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Profesorul
EMANUEL POPPEL
la a 90-a aniversare a zilei de nastere

Profesorul si omul de stiinta
Emanuel Poppel s-a nascut la 28 decembrie
1925 in Breaza-Suceava intr-o familie de
intelectuali. Dupa terminarea scolii primare
in comuna natald a urmat cursurile liceului
« Dragos Voda » din Campulung
Moldovenesc si  apoi liceul « Eudoxiu
Hurmuzachi » din R3d3uti. In toamna
anului 1944 fsi incepe studiile la Institutul
Politehnic Iasi, Facultatea de Chimie
Industrialda, iar Tn anul 1949 dobéandeste
titlul de inginer chimist cu Diploma de
Merit. Ca sef de promotie, In toamna
aceluiasi an este chemat sa activeze in
invatdmintul superior. incd de la inceputul
activitatii sale, tanarul inginer Emanuel
Poppel se asociazd cu entuziasm echipei
conduse de profesorul Cristofor Simionescu,
care isi asumase raspunderea organizarii
activitatii de invatamant si cercetare in
domeniul celulozei, hartiei si fibrelor
artificiale. Astfel, cariera didacticd si
stiintificd a profesorului Emanuel Poppel se
suprapune in mare parte cu a scolii de
celuloza, hartie si fibre din Romania.

Odatd «cu depasirea greutatilor
inerente  inceputului si  cu largirea
colectivului catedrei, se dezvoltda baza de
cercetare si se abordeaza primele cercetari
in domeniu, finregistrdndu-se si primele
succese de afirmare profesionala. Printre
primele teze de doctorat elaborate se
numard dizertatia « Cercetdri de chimie
aplicata in tehnologia hértiei » , cu care
tanarul sef de lucrdari Emanuel Poppel
dobandeste titlul de doctor inginer in anul
1958.

Intre 1960-1970, dr. Emanuel
Poppel este conferentiar, perioada in care
elaboreaza si dezvolta primul curs de
« Procese si utilaje in industria celulozei,
hértiei si fibrelor artificiale ». In anul 1970
devine profesor titular si conducator de
doctorat, iar in anul 1971 obtine titlul de
doctor docent in stiinte.

Contributia profesorului Emanuel
Poppel la dezvoltarea scolii romanesti in
domeniul celulozei si hartiei este reflectata
de cele peste 220 lucrari stiintifice si 11
brevete, dintre care o mare parte publicate
in reviste de circulatie internationala. De
asemenea este autorul a 7 carti si
monografii, una dintre cele mai valoroase
fiind « Reologie si procese electrocinetice in
tehnologia hértiei », publicatda in 1979 in
limba germand la editura Fachbuchverlag
din Leipzig.

Activitatea de cercetare stiintifica a
profesorului Poppel evidentiazd contributii
originale in domenii de avangardd cum
sunt:

- reologia structurilor fibroase
celulozice, hartiei si fibrelor
chimice ;

- hidrofobizarea hartiei n mediu
neutru si slab alcalin;

- obtinerea si folosirea unor polimeri
naturali si sintetici ca aditivi sau sub
forma de fibre chimice in fabricarea
hartiilor ;

- procese si fenomene electrocinetice
in tehnologia materialelor fibroase;

- procese si operatii ale fabricarii
hartiei;
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- imbatranirea fibrelor celulozice si
hartiei;

- utilaje si instalatii in industria
celulozei, hartiei si fibrelor artificiale
Contributia profesorului Emanuel

Poppel la dezvoltarea scolii de celuloza si

hartie din Romania, activitatea sa in

domeniile educatiei si cercetarii sunt larg
recunoscute si apreciate pe plan national si
international.

Mentiune speciald trebuie facuta
pentru faptul ca profesorul Emanuel Poppel
este membru fondator al Asociatiei Tehnice
a Industriei de Celuloza si Hartie din
Romaénia - ATICHR, iar 55 de ani a fost
membru in Colegiul de Redactie al revistei
« Celuloza si Hartie », in care a publicat
numeroase articole si recenzii, cu impact
deosebit asupra nivelului stiintific al acestei
publicatii.

Recunoasterea in plan international
a prestigioasei activitati a profesorului
Emanuel Poppel este probatd si de
multiplele afiliatiuni profesionale Si
stiintifice :

- membru titular (Fellow) a Academiei
Internationale  IAWS (International
Academy of Wood Science), din anul
1977 ;

- membru de onoare a Federatiei
Britanice PITA-PIRA (Paper Industry
Research Association) din 1976;

- membru IASPM (International
Association of Scientific Paper-Makers)
din 1992;

- -membru al Academiei de Stiinte din
New York, din 1994;

- nominator pentru Romania pentru
acordarea premiului M. Wallenberg, din
1995

De asemenea, profesorul Emanuel Poppel

este desemnat, respectiv citat in calitate

de:

- Honory Member of The International
Biographical Centre, in Advisory Council
(Cambridge, 1988);

- Who's Who in the Romanian Science
and Technology, Ed. Tehnica, Bucuresti,
1996;

- Honory Apointment to the Research
Board of Advisors, by The American
Biographical Institute, ABI, 1999;

- “Experts’ Directory”, 1-st Edition, edited
by Romanian Academic Society, 1997;
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- "“The International Directory of
Distinguished Ledership”, 11-th Edition
of American Biographical Institute,
2003;

- “Contemporary Who's Who, 2003 si in
anii ulteriori;

- ORDER OF EXCELENCE for an
Outstanding Contribution in the Field of
Chemistry Research, published in “2000
Outstanting Intellectuals of the 21 st
Century”, by “The International
Bibliographical Centre, IBC, Cambridge
UK, 2005;

- INTERNATIONAL PEACE PRIZE, awarded
by the authority of the United Cultural
Convention (UCC), USA, 2005

Profesorul Emanuel Poppel a
functionat ca visiting profesor in Germania,
Austria si Israel si a sustinut numeroase
conferinte si prelegeri in Anglia, Polonia,
SUA, Olanda, Ungaria, Republica Ceh3,
Federatia Rusa, Finlanda.

Sub atenta si competenta
indrumare a profesorului Emanuel Poppel
si-au  finalizat proiectul de diploma
numerosi absolventi iar un numar de 16
doctoranzi au elaborat tezele de doctorat.

In calitate de educator si de om de
stiintd, profesorul Emanuel Poppel este un
model de daruire profesionala, de
perseverenta si de tenacitate. Posedand
talent didactic remarcabil, el a stiut sa
imprime fiecarei prelegeri de curs sau
expunere o forma academica convingatoare
si captivanta pentru auditor. Devotamentul
neclintit fata de iTnvatamantul superior si
cercetarea stiintifica constituie
caracteristica dominanta a intregii activitati
a profesorului Emanuel Poppel.

Cu ocazia aniversarii zilei de
nastere, colectivul specializarii Ingineria
Fabricatiei Hartiei de la Facultatea de
Inginerie Chimica si Protectia Mediului din
Iasi, impreuna cu membrii Consiliului
Redactional al revistei Celulozd si Hértie fi
ureaza prof. dr.doc. ing. Emanuel Poppel
multa sanatate si viata indelungata.

Colectivul Specializarii Ingineria Fabricatiei
Hartiei de la Facultatea de Inginerie
Chimica si Protectia Mediului din Iasi si
membrii Consiliului Redactional al revistei
Celuloza si Hértie
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WOOD BARK AS VALUABLE RAW MATERIAL FOR
COMPOUNDS WITH BIOLOGICAL ACTIVITY

Valentin I. Popa
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Abstract

One of the great challenges to our society in the future is to find a sustainable
manner to obtain bio-based products from renewable resources. Currently a
significant emphasis has been put into development biorefinery concept and to
maximize the exploitation of biomass into value added products. Biorefinery
supposes to develop new methods enabling fractionation of biomass into
extractives, hemicelluloses, cellulose and lignin in their native form, and further, to
upgrade these fractions into chemicals and materials. Biomass sources for
supplying biorefineries can be derived from: 1. forestry and wood processing
wastes, 2. agricultural and food processing residues, 3. municipal wastes and 4.
dedicated crops. By using a technology of complex processing of biomass it is
possible, as a function of raw material and its composition, to separate a large
spectrum of marketable products. From this point of view, forestry/agricultural raw
materials containing chemically and reactive constituents can be used for
production of chemical compounds, composite material, fibres, materials, fuels or
energy. In this context the wood bark will be discussed as a valuable source to
obtain by biorefining secondary compounds (polyphenols), hemicelluloses,
cellulose and lignin, which can be applied for their biological properties.

Key words: Wood bark, Secondary and main compounds, Biorefining,
Biological properties

Rezumat

Una dintre marile provocari ale societatii noastre pentru viitor o constituie gasirea
unei modalitati convenabile pentru a obtine bioproduse din resurse regenerabile. Tn
mod curent s-a pus un accent deosebit pe dezvoltarea conceptului de biorafinare si
pe maximizarea exploatarii biomasei destinata produselor cu valoare adaugata.
Biorafinarea presupune elaborarea unor noi metode pentru fractionarea biomasei
in extractibile, hemiceluloze, celuloza si lignina, si transformarea lor ulterioara in
produse chimice si materiale. Sursele de biomasa pentru aprovizionarea
instalatiilor de biorafinare sunt reprezentate de: 1. deseuri forestiere si din
prelucrarea lemnului, 2. deseuri din agriculturad si prelucrarea produselor
alimentare, 3. deseuri municipale si 4. culturi speciale. Prin utilizarea unei
tehnologii complexe de prelucrare a biomasei este posibil, ca in functie de materia
prima si de compozitia sa, sa se separe un spectru larg de produse
comercializabile. Din acest punct de vedere, materialele provenite din industria
forestiera si agricultura, care contin compusi chimici reactivi pot fi utilizate pentru
producerea de chimicale, materiale compozite, fibre, combustibili sau energie. Tn
acest context, in articol este discutata coaja de lemn ca o sursa valoroasa pentru
izolarea compusilor secundari (polifenoli), hemiceluloze, celuloza si lignina, care
pot fi aplicate in noi domenii, datorita proprietatilor lor biologice.

Cuvinte cheie: Coaja de lemn, Compusi secundari si principali, Biorafinare,
Proprietéti biologice

Plenary lecture presented at The 8"International Symposium on Advanced Technologies for the
Pulp, Paper and Corrugated Board Industry, September,15-18, 2015, Braila, Romania
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1. INTRODUCTION

Bark is the layer external to the cambium
which surrounds the stem, branches, and roots,
amounting to about 10-15 % of the total weight of
the tree. Debarked wood is normally used for
pulping and even traces of bark residues
detrimentally affect the pulp quality. The resudtin
bark waste is usually burned under recovery of
heat. Despite extensive studies only a small
fraction of bark is used today as raw material for
production of chemicals.
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2. ANATOMY OF BARK

Bark is composed of several cell types
and its structure is complicated in comparison
with wood. In addition to variations occurring
within the same species, depending on such
factors as age and growth conditions of the tree,
each species is characterized by specific features
of its bark structure. Bark can roughly be divided
into living inner bark omphloemand dead outer
bark orrhytidome (figure 1). The tissues of the
bark substance are formed either by primary or
secondary growth [1].

EPIDERMIS
PERIDERM

PRIMARY XYLEM

SECONDARY PHLOEM

CAMBIUM

Fig.1 Main bark tissues: young stem (A), matureki@&)

The primary growth means direct
production of embryonal cells at the growing
points of the stem apex and their further
development to primary tissuesEpidermis
cortex and primary phloemare primary tissues.
The formation of secondary tissues takes place in
two special meristems; in vascular cambium,
which produces the secondary phloem; and in the

Inner bark
The main components of inner bark are
sieve elements, parenchyma cells, and

cork cambium [fhelogel, which generates,
periderm Continuous division of cells gives rise
to several periderm layers. In mature bark the last
formed periderm is the boundary between the
inner and outer bark (figure 2).

sclerenchymatous cellsSieve elementperform
the function for transportation of liquids and
nutrients. More specifically and according to their

6
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shape the sieve elements are divided into sieve
cells and sieve tubes. The former types are present
in gymnosperms, the latter in angiosperms. The
sieve elements are arranged in longitudinal cell
rows which are connected through sieve areas.
The sieve cells are comparatively narrow with
tapering ends, whereas the sieve tubes are thicker
and cylindrical. After 1-2 years, or after a longer
time in the monocotyledons, the activity of the
sieve elements ceases and they are replaced by
new elements.

Parenchyma cellshave the function of
storing nutrients and are located between the sieve
elements in the inner bark. Both vertical
parenchyma cells and horizontal phloem rays are
present. The latter are direct continuations of the
xylem rays, but much shorter.

Sclerenchymatous cellfunction as the
supporting tissue observable in most tree species
as layers corresponding to the annual rings in
xylem. According to their shape two types are
distinguishable: the bast fibers, usually measuring
0.1-3 mm in length and often arranged in
tangential rows, and sclereids or stone cells,
which are short and rounded and located as layers
between the sieve elements.

Outer bark

The outer bark, which consists mainly of
periderm or cork layers, protects the wood tissues
against mechanical damage and preserves it from
temperature and humidity variations. In most
woody plants a periderm replaces the epidermis
within the first year of growth. The first periderm
in stems usually arises from the cork cambium in
the outer surface of bark, either in the
subepidermal layer or in the epidermis. The
following periderms are then formed in
successively deeper layers of the bark or in the
bast tissue. Cork tissue is predominantly formed

2015, vol.64, nr. 4

in the outward direction, but some division also
occur inward resulting in so-called phelloderm
tissue resembling parenchyma cells. Owing to this
sequence the final rhytidome usually occurs as
scaly bark and, in addition to the cork cells,
contains the same cells as those present in the
bast.

The cork cells, which consist of three thin
layers and are only rarely pitted, are arranged in
radial rows and die at an early stage. They are
cemented together to a tight tissue resisting water
and gases. Because of different growth activity in
the spring and in the late summer separate layers
are formed in the bark corresponding to the
annual rings in the xylem.

As a dead tissue the rhytidome cannot
expand and accommodate the radial growth of the
stem and is therefore crushed. The resulting form
of the cracked bark depends on the anatomical
structure and elasticity of the rhytidome and is
typical of each tree species.

Chemistry of bark

The chemical composition of bark is
equally complex and varies between and within
species and also between inner and outer bark.
Proximate chemical analysis of bark from
different species indicates that the chemical
constituents of bark can be classified into four
major groups: polysaccharides (cellulose,
hemicelluloses and pectic materials), lignin and
polyphenols, hydroxy acid complexes (suberin)
and extractives (fats oils, phytosterol, resin scid
waxes, tannins, terpenes, phlobaphenes and
flavonoids) [2].

Table 1 illustrates the variability of the
chemical composition of bark between softwood
and hardwood speciesPinus pinaster and
Quercus suberrespectively.

Table 1 Average chemical composition of soft wondlleardwood bark (percent oven dry weight)

Component Pinus pinaster Quercus suber
Polysaccharides 41.7+0.9 19.9+2.6
Lignin and polyphenols 43,7t 2.4 23.0+0.5
Suberin 1.5+0.2 39.4+1.7
Extractives 11.4+2.2 14.2+1.1
Ash 1.2+0.6 1.2+0.2
Extractives These apparent differences depend on the method

The extractives content of bark is quite
high compared to wood, but values reported in the
literature can be different for the same species.

of extraction. For example, it was reported 19.9 %
extractives for loblolly pine bark using, petroleum
ether, benzene, ethanol, and cold and hot water.
The loblolly pine bark was extracted with hexane,
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benzene, ethyl ether, ethanol, water, and 1 %
sodium hydroxide and a content of extractives of
27.5 % was reported.

