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Abstract

One of the most important criteria for efficient recycling of used paper products is
the quality of recovered paper, which is decisively influenced by sorting
technology. This paper is aiming to develop a methodology to assessing the
environmental impact of a new sorting technology, which is based on LCA
principles. Application of LCA tool for environmental impact assessment refers
mainly to identify the methodology that offers the most adequately impact
categories, environmental indicators respectively. In this respect, flow charts
showing the inputs and outputs of the system for current and new sorting
technology were established and questionnaire model was developed to collect
inventory data. Starting from these essential elements for a LCA study, next step is
to evaluate preliminary data sheet (ILCD) following the guidelines of -European
Platform on LCA.

Keywords: LCA - Life cycle assessment, Recovered paper, Current sorting
technology, New sorting technology, Packaging paper

Rezumat

Unul din cele mai importante criterii pentru reciclarea eficientd a produselor
papetare uzate este calitatea hartiei recuperate, care este decisiv influentata de
tehnologia de sortare. Aceasta lucrare are drept scop dezvoltarea unei metodologii
de evaluare a impactului de mediu a unei noi tehnologii de sortare, care se
bazeaza pe principiile LCA. Aplicarea instrumentului LCA in evaluarea impactului
de mediu se refera in principal la identificarea metodologiei care ofera cele mai
adecvate categorii de impact, respectiv indicatori de mediu. In acest sens, au fost
stabilite diagramele de flux care evidentiaza intrarile si iesirile din sistem pentru
tehnologia curenta si pentru cea noua, si s-a elaborat un model de chestionar
pentru colectarea datelor de inventar. Pornind de la aceste elemente esentiale
pentru studiul LCA, urmatorul pas va fi evaluarea datelor preliminare (ILCD)
conform ghidului Platformei Europene pentru LCA

Cuvinte cheie: Evaluarea ciclului de viafd, Hértie recuperata, Tehnologii de
sortare existente, Noi tehnologii de sortare, Hartii de ambalaj

IMPORTANT ASPECTSIN main objective of recovered paper recycling is to
recover and reuse the fibers contained in it as raw

DETERMINING THE QUALITY material for paper and board production. One of
OF RECOVERED PAPER the most important criteria for efficient recycling

of used paper products is the quality of recovered
paper and pulp made therefore. To be used in
manufacturing of paper and board, recycled pulp
must meet certain quality criteria defined for
paper grade, and that must be comparable to
virgin pulp fiber that it replaces.

Recycling and processing of recovered
paper

Recovered paper is an important raw
material for the European paper industry, whose
quality will determine its future utilization and
achievement of maximum recycling rate. The
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Recovered paper quality is decisivdy
influenced by severa parameters such as moisture
content, unusable material content (non — paper
components and paper and board detrimental to
production) and variability of recovered paper
composition entering in paper mill (chemical pulp,
mechanical pulp, long fibers, short fibers, ash. etc)

[1].

For making new paper products recovered
paper need to be clean, with moisture content which
should not exceed 10% -11% and free of
contaminants. Contaminants can enter in the paper
stream at any point at the paper recycling process,

such as when individuals put ther
recyclables a the curb, custodians remove
recyclables from office buildings and schools or
trucks haul bales of recovered paper to the mill [2].

Most of contaminants are removed through
a manua sorting process and those that can not be
removed at this stage are removed by a wet sorting
process. Recovered paper processing consists in fact
in a multi stage decontamination sSystem with
different equipments which operating on various

principles function of contaminants properties, such
as. in high-density (coarse) cleaning are eiminated
medi um size contami nants

of high density (glass, nails, paper clips, textiles
pins, €c.); in pre-screening(coarse screening) are
separated medium size contami nants of low density
(plastics, polystyrene, paper flacks); in
flotation/'washing deinking are detached and
removed printing inks, and in fine screening and
fine cleaning which are the last steps of the process
are diminated contaminants of very small size and
various densities [3].

Recovered paper processing includes three
flows (Fig.1). In principa flow are obtained
recycled fiber that can substitute partial or total the
virgin fibers in paper production. In secondary flow
takes place recovering of fibers and water of refuses
and their return in different stages of main flow, and
finaly in the last flow take place the separation of
the water and solid waste and their treatment before
discharge [4].
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Fig. 1 Flow chart in recycled pulp preparation

Recycled pulp thus obtained will have a
decisive influence on the recovered paper quality.
Improvement of recovered paper quality is a must
for future increase of both utilization rate and
recycling rate.

Collection and sorting systems have dso a
significant influence on recovered paper quality,
part sustained by:

» Sepparate collection of waste by
municipalities, as advocated by CEPI in
new EUs Waste Directive, and

implementation of new identification

» system to ensure the quality of recovered
paper in conformity with EN 643,

» Advanced sorting technology of recovered
paper which will improve recovered paper
quality and recycling rate by providing
more homogeny materia and  better
characterization of each supply for best
suited end uses.
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RECOVERED PAPER SORTING
STATUS

To obtain high quality products the paper
needed to be sorted according to different quality
criteria. Currently, recovered paper are sorted
manually, mechanically or automatically. Manua
sorting is aintensive process of materials separation
into distinct cdlasses done by hands according to
different paper and board grades. Mechanical
sorting is a separation done by mechanica tools
(based on physical properties like size, stiffness or
weight) while automatic sorting is based on
mechanical sorting coupled with sensors, like color
sensors or near infrared sensors.

Despite many technologies deveoped,
sorting of recovered paper continues to be
predominantly a manua labor intensive activity,
which is in increasing, because recovered paper
becomes more and more heterogeneous and is
contami nated with non-paper components. [5]
Manual sorting technology is faced with some
major problems such as:

» Labors-intensive industry which
relatively high processing cost,

» High effort in personngl and cost in paper
mills for quality control in order to get
homogenous raw materia input,

» Inconsistent quality of end products,

» Need to maintain a reativey stable and
skilled work team [3].

For these reasons is desirable to introduce a sorting
technology based on sensors that permits more
efficient and profitable recycling of paper and
cardboard. All this improvements in sorting
technology will require a detailed assessment in
several aspects, and in especidly in terms of
environmental impact. The measurement and
estimation of the benefits of recovered paper sorting
could be evaluated by Life Cycle studies, and one of
the most efficient methods that can be used in
assessing of environmental impact for current and
new sorting technology is Life Cycle Assessment
(LCA).

incurs

RECOVERED PAPER FOR
PACKAGING PAPER GRADES

1.1. Current Vs. new sorting technology

Application of LCA toadl for environmental
impact assessment refers mainly to identify the
methodol ogy that offers the most adequatdy impact
categories, environmenta indicators respectively.
LCA (Life Cycle Assessment) is an anaytica tool
assessing potential  impacts from products or
services using a life cycle perspective, induding
impacts from: raw material acquisition, production,
use and waste management, as wdl as
transportation [6].

The term LCA is used most frequently to
describe all the ,cradle-to-grave” approaches [7]
and methodology of study defined by SETAC
(Society of Environmental Toxicology and
Chemistry) or by 1SO (International Organization
for Standardization) consists of four iterative steps:
[8, 9, 10] (i) goal and scope definition which
includes the preliminary assumptions about the aim
of the study, the functional unit and the boundaries
of the system., (ii) inventory ana ysis which focuses
on the quantification of mass and energy fluxes, (iii)
impact assessment where the environmental impact
is assessed with the use of impact indicators and
(iiii) interpretation which ams a evauating
possible changes or modifications of the system that
can reduce its environmental impact.

In this respect, to identify the methodology
that offers the most adequately impact categories,
environmental indicators respectively, flow chart
for current and new sorting technology were
established and questionnaire model was developed
to collect inventory data.

As a case study was chosen the packaging
papers production based on 100% recovered paper.
Recovered paper grade 1.04 (used paper and board
packaging, containing a minimum of 70% of
corrugated board, the rest being solid board and
wrapping papers) has the highest utilization in the
production of packaging papers based on recyced
pulp.

