stivuire a cutiilor de carton ondulat sunt: -
marimea i durata de actiune a sarcinii
aplicate;

- modul de stivuire;

- umiditatea cartonului ondulat;

- prezenta decupajelor

Cutiile trebuie sa corespundd mai multor
derinte de calitate, dintre care cele mai
importante sunt:

- suprafata cutiei este curatd, nu este
scamosata, nu prezintd rupturi, lovituri,
creturi; efectul de valurire nu este foarte
vizibil;

- dimensiunile
specificatiei;

- cutia asamblata este rectangulard la toate
colturile;

- liniile de big sunt drepte, suficient de adanci
incat sa permita plierea fara distorsiuni;

- la plierea clapelor nu apar plesniri ale hartiei
pe linia de biguire; clapele sunt rectangulare,

interioare  corespund
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cele interioare se Intalnesc, iar cele exterioare
lasd un spatiu de cel mult 2 mm;

- sliturile sunt paralele si centrate si
depasesc excesiv liniile de biguire;

- culoarea (nuanta) cutiilor din acelasi lot este
aceeasi;

- elementele tiparite sunt in concordantd cu
specificatia, conturul este clar si sunt
pozitionate corect

In aceste conditii este de asteptat si nu apara
probleme legate de rezistenta cutiilor, daca se
respectd cele convenite cu beneficiarul
privind masa produsului ambalat,
dimensiunile acestuia, modul de ambalare,
numarul de cutii din stivdi si metoda de
stivuire, precum si conditiile de depozitare.

nu

3.1. Marimea si durata de actiune a sarcinii
aplicate

Marimea sarcinii se referd la masa
produselor care poate fi ambalata in cutie si
care stabileste sarcina de compresiune
suportatd de cutia de la baza stivei. Masa
depinde de caracteristicile cartonului ondulat,
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de tipul si de perimetrul cutiei. In multe tari s-
au introdus reguli privind caracteristicile de
rezistentd ale cutiilor, corelate cu masa
produsului ambalat. Spre exemplu, in
Germania, standardul DIN 55468-1:2004-08
prevede valorile minime ale rezistentei la
plesnire, rezistentei la strdpungere si
rezistentei la strivire pe cant ale cartonului din
care se fabricd cutiile, functie de masa
continutului [7]. In SUA, normativul Rule
41/Item 222, stabileste dependenta dintre
masa continutului cutiei §i caracteristicile
cartonului ondulat si ale cutiei, dupa cum se
prezintd in tabelul 2 pentru cartonul tip III.
Sunt vizate rezistenta cutiilor §i stabilitatea
stivelor in timpul transportului auto si
feroviar. Se observd cd cele mai importante
caracteristici de rezistenta care se iau in
considerare la alegerea cartonului ondulat
sunt rezistenta la plesnire §i rezistenta la
compresiune pe cant.

Tabelul 2 Dependenta dintre masa produsului ambalat
§i caracteristicile cartonului tip 111, conform legislatiei americane (Rule 41/Item 222)

Suma maselor Rezistenta Rezistenta la
Masa cutiei Perimetrul cutiei,| hartiilor capac |la plesnire minima| compresiune pe cant
si continutului, kg mm (valoare minima),|  a cartonului (ECT), valoare
g/m2 ondulat, minima,
kPa kN/m
9 1020 254 860 4,0
15 1275 322 1030 4,5
23 1530 366 1200 5,0
30 1910 410 1375 5,5
43 2420 674 1890 7,6

Odata cu cresterea duratei, rezistenta cutiei
aflata sub sarcind scade datoritd fenomenului
de oboseala, caracteristic oricarui corp din
naturd. Cartonul ondulat se comporta ca un
material viscoelastic, in mod similar cu
hartiile care il compun. Sarcina aplicata
determind  aparitia  fluajului, respectiv
instalarea deformatiilor si cresterea lor cu o
anumita viteza. Fluajul se produce atit la
nivelul hartiillor componente cat si al
cartonului ondulat, ca structurd de rezistenta
de baza. Viteza de reducere a rezistentei cutiel

depinde de valoarea sarcinii aplicate, repectiv
de raportul dintre sarcina aplicata si rezistenta
la stivuire. De exemplu, daca sarcina aplicata
reprezinta 90 % din cea corespunzatoare
rezistentei la stivuire, cutia cedeaza In cateva
zile, iar daca sarcina aplicata scade la 50 %,
cutia cedeaza abia dupa cateva luni.
Determinarile la oboseala a
ambalajelor aratd cd exista diferente
apreciabile Intre modul de testare a rezistentei
acestora, respectiv daca incercarea s-a realizat
prin stivuire un timp indelungat sau daca
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rezistenta s-a determinat cu presa din
laborator. Aceste diferente se explicd prin
modul de aplicare a efortului care in primul
caz este static, iar in ultimul este dinamic,
sarcina fiind crescatoare in timp. Valorile
rezistentei sunt, in primul caz, In medie, de
doud ori mai mari, ceea ce probeazda ca
ambalajul rezistda mai bine daca sarcina
aplicatd este constantd in timp si uniform
distribuita. De asemenea, aceastd constatare
aratd cd prin determinarea rezistentei la
compresiune a cutiilor in laborator, cand