The analysis methods developed for wood
cannot be used for bark directly. There are many
compounds in bark that are not found in wood
which interfere with these analysis methods. For
example, the presence of suberin in bark tends to
limit access of delignification reagents to the
lignin in the bark and therefore may lead to a
holocellulose that is not pure enough to permit
fractionation of individual bark polysaccharides.
Suberin, polyfalvonoids, and other high molecular
weight condensed tannins can also complicate
analysis of bark lignin, resulting in false high
value of lignin content in bark.

2015, vol.64, nr. 4

Owing to the interference of the
extractives in polysaccharides and lignin analysis,
procedures for elucidation of chemical
composition of bark begin with an extraction
protocol that consists of extraction steps that
yields waxes, fatty acids, fats, resin acids,
phytosterols, and terpenes. This is followed by an
ethyl alcohol step that yields condensed tannins,
flavonoids, and phenolics. The third step uses hot
water, and yields condensed tannins, and water-
soluble carbohydrates. To release phenolic acids,
hemicelluloses, and suberin monomers from the
residue from the third step, 1 % aqueous NaOH is
used (table 2) [3].

Table 2 Fractionation of bark

Solvent

Typical substances removed in whole or part from wod

bark

Petroleum ether, ether,
benzene, chloroform

Hot or cold water

IAqueous alkali Phlobaphenes,

Acid hydrolysis

Terpenes and their derivatives, fatgaxes, free and w|
acids and alcohols, sterols, resins

Alcohol, acetone, aqueolfsimple polyphenols and their glycosides, tanninsnoaang
alcohol, aqueous acetonflisaccharides (sugars)

Disaccharides, starch, gums, pectins, tannins,lages

phenolic acids,
hemicelluloses, suberin fragments

Simple sugars and uronic acids derived from hololele
leaves residue of “lignin”

some bark lignin

The extracted fractions from the above-
mentioned steps are then subjected to further
workup to separate each into easy-to-analyze
mixtures of compounds. For example, partitioning
the diethyl ether fraction against aqueous sodium
bicarbonate, allow to separate the fatty acids and
resin acids from the neutral components tannins,
terpenes and flavonoids. The neutral fraction is
then saponified to give the alcohols and salts of
fatty acids, dicarboxylic, hydroxyl-fatty, and
ferulic acids. Ethanol extraction followed by hot
water extraction of the insoluble ether fraction
yields soluble simple suberin monomers, phenolic
acids, and hemicelluloses. Sulfuric acid treatment
of the insoluble fraction yields sugars and lignin.

Chemical composition of extractives
The waxes in bark are esters of high

molecular weight long-chain  monohydroxy
alcohol fatty acids. A lot of research has been

done on softwood waxes but very little on

hardwood waxes. At one time hardwood waxes
were produced commercially for polishes,

lubricants, additives to concrete, carbon papers
and fertilizers, and in fruit coatings.

Terpenes are a condensation of two or
more 5-carbon isoprene (2-methyl-1,3-butadiene)
units in a linear or cyclic structure. They carpals
contain various functional groups. The most
common of the monoterpenes ase and (-
pinenes found in firs and pine. Birch bark can
contain up to 25 % of total dry weight.

Flavonoids are a group of compounds
based on a 15-carbon hydroxylated tricyclic unit.
They are found as glycosides. Many tree barks are
rich in mono- and polyflavonoids. Their function
seems to be as an antioxidant, pigment, and
growth regulator.

Hydrolysable and condensed tannins are
also major extractives from bark. The
hydrolysable tannins are esters of carboxylic acids

8
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and sugars that are easily hydrolyzed to give
benzoic acid derivatives and sugars. Over 20
different hydrolysable tannins have been isolated
from oaks.

The condensed tannins are a group of
polymers based on hydroxylated C-15 flavonoid
monomer unit. Low DP tannins are soluble in
polar solvents whereas the high DP tannins are
soluble in dilute alkali solutions. It is difficuto
isolate pure fractions of tannins and the structure
can be altered by extraction procedure [4, 5, 6].

Free sugars are also extracted from bark.
Hot water extraction yields about 5 % free sugars
fraction mainly composed of glucose and fructose
and this amount varies depending on the growing
season. For example, the free-sugar content is low
in early spring and increases during the growing
season reaching a maximum in the fall. Other
minor free sugars found in bark include galactose,
xylose, mannose and sucrose. Hydrolysis of the
hot water extract of bark yields more free sugars.
The most abundant one being arabinose. The
sugars are tied up as glycosides, or are tied up in
hemicelluloses. Other sugars released during
hydrolysis are glucose, fructose, galactose, xylose
mannose, and rhamnose.

Hemicelluloses

The hemicelluloses content of different
barks varies from 9.3 % f@uercus robuto 23.1
for Fagus sylvaticaThe main hemicelluloses in
conifer barks are galactoglucomannan and
arabino-4-O-methyl glucuronoxylan in deciduous
barks. In general bark xylans and glucomannan
are similar to ones found in wood. Other
hemicelluloses that have been isolated from barks
include 4-0O-methyl-glucuronoxylans,
glucomannans, O-acetyl-galactoglucomannan,
and O-acetyl-4-O-methyl-glucuronoxylan. In the
xylans, the xylose units are connectedl—4)
and the glucuronic acid groups are attached to the
xylan backbonen-(1—2). The ratio of xylose to
GluU is 10 to 1 with a DP of between 171 and
234. Glucomannans from deciduous barks contain
mannose and glucose unit in a ratio of about 1:1
to 1.4:1. In the mannans from barks of aspen and
willow, galactose units were found as a side
chain. The ratio of mannose : glucose : galactose
was 1.3:1:0.5 with an average DP of 30-50.

Arabinans have been reported in the barks
of aspen, spruce, and pine. The backbone- is
(1—5) arabinofuranose units and in the case of
pine, the average DP is 95. A group of
galacturonic acid polymers has been isolated from
birch. One is galacturonic acid backbanél—4)
with arabinose side chain in a ratio of galacturoni
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acid to arabinose of 9:1 and another consisting of
galacturonic acid, arabinose and galactose in a
ratio of 7:3:1. Small amounts of glucose, xylose
and rhamnose were also found in these polymers.

A pectic substance has been isolated from
barks, which contains either galactose alone or
galactose and arabinose units. The pure galactan
is water - soluble and consist of B31—4) —
linked galactose units with side chains at C6 of
backbone. A highly branched arabinogalactan was
found in the bark of spruce wood with a ratio of
galactose to arabinose of 10:1.

In almost of cases the hemicelluloses
found in bark are similar to those found in wood
with some variations in composition [7].

Cellulose

The cellulose content of barks ranges
from 16 % to 41 % depending on the method of
extraction. In unextracted bark, the cellulose
content was between 20.2 % for pine and 32.6 %
for oak. The high extractive content, especially of
suberin, requires harsh conditions to isolate the
cellulose so the cellulose content is usually low
and the cellulose is degraded during isolation
process. The outer bark usually contains less
cellulose than the inner bark. A number average
DP was found for different bark celluloses: from
125 @Betula papyriferg to 700 Pinus contorty
and weight average from 4008kies amabilig,
Populus grandidentajato 6900 Pinus contorty
Bark cellulose has been the same type of
crystalline lattice (cellulose I) as normal wood bu
the degree of crystallinity is less.

Lignin

As with analyses involving bark
components, literature values for lignin content
can vary depending on the method of extraction.
Bark contains high contents of condensed and
hydrolysable tannins and sulfuric acid insoluble
suberin that can give false high values of lignin
content. For example, the Klason lignin from
Pinus taedabark is 46.0 % when including both
lignin and condensed tannins, but only 20.4 %
when bark is first extracted with alkali. In other
studies lignin contents were found to be 39 % to
58 %. The elemental composition and functional
group content of bark lignin are similar to the
lignin from wood of the same species. There is
less lignin in the inner bark as compared to the
outer bark.

There is a lower ratio of OGHyroups in
aspen bark than in the wood and a higher ratio of
phenolic OH groups to OGH There are more
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guiacyl units in deciduous bark and more p-

hydroxyphenyl units in coniferous bark as

compared to the wood of the same species. While
there are some differences in the ratio of
components, no structural difference have been
found between most bark lignins and the

corresponding wood [8].

Inorganics and pH

Bark is generally higher in inorganics
than normal wood. The inorganic (ash) content
can be as high as 13 % and, in general, the inner
bark contains more inorganics as compared to
outer bark. For example, the outer bark of willow
contains 11.5 % ash, the inner bark 13.1 %
compared to 0.9 % in sapwood; sweet gum outer
12.8 %, sapwood 0.5 %; red oak outer 8.9 %,
inner 11.1 %, sapwood 0.9 %. The major
inorganic elements in bark are Na, K, Ca, Mg,
Mn, Zn, and P. There is more Na, K, Mg, Mn, Zn
and P in sapwood than in bark and more Ca in
bark than in sapwood.

In general, the pH of bark is lower than
normal wood due to the higher inorganic content

Table 3 Composition by mass of lignin, polysacafes]
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of bark compared to normal wood. For example, it
was reported that the pH values of southern pines
ranging from about 3.1 to 3.8 with an average of
3.4 to 3.5 compared to a pH of 4.4 to 4.6 for
sapwood. The outer bark has a lower pH than
inner bark presumably due to a higher content of
Ca in the outer bark. The pH of bark decreases
slightly with the age of the tree.
Fractionation of bark and the use its
components as bioproducts

Vast differences in the nature and
amounts of various chemical components and
various extractives materials contained within
bark can be found within even a single species,
depending on the age and growth site of trees
sampled and the fraction of bark examined.
Differences in composition and variation in
amounts of common constituents can, of course,
be much larger between species and, for these
reasons are no good standardized methods of bark
and analysis (table 3).

extractives in woods and barks. The non-exmc

components are based on extractive-free materatem from (USDA, 1971)

Component Softwoods Hardwoods
Wood Bark Wood Bark
Lignin 25-30 40-55 18-25  40-50
Polysaccharides 66-72 30-48 74-80 32-45
Extractives 2-9 2.-25 2-5 5-10

Ash

Bark constituents are generally examined
by extracting comminuted samples with various
solvents. Frequently, the investigators will start
extracting with cold, nonpolar organic solvents
such as light petroleum or ether and then proceed
through extraction with more polar solvents such
as benzene, chloroform, or alcohol (cold or hot),
to polar solvents such as acetone, agueous acetone
or alcohols and water. Subsequent extraction with
alkali or hydrolysis with acid is used to valorize
the residue. To get a rough estimate of the
polysaccharide fiber content of bark, it is best to
extract the bark with solvents to remove
extractives and then to hydrolyze the residue with

0.2-0.6 Upto20 0.2-0.6 Upto20

acid and determine the formed monosaccharides.
Typical barks will produce hydrolysates
containing about 60-70 % glucose, 5-15 %
arabinose, and 3-4 % each of galactose and
mannose. Again, individual species can have
unusually high contents of single sugars, e.g. 8 %
mannose from spruce bark or 9 % arabinose from
pine bark. Among bark extractives (tannins,
polyphenols, glycosides) are generally three to
five times abundant as nonpolar constituents (fats,
waxes, terpenes, steroids etc.).

In our studies we have used both bark of
softwood and hardwood having the composition
presented in the table 4 [9].
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Table 4 Chemical composition of softwood and haabiMeark

Chemical compounds, %

Alcohol : benzene extract
Cold water extract
Hot water extract
Extract  with
solution,1 %
Cellulose

Lignin

Pentosans
Tannin

sodium  hydroxid

11%

Softwood bark| Hardwood bark
4.45-7.50 2.70-5.50
3.20-5.10 6.30-7.40
6.00-7.70 16.00-16.50

31.40-50.00 28.40-29.00
30.60-35.00 31.60-41.70
32.70-39.70 19.00-30.00
11.30-12.70 21.00-24.50
1.90-3.00 -

It can be observed that the used wood barks are
characterized by a high content of extractives
which can be separated with a solution of sodium
hydroxide, 1 %. In our previous studies we

proposed to use this extract to substitute the
phenol in the synthesis of phenolformaldehyde or

polyphenol epoxy resins. The fenolformaldehyde
resins obtained using extracts from hardwood
bark were applied with
good results in the manufacture of wood fiber
boards (table 5) [9,10].

Table 5 Influence of addition of the alkaline extrrom beech wood bark on the properties of wdme f
boards (T-transversal, L-longitudinal)

Degree of resin , Water N
substitution. % Strength, kg/cnt | Density, kg/cn? absorption, % Swelling,%
0 T340
L340 1000 30.00 17.5
10 T665
L568 1150 13.70 12.5
20 T350
L424 1100 23.30 12.8
30 T430
L386 1090 23.68 115
40 T505
L446 1090 23.90 15.2

The residual lignocelluloses resulted in
this fractionation could be processed in different
ways: compost, fodder, burning, additives in
bioremediation or in biocomposites, biochemical
and chemical degradation to recover
monosaccharides and lignin.

Recently, having in view the values of
chemical compounds of wood bark we proposed
to apply the biorefining principles [5,6] to recove
both and secondary and main components which
can be used as bioproducts (Figure 3).
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Bark Extraction
0)
Extraction
(1
NaOH Fractionation
solution | ()
Composting Fractionation
Bioremediation ()
Lignin

— Polyphenols

—— Cellulose

Hemicelluloses

Acid hydrolysis/ enzymatic

Nano- and micro
cellulose

Fig. 3 Application of biorefining principle in theood bark fractionation

Thus, in the first steps the resins and
polyphenols can be separated. To extract
polyphenols different solvents and techniques
were used [11,12,13].

Polyphenols are secondary metabolites
and at present are known more than 8000
compounds. They are known for their biological
properties such as: antibacterial, antiparasites,
anti-HIV, amelioration of cardiovascular diseases,
improvement endothelial function, modulation of
gamma-glutamylcysteine synthase expression,
improvement of health and survival on high-fat
diet, coloring agents and chelating agents. In our
studies the polyphenols extracted from softwood

bark and other biomass sources were tested in
different fields such as: seed germination, plant
cultivation, bioremediation, plant grafting, tissue
plant  culture, microorganism  cultivation
(carotenes pigments obtaining, mutagenesis),
modulation of sugars metabolism and alcoholic
fermentation. The obtained results were recently
reviewed [14].

At the same time, by using different
analytical methods and tools the composition of
polyphenols was established and the results
obtained in the case of spruce wood bark are
presented in the table 6 [15].

Table 6 Concentration of phenolic compounds (mgltiéd spruce wood bark) separated by different
extraction agents

Extract Gallic acid | Catechine Van|_II|c Syr|r_lg|c Fe".“'c
acid acid acid
Aqueous extract - 31.0£1.9 39.4+0.2 - -
Methanolic extract 7.1£0.7 70.8£2.3 62.4+05 - -
Ethanolic extract 10.2+0.3 71.9+2.7 719108 - -
Alkaline hydrolysis before - - - 42.3+3.2 | 45.08+1.6
ethanolic extraction
Alkaline hydrolysis before - - - 42.8+2.9 | 42.91+1.9
methanolic extraction
Recently, polyphenols (gallic, vanillic, hydroxyethyl methacrylate (pHEMA), poly

syringic acids, catechine, spruce bark extract)
were encapsulated in nanofibrous membranes,
using biocompatible polymers: [poly (2-

[(lactic acid)-co-(glycolic acid)] (PLGA)]. The
immobilized polyphenols were tested with very
good results to inhibit the reactive oxygen species

12
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produced by carbon nanotubes in the cells A549
originated from an explant culture of lung

carcinomatous tissue from a 58-year-old
Caucasian male [16,17].

After extraction of secondary compounds
(resins and polyphenols) the residue can be used
to separatéhemicelluloses cellulose and lignin.
Thus, in the first step it is possible to obtain
holocellulose and then this can be fractionated,
what allow to recover pectic substances, glucan,

2015, vol.64, nr. 4

glucomannan, galactoglucomannan, arabinoxylan
and pure cellulose. It is important as this
analytical procedure to be developed to recover
the above-mentioned fractions because they have
specific biological properties [18].