In current sorting technology (Fig. 2) the
basic idea is that in the system are introduced:
brown paper (in the largest amount), white paper
(which is considered contaminant for packaging
paper) and non-paper contaminants. After sorting
non paper contaminants are separated but train some
brown paper and white paper on refusals. The
sorting accepts will contain all the constituents in
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different proportions (brown paper is reduced alittle processing, where ailmost all contaminants must be
bit more and contaminants remain in recovered separated in wet sorting/cleaning operations.

paper) and enters in paper mill at recovered paper

RE;““:M Sorting Wiet sorting/ Paper
I Center Cleaning machine
Dry Refuses | | Wet rejects and sludge |
m=p RF packaging grades == Non paper contaminants
= P & B white grades (ash) == Recycled Pulp |

Fig.2 Contaminant flow for current sorting technology of recovered paper for packaging paper grades

New automatic sorting technology (Fig. recovered paper for deinking. Refusas are

3) will alow white paper separation based on separated in  greaster proportion, therefore

color sensors, which is separated into a refusa recovered paper which goes to processing will

flow (contaminants) and is sent to a sort of have some contaminants but will not contain
white paper.

Recovered paper - White grades (1.11)

-
e

Ra;averad Sorting ! et sorting/ | - Paper
e Center Cleaning -/ Machine
1.04 =
| Dry Refuses | ‘ Wet rejects and sludge
==} RP packaging grades == MNon paper contaminants
=* P & B white grades (ash) == Recycled Pulp

Fig. 3 Contaminant flow for new sorting technology of recovered paper for packaging paper grades

In wet sorting/cleaning operations contami nants are Unlike current technol ogy, new technology will:
separated and finally result a better stock which » Improve  homogeneity and quality of
goes to paper machine. As arefusal result mainly packaging recovered paper grades,

wet contaminants (which also includes fibers) and » Reduce solid waste generation in paper mill,
in recycled pulp which goes to paper machine will » Increase recycling rate of high recovered
remain brown paper and few contaminants. paper grades.

This white paper will:

» Increase ash and short fiber content,
» Reduce processing yidd,
» Increase sludge production.
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1.2. Packaging paper from 100% recovered
paper. Flow chart and system limits

Inventory data collection aso alows
assessment of technology which must take into

account the flow chart and system boundaries, the
basic dements in LCA study. The flow chart and
system limits for 1 ton of packaging paper made
only from recovered paper can be represented like
infigure 4:

RP
- - - - - - 3 S -—-—--—---"-"-"-"=="="7"="=== =
v .
1 Collection — Waste :
1 -—-#» Sorting Centre M anagement T
1 1 Refuses 1
1 : 1
1 1
En!ergy : —bl RP transport I
1 1 agewater ~ —#» \waste water 1
= Effluent
S Y e AL - - S bl S
C processing Rejects T : . [
i I —1 11 Sludgey Chemicals !
! ! Recycled I | i Bio- !
Fresh water | Pulp [ | ; ; l CI1emicaIS.I
_'_pI . | [ - 1
1= Wasteyvaterl | [MSiudge I
I 1+ > paper machine [35U9% __ | _ ] treatment !
I =-L.- Coarse - 1
1 IRjects ™~ 1 1
! : Cl | ' Byproduct Solid
1 : | ' |w5§e
! : . : » Rejects :
: :________ ______________r__’ treatment I A|r
" Packaging emissions
_ _ _ _ ___d__ paper I
R 4 v
Byproducts

Fig. 4 Flow chart and system limits for packaging paper made only from recovered paper

In this case the system limits ae
represented by collection and sorting center. Based
on this flow chart can be said that a efficiency
sorting in sorting centers will influence recovered
paper processing phase, qudity of recycled pulp
which goes to paper machine and not least the
quality of fina product — packaging paper which
goes to consumers. An efficient sorting will lead to
lower energy consumption, chemicals and fresh
water, which will lead to a fal in the amount of
regections, solid wastes, effluents and air emissions.
Taking into account the limits of the system, to
collect this data can easily be used a questionnaire.
For example a modd of questionnaire for the
production of packaging paper should include the
following information:

Inputs

As inputs into the system can be collected
information on:
o Raw materials which can be recovered paper or
pulp, quantities expressed in kg/t.

o Water. Water entered can be used to recycled
pulp production, to paper machine and regects
treatment. As water sources can be used tap
water, industrial water and cooling water. Data
collected in this case can be annua mean,
calculated value, design value or estimated value
and will be specified in m’/t.

Chemicals and biochemicals. These can be used
in all stages such as paper production (H;SO,,
NaOH, coagulants, flocculants, dry strength
additives, etc.), for fresh water treatment (CaO,
Ca(OH),, water glass, ) and for waste water
treatment (Aluminium sulphate, Urea, Phosphoric
Acid, H,SO,, NaOH, Nutrients, Enzimes, etc).
Quantities of chemicals and biochemicals must be
specified in kg/t.

Energy. In this case it will take account of

dectricity consumption (kW/t) and steam energy

consumption (ton of steam/t). Energy input will

influence the phases of pulp production, paper

production, and wastewater and rgects
management. If the final products are produced

for sde in this case have to keep account of
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dectricity (kW/t), sold (kwW/t), steam (GJ/t) and

hot water (GJ/t).
Transport stage is another important step that must
be considered. Most times must be specified all the
guantities transported and estimate transport
distance to the mill depending on transport mode
used(road, railway, sea transport, etc.). If the fina
products is produced for sale in this case have to
keep account of distance from the mill to the
costumer, waste treatment facilities, per transport
mode. Must be taken into consideration the waste
released like sludge for water treatment, hazardous
waste — ail, oil emulsions, solvents, paints, heavy
metals, strong acids and bases, radioactive waste,
etc).

Outputs (in the form of emissions)

This emissions can be air emissions which
are reeased by paper machine - in drying part (for
example CO,, CO, SO,, H.S, NH3; CH,4, VOC, Pb,
Hg, Urea, Methanal, etc.), and water emissions
(after water treatment like BOD7, COD, EDTA,
NH*, NO* N tota, P tota, suspensions solid,
metals, etc.). Like in case of water input data
collected can be annual mean, calculated value,
design value or estimated value. In both cases the
guantities will be expressed in kg/t.

Not least an important role plays the
transport of wastes (sludge, rejects from dry sorting
of recovered paper, recycled pulp production,
sorting/cleaning) which can be transported for
material reuse, energy reuse, may be deposited in
landfill or utilized in another way. This time, waste
guantities  used for  different  purposes
(meteria reuse, energy reuse, stored in landfills)
will be given in percentages (%).

All  these data may be important
information that can be used in current software that
evaluates the environmental i mpacts.

CONCLUSIONS

One of the most important criteria for
efficiency recycling of recovered paper is its
quality, which is strongly influenced by processing
step and sorting technology. Because of maor
problems facing the current sorting technology
(high cost process, high effort of personnd, ther
risk of illness through exposure to microorganisms,
fungi, organic dust, inconsistent quality of end
products, etc.) it was highlighted the need to

automatethis process and al thisimprovements will
require an evauation of al aspects, especidly in
terms of environmental impact.

Application of LCA toadl for environmental
impact assessment is the most efficient method to
identify the impact categories, environmenta
indicators respectively.

As a case study was chosen the packaging
paper production based on 100% RP, for which was
established flow chart and the questionnaire model
was deve oped to collect inventory data.

Starting from these essential €ements for a
LCA study, next step is to eaborate prdiminary
data sheet (ILCD) following the guiddines of the -
European Platform on LCA.
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Abstract

This short review contains general aspects concerning nonwood pulp refining, as a
mechanical treatment to develop required papermaking properties of cellulosic fibers.
Pulp refining increases the strength of fiber to fiber bonds by the increasing of specific
surface area of the fibers, making the fibers more pliable to conform around each other.
The properties of nonwood cellulosic fibers witch influence the refining process are
presented. The factors influencing refining rate of nonwood pulps are investigated. Some
aspects regarding refining of wheat straw pulp and reed pulp are discussed. For some
nonwood pulps refining it is not necessary, due to the high initial refining degree of these
pulps. A comparison between wood pulp and nonwood pulp refining is also included.

Keywords: Nonwoods, Fibers, Refining, Papermaking, Pulp
Rezumat

Lucrarea contine aspecte generale cu privire la macinarea celulozelor din plante anuale,
ca tratament mecanic pentru conferirea fibrelor celulozice a proprietdtilor papetare
necesare. Macinarea mareste rezistenta legaturii fibra-fibra prin cresterea suprafetei
specifice gi a capacitatii de pliere a fibrelor.

Se prezinta proprietatile fibrelor celulozice din plante anuale care influenteaza procesul de
macinare. Se investigeazd factorii care influenteazd viteza de macinare a acestor
celuloze. Se discuta aspecte legate de macinarea celulozelor din paie de grau si din stuf.
Se arata cad in cazul unor celuloze din plante anuale, macinarea nu este necesara, din
cauza gradului de macinare initial ridicat al acestor celuloze. Macinarea celulozelor din
plante anuale este discutata comparativ cu macinarea celulozei din lemn.