Tabelul 3 Influenta duratei de actiune a sarcinii
asupra rezistengei la stivuire

Duratei de Rezistenta la stivuire, valori
actiune relative, %
a sarcinii, zile (fata de initial, 100 %)

0 100

10 65

30 59

60 57

90 55
180 52

1 an 50

2 ani 47

3.2. Umiditatea cartonului ondulat

Un factor cu influentd decisiva asupra
rezistentei la stivuire a cutiilor este umiditatea
cartonului ondulat care depinde de parametrii
aerului din spatiul de depozitare. Cresterea
umiditatii cartonului ondulat este intotdeauna
insotita de reducerea rezistentei la stivuire si
determindrile aratd cd, dacd umiditatea
depaseste 15 %, ambalajul 1si pierde aproape
complet rezistenta. Cauzele sunt legate de
rolul apei la slabirea legaturilor dintre fibrele
celulozice si la reducerea rigiditatii fibrelor.
Umiditatea scade accentuat i rezistenta
lipiturilor, amidonul comportandu-se similar
cu celuloza. Totodata, daca umiditatea
ambalajului revine la valorile normale, 7-8 %,
rezistenta la stivuire se reface aproape integral

[8].

sarcina se aplicd in conditii dinamice, se obtin
valori care prezinta un coeficient de incredere
ridicat, ambalajele comportandu-se mai bine
in conditii reale de solicitare, cand, de obicei,
sarcinile care actioneazi sunt statice. In
tabelul 3 se prezintd influenta duratei de
actiune a sarcinii asupra rezistentei la stivuire.
Se observa cd in primele 10 zile scaderea
rezistentei este accentuatd, dupa care
reducerea rezistentei se atenueaza,
proportional cu trecerea timpului.

Tabelul 4 Influenta umiditdatii relative a aerului
asupra rezistentei la stivuire a cutiilor

Umiditatea Rezistenta la stivuire,
relativa, % valori relative, %

30 110

40 105

50 100

55 96

60 90

70 79

80 65

90 45

In tabelul 4 se prezinta influenta
umiditatii relative a aerului din spatiul de
depozitate asupra rezistentei la stivuire a
cutiilor. S-a considerat cd la 50 % umiditate
relativa a aerului rezistenta la stivuire este 100
%. Se observa influenta deosebit de
accentuatd a umiditatii aerului; In timp ce
aerul mai uscat rigidizeazad cartonul si pe
aceastd cale mareste rezistenta la compresiune
a cutiillor; aerul foarte umed determina
scaderea pronuntatd a rezistentei la stivuire.
Beneficiarii de ambalaje  trebuie sa
congtientizeze  importanta  deosebitd a
parametrilor aerului din spatiile de depozitate
asupra rezistentei cutiilor.

De cele mai multe ori ambalajul este
expus unor cicluri de variatie a parametrilor
aerului, umiditatea relativda s§i temperatura,
care determind modificari ale umiditatii de
echilibru a cartonului ondulat. S-a stabilit ca
variatiile de umiditate a aerului intre 35 % si
90 % produc scaderi ale rezistentei la stivuire
mai mari decat in cazul in care ambalajul ar fi
mentinut la 90 % umiditate constantd a
aerului acelasi interval de timp [9].
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3.3. Modul de stivuire

Rezistenta la stivuire depinde si de
modul de stivuire a cutiilor, care poate fi
suprapus sau intrepatruns, variante prezentate
in figura 2.

A B

Fig. 2 Modurile de stivuire a cutiilor:
A-suprapus, B-intrepatruns

Dintre cele doud modalitati, stivuirea
suprapusa, muchie la muchie, este mai
avantajoasa, atdt ca manoperda, cat si din
punctul de vedere al rezistentei, deoarece
sarcina este preluatd de catre colturile
verticale ale cutiilor, dispuse in prelungire,
care formeaza adevarate coloane de rezistenta
ale stivei. Acest mod de stivuire valorifica
mai bine si efectul portant al continutului
ambalajului.

In cazul stivuirii intrepatrunse, sarcina
este preluatd Tn masurd aproximativ egald de
colturi si de mijlocul laturilor cutiilor. In
aceasta situatie nu se foloseste la capacitatea
reald rezistenta superioara a colturilor si se
produce suprasolicitarea peretilor cutiilor, a
caror rezistenta la compresiune este
inferioara. Din aceste motive, stivuirea
intrepatrunsd reduce semnificativ, uneori la
jumadtate, rezistenta la stivuire a cutiilor.
Singurul avantaj al stivuirii interpatrunse este
ca asigura o mai mare stabilitate a stivei la
rasturnare.