It is known that hemicelluloses represent
a valuable raw material to obtain different
chemicals or intermediaries for polymers
synthesis (Figure 4).

HEMICELLULOSES
10-20% ON WOOD

‘H

¥ ¥ v v v ¥ L
GLUCOSE MANNOSE ARABINOSE GALACTOSE XYLOSE ACETICACID URONICACID
| | | | |
l F F L ¥
L J
ACETONE SINGLE CELL  BUTANOL
l PROTEIN
ACRYLATES l D l HG
FURFURAL XYLITOL
¥ v v v v v SWEETNER
2-METHYL  FURAN  LYSINE FURFURYL  GLUTAMIC  POLYURETHANE RESINS AND
FURAN v ALCOHOL ACID FOAMS PLASTICS
TETRAHYDRO v
FURAN TETRAHYDRO NITROGENATED
v FURAN AND
ALCOHOL HALOGENATED
ADIPONITRIL DERIVATIVES
v v
NYLON DRUGS

Fig. 4 Different possibilities of valorization oémicelluloses

Thus reactions such as acid and enzymatic
hydrolysis, esterification, etherification and
enzymatic modifications (treatment with laccase

of hemicelluloses from annual plant, allow
obtaining gels) are wused in the case of
hemicelluloses. Thus sugars resulted in the

hydrolysis can be fermented to obtain ethanol
(C6 sugars), polyols-2,3 butylene glycol, lactic,
acetic and butyric acids, fodder yea€tagdida
utilis, 50 % proteins, 2-7 % fats, vitamins), xylitol
(sweetener by reducing xylose) furfural,
furfurylic alcohol, furan resins, polyamides-4,6.
The modification reactions of
hemicelluloses allow obtaining acetates,

surfactants, flocculants, adhesives for paper
coatings and for eating packages), xylan sulfate
(anti-HIV, antitumor, anticoagulant,

antimicrobial, decrease of cholesterol), biofilms

(xyloglucan/chitosan for immobilisation  of
streptomicyn, antioxidants, antifungal and
antimicrobial agents, dyes, nutrients and
packaging). Arabinoxylans can be used as

emulsifying agents, thickening food stabilizers,
while 4-O-methylglucuronoxylan is known as
antitumoral agent. Advantages of the use of
hemicelluloses in pharmacy, cosmetics and
medicine are determined by their accessibility,
non-toxicity, biodegradability, chemical and

butyrates, benzoates (used as extrusion agents for enzymatic modification and biocompatibility.

fatty acids), carboxymethyl xylans (used as
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The benefic effects of hemicelluloses
were proved in the improving metabolism of
lipids and minerals, the function of colon and
assuring protection against cancer, and reducing
the risk of heart diseases. At the same time, there
are known some uses of hemicelluloses such as
regeneration of tissues, support for controlled
delivery drugs and gels for cells immobilization.

2015, vol.64, nr. 4

After separation of hemicelluloses it is
possible to obtain pureellulose At present it is
known, that cellulose represents an accessible raw
material which can be converted in a lot of
products and derivatives (Figure 5). In the last
time there was an increased interest for
nanocellulose which could be obtained from the
cellulose isolated from wood bark.

CELLULOSE
40-50% ONWOOD

.»1, |
RUMINANT FEED «

re
p DISSOLVING PULP

ill

GLUCOSE v v v
CELLULOSE  REGENERATED CELLULOSE
ESTERS CELLULOSE ETHERS
l ¥ ¥ i ¥ K l D K L ¥ l 150 M i ¥ F l HG ¥ L F
BUTYLENE ETHANOI.  HYDROXY ITACONIC  GLUCOSE XANTHAM SORBITOL | SINGLE CELL
GLYCOL METHYL ACID FRUCTOSE|  GUM PROTEIN
FURFURAL SYRUP
BUTANOL GLUCONIC
LACTIC ACETONE v ACID
ACID METHYL
v GLUCOSIDES v v
ACRYLATE SWEETNER HUMECTANTS
ETHER ETHYLENE MOTOR
FUEL SWEETNER GLYCEROL PROPYLENE VITAMINE
ACETAL GLYCOL c
DEHYDE | CHLOROFORM %
ALKYD SURFACTANTS
RESINS
vy D = DEHYDRATION

POLYETHYLENE
v v
BUTADIENE NYLON RESINS  LEVULINIC
ACID

POLYESTERS
PLASTICS r‘ﬁ

RUBBER PLASTICS DRUGS

F = FERMENTATION
H=HYDROLYSIS

HG = HYDROGENATION
150= ISOMERIZA TION
M =METHYLATION

PP = PULPING PROCESS
PD = PARTIAL
DELIGNIFICATION

Fig. 5 The possibilities for cellulose valorizatio

Nanocellulose is considered as a super-
material derived from plant matter that has been
reduced to small bit and pieces, and then purified
by a high homogenizer to remove non-cellulose
components like lignin. The remaining cellulose
fibers are finally separated and processed into a
thick substrate that boasts of long polymers or
crystallized structures. This ultimately results in
what is termed as nanocrystalline cellulose or
nanocellulose ‘paste’, an incredible material with
flexibility, malleability, super-strength as welt a
low-impact credentials [19-21].

The nanocellulose which is considered as
a future material is eco-friendly, light weight,
ductile and stronger than Kevlar (a synthetic
polymer) was tested with very good results to be
used in different high-tech fields. It was proved
that nanocellulose could be introduced in the
pharmaceutical, cosmetics and medicinal
products. Health, safety and environmental

aspects of nanocellulose have been recently
evaluated. Processing of nanocellulose does not
cause significant exposure to fine particles during
friction grinding or spray drying. No evidence of
inflammatory effects or cytotoxicity on mouse or
human macrophages can be observed after
exposure to nanocellulose. The results of toxicity
studies suggest that nanocellulose is not cytotoxic
and does not cause any effects on inflammatory
system in macrophages. In addition, nanocellulose
is not acutely toxic to Vibrio fischeri in
environmentally relevant concentrations. In the
field of hygene and absorbent products different
applications of nanocellulose include: super water
absorbent (e.g. for incontinence pads material)-
nanocellulose used together with super absorbent
polymers; use of nanocellulose in tissue, non-
woven products or absorbent structures; use as
antimicrobial films.
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The use of nanocellulose in cosmetics and
pharmaceuticals was also early recognized. A
wide range of high-end applications have been
suggested: freeze-dried nanocellulose aerogels
used in sanitary napkins, tampons, diapers or as
wound dressing; the use of nanocellulose as a
composite coating agent in cosmetics e.g. for hair,
eyelashes, eyebrows or nails; a dry solid
nanocellulose composition in the form of tablets
for treating intestinal disorders; nanocellulose
films for screening of biological compounds and
nucleic acids encoding a biological compound;
filter medium partly based on nanocellulose for
leukocyte freeblood transfusion; a buccodental
formulation, comprising nanocellulose and a
polyhydroxylated organic compound; powdered
nanocellulose has also been suggested as an
excipient in  pharmaceutical compositions;
nanocellulose in compositions of a photoreactive
noxious substance purging agent; elastic cryo-

2015, vol.64, nr. 4

biotechnological applications. For example, by
combining small amounts of nanocellulose-a few
percent or less by weight-with water quickly
forms durable hydrogels. These highly hydrated,
three-dimensionally porous materials share
several properties with biological tissue making
them candidate for tissue engineering and drug
delivery. Motivated by these potential biomedical
applications a special class of hydrogels-injeetabl
hydrogels was examined. These materials can be
prepared and deposited situ, without surgery,

by extruding hydrogel components from a syringe
directly into desired location.

As it was mentioned abovelignin
represents an important constituent of bark.
Lignin can be separated from bark using
conventional and nonconventional procedures. At
present, it is known that there are many
possibilities to use lignin as a source of chersical
(Figure 6).

structured gels for potential biomedical and
LIGNIN
15-30%ON WOOD
v v v v v v v
SOLID DISPERSING 10N ROAD VANILLIN BINDERS FERTILIZER
FUEL AGENTS EXCHANGE STABILIZE FOR
B PRINTING DYESTUFFS
COLORS
LOW INSULATING  POLYURETHANE RUBBER ACTIVATED
MOLECULAR FOAMS FOAMS REINFORCED CARBON
WEIGHT
PHENOLS CARBON
MONOXIDE
PHENOLIC POLYESTERS l
RESINS METHANOL
ADHESIVES CHEMICALS FUEL

Fig. 6 Some examples for lignin valorization

At the same time it has been shown that
lignin is a versatile molecule that possesses
multiple properties such as antioxidant (i.e.
radical scavenger), UV-absorption, antifungal and
antibiotic activity. Due to these properties it has
been suggested that lignin can be applied for
stabilization of food and feed. In a recent review
[22] the following biological properties of lignin
are discussed: antibacterial, antioxidants and
photoprotectors, anti-HIV, spermicide, agent of
reduction of carcinogenesis.

However, very little attention has been
paid to these biological activities and mechanism
of action of lignin or lignin-containing/derived
substances. But we can appreciate the existing
information evidences that lignin and its
derivatives have a multifunctional role in

biological systems, influencing cell metabolism

which are determined by source of lignin and

procedure of separation and modification. In this
context, we need to have information both for

lignin and the other compounds of bark discussed
in this paper, emanating form studies of the
molecular biology of genomics and proteomics in
order to enhance our comprehension of intricate
role/functions at the molecular level.
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CONCLUSIONS

At present it is known that the main use of
bark is as fuel along with other possibilities to
obtain insulation boards, hardboards, fiberboards
and particleboards or incorporation into plasties a
reinforcement for molded products. The bark can
also be used in mulching and soil amendment or
in bioremediation process. But, in this paper it
was demonstrated that the wood bark contains
useful compounds waiting for the right economic
conditions or the development of satisfactory
commercial processes. Thus, by applying the
biorefining concept wood bark could be used to
obtain compounds of high interest in the
biological field.
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Abstract

Numerous wastes are not suitable for landfilling and thus need to be handled with
special attention which applies also for paper sludge. Currently available sludge
treatment methods are still unsatisfactory, as they are expensive and the material
is not exploited as it could be. According to its nature and properties it is
considered a reach raw material with potential to be converted to value added
products (enzymes). We used white rot fungus Pleurotus ostreatus for the
production of specific enzymes. Cultivation was carried out at different incubation
times. The first screening was performed for the production of hydrolytic enzymes
cellulases, xylanases and ligninolityic enzyme laccase. Our results prove that the
deinking paper mill sludge is a suitable substrate for the cultivation of P. ostreatus
and thus for the production of lignocellulolytic enzymes. The introduction of this
type of technology would reduce the proportion of waste and at the same time
enable the production of high added value product (enzymes).

Key words: paper sludge, waste, biological treatment, hydrolytic enzymes,
lignocellulolytic enzymes
Rezumat

Pasta descernelizata a devenit principala materie prima a proceselor de fabricare a
hartiei din intreaga lume. Tn urma fiecarui proces de descernelizare se produce
namol, care reprezintd o problema de mediu. Una dintre solutii este tratarea
biologica cu ciuperca Putregai alb, pentru a reduce cantitatea deseurilor eliminate
si pentru a obtine produse de o calitate superioara. Pentru productia enzimelor, am
folosit ciuperca Putregai Alb (Pleurotus ostreatus). Cultivarea ciupercilor a avut loc
in conditii de laborator folosind namol provenit de la instalatia de descernelizare,
produs dupa tratarea maculaturii. Incubarea a avut loc in intervale diferite de timp,
iar prima selectie a fost facuta pentru productia de enzime hidrolitice celulaze,
xilanaze si enzime lignolitice, lacaze. Productia calitativéa de celuloze si xilanaze a
fost observatd pe placi de agar cu carboximetilcelulozad incorporata, activitatea
xilanului si a lacazei fiind corespunzatoare. Activitatea cantitativd enzimatica a
celulazei si xilanazei a fost determinata prin testul de reducere a zaharului si a
activitatii lacazei printr-o masurare spectrofotometrica a decolorarii ABTS.
Enzimele lignocelulozice au fost produse de P. osteratus in mediu solid (namolul
de la instalatia de descernelizare) si au fost extrase intr-un mediu tampon lichid
pentru a prepara extracte de enzime brute in scopul testarii viitoare a activitatii
enzimei cantitative. Rezultatele noastre dovedesc faptul ca namolul provenit din
procesul de descernelizare reprezinta un substrat adecvat pentru cultivarea
ciupercii P. osteratus si pentru producerea enzimelor lignocelulozice. Introducerea
unui astfel de tip de tehnologie ar reduce proportia deseurilor si ar permite
obtinerea unor produse de calitate superioara (enzime).

Cuvinte cheie: namol de la fabricarea hartiei, deseuri, tratamente biologice,
enzime hidrolitice, enzime lignocelulolitice
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INTRODUCTION

Today 54% of the paper industry’s raw
material comes from recovered paper and board.
Paper is the most recycled product in Europe, and
Europe is the global leader in paper recycling,
with a rate of 72% (CEPI, 2015). Paper recycling
in an increasingly environmentally conscious
world is gaining importance (Anon 2004, 2005;
Bajpai 2006, Edinger, 2004; Francois, 2004; Selke
2004). Recycled fibers play a very important role
today in the global paper industry as a substitute
for virgin fibres. One of the biggest issues of
paper recycling is the need to remove ink from
recovered paper that has already been printed.
Chemicals addition is used to remove the ink,
which must be washed away afterwards by large
amounts of water. Sometimes the paper pulp must
be also bleached using hydrogen peroxide,
chlorine, etc (Bajpai, 2014). The use of enzymes
has been suggested as an environmentally friendly
alternative to complement conventional chemical
deinking in the recycling of recovered paper
(Ibbara et al., 2012). Biotechnology has the
potential to increase the quality and supply of
feedstocks for pulp and paper, reduce production
costs, and create novel high value products (Anon,
2004, 2005; Mansfield and Esteghlalian, 2003;
Ojanpera, 2004; Viikari et al., 2006, 2009).

In the last two decades most of the
research was performed with intention to find new
varieties of white-rot fungi or to study the low
cost production or overproduction of desired
ligninolytic enzymes. Furthermore, different
investigations have been done in order to study
the catalytic activity of produced enzymes on
different substrates. One of the potential
substrates is also deinking paper mill sludge.
Balwaik and Raut (2011) have reported that about
300 kg of sludge is produced for each 1 ton of
recycled paper. The use of deinking paper mill
sludge as a substrate for cultivation of fungi, as
well as simultaneous enzyme production has a
number of positive effects.

2015, vol.64, nr. 4

EXPERIMENTAL

1. Substrate preparation and inoculation

In this study the deinking paper mill
sludge (byproduct of deinking process) was used
as a substrate for fungi cultivation. The sludge
was generated in the paper mill wastewater
treatment plant. The pH of the sludge moved
between 10 and 11. Fungi cultivation was carried
out on a solid medium, without any nutrients
added. (figure 1) Used fungus wBs Ostreatus
(figure 2). The moisture of the medium was 65%.
A defined amount of the sludge was weighed
under sterile conditions, inoculated and incubated
at 23°C.