Cuvinte cheie: Plante anuale, Fibre, Macinare, Fabricarea hartiei, Celuloza

INTRODUCTION

Since decades, annua plants have been
used as raw materid in producing cellulosic fibers
for papermaking. Annual plants contain the same
main chemica components as wood: cdlulose,
hemicdluloses and lignin. Annua plants have the
same cellulose content and less lignin comparing
with wood. Thus, chemica pulp can be obtained
from nonwoods by a mild pulping process, which
consumes less energy and chemicals in a shorter
cooking time. Annua plants can be planted,
cultivated, and harvested every year. These special
characters were the dominant direct importance for
their devel opment [1].

The annua plants have some specific problems as
raw materials of pulp manufacture because
harvesting is limited to a few weeks of ayear [2]. In
addition, annua plants are planted and scattered in
many small fields that thus cause the difficulty of
their collection and transportation. A sufficient store
capacity is needed to ensure an all-year supply of
pulp mill. Most annual plants are attacked easily by
microorganisms [3].

Transportation of wood is less expensive and less
difficult than that of annual plants [4, 5]. Despite
these drawbacks, nonwoods are now gradualy

-10 -


mailto:gda@ch.tuiasi.ro

Celuloza si Hartie

2010, vol.59, nr.1

substituting wood species as an alternative resource
for pulp production.

There are many steps in a process of
converting cellulosic fibers into paper. The refining
of pulp is one of the most important steps in any
papermaking process [6]. In a simple manner,
refining can be defined as the mechanical treatment
and modification of fibers so that they can be
formed into paper of the desired properties [7].
Refining of pulp is performed by repeated passage
of cdlulosic fibers (in the presence of water)
through zones of compression and shearing in a
specia equipment (refiner or beater). Refining plays
a key role in modifying the characteristics of fibers
so that these may form a sheet of paper with a
specific set of desirable strength and optical
properties, [7], [8].

The optimum paper properties depend on
the product being made. Unfortunatdy, the refining
or beating processes aso creste simultaneously
unwanted structural changes, the pulp fibers being
damaged in some extent. Thus, in the refining
process a compromise has to be made between the
wanted and the attainable effects of refining on the
pulp fibers and on the sheet characteristics [9].
Furthermore, there is always a tradeoff between
various properties. Primary refining effects consist
of the structural changes. internal fibrillation

(swdling), externa fibrillation, fines formation,
fiber cutting or shortening, and fiber curling and
straightening [10]. Refining increases the strength
of fiber to fiber bonds by increasing the surface area
of the fibers and making the fibers more pliable to
conform around each other. The tensile strength,
burst strength and folding endurance improve
through refining while brightness and opacity of
paper sheets are reduced [11].

1. REFINING OF NONWOOD
PULPS

Wood is the most widdy used raw materia for
papermaking but many other celulose fibers are
also utilized and the most important group of these
are the nonwood pulps.

As in the case of wood fibers, the need of
refining process of nonwood pul ps and the choi ce of
refining equipment depend on the sort of paper or
board to be obtained. Basic characteristics are fiber
geometry, mainly fiber length and fiber width, and
their values depend on nonwoods specie A
dimensional description of nonwood plant fibers is
presented in Table 1.

Table1 Average fiber dimension of selected nonwood fibers and wood fibers (adapted from [5] and [15])

Fiber dimensions
Species Common name Fiber length av. Fiber width av. (um)
(mm)
Triticum spp.: Wheat 14 15
Triticum sativum Rye (0.4-3.2) (8-34)
Secale ceredle Oat
Avena gtiva
Saccharum officinarum Sugar cane 17 20
(0.8-2.8) (10-34)
Phragmites spp.: Common reed 2.0 16
Phragmites communis Giant reed (1.0-3.0) (10-20)
Arundo donax
Dendrocalamus strictus Bamboo 2.7 14
(1.5-4.4) (7-27)
Oryza sativa Rice 14 9
(0.4-3.4) (4-16)
Cannabis sativa Hemp 25 25
(5-55) (10-52)
Corchorus capsularis Jute 2 20
(2-5) (10-25)
Gossypium sp. Cotton 18 20
(10-40) (12-38)
Pinus silvestris Pine 3 32
(2.7-3.6) (30-43)
Fagus silvatica Beech 15 25
(1-1.8) (20-50)
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The main concluson of the figures
presented in Table 1 is that there are significant
differences between fiber dimensions of nonwoods
species. Straw fibers are much shorter comparing
with hemp and jute fibers. In addition, straw and
reed are more heterogeneous having a high content
of very short cel dements (parenchyma cdls).
Softwoods fibers are longer but average length of
hardwood fibers are close to nonwoods. The
consequence is that refining of each grade of fiber
must be considered individually.

Significant influence on refining exerts
chemical composition of fibers. Celulose, lignin

and hemicelluloses content are the most important
factors influencing refining results. Table 2 presents
the chemical composition of various nonwood
plants compared with the chemical composition of
softwoods and hardwoods. There are not important
differences between cellulose content of nonwoods
and wood fibers but the lignin content is lower. For
this reason chemical pulp obtained from nonwoods
will contain less lignin, positivdy influencing
refining of these fibres. Especidly, high
hemicdluloses content of nonwood fibers favorable
influence the refining process.

Table 2 Chemical composition of various nonwood plants [12]

Fiber type Cross-Bewan | a-célulose, % Lignin, % Pentosans, Ash,% | Silica, %
cellulose, % %
Salkfibers
Rice straws 43+49 28+36 12+16 23+28 1520 914
Wheat straws 49+54 29+35 1621 26+32 4.5:9 37
Oat straws 4458 31+37 16+19 27+38 6+8 4+6.5
Rye 50+54 33+35 16+19 27+30 2+5 0.5+4
Sugarcane 49+-62 32+44 19:24 2732 155 0.7+3.5
Reed 57 44.75 22.8 20.0 2.9 2.0
Liberian fibers
Kenaf 4757 31+39 14.5+18.7 22227 1.7-5.0
Jute 57+88 21+26 18+21 0.5+1.8
Leaf fibers
Cotton linters \ \ 80+85 \ \ | 0.8:1.8 |
Wood fibers
Softwoods 53+62 40+45 26+43 714 <1
Hardwoods 54+61 38+49 23+30 19:26 <1
As a consequence of  nonwoods nonwood pulps are inferior of wood pulps and

morphologica structure and chemical composition,
the properties of chemical pulps differ from those of
wood pulps. Table 3 shows that yidd of bleached

mechanical properties are lower.

Table 3 Wood and nonwood pul ps properties [13]

Parameters Wheat Sugarcane Reed Bamboo | Pine | Birch Eucalyptus
straw bagasse

Yield, % 38 36-37 40 435 46.7 454 45.8
Brightness, % 78-80 80-82 78-80 80-85 90 90 90
Tensleindex, Nm/kg 50 58 65 70 80 70 70
Tear index, Nmm%g 3.74 5.2 7 17-18 15 9 8

Ash content, % 25 0.6 1417 112 0.2- | 0.3-08 0.3-0.7

0.4

A comparison of the refining behavior and
physical and mechanica characteristics of softwood
pulp, wheat straw pulp and reed pulp was made
many years ago by Simionescu and Rozmarin in the
book “Chimia stufului — Reed chemistry”. Some of

results are presented in Tables 4 and 5 [14]. Table 4
shows that the initial refining degree of straw pulp
is much more as softwood and reed pulps. In
addition, drainage time and initial specific surface
of wheat straw pulp are net superior comparing with
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the same pulps. In this situation, it is necessary to
analyze if wheat straw pulp must be refined or not
in a papermaking process.

Table 4 Fibers classifying and physical and
mechanical indices of reed,
wheat straws and softwood pul ps

Indices Softwood | Reed Wheat
pulp pulp straw
pulp

Fiber classification:
Long fibers, % 74.58 42.91 31.45
Medium fibers, % 12.92 35.00 43.55
Short fibers, % 12.50 22.09 25.00
Other physical indices:
Initial refining degree, °SR 13 17.5 27
Drainagetime, R.K. 25 34 11

Initial fibers  specific | 10100 11000 | 24400
surface, cm?/g

As regarding refining rate (see Table 5),
softwood pulp shows the lowest refining speed and
wheat pulp the highest and the difference is
significant. A explanation is the fact that wheat pulp
prevailing contains medium and short fibers that are
easier to refine comparing with the long fiber of
softwoods.