Trebuie mentionat cd si In cazul
modului suprapus, orice abatere de la pozitia
corectd de stivuire, de la alinierea perfecta a
cutiilor, determind scaderea rezistentei la
stivuire. Asezarea unei cutii peste cealaltd cu
o abatere de numai 1-2 cm are ca afect
repartizarea neuniforma a sarcinii §i, ca
rezultat, unele zone ale cutiei vor fi
suprasolicitate si se  vor  deforma.
Suprapunerea cutiilor cu dimensiuni diferite
determind cel mai mare risc privind
stabilitatea stivelor. Experienta aratd ca
stivuirea neglijentd este printre cele mai
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importante cauze care determind scaderea
rezistentei sau deteriorarea ambalajelor.

3.4. Prezenta decupajelor

Valoarea BCT a cutiilor este puternic
influentata de prezenta orificiilor de ventilatie
sau a manerelor decupate. Influenteaza atat
numarul de decupaje, suprafata si forma lor,
precum si pozitia pe panourile cutiei. Cu cét
suprafata decupatd din panoul cutiei este mai
mare, cu atat valoarea BCT este mai mica. In
tabelul 5 se prezintd efectul decupajelor
practicate in panouri asupra valorii BCT a
cutiilor si se observa ca chiar la valori mici
ale suprafetei decupate (1 % din suprafata
panoului cutiei), valoarea BCT se reduce
accentuat.

Tabelul 5 Influenta decupajelor practicate in
panourile cutiei asupra rezistentei la
compresiune, (BCT)

Forma Valoarea BCT (%)
decupajului | la diferite procente ale suprafetei decupate din
panoul cutiei
Fara 1% 2% 3% 4 %
decupaj
Circulara 100 87,0 84,0 81,1 78,3
Eliptica 100 84,0 73,4 66,0 61,3

Prezenta decupajelor este utila si inevitabila la
multe tipuri de cutii, dar trebuie sd se tina
seama de efectul acestora asupra rezistentei
cutiilor.

4. CONCLUZII

1. Rezistenta la stivuire a cutiilor nu se poate
determina 1n laborator sau pe teren,
neexistind o metoda omologata si nici
unitatea de masura corespunzatoare. Avand in
vedere cd la stivele de cutii cea mai
importantd solicitate este compresiunea,
rezistenta la stivuire se apreciaza indirect, prin
intermediul rezistentei la compresiune a
cutiilor.

2. Valoarea rezistentei la compresiune
determinatd in laborator este cea maxima pe
care o suportd cutia. In conditii reale de
exploatare, rezistenta la compresiune a
cutiilor se reduce datoritda operatiilor de
ambalare, transport si depozitare.
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3. Principalii factori care influenteaza
rezistenta la stivuire a cutiilor de carton
ondulat sunt: marimea si durata de actiune a
sarcinii aplicate; modul de stivuire; umiditatea
cartonului ondulat; prezenta decupajelor.
Pentru a tine seama de influenta cumulata a
acestor factori, se foloseste coeficientul de
sigurantd la stivuire care stabileste ca sarcina
preluatd de cutie in conditii reale de
exploatare trebuie sa fie substantial mai mica
decat valoarea BCT determinata in laborator.
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Pulp and Paper Research and Development
CEPROHART SA Braila together
with Patronizing Federation of Pulp and
Paper Industry - ROMPAP, Bucharest and

Gheorghe Asachi Technical University Iasi,

Institute -

Romania organise:

The 7" International Symposium
on Advanced Technologies for the
Pulp, Paper and Corrugated Board

Industry,

in Braila, Romania, on 3 - 6 of September

2013
Under the coordination of a
prestigious international scientific

committee, the symposium objective is to

bring together the representatives of

academic, research and industrial
communities for discussion on the new
trends in pulp, paper, corrugated board and
other adjacent fields.

The symposium program will be held
on two sections and will cover the following

topics:

1.Pulp, paper and corrugated board
technologies

e Innovative processes and materials
in pulp and paper industry
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¢ New technologies and equipment for
corrugated board industry

e Technologies and equipment for
paper and board packaging

e Recycling of paper and board
products
e Resources management in pulp,

paper and corrugated board industry
2.Specialty papers and boards

e Paper and board

technologies

securing

e Securing elements with paper and
board applications

e Systems and devices for detection
and validation of security papers

e Specialty papers and boards with
high fields application

The organizers invite the participants to
submit proposals for papers and poster
presentations. An abstract of about 300
words in English or Romanian (font TNR,10)
should be sent to the address of the
Symposium Secretariat no later than May
15, 2013. Authors will be

acceptance of their lecture by June 1,

informed on

2013. Full papers in English/Romanian will
be sent until July 20, 2013. The papers
will presented as: e plenary lectures — not
exceed 30 minutes; e lectures - not exceed

15 minutes; e posters — 70 x 100 cm.

For the further information contact to:
3,Al.I.Cuza Blvd, 810019, Braila, Romania,
tel: +40239 619741; fax: +40 239 680
280; Contact person: Petronela Nechita,
Ph.D, phone: +40744 70 49 28, email:

pnechita@yahoo.com ,

petronela.nechita@ceprohart.ro
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