2. Enzyme extraction

The first step was to screen the production
of hydrolytic enzymes cellulases, xylanases and
laccases. We observed the produced cellulases
and xylanases on agar plates (rapid screening
tests) where carboxymethylcellulose (CMC) and
xylan of oat husks were added and laccase on agar
plates with the addition of the substrate ABTS
(2,2-azinobis (3-etilbenztiazolin-6-sulfonate).
Quantitatively, we determined the cellulases and
xylanases activities by reducing sugar assay and
laccase activity by the spectrophotometric
measurement of ABTS discoloration while
ligninperoxyidase activity was evaluated using a
spectrophotometric assay with veratryl alcohol.
For enzymatic activity tests on the laboratory
level, we prepared crude enzyme extracts.
Calculation of enzymatic activity was determined
as the concentration of protein in the crude
enzyme extracts by the Lowry method. Enzymes
were extracted both on the laboratory and
industrial scale from the solid substrate into iiqu
medium by multiple repeated extraction with an
appropriate buffer (phosphate, citrate, ...) at the
appropriate predetermined pH values.
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Fig.2 Pleurotus ostreatus

RESULTS AND DISCUSSION see, that the activity of xylanase was higher than

the activities of cellulase and laccase. The &gtivi
_ o of xylanase was the highest on day 16, which was
During the cultivation oP. Ostreatushe the first day of activity determination. The actyvi
production of laccase, cellulase and xylanase ¢ cellulase reached the maximum on day 23
occured and their activities were determined. \yhile the maximum activity of laccase was on day

Figure 3 represents the activities of the three 30 After the maximum activity had been reached
enzymes. Mycelium dP. Ostreatusovergrew the we observed in all cases a decrease in enzyme
substrate in fifteen days. From the figure 4 we can activity.
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Fig.34 Enzyme activity during the cultivation of®streatus

CONCLUSIONS

Deinking paper mill sludge (DPMS) has
proved to be an excellent substrate for cultivation
of P. OstreatusEnzymes (cellulase, laccase and
xylanase ) produced on this type of substrate, by
P. Ostreatushave similar or even better activities
than enzymes produced, By ostreatuson other
different substrates. Cultivation of fungi on paper
mill sludges for enzyme production is relatively
simple and cost effective. Commercially available
enzymes which may be efficiently applied in
paper production have high selling prices on the
market. By exploitation of paper mill waste for
enzyme generation we may significantly improve

and economize the whole papermaking process.

The remaining sludge after enzyme extraction
may be converted to bio-fuel as it exhibits high
bio-gas potential. Due to very promising results in
this preliminary stage further experiments will be
carried out with final goal to initiate enzyme

production on industrial level.
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Abstract

Security inks represent, as the paper support to, a basic raw material within the
printing process of value documents. Value documents must be impossible to be
counterfeited. This quality represents the result of ink bonding modality on different
supports that depends both on the support and on ink properties and takes into
account the printing process type. Improvement of the printing process and the
increased number of ink components requires a laboratory scale characterization
before the ink will be used on the printing equipment. Specific analyses are
performed according to the standardized methods and are selected considering all
the variables involved within the printing process.

The paper presents the experiments carried out in order to realize new ink grades
that contain various markers types. The research performed at laboratory scale will
consist in a study regarding the ink components in order to assess their
compatibility with the: security markers, printing process, printed layers. Will be
realized and several specific analysis (printability, markers validation, etc.) aiming
to reveal the printing process performance.

Key words: ink, security ink, IR security element, printing.

Rezumat

Cernelurile speciale reprezinta, ca si hartia, materiale de imprimare de baza, in
procesul de tiparire a documentelor de valoare. Imprimatele de valoare trebuie sa
fie practic de necontrafacut. Aceasta calitate este rezultatul modului de fixare a
cernelurilor pe suportul de hértie si depinde atat de proprietatile suportului cat si de
cele ale cernelii, la care se adauga si tipul procedeului de imprimare. Tehnicile noi
de tiparire utilizate in tiparul de securitate impun cresterea numarului de
componenti din cerneluri, ceea ce presupune o caracterizare a cernelurilor Tn
laborator anterior utilizarii pe echipamentele de tiparire. Analizele specifice se
determina in conformitate cu metodele standardizate si se selecteza luandu-se in
calcul toate variabilele din cadrul procesului de tiparire.

Lucrarea prezinta experimentele realizate Tn vederea obtinerii unor cerneluri
securizate cu diversi markeri. Metodologia de derulare a cercetarii la nivel laborator
consta Tn analiza componentelor cernelii Tn vederea determinarii compatibilitatii
acestora cu: markerii de securizare, procedeul de tiparire, suportul de imprimare si
efectuarea de analize specifice de laborator (caracteristici de imprimabilitate,
validarea markerilor, etc.), pentru a demonstra functionalitatea in procesul de
tiparire.

Cuvinte cheie: cerneald, cerneala speciald, element de securizare IR, tipar.
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INTRODUCERE

Ca urmare a progresejtimtelor exacte,
mai ales ale fizicigi chimiei, s-a #irgit mult aria
tehnicilor de securizare a documentelor de
valoare. Astfel, aplicarea procedeelor elaborate
de securizare n diverse domenii, au avut
rezultate  Tnsemnate Tn ceea ce ptwe
prevenirea contrafacerisi falsificarii. Intr-o
concepie general acceptgt falsificarea
presupune modificarea, alterarea unui produs
original, iar contrafacerea coagsh fabricarea in
intregime a unui produs care-l ifitpe cel
original [4]. Eforturile de a jstra integritatea
unui produs original sunt focalizate in vederea
realizrii unor produse, practic de neconti@it,
pe de o parte,si realizarea dispozitivelor
capabile 5 identifice rapidsi sigur elementele
de securizare coinute, pe de altparte. Aceasi
calitate este rezultatul modului de realizare a
complexului cernealspeciai — hartie securizat
— tehnologie de tiire.

Din motive de securitate, imprimatele
de valoare sunt tipite doar in tipografiile
naionale sau guvernamentale de#re companii
ce dein o licerta conferiti de dtre guvern. In
fungie de tipul de imprimat sunt utilizate

aproape toate tehnologile de aipe
binecunoscute [9]. Certificatele de depozit,
cartile de identitate, pmapoartele, cecurile,

timbrele si timbrele pgtale, sunt de asemenea
tiparite in conformitate cu regulile imprimatelor
securizate.

Existi, de asemenea, cerat
permanente pentru imb@igea portofoliului de
elemente de securizare. Elementul de securizare
— reprezin orice caracteristica a unui imprimat
ce nu poate fi reprodasau imitai cu rezultate
satisficaitoare folosind materiale, metodgi
echipamente conveénnale, disponibile pe pia
[1,2]. Pentru fiecare tip de document care
necesii protegie sunt alese elementele de
securizare care au cea mai mare efidien
utilitate in contracararea Tincérdor de
contrafacere sau falsificare.

In fungie de nivelul de validare,
elementele de securizare se impart in:
- deschise sau vizibile cu ochiul liber,afa

ajutorul  nici  unui instrument sau
echipament de verificare
- semideschise sau vizibile numai cu

ajutorul unor instrumente simple (lupa,
lampa UV, detector de cerngal
magnetid);
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- Tnchise sau ascunse care sunt cunoscute
numai de &tre emitefi si detectate numai
cu ajutorul unor echipamente speciale
Dupa modul de introducere in documentele

de valoare, elementele de securizare pot fi:

1. Tncorporate in suportul de imprimare

2. Aplicate pe suportul de imprimare

3. Introduse prin desigsi imprimare

Cernelurile speciale fac parte din categoria
elementelor de securizare care pot fi aplicate atat
pe suportul de imprimare cét introduse prin
designsi imprimare [8]. Aceste cerneluri sunt
fabricate din materii prime speciale, In caidi
de securitate spo#it Ele pot permite atat
autentificarea cé§i evidenierea incerdrilor de
falsificare a Tnscrisurilor de pe documentgie
hartile de valoare la imprimareairora sunt
utilizate.

Cernelurile  speciale  sunt amestecuri
complexesi stabile de pigmen markeri cu
proprieiti speciale, substa® de umpluturd
(materiale de umplere), liginsi sicativi, negre,
albe sau colorate, care se aplica pe suporturile de
tiparire prin intermediul formelor de tipar.
Ulterior, prin realizarea unui contact intim al
formei cu suportul de imprimare se asiur
transferul cernelii de pe foEmpe suport [5].
Grosimea filmului de cernealtransferat pe
héartie este de 0,5-1yf, iar dimensiunile celor
mai fine elemente imprimate sunt mai mici de
10 pm.

Caracteristicile cernelurilor speciale sunt
diferite fga de caracteristicile cernelurilor
comerciale [6]. Pentru exemplificare prezant
cateva tipuri de cerneluri speciale, in fieade
elementul de securizare pe care fltgun

1) Cerneala fluorescentsau fosforesceit

- prezinti luminiscena de culori diferite
la examinarea sub lampa cu railia

ultraviolet.
2) Ceneala magnetic - are proprieiti
magnetice verificabile cu ajutorul

detectoarelor magnetice manuale sau

incorporate  in  echipamentele de
verificare.

3) Cerneala cu absaib In IR - are
proprieiti de absorbe n IR,

verificabile cu ajutorul unor senzori

speciali incorponain echipamentele de

verificare.

Cerneala iridescet -  prezing

proprietatea de gi-maodifica culoarea in

mod reversibil la schimbarea unghiului

sub care este privit

5) Cerneala termocroin- are proprietatea
de asi modifica culoarea Tn mod
reversibil atunci cand este pusin

4)
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contact cu o sursa de aldura
nedistructid, de exemplu la contactul
cu corpul omenesc.

6) Cerneala fotocrom- are proprietatea de
asi modifica culoarea Tn mod reversibil
atunci cand esté¢inuti timp de cateva
secunde sub o sudrsde radisie UV
(lampa UV).

7) Cerneala reactiiv- are proprietatea de a-
si modifica culoarea in mod ireversibil
atunci cand in& in contact cu diferite
tipuri de substaye chimice asigurand
evideniierea orid@rei inceré@ri de
alterare a T1nscrisurilor, este foldsit
numai pentru evidaierea incerdrilor
de falsificaresi nu pentru autentificarea
documentelor.

8) Cerneala componérd unei perechi de
cerneluri cu proprietametamerice - face parte
dintr-o pereche de cerneluri a caror culoare este
identica la examinarea n lumina natutatiar
diferita la examinarea intr-o luminartificiala
speciad sau printr- un filtru.

In fungie de aspect se impart n:

- cerneluri groase (consistente sau paste). De
ex. cernelurile pentru tipar Tnalt, offset sau
plan

- cerneluri fluide. De ex. cernelurile pentru
tipar adanc, tipar flexografic, imprimare cu
jet, imprimare prin electrografie sau
electrofotografie (sau tonere).

PROGRAM EXPERIMENTAL

Experimendrile efectuate la nivel de
laborator au urmarit d@awbiective:

- obtinerea unor tipuri de cern@aspeciai
prin introducerea In compongnacestora a
elementelor de securizare dorite.

- demonstrarea caracteristicilor
imprimabilitate a cernelurilor gimute, prin
utilizarea metodelor standardizate cu

ajutorul aparatului de tipire tip IGT.

de
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Materiale si metode
Pregitirea probelor

Obtinerea cernelurilor, cai cea a
pastelor de cretare, cossin amestecarea
pigmenilor cu liantii lichizi si substapele
auxiliare. Tn timpul procesului de fabricare
trebuie & fie asigurat gradul de dispersare a
pigmentului, dispersarea unifoiina acestuia in
liant si stabilitatea cernelii. Retele de preparare
a cernelurilor speciale pentru imprimare, se
obtin Tn anumite condii, respectand anumite
regimuri de lucru,tindnd cont de parametrii
utilajului  folosit, coroborat cu proprigile
pigmentului, tipul si destingia cernelii,
compoziia, viscozitatea, gradul de volatilizare a
liantului. Operaia principak in producerea
cernelurilor este dispersarea pigmentului in
amestec cu liantul, iar rezultatulasinarii
este schimbarea aspectului amestecului.
Amestecul injial introdus Tn utilajele de
preparare a cernelii, are aspect granulat, iar
dupi preparare cerneala devine lucibas
Conform specificgilor tehnice Tn cerneal nu
trebuie & fie prezente particule cu dimensiuni
mai mari de 10 pm. Deoarece lj@nsunt
substage multi — component producerea
cernelurilor incepe cu dizolvaredsinilor Tn
dizolvantii  corespunitori i prepararea
varnishului in care se va dispersa pigmentul.
Compoziia cernelurilor variaz in fungie de:

- genul de tipar;

- forma sub care se impritvhartia (coli sau
bobin);

- natura substratului;

- natura liantului - cerneluri pe bazde
solveni, uleiuri sau ap;

- mecanismul de uscare.

in tabelul 1 sunt prezentate sintetic
componera cernelurilor, ponderea acestora,
naturasi rolul substagelor componente.
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Tabelul 1 Ponderea, natusarolul componerilor cernelii

COMPONENT

FUNCTIE

DESCRIERE

Pigment (5 ... 30 %)

Negru: negru de fum

Cian: ftalocianine

Magenta: azopigmensi saruri
Galben: azopigmen

Absoarbe lumina
conferind culoare

Particule insolubile
dispersate intr-o faz
continw (vehicul)
constand dintr-o fdiz
de transpor§i un
liant

Markeri ( 0,5...50%)

Securizeax
cerneala

Particule insolubile
dispersate in varnish

Liant (15 ... 60 %)

Uleiuri sicative (offset n coli)

Rasini naturale (cernealpentru ziar)

Rasini fenolice (toate tipurile de cerneluri)
Rasini alchidice (cerneluri offset)

Acrilati (cerneluri UVsi pe baz de ap)
Nitroceluloz (flexo)

Leag particulele
de pigment de
suprafaa hartieisi
confet si luciu

Materiale polimere
amorfe denumite
rasini sau uleiuri
vegetale oxidate

Solvent sau fa#i purtatoare (20 ... 70 %)

Confea fluiditatea

Solveni (cu punct de

Sicativi

Antisicativi

Ageni de umectare
Biocizi

Uleiuri minerale (offset) necesat cernelii fierbere p.f<

Uleiuri vegetale (offset) 100°C), respectiv
Toluen, xilen (rotogravaj uleiuri (p.f. >100°C)
Apa (flexo)

Alcooli, esteri, cetone (flexo)

Aditivi (1 ... 10 %) Confen Substare cu

caracteristici
specifice sau
atenueaz anumite
proprietti

structus chimica
specifia fungiei
indeplinite.

Tnalbitori optici

Promotori de adeziune

Ceruri, plastifiami

Surfactafi, antispumati

Deodorafi, microcapsule parfumate

In acest sens, s-au experimentat mai
multe reete pentru ofinerea cernelii speciale,
care au constat in modul de introducere a
elementului de securizargi compatibilitatea
acestuia cu compongn cernelii in vederea
pastrarii stabilititii cernelii. Astfel Tn rgeta de
baz pentru olgnerea cernelurilor au fost
experimentate mai multe variabile dugum

In acest context s-a ales pentru
experimentare, introducerea elementului de
securizare dorifn cerneala gstoad, destinat
tiparului offset, plan sau adanc. Realizarea unei
anumite densiti a elementului de securizare in
masa cernelii, casi pigment, depinde de
stabilitatea amestecului. Aceasta este asiguratd

de fingea particulelor solide componente urmeaa:

precumsi de compuii tensioactivi introdgi in 1. Introducerea elementului cu absgedn
compoziia liangilor, temperatut si pH-urile din IR, n cerned;

sistem. Prin asigurarea acestor factori,tlisub 2. Introducerea elementului cu absgeldn
formad de straturi foarte fine, Tnconjoard IR, in cernea, dupm formarea
particulele solide de pigment, nepegamd amestecului marker - liant;

Introducerea elementului cu absgeldn
IR, in cernea dupm formarea unui
amestec stabil.

aglomerarea sau precipitarea acestora, asigurand 3.
aspectul omogen al peliculei de cerneala [6].

Cunoaterea si limitarea controlat a
acestor influete va permite in final gmerea
acelei densiti care 4 fie suficieni pentru
securizarea hartiei.