Table 5 Comparison of the refining rate of softwood
pulp, wheat straw pulp and reed pulp

Refining Softwood Reed pulp Wheat straw
time, pulp pulp
T,min. | °SR | ASR | °SR | ASR | °SR | A°SR
At At At
0 13 17.5 27
5 32 26 56.5 5.9
10 21 080 | 455| 361 | 65.0 17
15 56.0 21 74.0 18
20 41 20 670 22 81.0 14
25 73.0 1.2
30 60 19 785 11
40 685 | 0.85
60 80 0.35

A more cdearly picture of variation of
refining degree and drainage time of pulp grades is
presented in Figure 1. From this figure it can be
seen the high refining speed of reeds and wheat
straw pulps since the beginning of the process,
which is explained by higher content in pentosans
that cause fibers swdling and faster destruction of
the external cdl wall layers[14].

wol
120 tese
F 80 |
[ 70 b
60}
L 50
[ 4ol
" 20
- 20
o L1o

Drainage time, min
-

Q O 9

S © ©

3

3

Time, min

Fig. 1 Variation of refining degree and drainage
time on refining duration: 1- refining degree of
wheat straw pulp; 2 - drainage time of wheat straw
pulp; 3 - refining degree of reed pulp; 4 - drainage
time of reed pulp; 5 - refining degree of softwood
pulp; 6 - drainage time of softwood pulp [13]

Researches on fiber refining have shown
that, due to different behavior in refining of
nonwood pulp over the wood pulp, is hecessary to
investigate the evolution of this operation in case of
pulp mixtures. Some authors [14] have studied the
mixture of pulps from wheat straw-reed and from
reed-spruce and mixed fibrous product were
subjected to refining and classifying. The man
results are presented in Tables6 and 7.

Table 6 Refining and fiber dimensions evolution for mixture 50% reed pulp and 50% wheat straw pulp

Time, °SR A°SR Long fibers Medium fibers Short fibers
min AT % A%p % A% % Alqp
A "SR_,,: j:SR_,,,_ A :SR_,,,__

0 20 42.91 35.21 21.88
5 38 30.62 39.79 29.59

10 52 22.08 42.08 35.84

15 68 2.43 20.41 -0.371 41.25 - 0.005 38.34 +0.379
20 74.5 17.08 39.58 43.44
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Table 7 Refining and fiber dimensions evolution for mixture 50% reed pulp and 50% spruce pulp

Time, °SR Long fibers Medium fibers Short fibers
min % A% % Alg % A%
A°SR, A°SR,, A°SR,,

5 23 51.04 28.58 20.42

10 32 40.62 0.548 32.08 0.128 27.30 0.128

15 44 34.36 32.29 33.34

20 60 27.08 33.33 39.49
It was found that the refining rate of the argument for ther use as raw materia to

above-mentioned pulp mixtures is always higher
than of spruce pulp and fiber dimensions are
intermediate for each fraction. The weak fibers
(wheat and reed pulps) are more refined comparing
with strong fibers (softwood pulps). Large
guantities of short fibers and fines are produced and
these originate from nonwood pulps. For this
reason, refining of pulp mixtures is not
recommended.

2. PERSPECTIVES

The current use of nonwood pulps in
papermaking includes every grade of paper: printing
and writing grades, linerboard, corrugating medium,
newsprint, tissue papers, and specialty papers. The
nonwood pulp fraction of paper furnish typically
varies from 20 to 90% and can be even up to 100%
depending on the paper grade and required quality.
The possible combinations are endless and can be
adjusted to meet market  requirements.
Combinations of common and specialty nonwood
pulps will allow the production of any grade of
paper to meet quality requirements demanded in the
global market. Adding possible combinations which
include wood pulp, nonwood pulp and recyced
wastepaper pulp increases the possibilities for
deveoping paper with specific sheet properties
designed to meet specific customer’s needs.

Attention should be given to processes of
transformation of nonwood fibers because they
constitute significant proportions of raw materid in
the manufacture of paper and board. Pulp refining is
an important process in which fiber undergo major
structural  modification and therefore must be
performed advanced research on this process in
order to obtan a compromise between the
properties of fibers after refining and costs that this
process requires.

Some species of nonwood plants do not
require refining process due to inherent structura
and dimensional characteristics and this is a strong

manufacture paper and board. This achieves the
eimination from the technologica process of
refining stage which is an advantage for paper
producers. Further studies should be conducted to
analyze the behavior of unrefined nonwood pulp
during the process of preparation of pulp for paper
and board.

CONCLUSIONS

New nonwood raw materials have to be
investigated due to the fact that wood is not
available in sufficient quantities in many countries
because of the increasing consumption of furniture,
construction, paper, paperboard, and cdlulose
derivatives. Nonwoods are now gradualy
substituting woods as alternative resources of
cdlulosic products, especidly in Asian countries,
under the consideration of economical benefits,
local tradition and environment i mpact.

Nonwood pulps ae easier to refine
regarding rate and developing of specific properties
comparing with wood pulps. Maor changes like
internal  fibrillation, externa fibrillation, fiber
shortening, fiber straightening and fines formation
are produced during refining of these pulps and
therefore have a significant effect on paper
formation.

Refining is not required for some nonwood
species (wheat pulps) duetoits high initia refining
degree. However if refining is performed, large
guantities of fines are produced. Refining of
mixtures of pulps (wood pulps and nonwood pul ps)
is not recommended.
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Rezumat

Contaminarea chimica sau microbiologica a alimentelor indusa de calitatea
ambalajului sau prin intermediul ambalajului reprezinta factori ce ameninta siguranta
alimentara. In acest context, sortimentele noi de ambalaje din hartie si carton pentru
produse alimentare trebuie sa asigure mentinerea caracteristicilor alimentului pana
la expirarea termenului de garantie, in conditii de depozitare adecvate, si s& nu
transfere compusi toxici Tn alimentele cu care vin in contact. La aprecierea calitatii
hartiilor folosite ca ambalaj alimentar trebuie avute Tn vedere urmatoarele aspecte
particulare:  parametrii  materialului  fiboros celulozic (origine, prelucrare,
pretratamente, compozitie), conditiile tehnologice de fabricare a hértiei si cartonului,
tratamentele la suprafatd si compatibilitatea lor cu produsele alimentare,
caracteristicile alimentelor care vin in contact cu ambalajul, influenta apei, pH — ului,
etc.

Lucrarea prezintd o serie de rezultate de laborator privind influenta agentilor de
incleiere si a agentilor de impermeabilizare asupra calitatii hartiei, precum gi o serie
de date legate de inocuitatea hartiilor obtinute in contact direct cu alimentele.

Cuvinte cheie: Hartie, Ambalaj alimentar, Materii prime, Surse de contaminare,
Compatibilitatea ambalaj din hartie - aliment.

Abstract

The chemical or microbiological contaminations of the food induced by packaging
materials quality or through the packaging material represent issues that threat the
food safety. In this context the new food-packaging materials from paper and board
must to assure the food quality maintaining until the guarantee term expiration, in
properly storage conditions, and do not transfer toxic compounds into the food. In
appreciation of the quality of food-packaging materials from paper should be
considered the following particular aspects: the parameters of the cellulosic raw
material (provenience, processing, pretreatment, composition), the technological
parameters in paper and board manufacturing, the surface treatment and its
compatibility with food, the characteristics of the food that come into contact with
package, water influence, pH, etc.

The paper presents some laboratory results regarding the influence of the sizing
agents and of the agents with barrier properties on the paper quality, as well as
some data regarding the innocuity issue of the obtained paper in contact with food.

Keywords: Paper, Food-packaging, Raw materials, Contamination sources,
Packaging paper — food compatibility.

INTRODUCERE producator la consumator, astfel cd ambalajele nu
ar exista fara produsele pe care le contin i multe
Ambalgjele indeplinesc o serie de functii produse nu ar exista fara ambalajul care

furnizeaza o modalitate de livrare. [1] Pe langa

in aprovizionarea produsului de Ia » . )
functiile de bazd, ambalajele trebuie sd raspunda
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unor tinte in continud schimbare (familii mai mici,
consumatori cu mijloace mai reduse) si unor nevoi
sociale care afecteaza modul de consum. [2]

Dezvoltarea durabila influenteaza
functiile ambalajelor; initiative precum reducerea
greutatii pot produce (si au produs deja pe plan
european) rezultate remarcabile fard a afecta
conditiile de livrare ale produsului, dar exista
limite care nu pot fi depasite fara progres
tehnologic in ceea ce priveste materialul,
tehnol ogia, etc.

Extinderea gamei de mateii prime
agroalimentare, perfectionarea proceselor
tehnologice, diversificarea  sortimentaa  si
Stabilitatea variabila a produselor alimentare
finite, sporirea exigentelor privind transportul,
depozitarea si pastrarea alimentelor implica noi
solutii practice si eficiente in ceea ce priveste
ambalarea marfurilor alimentare. Din perspectiva
Romaniei ca tarda membra a Uniunii Europene,
aceste solutii trebuie sd asigure si respectarea
cerintelor legislative europene care vizeaza
siguranta alimentara. [10,11] Accesul la comertul
international este interzis tuturor produselor
alimentare care: contin sau poarta o substanta intr-
0 carntitate considerata toxica sau in orice alt mod
periculoasa pentru sanatate; care constd in
intregime sau partial intr-0 substanta alterata,
descompusi, vatamatoare sau straind sau in orice
alt mod improprie consumului uman; care sunt
falsificate, etichetate sau prezentate intr-o maniera
fasa, ingelatoare; care sunt vandute, preparae
ambaae, depozitate sau transportate pentru
comercidizare in conditii neigienice. [3,4]

Cerintele generale ale ambalajelor pentru
alimente sunt: si aiba masd si volum propriu cat
mai reduse; sa nu fie toxice, si fie compatibile cu
produsul; si nu prezinte miros si gust propriu; sa
posede 0 rezistenta mecanicd  adecvata,
corespunzatoare; si fie impermeabile la gaze si
vapori de apa; sa fie transparente sau, dupa caz,
netransparente; si aiba forma si grafica atractiva.

Tendintele actuale remarcate in conceptia
amba g or si a metodelor de ambalare sunt:

o reducerea consumului de materii prime si
materiale
cresterea duratei de conservare a produselor;
sporirea  performantelor ambalajelor  prin
combinarea materialelor de confectionare;

o fadlitarea reintegrarii in mediu a ambalajelor
in etapa post-consum. [5]

PARTEA EXPERIMENTALA

La fabricarea hartiilor se utilizeaza un
numar relativ mic de semifabricate fibroase, in
marea mg oritate fibre celulozice. Fabricarea une

anumite hartii este posibila din mai multe
compozitii fibroase, alegdnd adecvat tehnologia
de preparare apastei de hartie. [6]

in vederea identificirii si stabilirii unor
masuri si solutii eficiente de reducere a gradului
de contaminare a hartiilor pe fluxul de fabricatie,
au fost derulate o serie de programe experimenta e
la nivel laborator, care au urmarit stabilirea
influentei unor factori precum natura materialul
fibros, gradul de macinare al materialului fibros,
rgportului gravimetric a  celulozdor din
compozitia pastei de hartie, natura agentului de
incleiere, agentului de impermeabilizare asupra
calitatii hartiilor pentru alimente.

Programe experimentale
a. stabilireainfluentei agentului de incleiere

Reteta de preparare

- celul 0za sulfat inalbita raginoase - 70%

- celul 0za sulfat/ inalbita foioase - 30%

- grad de macinare celuloza rasinoase, 40°SR

- grad de macinare celuloza foioase, 30°SR

- agent de incleiere Aquapel 210D, p.c. - 0; 0,2;
0,4%

- agent pentru cresterea rezistentei in stare umeda
si uscatd Kymene 611, p.c. - 2%

Variante tehnol ogice:

Nr. Reteta Adaos agent de incleiere Aquapel
crt. 210D, % p.c fatd de materialul fibros
1 | AQO 0
2 | AQo,2 0,2
3 | AQ04 0,4

Hartiile suport au fost tratate pe ambele fete cu o
solutie ce contine:

Perfectamil A 4692, concentratia 3,5%

Lodyne 2000, p.c. - 0,4% (raportat la amidon)
EDTA (c=80g/l) - 0,8 % (raportat la amidon)
N&CO; (c=10%) pentru corectie pH, p.c. - 0,1%
(raportat la amidon)

Parametrii delucru:

concentratia pastei - 3,0 %

temperatura - 50°C

viscozitate Brookfield, 50°C - 4,5 cP

timp de curgere cupa DIN, 50°C - 10 sec

pH - 6,8

b. stabilireainfluentei agentului de
imper meabilizare

Reteta de preparare:

- celul 0za sulfat inalbita raginoase - 70%

- celul 0za sulfat Tnalbita foioase - 30%

- grad de macinare celuloza rasinoase, 40°SR
- grad de macinare celuloza foioase, 30°SR
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- agent pentru cresterea rezistentei in stare umeda
si uscatd Kymene 611, p.c. - 2%

Hartiile suport au fost tratate pe ambele fete cu o
solutie ce contine:

Perfectamil A 4692, concentratia 3,5%
BASYNTOL FCP/Lodyne 2000/Chitosan, p.c. -
0,4%,; 0,8% (raportat la amidon)

EDTA (c=80g/l) - 0,8 % (raportat la amidon)
NaCOs; (c=10%), p.c. - 0,1% (raportat la amidon)
Parametrii de lucru:

e concentratia pastei - 3,0 — 3,5%

temperatura - 50°C

viscozitate Brookfidd, 50°C - 45— 5cP

timp de curgere cupa DIN, 50°C - 10 - 11 sec
pH -6,5-77

Variante tehnol ogice:

Nr. | Reteta Agent de Adaos agent de
crt. impermeabilizare | impermeabilizare, %
p.c fati de amidon

1 BO,4 BASYNTOL FCP 0,4

2 B0O,8 BASYNTOL FCP 0,8

3 LO4 L odyne 2000 0,4

4 L0,8 L odyne 2000 0,8

5 Co0,4 Chitosan 04

6 Co0,8 Chitosan 0,8

C. aprecierea inocuititii ambalajului in contact
direct cu alimentele

Pentru  aprecierea  conformitatii  cu
cerintele de sigurantd alimentard au fost supuse
analizel hartiile de laborator obtinute conform
urmatoarelor retete:

- cd uloza sulfat inalbita rasinoase - 70%

- cduloza sulfat inalbita foioase - 30%

- grad de miacinare celuloza rasinoase, 40°SR

- grad de macinare celuloza foioase, 30°SR

- agent de incleiere Aquapd 210D, p.c. - 0; 0,2;
0,4%

- agent pentru cresterea rezistentei in stare umeda
si uscatd Kymene 611, p.c. - 2%

Hartiile suport au fost tratate pe ambele fete cu o
solutie ce contine:

Perfectamil A 4692, concentratia 3,5%
BASYNTOL FCP/Lodyne 2000/Chitosan, p.c. -
0,4%; 0,8% (raportat la amidon)

EDTA (c=80g/l) - 0,8 % (raportat la amidon)
N&aCO; (c=10%) pentru corectie pH, p.c. - 0,1%
(rgportat la amidon)

Au fost efectuate teste privind migrarea
globaa in simulant D si continutul de metale
grele

2010, vol.59, nr.1

Lista probelor testate

Conditii de incercare
Nr. | Denumire proba
crt. Raport Simulant D
de extractie | (ulei de misline)
1. | AQ0OBO04 11 24h, 40°C
2. | AQ0OBO0S8 11 24h, 40°C
3. | AQO C04 11 24h, 40°C
4. | AQO CO08 1:1 24h, 40°C
5 | AQOLOS 11 24h, 40°C
6. | AQ02 B04 11 24h, 40°C
7. | AQ02BO038 11 24h, 40°C
8 | AQO02 C04 11 24h, 40°C
9. | AQ02C08 1:1 24h, 40°C
10. | AQO02 L 04 1:1 24h, 40°C
11. | AQ02 L 038 1:1 24h, 40°C
12. | AQ04 B04 1:1 24h, 40°C
13. | AQ04 BO0_8 11 24h, 40°C
14. | AQ04 C04 1:1 24h, 40°C
15. | AQ04 C0_8 11 24h, 40°C
16. | AQO4 L0 1:1 24h, 40°C
17. | AQ04 L0S8 1:1 24h, 40°C

REZULTATE SIDISCUTII

In vederea efectudrii analizelor de
l[aborator, foile de hartie obtinute in conformitate
cu programele de cercetare mentionate au fost
conditionate timp de 24 de ore intr-0 aimosfera cu
temperatura si  umiditate relativd controlate
(23+1°C, 50+2%).