Stabilirea necesarului de materiale pentru
retetele de lucru s-a realizat in stfict
concordati cu ponderea, natusarolul fiecirui
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component care altuieste amestecul de
cerneal. Dozarea elementului cu abspebin
IR, Tn rgetele experimentale aferente pidil

si 2 menionate mai sus, s-a efectuat la
urntitoarele adaosuri: 1%; 5%; 10%&ale total
pigment existent n cernéal Rezultatele
obtinute Tn cele dau cazuri, pornind de la
adaosul mai mic 1%, respectiv 5¥10% nu au
fost mutumitoare, deoarece au prezentat
aglomedri.

Regetele de lucru aferente peii 3, s-au
realizat prin dozarea elementului de securizare —
pigment cu absorte Tn IR, la urnitoarele
adaosuri: 1%; 5%; 10% 15% faa de cantitatea
totakh de pigment din cernegalMetodologia de
experimentare cuprinde dbuetape: dispersia
pigmentului cu absotle in IR in prezega
liantului si Tnglobarea amestecului ftut Tn
masa cernelii. Deoarece liinsunt substage
care cofin mai muti componegi, producerea
cernelurilor incepe cu dizolvaredisinilor in
dizolvaniii  corespunitori si  prepararea
varnishului Tn care se va dispersa markerul.

S-a preparat un amestec format din elementul cu
absorkie in IR (cu marimea particulelor mai
mica de 10um), liantsi un adaos de dispersie
specific elementului cu absamd In IR. S-au
mixat componetii la temperatura camerei, n
vederea riririi suprafgei specifice, agugandu-

se n pidturi o soldie pentru reglarea pH-ului
(in domeniul 6,5 + 8,5). Amestecul olut a
fost nalzit treptat si mixat Tmpreud cu
cerneala, la o temperafucupring intre 55 -
65°C. Adaosurile testate de 1%; 5%; 1Q%
respectiv 15%, forme&dain amestec stabil, care
se integreaz total Tn masa cerneliiafa a se
observa aglomeéri sau preciptri. Diferena
observandu-se la validarea markerului, unde
intensitatea spotului cge2 odai cu adaosul.
Cerneala special astfel obinuta  prezing
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stabilitate Tn timpsi raspunde la validarea
elementului de securizare.

Caracterizarea probelor

Mostrele de cernealspeciai obinute
au fost caracterizate prin analize specifice Tn
vederea determiinii propriet atilor reologice, a
proprietitilor de imprimabilitate si validarea
elementului de securizare gont. Reologia ne
permite  cuantificarea unor termeni ca:
consistets, coeziune (tack), lungimea curgerii.
Pentru cerneluri in mod special dissutdespre
proprietti ca: vascozitate, prag de deformare
tixotropie.

Majoritatea cernelurilor sunt
tixotrope, adic prezint 0 sédere a vascotii
oda#ti cu crgterea duratei de dane a efortului
de forfecare. Aceasttomportare este in general
asociai unei structuri de tip gel ce este distrus
sub agiunea forfedrii.

Vascozitateaeste raportul dintre efogt
viteza de forfecare (viteza de deformare sau
componenta de forfecare a gradientului de
vitezi). Aparatura convdionali  pentru
masurarea viscozitii cuprinde: viscozimetru de
rotaie (vascozimetrul tip Brookfieldki cupa
vascozimetrig pentru cernelurile lichide, care
poate fi calibrat cu un ulei de vascozitate
cunoscut. Pentru controlul caftii cernelurilor
pastoase se utilizedzvascozimetrul Brookfield
RVT, care nisoad rezistema unui fluid la
curgere, prin aplicarea f@ necesare pentru a
roti un mobil (ax) intr-un fluid (figura 1).
Intervalul de misurare este cuprins intre 1 +
8x10 cP, (1cP = 0,001 Paxs). In tabelul 2 se
prezint intervalele de varige a vascozitii
Brookfield RVT pentru diferite tipuri de
cerneluri.

Tabelul 2 Vascozitatea cernelurilor pentru diferitpuri de tipar

Tipuri de cerneali utilizate | Vascozitate, Paxs Timpul de curgere, s
cupa DIN — 8 mm

Tipar Tnalt 50 ... 150 -

Offset n coli 40 ... 100 -

Heat-set offset 20 ... 75 -

Flexografic 0.05...0.5 15...75
7..12

Rotogravui 0.05...0.2 12 ... 38
6..9
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Fig. 1 Vascozimetru Brookfield RVT

Finetea cernelii prezink importana
deosebit, mai ales la reproducereaseklor cu
raster fin. Cu cat finea este mai mare, adic
particulele de pigment au dimensiuni mai mici,
cu atat cerneala se poate depune intr-un strat mai
sulyire si mai uniform (figura 2). Finga
cernelii, pe de ait parte, este cu atat mai mare
cu cat gradul de frecare al cernelii este mai
mare. Dag in procesul de imprimare se folosesc
cerneluri insuficient frecate, implicit cu fite
mica, se produce Timbacsirea selului cu
cerneal, si reducerea calitii imprimatului. Tn
fundgie de finge, cernelurile pentru cele trei
genuri de tipar se ordoneaastfel:
tipar adanc (finee mare) > tipar offset > tipar
Tnalt

Fig. 2 Aparat pentru determinarea fitie
cernelii

Proprietatile de  imprimabilitate
includ corelsia cerneal — hartie — mgina de
tipar si stabilesc o serie de parametri care
afectea ohtinerea unor imprimate de calitate.
in laboratoarele de fincerc si analize se
testeaz aptitudinea la tiirire a hartiilor casi a
cernelurilor, Tn ceea ce priste rezisteta la
smulgeresi capacitatea de absgid a hartiei.
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Aceste determiiri se realizeax cu ajutorului
aparatului IGT. Acesta este constituit din @ou
parti distincte: un aplicator de ulel cerneai
(minipresa IGT), care permite aplicarea unui
film de grosime cunosciipe o fornma de tipirire

si un aparat de tirire agionat electric. Faa de
aplicare se regleaprin tensionarea unui arc.

REZULTATE SI DISCUTII

Caracterizarea cernelurilor speciale -
propriet ati reologice

Pentru determinarea vascanit
cernelurilor, s-a utilizat vascozimetrul rotativ
Brookfield RVT, prevzut cu 7 axuri, g@onate
de un motor prin intermediul unui arc calibrat,
prezentand 4 viteze de rg&a Acest studiu
consti in masurarea comparativa vascozittii
Brookfield RVT, pentru gantioanele de
cerneal speciai respectiv cerneal offset
(figura 3). Misurarea acestui parametru se
realizeaZ la un nivel de referifi din vas, prin
introducerea axului mobil in proba de cergeal
Este important casantioanele pentru anaiiza

fie condiionate Tnainte de efectuarea
masuiatorii,  printr-un  control  strict al
temperaturii (t = 23°C).

Din  determirarile  efectuate  pe

esantioanele Pr.1 + Pr.4 cu adaos de element cu
absorlie in IR (Pr.1-1%; Pr.2-5%; Pr.3-10%;
Pr.4-15%), se constati cerneala speciainu a
suferit modifi@ri Tn structud fata de cerneala
offset.Vascozitatea cernelii speciale este sensibil
mai mici decat a cernelii offset, datarit
introducerii in compozia sa a amestecului
stabil ce cotine markerul. lar propriétile
reologice se §streas, respectiv pragul de
deformare si tixotropia, neobservandu-se
modificari ale vascozitii Tn determiririle
efectuate. Se conslati adaosurile de element
de absortie in IR, nu influereaz vascozitatea
cernelii.

La o marime redus, nu se remaic
particule solide de pigment sau fonai de
aglomerare sau precipitare, asigurand-se
aspectul omogen al peliculei de ceraeal
Utilizarea elementelor de securizare cu
granulometrii cunoscute, confersi asigué
finetea cernelii speciale.
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Determinarea vascozitiatii Brookfield pentru cerneala
speciala comparativ cu cerneala offset
34
£ 338
=
= 336
=
xg 33.4 /.\
5 \ —+— Cerneli offset
8 e \. —@— Cerneala speciali
T 33
£ 3238
326
Pr.1 Pr.2 Pr.3 Pr.4
Fig. 3 Determinarea vascoditi Brookfield
Caracterizarea cernelurilor speciale - const n stabilirea vitezei minime de imprimare
propriet ati de imprimabilitate la care apare fenomenul de smulgere, utilizand o
minipresi IGT, care reproduce in laborator
Tn scopul olinerii unei calitti sporite a condiiile de imprimare in cazul ngmilor de
imprimatelor de valoare, in laboratorul de tipar offsetsi inalt. Imprimarea se efectuéaau
analizesi incerdiri pentru hartiisi cerneluri se uleiuri de smulgere etalosi cerneai specia,
testeaz aptitudinea la tirire a acestor cu vascoziiti cunoscute adecvate hartiilor

cerneluri.

securizate testate, la viteze diferite, péa
apariia fenomenului de smulgere (figura 4).

Rezistepa la smulgere

Una din problemele cu mari impligia
asupra calitii tiparului este rezistga la
smulgere a hartiilor, la o anurittombinaie
hartie securizat— cerned speciai. Standardul
ISO 3783: 2008 stabije metoda prin care se
masoa# rezistema la  smulgere a supraée
hértiei Tn timpul imprindrii. Determinarea

300

250

g

150

3

Rezistenta la smulgere, cm/s

9]
o

Determinarea rezistentei la smulgere a hartiei securizate.
utilizdnd cerneala speciald comparativ cu ulei vascos

o o —
O = -3 —+—Cerneald speciala

——Ulei viascos IGT

Pr.1 Pr. 2 Pr. 3 Pr. 4

Fig. 4 Rezisteqa la smulgere a hértiei securizate
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Din analiza rezultatelor Tnceidlor
pentru Pr.1 + Pr.4 (Pr.1-1%; Pr.2-5%; Pr.3-10%;
Pr.4-15%), cu adaos de element cu alisoiib
IR, putem observaiacezistema la smulgere este
sensibil mai mare in cazul tést cernelurilor
speciale. Aceasta se datorgazomponetilor
cernelii care asigdr o fiabilitate sporéi la
imprimare, faa de uleiul vascos. Pentru
interpretarea rezultatelor, se utilizéavalorile
de referina prevazute in standargi se constdt
ca rezistema la smulgere este ,,foarte Alnatat
n ceea ce priwte cerneala speciatatsi hartia
securizat utilizata pentru efectuarea
esantioanelor de lucru.

Determinarea imprimabilitiii

O alta caracteristia importani este
determinarea imprimabifitii. Standardul STAS
7263-79 stabilge metoda de determinare a
imprimabilitatii hartiillor, prin care se #soah

capacitatea de transfer a cernelii speciale pe

aceasta putand provoca
precum: maculajul

hartia securizéat
fenomene nedorite
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(copierea), pifuirea sau stibaterea suportului
de atre cerneala de tipar.

Aceast determinare se realizeaZn
minipresa IGT cu dautipuri de cerneluri — una
standardsi cealali o cernea speciad (cu
coninut de element cu absaid in IR 5%), pe
epruvete de hartie securizaPentru precizigi
acuratee s-au efectuat determannpe trei seturi
de santioane compuse fiecare din 10 epruvete.
Practic, se cerneluyie forma de imprimare cu
cerneal standardsi cerneai speciai progresiv
de la 0,1 + 1crhsi apoi se imprim o epruvet
de hartie securizat Se determiin cantitatea de
cerneal preluaii de epruvet si se calculeaz
capacitatea de transfer. In momentul efadtu
testului s-a observat 4c cerneala special
aplicat in strat sufire, nu prezirt aglomedri
ci realizeaZz un film continuusi uniform pe
suprafaa  vaturilor de cerneluire, iar
uniformizarea se realizeain 10 minute.

Determinarea capacitatii de transfer a cernelii speciale
comparativ cu cerneala standard

Sl

Capacitatea de transfer, %

89,5 |
89

88.5
Pr.1 Pr.2

== Cerneald standard

=— Cerneala speciala

Pr.3

Fig. 5 Capacitatea de transfer a cernelii speciale

Inspectate vizual cu ajutorularhpii
aparatului IGT, cele trei seturi de epruvete
testate prin imprimare cu cerngabpeciai
respectiv cernealstandard, nu prezihsmulgeri
si /sau particule de praf. Cerneala special
compud din particule omogeneapunde mai
mult sau mai ptin in suport, ird 3 se separe n
doui faze, in funge de porozitatea hartiei.
Rezultatul testului ne permitei safirmam @,
cerneala special olxinuta Tn laborator este
calitativ corespuritoare pentru imprimare

(figura 5), avand n vedere neuniformitatea
epruvetelor supuse tégt. In acelai timp, se
poate apreciaag epruvetele de hartie securizat
utilizate la testare prezinht caracteristici
superioare, propice procedeului de imprimare.
Detecia elementului de securizare din cerneala
special — presupune inspectarea supeife
filmului de cernea depus pe suport cu un
detector, pahla emiterea semnalelor acustice
sau vizuale corespufitbare acestuiéfigura 6).
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Fig. 6 Detegda elementului de securizare din cerneala spécial

CONCLUZII

Cernelurile speciale prezinun mare interes
in domeniul securizii imprimatelor de
valoare, datorit proprietitilor specifice pe
care le au elementele de securizaretinate
Tn acestea;

Proprietitle  elementelor de securizare
utilizate Tn olinerea cernelurilor speciale, se
adapteaz aplicaiilor, prin dimensiunea
particulelorsi compoziia chimic, in vederea
compatibiliiti cu substatele ce compun
cernealai destinaia lor;

Respectarea coniior optime de olinere a
cernelurilor speciale, respectiv
compatibilitatea, temperaturasi  pH-ul
sistemului, au condus la fiherea unor

rezultate pozitive, confirmate de analizele
efectuate n laborator;
Rezultatele  experimedrilor  preliminare

demonstrea ca cerneala poate fi securizat
cu diferki markeri, urmand ca problemele care
au ajrut pe parcursul desfurarii cercetirii

si fie rezolvate n cadrul experiméritor
viitoare;

Suginerea unui sistem integrat de securizare a
imprimatelor de valoare presupune
securizarea suportului, a cernelii precgim
descoperirea sistemelor de deiepotrivite.
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Rezumat

Lucrarea descrie indicatorii prin care se apreciaza capacitatea de reciclare a
maculaturii. Principalii indicatori de influentd sunt compozitia maculaturii si
continutul de materiale neutile. Alti indicatori sunt distributia lungimii fibrelor si
continutul de material fin, continutul de materiale lipicioase, capacitatea de
descernelizare, numarul de reciclari a fibrelor. Fiecare indicator este discutat
privind semnificatia, importanta si se indica standardul sau metoda de determinare.

Cuvinte cheie: maculaturd, capacitate de reciclare, indicatori, standarde,
Abstract

The paper deals with the indicators used for quantifying the recyclability of paper.
The main factors of influence are composition of paper for recycling and its
unusable material content. Other indicators are length distribution of fibers and
fines content, stickies content, deinkability, recycling number of fibers. Each
indicator is discussed regarding its semnification, its importance and the standard

2015, vol.64, nr. 4

or measuring method is indicated.

Key words: paper for recycling, recyclability, parameters, standards

INTRODUCERE

Capacitatea de reciclasemaculaturii este
0 naiune complei caretine seama de intregul
ciclu de procesare a hartiei pentru reciclare:
origineasi calitatea hartiei, modul de colectagie
calitatea sod#rii, sortimentul de macultér
coniinutul de impurititi si natura lor, tehnologia
de prelucrare a maculaturii in fakric
(destamarea, sortarea, epurarea, comportarea pe
masina de hartie), sortimentul de héartie care se
producesi caracteristicile acestuia. Nu exisb
procedud unitaé si standardizét prin care § se
evalueze capacitatea de reciclare a hagtieare
si tind seama de tbfactorii care o determin De
aceea, capacitatea de reciclare se apieqdn
modul de comportare a maculaturii in opdea
de prelucrare: dedimare, sortaresi epurare,
descernelizare si albire, precum si  prin
comportarea pastei de maculatda fabricarea
hartiei. Spre exemplu, Tn cazul maculaturii pentru
descernelizare, capacitatea de reciclare se

apreciaz prin intermediul determifrii capacifitii
de descernelizare, conform metodei INGEDE nr.
11, [1].