Au fost determinate:

e caracterigticile structural — dimensionale, si
anume: gramaj, grosime, densitate,
permesbilitateala aer, deformatia la umezire

e caracteristicile de rezstenta mecanica si
deformarie, si anume: rezistenta la tractiune, in
stare uscatd si umeda, rezistenta la plesnire,
deformatia la umezire

o caracteristici capilar -
capacitatea de absorbtie a apei
impermesbilitateala grasimi (Test KIT)

higroscopice:
CObbeo,

e caracteristici chimice - continut metale grele,
Pb, Cr, Cd; continut de Fe, continut de cenusa.

Continutul de metale s-a determinat din
extractul apos la rece, obtinut conform SR EN
645:1996, precum si din cenusa obtinutd prin
mineralizare in cuptor cu microunde.

Rezultatele obtinute in cadrul celor 3
programe experimentale sunt prezentate in
tabeldel, 2, 35i 4.
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Tabelul 1 Probe de laborator. Rezultatele analize

Tabelul 1 (continuare)

2010, vol.59, nr.1

conginutului de metale grele in cenugad 8. | AQ02CO04 | 430 | 0012 | 1,841 | 0,080
9. | AQ02C08 | 416 | 0,017 | 0,620 | 0,047
- " 10. | AQO2 L 04 3,53 0,008 0,985 0,128
(I;Irrt D(:)f:Lg;{l‘re Continut de metale grele (ppm) 11. | AQ02 L 08 401 absent | 0,425 | 0,245
: Pb Cd Cr Hg 12. | AQ0,4B04 | 368 | 0,009 | 0,725 | 0,313
(total) 13. | AQ0,4 B08 | 265 | absent | 1,545 | 0,156
1. | AQO B04 6,45 | 0,011 | 0,669 | 0,118 14. | AQO4 CO4 | 388 | 0,016 | 0,611 | 0,257
2. AQO0 BO03 5,98 0,014 0,495 0,378 15. | AQ04 CO0,8 3,40 absent | 0,732 0,222
3. AQO CO04 11,06 0,051 0,609 0,094 16. | AQO4 LOA4 3,51 0,009 0,999 0,035
4. | AQ0 C08 12,03 | 0,097 | 0,670 | 0,135 17. | AQO4 L08 | 304 | 0,014 | 0571 | 0,154
5. AQOLOS 5,96 0,010 0,474 0,450
6. AQO0,2 B04 4,33 0,022 0,788 0,195
7. AQO0,2B0,S8 4,70 absent | 1,379 0,028
Tabelul 2 Probe de laborator. Rezultate obfinute pentru seria de probe AQO - AQO,4
Nr. Caracterigtica UM Metoda de testare Cod reteta
crt. AQO AQ0,2 AQO,4
1 Gramaj g/m2 SR EN ISO 536:1997 49,2 49,6 49,8
2 Grosime mm SR EN 1SO 534:2005 0,078 0,080 0,082
3 Densitatea aparenta g/cm3 SR EN ISO 534:2005 0,66 0,68 0,68
4 Permeabilitateala aer um/Pas | SRISO 5636-5/1996 2,41 2,18 1,42
5 Deformatia la umezire % SR 1SO 5635:1999 +1,86 +1,43 +0,87
6 Rezi stenta la tractiune in stare uscatd KN/m SR IS0 1924-2:2009 3,14 3,48 4,05
7 Rezistenta la tractiune in stare umedda | KN/m SR IS0 1924-2:2009 1,14 1,18 1,86
8 Rezistenta la plesnire kPa SR EN 1SO 2758:2004 287 305 346
9 Absorbtia apei Cobbgy, media F/'S o m? SR EN 20535:1996 49,5 48,1 43,8
10 KIT nr Tappi 557 11 8 6
11 Continut de cenusa % SR 1S0 2144:1999 0,12 0,13 0,13
12 Continut de Pb ppm SR EN 12498:2006 0,0027 0,0027 0,0027
13 Continut de Cr ppm SR EN 12498:2006 sld sld sld
14 Continut de Cd ppm SR EN 12498:2006 0,024 0,024 0,024
15 Continut de Fe ppm SR 1SO 6332:1996 2,14 2,11 2,36
Tabelul 3 Probe de laborator. Rezultate obtinute pentru seria de probe B0,4 - C0,8
Nr. Caracterigica UM Metoda detestare Cod reteta
crt. B0,4 B0,8 L0,4 L0,8 C0,4 C0,8
1 Gramgj g/m2 SR EN ISO 536:1997 51,4 50,2 51,2 49,6 50,8 49,2
2 Grosime mm SR EN I1SO 534:2005 0,086 0,075 0,084 0,068 0,081 0,066
3 Denditatea aparenta g/cm3 SR EN ISO 534:2005 0,59 0,67 0,61 0,73 0,63 0,75
4 Permeabilitatea la aer pum/Pa. | SR 1SO 5636-5/1996 0,84 0,55 0,92 0,56 1,11 1,00
s
5 Deformatia la umezire % SR I1SO 5635:1999 +1,45 +1,20 +1,57 +1,24 +1,12 +0,74
6 Rezistenta la tractiune in stare | KN/m SR 1SO 1924-2:2009 4,82 5,40 3,94 4,04 4,49 4,84
uscata
7 Rezistenta la tractiune in stare | KN/m SR 1SO 1924-2:2009 0,42 0,45 0,41 0,42 0,42 0,46
umeda
8 Rezistenta la plesnire kPa SR EN 1SO 2758:2004 310 329 318 320 310 312
9 Absorbtia apei Cobbgy, media g/m2 SR EN 20535:1996 59,7 55,0 49,3 36,9 59,2 58,4
FIS
10 KIT nr Tappi 557 9 11 11 12 6 7
11 Continut de cenusa % SR ISO 2144:1999 0,10 0,10 0,11 0,11 0,18 0,2
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Tabdul 3 (continuare)
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12 | Continut de Pb ppm SR EN 12498:2006 0,0028 | 0,0029 | 0,0027 | 0,0028 | 0,0029 | 0,0031
13 | Continut de Cr ppm SR EN 12498:2006 sid sid sid sid sid sid
14 | Continut de Cd ppm SR EN 12498:2006 0,024 | 0,024 | 0,025 | 0,025 | 0,027 | 0,028
15 | Continut de Fe ppm SR IS0 6332:1996 2,21 2,23 2,41 2,42 3,27 3,54

Tabelul 4 Probe de laborator. Rezultate privind migrarea globala de componenti in uleiul de mdsline

Nr. crt. Denumire proba m, my m, mg¢* M (mg/dm?)
1. AQO0 BO04 0,2949 0,4014 0,1096 0,2893 31
2. AQO0BOS8 0,3066 0,4168 0,1106 0,3007 0,5
3. AQO C04 0,2805 0,3736 0,1079 0,2764 14,8
4. AQO0 CO08 0,2716 0,3642 0,0959 0,2666 33
5. AQO LOS8 0,2888 0,3204 0,0321 0,2849 0,4
6. AQO0,2 B04 0,2734 0,3946 0,1285 0,2710 7,3
7. AQO0,2 B0,38 0,2766 0,3762 0,1030 0,2714 34
8. AQO0,2 C04 0,2647 0,3518 0,0897 0,2601 2,6
9. AQO0,2 C08 0,2835 0,4238 0,1526 0,2792 12,3
10. AQO02 L0A4 0,3030 0,3378 0,0366 0,2965 1,8
11. AQO02 L0S8 0,3003 0,3481 0,0520 0,2950 4,2
12. AQO04 B 04 0,2838 0,3834 0,1097 0,2792 10,1
13. AQO04 B08 0,2676 0,3492 0,0821 0,2648 0,5
14. AQO04 C04 0,2896 0,3829 0,0946 0,2866 1,3
15. AQO04 CO0O8 0,2641 0,3581 0,0947 0,2620 0,7
16. AQO04 LOA4 0,2484 0,2798 0,0320 0,2432 0,6
17. AQO04 LOS8 0,2924 0,3175 0,0298 0,2850 4,7

M - migrarea globala in ulei de misline a esantionului destinat s intre in contact cu produse alimentare, in mg/dm? ; m,- masainitiala
aepruvetel inainte de contactul cu uleiul de masline, in grame; my-masa epruvetei dupa contactul cu uleiul de masline, in grame; m-
masa uleiului de masline absorbit de epruveta, in grame;*m; — masa hartiei dupa extractia uleiului

a. influenta agentului de incleiere

Rolul operatiei de incleiere este acela de a
conferi hartiei rezistenta la penetratia lichidelor.
Hartia formatd numai din fibre celulozice, fara
material e deincleiere, are rezistentd foarte mica la
penetratia apei, deoarece, fibrele celulozice
hidrofile formeaza o structurda poroasa receptiva
la apa sau alte lichide. incleierea in masi este
principaa cale de reducere a penetratiei lichidelor
si se realizeaza prin introducerea in pasta de hartie
a unor substante hidrofobe, care se retin pe
suprafata fibrelor, micsorand presiunea de curgere
capilara.[7] Indicele Cabb, care exprima cantitatea
de apa absorbita de unitatea de suprafatd a hartiei
cand este expusda contactului cu apa un timp
determinat, scade pe masura ce adaosul de agent
de incleiere creste. Dacd hartia suport este

incleiatd nu se absoarbe suficient agent de
impermeabilizare in masa fibrei si ca urmare
gradul de i mpermeabilitate exprimat prin valoarea
KIT este mult mai mic fatd de o hartie neincleiata.
S-au obtinut valori KIT de 10 -11 in cazul unei
hartii suport neincleiate, respectiv valori KIT de 6
in cazul hartiilor obtinute cu un adaos de agent de
incleiere de 0,4% (fig. 1).
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Fig. 1 Variafia capacitatii de absorbtie a apei si a
gradului de imper meabilizare
in functie de adaosul de agent de incleiere

Continutul de metale grele toxice - Pb, Cd
— nu se modifica odata cu cresterea adaosului de
agent de incleiere; continutul de Cd se mentine
sub limita de detectie, in timp ce continutul de fier
inregistreaza modificari nesemnificative, fara a se
corela cu adaosul de Aquapd.

b. influenta agentului de imper meabilizare

Rezistenta hartiei fata de uleiuri se
apredaza pe baza valorii testului KIT. Valoarea
KIT este definita ca numarul cel mai mare al
solutiei care sta pe suprafata hartiei tratate timp de
15 secunde, sub forma de picatura, fara a produce
umbrirea.  Umbrirea  este  detectata  prin
intunecarea pronuntatd cauzatd de penetratie. Cu
cat este mai ridicata valoarea KIT, cu atat este mai
buna rezistenta la ulei a hartiei.

Agentii  fluorochimici utilizati pentru
impermesbilizare nu formeaza film la suprafata
hartiei ci este absorbit pe fibra celulozica,
furnizind substratului o energie de suprafata
scizutd. In aceste conditii, lichidele non-polare,
cum ar fi uldurile, nu pot penetra hartia tratata. La
acelasi adaos de agent de impermeabilizare,
eficienta acestora variazd astfel: Chitosan
(KIT 5-6) < Basyntol FCP (KIT 9-11) < Lodyne
2000 (KIT 11-12).

Rezultatele obtinute pentru testul KIT se
cordeaza cu rezultatele obtinute la testele de
migrare globala a componentilor in uleiul de
masline. Astfel, migrarea globala in ulei de
masline pentru probele analizate variaza astfel:
3,3 mg/dn? (KIT 7) laprobele neincleiate tratate

cu Chitosan 0,8%; 0,5 mg/dm® (KIT 12) la
probd e neincleiate tratate cu Basyntol FCP 0,8%;
0,4 mg/dn? (KIT 9) la probele neincleiate tratate

cu L odyne 0,8%.
Utilizarea agentilor de impermeabilizare
nu determind modificari semnificative ale

continutului de metale grele in hartie, care se
mentine sub limita impusd hartiilor pentru
ambalgj alimentar. [8,9] Se remarci un continut
de fier usor mai ridicat in cazul hartiilor tratate cu
produsul Chitosan (3,27 — 3,54 ppm). Continutul
de substante anorganice cel mai ridicat, exprimat
prin continutul de cenusa, se inregistreaza in cazul
utilizarii  produsului  Chitosan, o posibila
explicatie fiind legata de natura si provenienta sa.

C. aprecierea inocuititii ambalajului in contact
direct cu alimentele

Migrareglobala

Limita de migrare globala impusa de
normativele in vigoare, respectiv H.G. nr. 1197/
2002 pentru aprobarea Normeor privind
materialde si obiectele care vin in contact cu
dimentele, este de 10 mg/dm?® (din suprafata
materidului) sau 60 ppm (mg constituenti
diberati/kg de aliment), toleranta analitica fiind in
cazul simulantilor aposi de +1 mg/dm® , iar in
cazul simulantilor de tip D de +3 mg/dm?.

Vaorile migrérii globale in simulantul D
pentru toate probd e de hartie analizate se situeaza
sub limita de 10 mg/dm® cu 2 exceptii: proba
AQOCO0,4 si proba AQ0,2C0,8.

Dacd se ia in considerare si toleranta
anditici (+3 mg/dm?), atunci numa proba
AQOCO0,4 depaseste limita impusa.

Din andliza vdorilor my (masa hartiei
dupa extractia uleiului) rezultd, in toate variantele:
m < m, (masa initiala a epruvetei inainte de
contactul cu uleiul de masline), ceea ce
corespunde cu o anumita cedare de substante
solubilein grasime, dar si solventul de extractie.

Continutul de metale grele

Din analiza rezultatelor se poate observa
un continut redus de metale grele (Pb, Cd, Cr) in
produsul finit (hartie), in cazul fiecaruia dintre
cele 3 metale andizate (fig. 2, 3, 4).

De asemenea, vaorile pentru continutul de Hg
sunt sub limita precizatda de standardul SR CR
13695-1: 2002, dintre acestea valori mai ridicate
au rezultat 1n cazul probelor: AQOBO,8,
AQOLO,8, AQO0,4B0/4, la care continutul de
mercur a fost >0,3 ppm (fig. 5). Suma
continuturilor celor 4 metale este de max.15 ppm,
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cu mult sub limita de 100 ppm, ceea ce reprezinta
conformitatea cu normativel e existente.
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Fig. 2 Variatia continutului de Pb in probele de hdrtii obtinute in laborator
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Fig. 3 Variafia confinutului de Cd in probele de hartii obtinute in laborator
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Fig. 4 Variatia continutului de Cr (total) in probele de hdrtii obtinute in laborator
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Fig. 5 Variatia continutului de Hg in probele de hdrtii obtinute in laborator

CONCLUZII

Rezultate e teste or de laborator conduc la
urmatoarele concluzii:

e Aditivul pentru rezistenta in stare umeda si
uscatd, agentul de incleiere si agentii de
impermesbilizare fol ositi in testele de laborator
nu congituie o sursi importantd de metale
gree

o Pentru testarea migrarii globale in cazul hartiei
si cartonului destinate contactului cu
adimentele s-a utilizat o metoda standardizata,
care utilizeaza casimulant D, uleiul de masline

o Evauarea rezultatelor a avut in vedere limita
de migrare globala impusa de normativele in
vigoare, respectiv H.G. nr. 1197/2002 pentru
aprobarea Normelor privind materialde si
obiectele care vin in contact cu alimentele.
Valorile migrarii globale in simulantul D
pentru toate probele de hartie analizate se
Situeaza sub limita de 10 mg/dm? cu 2
exceptii: proba AQOCO0,4 si proba AQ0,2C0,8

o Referitor la andiza permeabilitatii la vapori de
apa, in toate cele 3 serii: seria AQO, AQO,2 si
AQO,4 nu se observa diferente semnificative
intre valorile permeabilitatilor la vaporii de apa
atat la 23°C cat si la 38°C

e Din andiza metaldor grele rezultd cd suma
continuturilor celor 4 metale este de max.15

ppm, cu mult sub limita de 100 ppm, ceea ce
reprezinta conformitatea cu normativele in
vigoare

Apreciem ca, din punct de vedere a
continutului de metale grele, materialede
analizate raspund cerintelor esentiale privind
siguranta alimentard; de asemenea, se asigura
si un nivel ridicat de protectie a mediului.
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Rezumat

Sunt prezentate sub aspect practic si teoretic efectele pe care factorii exogeni,
temperatura, umiditatea si gazele poluante le au asupra stabilitatii si proprietatilor
hartiei. Actiunea acestor factori asupra degradarii hartiei se manifesta prin scaderea
proprietatilor de rezistenta (in special a rezistentei la indoire) si la cresterea gradului de
hidrofilie a hartiei cu rezultat in facilitarea atacului factorilor fizici, chimici si biologici.

Cuvinte cheie: Hértie, Stabilitate, Imbétrénire, Degradare, Factori exogeni, Proprietati
de rezistenfa

Abstract

In this paper are presented the effects of exogenous factors, temperature, humidity,
pollutants, on the paper stability and properties.