INDICATORI PENTRU
APRECIAREA CAPACIT ATII DE
RECICLARE A MACULATURII

Printre cei mai importanindicatori prin
care se apreciaz capacitatea de reciclare a
maculaturii se nu#ra compoziia maculaturiisi
continutul de materiale neutile. Al indicatori
importani sunt distribgia lungimii fibrelor si
coninutul de material fin, capacitatea de
descernelizare, cgnutul de materiale lipicioase,
numarul de reciclri a fibrelor.
Aceste caracteristici deterndinpotenialul de
reciclare a fibrelor secundare, definit ca raportul
dintre valorile indicilor de reziste¢h a hartiilor
ohtinute din fibre secundarg cele ale hartiilor
ohtinute din fibre virgine. Poteialul de reciclare
mai depindesi de compozia pastei fibroase,
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intensitatea procesului deioinare, de incleierea
si de umplerea héartiei, de uscaiiede calandrare
[2]. Tn continuare se trec In revsprincipalii
indicatori prin care se apreciazapacitatea de
reciclare a maculaturii.

Compozitia maculaturii pe sortimente de hartie
este de importga majoia pentru capacitatea ei de
reciclare. Maculatura se sort@azsi se
comercializeaz conform standardului EN 643 n
care se precizeazcompoziia fiecirei clase de
maculatug. [3]. Compoziia maculaturii pentru
descernelizare se poate determina prin ingpec
vizualh Tn cazul maculaturii livrate Tn vrac
(metoda INGEDE nr. 7) sau in baldmetoda
INGEDE nr. 8). Metoda INGEDE nr. 14 came
procedura pentru determinarea gravimetria
compoziiei maculaturii si se folosgte pentru
verificarea rezultatelor gimute prin inspefe
vizuah sau pentru determinarea compigzi
oricarui lot de maculatdr, tabelul 1. Cu aceast
ocazie se determinsi continutul de materiale
neutile din maculatar

Continutul de materiale neutiledin hartia pentru
reciclare este definit in standardul EN 643
.European List of Standard Grades of Recovered
Paper and Board”. In acest standard se clasific
materialele neutile din maculaiurin dou
categorii: contamingii (non-paper components)
si hartile si cartoanele #umtoare pentru
fabricaie (paper and board detrimental to
production). Contaminain sunt definii ca orice
materiale s#ine din hartia reciclat care pot
deteriora echipamentele de lucru, pot ntrerupe
procesul de prodtie sau afecteazcaracteristicile
hartiei fabricate. Standardul EN 643 precizeaz
tipul contaminatilor din maculatug: corpuri
metalice, materiale plastice, siicl materiale
textile, lemn, pietd si materiale din construic,
materiale sintetice, hartii sintetice. Contamigian
din maculatut sunt foarte difeti Tn privinta
dimensiunilor, formeisi densititii. Nu exist un
standard special dedicat pentru determinarea
continutului de contaminandin maculatut, dar
prin sortare manual se poate determina
continutul de contaming dintr-un anumit lot de
maculatui (metoda INGEDE nr. 14). Cgnutul

de contaminagh se exprind procentual fg de
maculatura nesortat In standardul EN 643 se
stipuleaz faptul @ sortimentele de hartiei
carton dunitoare pentru fabrigee se stabilesc de
catre fiecare produttor de hértie. Standardul EN
643 precizeaz pentru cele mai multe clase de
maculatui si  continutul maxim admis de
materiale neutile.
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Umiditatea maculaturii este o caracteristic
monitorizat atent de produtorii de hértie. Ea se
refedd la umiditatea relativ care reprezirt
raportul dintre masa apei masa materialului cu
umiditate, exprimat procentual. Umiditatea
maculaturii depinde de compggi, de condiile
climatice din timpul coledérii si transportuluisi

de condiile de depozitare. Umiditatea se
determiri pe loturi de maculatar la recege,
folosind metode rapide care folosesc bgdbncu
microunde sau, mai ales, umidometre speciale
pentru maculatdr, cu sau dra sonde, prin care se
determirdi operativ umiditatea maculaturii sub
forma de balai.

Continutul de materiale lipicioase din pasta de
maculatui are un impact deosebit asupra
fundionirii masinii de héartiesi caracteristicilor
hartiei. Materialele lipicioase sunt amestecuri de
substare de natut polimeria, cu caracter
hidrofob, care preziat tendind de depunere
ridicati pe echipamentele riaii de hartie si
afecteaz fungionarea acesteia, precursi
calitatea hartiei. Materialele lipicioase au la
origine substagele polimerice care intr in
compoziia pastelor de cretare, cernelurilor,
adezivilor, #sinilor si aditivilor folositi la
fabricarea hartieisi a produselor papetare. Se
deosebesc materiale lipicioase primarg
secundare. Materialele lipicioase primare sunt
introduse cu maculatura, iar cele secundare se
formeaz n pasta de maculatuprin precipitarea
substagelor polimerice coloidalsi dizolvate Tn
condiiile modificarii pH-ului, temperaturii sau a
altor parametri in timpul prelumi pastei de
maculatui. Se mai deosebesc materiale lipicioase
formate din particule cu dimensiuni mari, peste
0,1 mm (macrostickiesyi materiale lipicioase
care cofgin particule cu dimensiuni mici, sub 0,1
mm (microstickies).

Cantitativ, materialele lipicioase se deterfnmmin

urmatorii indicatori:

- numirul de particule pe suprafa(m?) sau pe
unitate de masde material a.u (kg);

- suprafga totai a particulelor (mf) pe
unitate de suprafa (m?) sau pe unitate de
mas de past (kg);

- categoria de particule (macrostickies sau
microstickies) pe unitate de suprgfsau pe
unitate de masde past.

Metodele de Tincercare vizéazdeterminarea

coniinutului  total de materiale lipicioase,

determinarea caimutului de macrostickiesi de
microstickiessi se bazeaizpe:

- extragia cu solvefi (tetrahidrofuran sau
diclormetan) se folog&e pentru determinarea
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cantititii totale de materiale lipiciose din pasta
de maculatut, din hartie sau din depuneri;

- preluarea materialelor lipicioase prin transfer
pe hartie siliconat urmat de identificare
prin analiz de imagine sau prin scanare.

Pentru determinarea macrostickies-urilor exist

mai multe standarde care nu difeesemial:

TAPPI — T 277 om-07, INGEDE nr. 4, ISO

15360-1:2006i 1ISO 15360-2:2001.

Pentru determinarea microstickies-urilor se separ

din pasi macrostickies-urile prin sortare iar

acceptul, care cqgime microstickies-urile, se
extrage cu solven organici care dizolw
materialele lipicioase. Acestea se detefmin
cantitativ prin metode cromatografice. Alte
medode folosesc dozarea gravimetricprin
comparge cu o prob de material fibros lipsitde
materiale lipiciose, (metoda INGEDE nr.17) sau
se bazeaz pe precipitarea provocat a
microstickies-urilor (metoda INGEDE nr.6), [4].

Capacitatea de descernelizare este o
componert majola a capacitii de reciclare a
maculaturii care se refematat la efortul cerut de
operaia de descernelizare (consumul de
chimicale, de energie etc) cét la nivelul de
calitate a pastei de maculatur dup
descernelizare. Capacitatea de descernelizare se
apreciaZ prin mai muti parametri: crgerea
gradului de alb, gradul de eliminare a cernelii,
randamentul la descernelizare, consumul de
reactivi etc. Capacitatea de descernelizare difer
functie de sortimentul de maculaiiyiar in cadrul
aceluigi sortiment, difei de la lot la lot funge

de numergi factori: compozia maculaturii din

lotul prelucrat, cotinutul de impuritti,
procedeele de imprimare ale hartiillor componente,
varsta  maculaturii  etc. Capacitatea de

descernelizare se apredgmin teste de laborator

care reproduc opeithe care se desfoam n

fabrici. Unele teste sunt standardizate iar altele

sunt dezvoltate de institutelg¢ asociaiile care
elaboreaz metodele de analizsi testare in
domeniul procesii hartiei pentru reciclare:

-  metoda INGEDE nr. 11 descrie procedura de
evaluare a capaditi de descernelizare a
sortimentelor de maculatumprin flotaie. Se
prezint n detaliu fiecare etapde lucru,
incepand cu modul de prelevare a probelor de
maculatui si terminand cu testarea pastei de
maculatui descernelizat Modul de lucru
contine si 0 etafa de imlatranire artificial a
maculaturii. Pe baza acestei metode, seaaloc
scorul la descernelizare, aargi valoare
maximi este 100 puncte. Capacitatea de
descernelizare se apredaza: bui (71-100
puncte), medie (51-70) sau red{8-50), [5].

2015, vol.64, nr. 4

-  metoda dezvoltat de institutul
Papiertechnische Stiftung — PTS, Muenchen,
(metoda RH 021/95), evalugazapacitatea de
descernelizare a sortimentelor individuale de
hartie reciclat, Tncercate separat (ziare,
reviste, hartii de birou etc);

- standardul DIN 54 606-T01 descrie metoda de
determinare a capadfii de descernelizare

prin flotaie, aplicabifi oricirui tip de
maculatui tiparita [6].
Cei mai importati indicatori prin care se

apreciaZ eficierta procesului de descernelizare a
maculaturii sunt crgerea gradului de albsi
randamentul de descernelizare.

Cresterea gradului de albeste cel mai important
parametru prin care se apediaficierta operégei

de descernelizare a maculaturii. Gradul de alb al
pastei de maculatiir descernelizét reprezini
factorul de reflectagi a luminii cu lungimea de
unda de 457 nm, @surat pe un strat de fibre
suficient de gros astfel ca lumina transivss fie
zero. Proprieitile optice ale pastei de maculiur
descernelizat se determiln conform metodei
INGEDE nr. 2.

Randamentul la descernelizare reprezini
raportul dintre cantitatea de paste maculatur
descernelizat i cantitatea  intrat la
descernelizare (exprimate ca material asu.3e
exprima procentual. Randamentul la
descernelizare depinde de sortimentul de
maculatug, de nivelul gradului de alb al pastei
descernelizate si de tehnologia folosit la
descernelizare [7].

Selectivitatea procesului de descernelizarse
apreciaZz prin intermediul factoruluiZ, care
reprezind raportul dintre crgerea gradului de alb
(unitat) si pierderea de material fibros (in
procente), [8].

Alti indicatori prin care se apreciaz
capacitatea de descernelizare sunt gradul de
detgare a cernelii, gradul de eliminare a cernelii
si concentrgia cernealei reziduale din pasta
descernelizat

Gradul de detasare a cerneliise refei la nasura
in care particulele de cerngale detgeaz de pe
fibre si se elimirh din pasta de maculatur
Particulele de cernealdin materialul fibros se
determira prin masurarea coeficigitor de
absorlie a luminii la 457 nm ai pastei de
maculatui nedescernelizat si ai pastei dup
descernelizare. Gradul de dete a cernelii se
determird conform metodei INGEDE nr. § se
exprima procentual.

Gradul de eliminare a cernelii se refei la
masura in care particulele de cerrieaé elimira
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in procesul de descernelizare a maculaturii.
Particulele de cernealdin materialul fibros se
determiri prin masurarea coeficigitor de
absorlie a luminii la 700 nm a pastei de
maculatu nedescernelizat si a pastei dup
descernelizare. Gradul de eliminare a cernelii se
determird conform metodei INGEDE nr. 1§ se
exprima procentual.

Concentratia cernelei reziduale se refel la
cerneala care maimane in pasta de maculatur
dupa descernelizare. Conceniea cernelei
reziduale se deterniinprin masurarea factorului
de reflectati la lungimea de uridde 950 nm (in
infrarosu), cu care se calculeazoeficientul de
absorlie a luminii pentru foaia de maculaiur
descernelizat Concentrga cernelei reziduale se
exprimi ca raportul dintre coeficientul de
absorlie a luminii a foii si coeficientul de
absorhie a luminii a cernelei, determinandu-se
cifra ERIC (Effective Residual Ink Concentration
- ERIC number). Metoda este desgridn
standardul 1ISO 22754:2008 sau TAPPI T 567 pm-
97, iar cifra ERIC se exprifinin parti pe milion
(ppm), [9].

Capacitatea de reciclare a maculaturii se mai
poate aprecia prin urmatorii parametri:

Durata de umezire a maculaturii se refex la
timpul necesar pentru ca maculatura intradimns
hidrapulper & absoarb api in intreaga mas
Prezema apei reduce substal rezistega
lecaturilor dintre fibre, ceea ce favorizeaz
individualizarea lor in procesul de dastare.
Sortimentele de maculaturse deosebesc Tin
privinta duratei de umezire, in fuie de gradul
de incleieresi de alte tratamente aplicate hartiei.
Durata de umezire influggaz timpul de plutire a
hartiei Tn hidrapulpesi viteza de desimare, deci
determirdi  productivitatea hidrapulperuluisi
gradul de desimare a pastei de maculatur
Masurarea rezistegi hartiei la ftrunderea apei
(standardul 1SO 5633:1983) dfemosibilitatea
aprecierii duratei de umezire a maculaturii.

Durata de destiamare a maculaturii se refex la
durata de prelucrare a maculaturii Tn hidrapulper
necesar pentru olgnerea unei paste pompabile.
Durata de destmare influemeaz productivitatea
hidrapulperuluisi consumul specific de energie la
destamare. Pentru hidrapulperele cu ftionare
continui, durata de destmare se determinprin
introducerea unor trasori in maculatura alimentat
in hidrapulpersi determinarea duratei Tn care
trasorii apar in pasta pompatlin hidrapulper.
Durata de destmare se expriin minute, [10].
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Continutul de material nedestamat din pasta
de maculatura (flake content of slushed plilpe
referd la coninutul de fragmente de hartigmase
nedestimate din pasta de maculatumai ales in
pasta obnuta la hidrapulper. Cainutul de
material nedesimat se determih prin sortarea
pastei de maculatiurpe site calibrate cand se
determiri nu numai cofinutul de fragmente de
hartie cisi continutul de aglomeiri de fibre,
precumsi fibrele lungi, scurtesi materialul fin.
Incercarea se efectugazonform standardului
TAPPI T 270 pm-88, iar cgmutul de material
nedestimat se expritprocentual.

Gradul de individualizare a fibrelor (degree of
fiber individualization), denumit si grad de
destamare, reprezititraportul dintre cantitatea de
material transformat Tn fibre individualizate
cantitatea de maculatur (exprimai fara
contaminati) introdugi la destimare. Gradul de
individualizare se apreciaz indirect prin
determinarea camutului de material nedegmat
din pasi (standardul TAPPI T 270 pm-88) se
exprima procentual.

Continutul de material fin din pasta de
maculatura se refef la coninutul de material fin
din pasta de maculaturin diferitele etape de
prelucrare sau in pasta alimeatd maina de
hartie. Pasta de maculatucontine o cantitate
sensibil mai mare de material fin decat celuloza,
ceea ce influgeaz gradul de ricinare, precum

si procesele de formare-deshidatare a benzii pe
sita mainii, deshidratarea in presele umegie
uscarea. Cgmutul de material fin se expririn
procente de méssi se determii prin clasarea
fibrelor cu aparatul Bauer McNett conform
SCAN-CM 6:05. Cofinutul de material fin se
poate determing folosind un clasor cu o singur
sita, (Brittdar), conform TAPPI T 261 cm-00,
[11].

Continutul de particule dispersatesi coloidale
se refel la coninutul total de particule dispersate
sau aflate Tn stare coloidaldin pasta de
maculatui, apele grase de la giaa si de la
instalgiile de tratare a apelor grase (suma dintre
substatele cu caracter anionic, materialul fin,
materialul de umplersi particulele de materiale
lipicioase). Principiul metodei de determinare
consti in aglomerareasi precipitarea acestor
materiale cu polimeri cationigi determinarea lor
pe cale gravimetric Incercarea se efectugaz
conform metodei INGEDE nr. 6i se exprind
g/kg material fibros sau in gfrapi grasi.
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Gradul de cornificare a fibrelor. Cornificarea
fibrelor este un proces ireversibil care reduce
accentuat capacitatea de prelucrare a fibrelor
secunadre. Cornificarea fibrelor este cauza
principak a reducerii capaditii de umflare in ap

a fibrelor secundare. Gradul de cornificare se
masoa# prin compararea cifrei de retea apei
(Water Retention Value — WRV) a fibrelor
secundare cu a celor virging se exprini n
procente, [12].

Numarul de reciclari a fibrelor se refei la
faptul & fibrele celulozice din maculatirau
parcurs cel pin o dat ciclul de fabricare a
hartiei. Fibrele celulozice se degradeaz
ireversibil, printr-un proces complicat, cu atatima
mult cu cat nurirul de reciciri este mai mare.
Cele mai importante transfoam ale fibrelor sunt
reducerea lungimiisi scaderea capaditii de
umflare, cu efecte negative asupra procesului de
fabricare a hartiegi calititii acesteia. Prin studii
de laborator s-a stabiliticfibrele celulozice i
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epuizeai propriettile papetare dup4-6 recichri.

In condiii industriale este practic imposibii se
determine cu suficieait precizie nurirul de
reciciri a fibrelor dintr-un anumit lot de
maculatui. Prin studii model s-a stabilitac
numarul de reciciri depinde de sortimentul de
hartie din care provine maculatura, de rata de
reciclaresi de rata de utilizare ale maculaturii
dintr-o anumil regiune, precurgi de sortimentul
de hartie care se fabiiicCreterea nurarului de
reciclri a fibrelor secundare intr-o anumizori
este percepatde produstorul de hartie mai ales
prin reducerea treptata caracteristicilor de
rezistema ale hartiei, [13].

in tabelul 1 se preziatlista metodelor INGEDE
folosite pentru testarea sortimentelor de
maculatui pentru descernelizare, a maculaturii
descernelizate si pentru aprecierea efigien
procesului de descernelizare a maculaturii. Pentru
exactitate, s-a gstrat denumirea original a
metodelor in limba engléz

Tabelul 1Lista metodelor INGEDE, [14]

INGEDE Methods

Definition

INGEDE Method 1
Characteristics (2007)

Test Sheet Preparation from DeirlRelip for Measurement of Optical

INGEDE Method 2
processes (2011)

Measurement of optical charactiessbf pulps and filtrates from deinking

INGEDE Method 3

Optical evaluation of deinkingrfites

INGEDE Method 4

Analysis of macrostickies in pulps (2013)

INGEDE Method 5
processes (2011)

Measurement of optical charactiessbf pulps and filtrates from deinking

INGEDE Method 6

Determination of Potential Secogdstickies by Cationic Precipitation (2009)

INGEDE Method 7

Visual Inspection for Recovered &dpr Deinking, Unbaled Delivery (2009)

INGEDE Method 8

Entry Inspection of Baled Recovelegber for Deinking

INGEDE Method 9

Testing of adhesives for their dgpon propensity in PM dryer section

INGEDE Method 10

Quantitative Evaluation of the Elkmination (IE) during Deinking

INGEDE Method 11
method (2012)

Assessment of Print Product Rexdyitity — Deinkability Test Adaption of the

INGEDE Method 12

Assessing the Recyclability olnBd Products —
Testing of Fragmentation Behaviour of Adhesive Aggiions (2013)

INGEDE Method 14

Gravimetric Determination of Reemd Paper Composition (2009)

INGEDE Method 16-1

Testing recovered paper to cagdeoloration in pulp and filtrates. Part 1:
Visual assessment (2011)

INGEDE Method 17

Assessment of microsticky testhods (2011)

INGEDE Method 18

Entry inspection of paper for rdayg —
Catalogue to identify printing and finishing teclogies (2015)
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CONCLUZII

1. Capacitatea de reciclage maculaturii este o

notiune complex caretine seama de ntregul
ciclu de procesare a hartiei pentru reciclare:
originea si calitatea hartiei, modul de
colectaresi calitatea sod#rii, sortimentul de
macultus, continutul de impurifiti si natura
lor, tehnologia de prelucrare a maculaturii in
fabrica, sortimentul de hartie care se produce
si caracteristicile acestuia. Nu existo
procedud unitai si standardizat prin care 8

se evalueze capacitatea de reciclare a
maculaturii si care 4 tind seama de b
factorii care o determin

Principalii factori care influeggeaz
capacitatea de reciclare sunt comgazi
maculaturiisi coninutul de materiale neutile.
Alii factori sunt distribtia lungimii fibrelori
continutul de material fin, camutul de
materiale lipicioase, nufirul de reciciri a
fibrelor. Capacitatea de descernelizare este o
componert majoi a capacitii de reciclare a
maculaturii. Exist metode prin care se
apreciaz influenta principalilor factori care
determiri  capacitatea de reciclare a
maculaturii.
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Rezumat

Materialele utilizate pentru izolarea termica joaca un rol important Tn obtinerea
eficientei energetice a cladirilor, iar Tn prezent sunt disponibile sub diferite forme
structurale si tipologii. In ultimii ani, datorita preocuparilor tot mai accentuate privind
poluarea si reducerea resurselor pe baza de petrol, materialele biodegradabile si
din resurse regenerabile au atras tot mai mult atentia cercetatorilor. in prezent,
utilizarea fibrelor naturale in locul fibrelor sintetice ca agenti de ranforsare a
materialelor compozite este apreciatd datoritd avantajelor pe care acestea le
prezinta: au pref de cost redus, sunt biodegradabile si non-toxice, provin din materii
prime regenerabile, prezinta densitate redusa si proprietati mecanice foarte bune.
In acest context, in lucrare sunt prezentate rezultatele obtinute In urma evaluarii
calitative a unor structuri compozite cu matrice minerala si aditivi naturali,
ranforsate cu fibre lignocelulozice din deseuri de rapita (Brassica napus). Astfel, in
cadrul programului experimental au fost realizate materiale compozite cu
dimensiunea de 90 x 90 x 10 mm, uscate la aer si calcinate la 950C care au fost
caracterizate din punct de vedere al proprietatilor specifice materialelor de
constructii, cum ar fi: capacitatea de absorbtie a apei, conductivitate termica,
proprietati mecanice. in urma analizei rezultatelor obtinute se apreciaza ca adaosul
de fibre vegetale are ca efect reducerea conductivitati termice si implicit
imbunatatirea capacitatii de izolare termica a materialelor compozite studiate.

Cuvinte cheie: Materiale compozite, izolare termicd, fibre lignocelulozice,
conductivitate termicg

Abstract

The thermal insulation materials play an important role in obtaining the energy
efficiency of buildings being in the last time available in various structural forms and
types. In recent years, due to the growing concerns regrading the environmentally
pollution and reducing petroleum based resources, the biodegradable materials
from renewable resources have attracted more in more the interest of researches.
Currently, the use of natural fibres as reinforcement agents in composite materials
is appreciated due to their advantages comparing with synthetic fibres: low cost,
non-toxic, biodegradable, abundant, low density and very good mechanical
properties. In this context, the paper presents the obtained results after qualitative
assessment of composite structures with mineral matrix and natural additives
reinforced with lignocellulosic fibres from rapeseed (Brassica napus) wastes. Thus,
in the experimental programme were realised the composite materials with
90x90x10 mm dimensions, air dried and calcined at 950C, that were characterised
in terms of specific properties of building materials, such as: water absorbtion,
thermal conductivity and mechanical properties. Based on results analyzing it is
estimated that the addition of natural fibres has the effect of reducing the thermal
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conductivity thus
composite materials.

improving the thermal
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insulation performance of studied

Key words: Composite materials, thermal insulation, lignocellulosic fibres, thermal

conductivity

INTRODUCERE

Uniunea Europedna stabilit ca obiectiv
pentru anul 2020 reducerea consumului de energie
primafi cu 20%. Conform Directivei 2006/32/CE,
se solicit statelor membre ca périn 2016 &
adopte indicativul ngonal global de 9% in ceea
ce priveste reducerea consumului de energie, prin
punerea in aplicare a serviciilor energetitea
altor masuri de Tmbuatitire a eficienei
energetice. [1,2]

Tindnd cont de direidle ce trebuie
adoptate n urittorii ani de fiecare stat al Uniunii
Europene, este necesdr & gseass resursesi
materiale care, utilizate in consttiile civile si
industriale ca materiale izolatoare, dué cat
mai mult consumul de energie.

In Romania, aceastirectiva a Thceput a
fi pusa in aplicare (deocamdatla un nivel
scizut), prin utilizarea polistirenului expandat la
izolarea termig a chdirilor.

in cele mai multe situa de izolare
termici a chdirilor din Roméania se utilizeaz
materiale mai ieftine, clasificate détie Agenia
de cercetare a cancerului dr@griculoase pentru
om

Cele mai utilizate materiale folosite n
vederea reabilitii termice a ddirilor sunt:

- polistirenul expandat (EPS - EN13163);
- polistirenul extrudat (XPS - EN13164);
- produse otinute din vai minerai (EN

13162);

- produse ofinute din spura rigida din

poliuretan (PUR - EN 13165);

- produse fabricate din spanfenolica (PF

- EN 13166);

- produse otinute din stici celulat (CG —

EN 131167);

- produse ofinute din vai de lemn (WW —

EN 13168);

In prezent, au fost intreprinse o serie de
cercedri in vederea identifirii unor solduii
performante pentru izolarea teria chdirilor
care 4 utilizeze materiale ,prietenoase mediului*.

Aceste materiale sunt constituite din fibre
naturale cuprinse intr-o matrice de polimeri pe
baz de bio-liani din resurse regenerabile, iar
utilizarea lor tinde & rezolve o parte din aceste
probleme legate de medigi de ginitatea
populaiei. [3]

Materialele cu structédr bio-compozil
utilizate ca materiale termoizolante pentru
cladirile de locuine si infrastructud sunt
materiale noi, emergente, care pot juca un rol
semnificativ in urritoarea genetee de materiale
utilizate Tn acest domeniu.

Dezvoltarea de materiale durabile, ca
alternativd la materialele pe bazde petrol sunt
soluii cautate pentru a reduce depen@erde
importurile de petrol, pentru a reduce emisiile de
dioxid de carborsi pentru a genera mai multe
oportuniéiti economice pentru sectorul agricgl
forestier.

Disponibilitatea cercétii Tn  sensul
identificarii de materii prime compatibile din
resurse regenerabilg dezvol@rii unor materiale
sustenabile de tipul structurilor bio-compozite
ofera posibilitatea de protejare a mediului, de
reducere a consumului de energie, prin
propriettile lor de izolare termicsi fonica si de
reducere a emisiilor compusilor organici volatili.
[4.5]

Dezvoltarea acestor materiale noi, cénst
atat in inlocuirea fibrelor de armare sintetice cu
fibre naturale catsi a matricii polimerice din
materialele compozite césini de tip biopolimer.
Interesul pentru utilizarea fibrelor naturale in
materialele compozite este gosat de faptul &, in
comparde cu fibrele anorganice, fibrele naturale
prezink o serie de avantaje dintre care pot fi
evideniate:

* densitate redds

* costuri mici,

» abrazivitate redus pentru echipamentele
de prelucrare,

* sunt biodegradabile,

* prezink pericol sdzut la prelucrare (nu
sunt toxice),

* au proprieiti de rezistethi mecanié
comparabile cu ale fibrelor minerale
(modul elastiai rigiditate),

» nivel ridicat de inglobare a materialelor de
umplere.

Faa de fibrele minerale (fibrele de stcl
si fibrele carbon) care sunt fragile, fibrele
lignocelulozice preziitflexibilitate si elasticitate,
permiadnd meginerea unui aspect de foimdicat
in timpul procesrii. [6,7,8]

Organizaia ,The Technology Road Map
for Plant/Crop - sponsorizat de Departamentul
American de Energie (DOE), si-a propus ca
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obiectiv tinta pari in anul 2020, ca 10% din
materiile prime de baz utilizate pentru
construgia cladirilor sa fie Tnlocuite cu resurse
regenerabile derivate din plante, avand deja
planificate concepte de dezvoltare pentru gineb
0 cretere contind de péa#d la 50% Tinainte de
2050.

Pe de alt parte, fibrele naturale reprezint
0 materie prird regenerabil anual astfel incéat ele
constituie practic o resursielimitaé. Alt avantaj
al utilizarii fibrelor naturale in matrici (bio)-
polimerice congt Tn faptul @ modificarea
suprafeei fibrelor lignocelulozice nu este
necesar pentru a imbuititi adeziunea, in cazul
compozitelor biodegradabile, avand in vedere
natura chimig hidrofila, similafa atat pentru fibre
cat si pentru matricea biopolimed¢c spre
deosebire de sittia utilizérii polimerilor sintetici,
care au caracter hidrofoki pentru care este
necesar compatibilizarea suprafa fibrei pentru
o bura dispersie in matricea polimeii{9]

Proprietitile tehnice ale materialelor
compozite ca produse termoizolante

Densitate aparernit

intre densitatea aparéntsi valoarea
conductivifitii termice a unui material existo
strang legitura, Tn sensul & un produs cu
densitate aparentmica este mai bun izolant
termic decat un produs compact, cu densitate
aparert mare. Astfel, produsele cu densitate
aparent mica au un volum de goluri de aer mai
mare. Trebuie precizat groprietitile de izolare
termica nu depind numai de procentul de goluri, ci
depindsi de dimensiunea golurilgsi mai ales de
faptul & golurile de aer trebuieisfie inchise,
astfel Tncat & nu comunice unul cu altul sau cu
mediul extern.

Trebuie semnalat faptul ¢ produsele
termoizolante sub forin de fibre, au o
conductivitate termic mai mic decéat produsele
care includ pori mici incki, ca efect al
transferului termic prin convede, care se
manifesi Tn spaiile libere dintre fibre. Astfel,
pentru acest tip de produse termoizolante,
conductivitatea termic optimia se oline la o
anumit valoare a dengifii aparente, nu la
valoarea cea mai ni@a acesteia.[10]

Conductivitate termid
Conductivitatea termic

caracteristica es@mla a unui
termoizolant.

reprezini
material
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Conductivitatea termic depinde de
densitatea aparentsi implicit de volumul de
goluri (pori), dar in mod esgral depinde de:
distribusia uniformz a porilor in ntreg volumul,
de dimensiunea porilagi de faptul ca porii § nu
comunice unul cu altul respectiv intreaga
suprafaa laterak a fiecirui por s fie marginita de
matricea solid a materialului. [11]

Pentru produsele termoizolante sub farm
de fibre, valoarea cea mai dua conductiviitii
termice se ofine in cazul unei anumite valori a
densititii aparente, respectiv pentru cazul in care
spaiul de aer dintre fibre are grosimea optim

Capacitatea de izolare terria unui corp
este invers propgonak cu conductivitatea
termic a corpului considerat.

Conductivitatea termic a fibrelor
naturale diferd de la un tip de fildr la altul, dar
comparativ cu conductivitatea aerului este mult
mai mare. Astfel, conductivitatea fibrelor de dan
este de 7,3 ori mai mare decat a aerului, iar a
fibrelor de bumbac de 17,5 ori.

Pentru a fi considerat termoizolant, un
material trebuie & Tndeplineast urmitoarea
condiie: conductivitatea termicde calcul % fie
mai mici sau cel mult egalcu 0,10 W/(rfK).

Comparativ cu alte materiale utilizate in
prezent in procesul de izolare tering chdirilor,
conductivitatea termica fibrelor lignocelulozice
este mai redus ceea ce constituie un argument
important in recomandarea acestora ca {agkn
ranforsare ih materialele compozite utilizate la
izolarea termig a chdirilor.

Capacitatea de izolare terrhic a
materialelor compozite ce cfm fibre naturale nu
este dependentsemnificativ de naturai tipul
fibrelor, ci de cantitatea de aer tgaar intra-si
interfibrilar. Astfel, capacitatea de izolare tecii
a fibrelor sau a materialelor compozite careticon
fibre, va fi cu atat mai mare, cu cat structgira
starea de suprafaa acestora (prezencavittilor,
porozititilor etc.) va permite inglobarea unei
cantititi mari de aer stioonar.

Mai trebuie precizat & pentru produsele
din fibre, valoarea conductiviii termice depinde
de orientarea fibrelor Tn raport cu ditiecfluxului
termic. Astfel, cea mai mic valoare a
conductiviitii ternice se ofine in cazul In care
fibrele sunt orientate perpendicular pe dijig@c
linillor de flux termic, ca urmare a ndimului mai
mare de straturi de aer intersectate de fluxul
termic.

In cazul fibrelor orientate pe dirga
liniilor fluxului termic, valoarea conductivitii
termice este mai mare ca urmare a transferului
termic prin lungul fibrelor, &3 prezema unor
straturi de aersi prin spaiul de aer neinchis,
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dintre fibre, care favorizeazZformarea curegior

de aer. In plus, materialele compozite ranforsate
cu fibre lignocelulozice agi proprietti de izolare
fonica, comparativ cu alte tipuri de materiale
[12,13,14].

PARTEA EXPERIMENTAL A

Obiectivul  programului  experimental
consti in evaluarea proprigilor de izolare
termici a unor materiale compozite tofute din
resurse regenerabile: matrice mingrérgila si
perlit expandat) si fibre lignocelulozice din
deseuri agricole.

Materiale si metode

In cadrul programului experimental s-au utilizat

urmatoarele tipuri de materiale (figura 1):

» argila utilizata Tn mod obgnuit la ohinerea
caramizilor (diametrul particulelor de 150)

» perlit expandat — Harbolite 350 - sub forna
de pulbere cu diametrul mediu al particulei de
cca. 26

» fibre vegetale(lignocelulozice) din tulpini de
rapita — macinate paa la dimensiunea de 1 —
5mm

Argila Perlit expandat Fibre vegetale din

tulpini de rapia

Fig. 1 Materiale folosite la ofinerea
compozitelor
In scopul olinerii unor rezultate comparative, cu
materialele astfel prelucrate s-au format 2 serii
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experimentale de materiale compozite cu masa de
cca. 200 gi respectiv 50 gi dimensiunea de 90

X 90 x 10 mm cu propg@r diferite de materiale
mineralesi fibre vegetale (tabelul & tabelul 2).

Tabelul 1 Variante experimentale de materiale
compozite - Seria 1 matrice minefalrgila

Material | M1 | M2f |M3f |[M4f |M5f [M6f |M7f

Amestec 100
mineral de
argila si

alti
aditivi,%

98,5| 97,5 95| 925 90 88,75

Fibre 0 1,5 2,5 5 7,5 10
vegetale,%

11,25

Tabelul 2 Variante experimentale de materiale
compozite - Seria 2 matrice minefaerlit

expandat
Material p2f pP3f pP5f Po6f
Perlit 95 90 70 50
expandat,%
Fibre 5 10 30 50
vegetale,%

Fazele procesului tehnologic de tioere a
materialelor compozite sunt prezentate in schema
din figura 2.

Argila, perlit Uscarela
expandat temperatura
l 4 v camerei
Amestec matrice - -
Procesare tulpini de mineralafibre || Turnareinmatrife | I;:f::;:
rapita > vegetale Calcinare 1 orila
950°C
- |
Ap Evaluare
caracteristici
specifice

Fig.2 Schema generalle obinere a materialelor compozite
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Materialele compozite au fost
caracterizate din punct de vedere al
caracteristicilor fungonale specifice materialelor
utilizate n domeniul constrtigdor (placari
exterioare, sau umpluturi de ex.), astfel:

e absoria apei prin determinarea
diferenei de mas Tintre probele de
materiale compozite uscatg mostrele
saturate cu dp(timp de 24 ore la T =
27°C);

* pierderea de mas la calcinare prin
determinarea difergai dintre masa
probelor uscate la 105°@ masa probelor
dupi calcinare (timp de 1 #&da 950°C);

* apariia fenomenului de efloresa@n
(transferul  &rurilor  minerale  spre
exteriorul materialului compozit);

* densitatea volumetrit

» evaluarea conductivitii termice
Conductivitatea termic probelor de

material compozit s-a determinat in laborator cu
echipamentul tip HLC A 90 — aparat cu o sirigur
probi cu configurgie simetri@ metoda de
incercare utilizat este conform standardului SR
EN 12667:2002 “Performarya termiei a
materialelorsi produselor de constryie.

REZULTATE SI DISCUTII

in figurile 3si 4 sunt prezentate imaginile
materuialelor compozite @bute conform
retetelor prezentate anterior.

m2f M3f Maf
M5f Mef M7

Fig.3 Materiale compozite seria 1: argi}i fibre
vegetale
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P2f P3f

P6f

P5f

Fig.4 Materiale compozite seria 2: perlit
expandati fibre vegetale

Dupi cum se poate observa 1n figura 5,

absorlzia apei crete  cu adaosul de fibre
vegetale, cum era de staptat, datorit
caracterului  hidrofil  ridicat al fibrelor

lignocelulozice. Cantitatea de @pabsorbii
depinde pe de o parte de volumul golurilor din
structura materialului compozit, iar pe deaalt
parte de caracteristicile materialelor componente.
In acelai timp, un material compozit cu o
structui mare de pori (goluri) va avea un
coeficient redus de conductivitate termiceea
ce indi@ un material cu o bun capacitate
izolant.

Cantitatea de d@pabsorbii se afi in
limitele de 13,82 % pentru un adaos de fibre
vegetale de 11,25%, ceea ce congiterca
satisface ceriele calitative pentru ca aceste
materiale compozite is poati fi utilizate la
placarea pet#or exteriori.

Preciam <@ materialele compozite
ohtinute in seria 2, adaos petitfibre vegetale s-
au distrus Tn urma absaeidd apei timp de 24 ore.
Acest aspect se dator@arapaciiti mari de
absorlie a apei a perlitului comparativ cu argila.
(ca urmare, aceste materiale pot fi utilizate ca
materiale de umplutara structurilor de izolare
tip “sandwich”).
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16
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S 12
S 10
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s 8
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5 6
3 4
<
2 -
0
0 5 7,5 10 11,25
Adaos de fibre vegetale, %

Fig.5 Varigia absorliei apei in funge de adaosul de fibre vegetale — Seria 1
de materiale compozite

Pierderea de mas la calcinare a
materialelor compozite este atriduifn mare
parte cotinutului de materie orgaric

Se obser¥ ca cresterea adaosului de fibre
vegetale are ca rezultat gterea pierderii la
calcinare (figura 6). Fibrele vegetale ard in
timpul calcirarii materialelor compozite (fiind
reprezentate in cea mai mare parte de cempu
organici) ducand la apaa cenuii si a gazelor

40 -
35 A

30

20 +

15 +

Pierderela calcinare, %

10

de mas§ si densitate neglijabile care cresc
porozitatea produsului final cu efecte pozitive
asupra propriétilor izolatoare ale acestor
materiale.

Acest aspect este confirmat atat de
reducerea densitifii  materialelor compozite

obtinute Tn Seria 1 de experimérnit(figura 7 si
8), catsi de reducerea conductivitii termice a
acestor materiale.

0 1.5 25

5 7,5 10 11,25

Adaos de fibre vegetale, %

Fig.6 Evoluia pierderii la calcinare in furiie de adaosul fibre vegetale Materiale compozitgaSke
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1,95

-
0

1,85

-
o

Densitate, g/cm?

1,75
1,7
1,65

1,6 T T T T T T 1
0 1,5 25 5 7.5 10 11,25

Adaos de fibre vegetale, %

Fig.7 Evoluia densitiii in fungie de adaosul de fibre — materiale compozite Seramatrice mineral
argila

0,65

0,6

0,55

Densitate, g/lcm?®
‘D
[¥y]

0,45

0,4 - - -
5 10 30 50
Adaos de fibre vegetale, %

Fig.8 Evoluia densitiii in fungie de adaosul de fibre — materiale compozite S2ramatrice mineral
Perlit expandat

Conductivitatea termi@ este o constaiit conductivitatea termica corpului considerat. Se
a fiedirui material (substar) a drei valoare obserd ca adaosul de fibre vegetale duce la
depinde de densitate, porozitate, umiditate, Tmburititirea capacitii de izolare termig, prin
temperatut etc. Capacitatea de izolare terin& scaderea conductivitii termice a acestora.
unui corp este invers propmmak cu (figurile 9i 10)

44



Celuloza si Hartie 2015, vol.64, nr. 4

o
=
%)

~
W

o
Y

o
&

o
R

Conductivitate termicala
temperatura de 10°C, [W/mK]

\.O \.o

St &

=]

0 1,5 2,5 5 7,5 10
Adaos de fibre vegetale, %

Fig.9 Influena adaosului de fibre vegetale asupra conductifitermice a materialelor compozite din
Seria 1 matrice mineralargila

Conductivitate termica la temperatura
de 10°C, [W/mk]
o
&

5 10 30 50
Adaos de fibre vegetale, %

Fig.10 Influena adaosului de fibre vegetale asupra conductiiritermice a materialelor compozite din
Seria 2 matrice mineralPerlit expandat

Aparifia fenomenului de efloresceu apreciat
prin transferul &rurilor minerale spre exteriorul
materialului compozit, a fost evaluat vizual
pentru materialele din prima serie, ca fiind
accentuat, adia peste 50% din suprat
materialului compozit a fost acoperit deLsi.

Proba martor Proba cu adaos de fibre
vegetale

Fig.11 Fenomenul de efluoresggmanifestat la
materialele compozite
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CONCLUZII

Pe baza rezultatelor phute se pot face

urmatoarele aprecieri

Cresterea adaosului
imburitateste  structura  porods a
materialelor compozite reducand
conductivitatea termic a acestor materiale
ceea ce le confaibune proprieiti de izolare
termici;

Structurile compozite cu matrice mineral
din perlit expandat pot fi utilizate ca
materiale de umplutdar ale panourilor
utilizate la izolarea termic a perdlor
(structuri yoare, panouri tip sandwigh)

Chiar daé& valorile coeficientului de
conductivitate termic pentru compozitele
realizate {=0,175 + 0,0917W/mK), sunt mai
mari decéat cele ale polistirenului expandat
(A=0.036+0.046W/mK), trebuie meganat
ca din punctul de vedere al toxigfii
acestuia din ur#y este de preferat a se
utiliza la izolarea termica chdirilor civile

si industriale, materiale compozite cu inser
din materiale ecologice;

In plus, fabricarea acestor materiale
compozite impli@ valorificarea resurselor
naturale de materii prime minerale (depozite
de argih, roci perlitice etc.)si a deeurilor
agricole (resturi de cereale, tulpini de gapi
floarea soarelui etc..)

de fibre vegetale
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DOCTORAL THESIS

EXTRACTION, IDENTIFICATION AND ANTIOXIDANT ACTIVITY
OF THE PHENOLIC SECONDARY METABOLITES ISOLATED
FROM THE LEAVES, STEMS AND FRUITS OF TWO SHRUBS

OF THE ERICACEAE FAMILY

Abstract of PhD thesis defended by Oana-Crina Bajdhe" Gheorghe AsachiTechnical University of
lasi, Romania

For century fruits and aerial parts of
bilberry and lingonberrytwo shrubs of the
Ericaceae family, are known as natural
sources of food, beverage and dietary

supplements due to their richness in
nutritional and bioactive  compounds.
Although bilberry and lingonberry
constituents have  multiple  biological

activities, most of the research has focused on
the phenolic compounds. Generally, the

quality and quantity of phenolic compounds

in plants are influenced by the stage of

growth, the parts of the plant to be used and
the environmental growing conditions.

In this thesis the dynamic
accumulation of phenolic compounds in leaf,
stem, and fruit extracts of bilberry and
lingonberry was studied by comparing the
total phenolic content, the phenolic
composition at three different periods of
vegetation during two years. Contents in total
polyphenols, evaluated by the Folin-Ciocalteu
method or specifically by UPLC, and the
antioxidant capacity in the DPPH test are also
tentatively correlated. Additionally, an
original analysis of the oligomeric
procyanidins is proposed addressing degree of
polymerization and flavanol unit constitution.
Last, the evaluation oin vitro antioxidant
activity of fruits, leaves and stems of bilberry
and lingonberry extracts and their phenolic
compounds in lipid oxidation under simulated
digestion conditions was performed.

Qualitative analysis on bilberry
phenolics revealed the presence of 8 new
compounds among which several p-coumaroyl
di- and triacetyl glycosides, caffeoyl- ampd
coumaroylmalonyl  glycosides, quercetin
glycosides, and various A-type and B-type
flavanol oligomers up to the tetramers. The
more important groups in bilberry extracts
were in the following order: caffeoyl
derivatives, p-coumaroyl derivatives, flavon
glycosides, anthocyanins, and flavanol
monomers and oligomers. Thioacidolysis
revealed low degrees of polymerization (2-3)
and (-)-epicatechin as the main flavan-3-ol
unit. The antiradical activity (Total
Polyphenol Content, DPPH test) was higher
in leaves than in stems and fruits and this
could result from the predominant presence of
chlorogenic acid. The leaf extracts from July
and September presented almost similar
antiradical activity and showed higher
phenolic contents than the extract from May.
Similar antiradical activity and phenolic
contents were found in bilberry stems
whatever the period of vegetation, although it
appears lower in the extract from May.

For lingonberry, qualitative and
guantitative analyses by UPLC/MS showed
the predominant presence of monomers and
oligomers of catechin and epicatechin and
guercetin glycosides in all the morphological
parts. The structures of fifty phenolic
compounds detected in all lingonberry
extracts were characterized for the first time.
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Thioacidolysis showed that lingonberry
extracts contain (+)-catechin as well as (-)-
epicatechin unit. This study has also
demonstrated a high antioxidant activity of
leaf, stem and fruit extracts of lingonberry.
Among the three periods of vegetation, leaves
and stems can be collected in any one, May,

July or September, as sustainable sources of

natural phenolic compounds with a significant
antioxidant activity.

Aqueous extracts from bilberry and
lingonberry proved to be efficient inhibitors
of metmyoglobin-initiated lipid oxidation in
oil-in-water emulsions stabilized either by
BSA or egg yolk phospholipids in the early
phase of digestion (pH 5) than in the

2015, vol.64, nr. 4

midcourse of digestion (pH 3). Powdered
fruits of lingonberry and bilberry highly
inhibited the accumulation of lipid-derived
conjugated dienes in the PL emulsion at pH 5
with initiator metmyoglobin. These results
indicated that they can be used directly,
without extract preparation, for the lipid
oxidation protection. Finally, the antioxidant
activity of an extract of bilberry leaves toward
lipid oxidation was evaluated in a stafit
vitro digestion model (oral, gastric and
intestinal phase). Bilberry leaf extract
inhibited the lipid oxidation in the gastric step
(BSA and PL emulsion systems).

This PhD thesis was supervised by Professor ensekfaientin I. Popa, Corresponding
member of Academy of Technical Science of Romawida Claire Dufour, Research Scientist of
National Institute of Agricultural Research (INRd&f)Avignon - "Safety and Quality of Products of

Plant Origin" Unit.
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