The action of exogenous factors on paper degradation is manifested by decreasing of
paper strength (especially folding endurance) and hydrophilic character. This has as

2010, vol.59, nr.1

result the facilitation attak of physical, chemical and biological factors.

Keywords: Paper, Stability, Ageing, Degradation, Exogenous factors, Strength
properties

INTRODUCERE

Cartile, manuscrisele, lucrarile tiparite sau
documentele de arhiva reprezinta un tezaur pretios
care trebuie conservat si pastrat in bune conditii
pentru a fi transmis generatiilor viitoare. Hartia este
un material de natura organica care este supus la
actiunea factorilor de degradare fizicd, chimica,
biologica sau sociala. Reactiile chimice care
afecteaza documentele pe suport papetar rezulta din
interactiunea dintre anumite elemente din structura
si compozitia acestora si factorii naturali ai
mediului: umiditate, temperatura, lumind, gaze
poluante, etc.

Pierderea stabilitatii hartiei este atribuita
atat factorilor de naturd externa cat si celor interni.
Dintre factorii interni care contribuie la pierderea
stabilitatii hartiei, cei mai importanti sunt: procedeul
de incleiere, natura fibrei celulozice, stratul de

Cretare, prezenta compusilor acizi sau metalici.
Variabilele externe sunt determinate de conditiile de
depozitare si utilizare a hartiei. Temperatura si
umiditatea necorespunzatoare accelereaza
deteriorarea hartiei, iar poluarea atmosferica este
frecvent sursa atacurilor acide externe. [1]

Stabilitatea termica a unui polimer, este
determinata de energia de disociere a legaturilor
chimice care formeaza structura macromoleculara.
Prin imbatranirea hartiei la temperaturi ridicate
(80°C) se pot obtine informatii relevante privind
stabilitatea proprietatilor mecanice si a gradului de
culoare, parametri importanti in cazul arhivarii
documentel or pe suport papetar.

De asemenea, se stie ca hartia este
caracterizata de higroscopicitate, care variaza in
functie de conditiile mediului in care este depozitata
si de compozitie. Capacitatea de a absorbi sau
eibera apa afecteaza proprietatile fizice ale hartiei
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ca stabilitatea dimensionala, rezistenta la tractiune,
gramajul sau rezistenta la duble indoiri.

Poluantii din aer (SO,, NO,, O3) conduc la
acidifierea hartiei cu rezultate in cresterea gradului
de friabilitate. Absorbtia acestor compusi 1n hartie
conduc la formarea de acizi in reactia cu apa din
structura  hartiei sau reactioneaza direct cu
componentii acesteia. Combinatia dintre
contaminantii acizi §i umiditatea prezenta in
materialele cdulozice fie ca apa libera sau legata,
conduce la hidroliza acida a celulozei, cu rezultate
in scindarea lantului celulozic si reducerea
rezistentei  fibrelor. In  scopul  protejirii
documentelor pe suport hartie care sunt depozitate
in arhive si biblioteci sunt necesare masuri pentru
prevenirea atacului factorilor poluanti. Una dintre
aceste masuri este purificarea aerului in spatiile de
depozitare. [2]

PARTEA EXPERIMENTALA

Programul experimental a avut ca obiectiv
evaluarea efectului factorilor de microclimat
(exogeni): temperatura, umiditate si gaze poluante,
asupra degradarii unor diverse sortimente de hartie.
Testde s-au efectuat pe mostre de hartie noi
obtinute in laborator si cu compozitii diferite.

Materiale si metode utilizate

Materiale

- hértie obtinuta in laborator - pe formatorul
Rapid Kothen in conformitate cu prevederile
STAS 6095/3:1990, cu urmatoarea compozitie
si codificare:

P2 N R
100% -

Compoztie P1
Celulozi sulfat de - -
raginoase neinalbitd
Celulozi sulfat de
raginoase 1nalbita
Celulozi sulfat de
foioase Tnalbita
Carbonat de calciu -
natural
Agent deincleiere, -
Aquapel 610D
Agent de retentie, -
Cartaretine F
Agent pentru
rezistenta in stare
umedi, Kymene
611

70% | 70% -

30% | 30% - -

25% - -

1,5% - -

0,8% - -

2% | - - -
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M etode de evaluar e a degr adarii

Pentru mostrde de hartie obtinute in
laborator s-au aplicat urmatoarele tratamente:

- tratament cu caldura uscatia la 105°C
(24, 48, 72, 96 ore), cf. SR 1SO 5630 — 1, Hartie si
carton — Partea 1: Tratament la caldura uscata la
105°C;

- mentinere in atmosfera conditionata
temperatura de 23°C si umiditatea relativa
65% timp de 24, 48, 72, respectiv 96 ore;

- mentinere in atmosferd de vapori de
dioxid de sulf (10 mg/m® timp de 24, 48, 72,
respectiv 96 ore.

cu
de

REZULTATE SIDISCUTII

Tratament la calduri uscati (105°C): nainte si
dupa fiecare serie de tratamente s-au evaluat
caracteristicile fizico-mecanice si chimice ale
probelor de hartie testate, dupa cum urmeaza:

- rezistenta la tractiune cf. SR ISO 1924-2:1996

- rezistenta la plesnire cf. SR EN ISO 2758:2004

- rezistenta la duble indoiri cf. SR ISO 5626:1996

- rezistenta la sfagiere cf. SR EN 21974:1996

- absorbtia apei, indicele Cobb, cf. SR EN
20535:1996

Rezultatele obtinute sunt prezentate sub forma
grafica in figurile 1,2 si 3.

16009 ] op1  mP2 ON @R
1400+~
— p=
12001
5 |
2 1000¢”
2
S 8001~
3
£ 6001
5
z S—
400"
200"
ol
0 24 48 72

Durata de mentinere la temperatura de 105°C, ore

Fig.1 Influenta tratamentului cu caldura uscata
asupra rezistentei la indoire a hartiei
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0 24 48 72

Durata de mentinere la temperatura de 105°C, ore

Fig. 2 Influenta tratamentului cu caldura uscata
asupra rezistentei la sfdsiere a hartiei
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o4
0 24 48 72
Durata de mentinere la temperatura de 105°C, ore

Fig. 3 Influenta tratamentului cu caldurad uscatd
asupra rezistentei la tractiune a hdrtiei

Analizand reprezentarile grafice din
figurile 1, 2 si 3, privind efectul tratamentului cu
caldura uscata asupra proprietatilor de rezistenta a
probeor de hartie, se pot face urmatoarele afirmatii:

- vaorile caracteristicilor de rezistenta a
materialdor fibroase testate se reduc ca efect al
degradarii fibrelor celulozice si al modificarii
legaturilor dintre fibre;

- datorita  efectului  termic, se  produce
cornificarea peretelui cdular al fibrelor si odata
Cu acessta suprafata de legare a fibrdor se
reduce; fibree isi pierd flexibilitatea si se
rigidizeaza, iar rezistenta hartiel Se miCsoreaza;

- ceama mare reducere o inregistreaza rezistenta
la indoire (figura 1), acesta fiind o proprietate
complexa care include combinarea rezistentei la
tractiune, elasticitatea, rezistenta la compresiune
si o serie de tensiuni de forfecare la care este

2010, vol.59, nr.1

supus produsul papetar; de cele mai multe ori,
nivelul acestel caracteristici ofera informatii
privind rezistenta la utilizari repetate  si
durabilitatea produse or papetare;

- hartiille care au in compozitie numai fibra
cdulozica (N si R) prezinta cea ma mare
rezistenta la imbatranire, cu atdt mai mare cu
cat si continutul de lignind in fibrele celulozice
este ma ridicat (9556% rezistenta la
imbatranire pentru mostrele din 100%
celuloza sulfat naturald);

- In cazul mostrelor de hartie care au in
compozitie agenti pentru rezistenta in stare
umeda (P1) se observa ca dupd tratamentul cu
cildura uscatd, rezistenfa la tractiune a
probe or testate inregistreaza valori mai ridicate
fata de cele inregistrate pentru probele initiale;
acest aspect poate fi datorat, pe de o parte,
fenomenului de reticulare a rasinii pentru
rezistenta in stare umeda care continud la
temperatura de 105°C si dupa uscarea hartiei §i
conduce la obtinerea unor hartii mai rezistente,
iar pe de dta parte, rigidizarii hartiei in urma
tratamentului la cald, care in aparenta poate
conduce la o rezistenta mai mare a acesteia,
desi hartia este mai fragila.

Pentru probele de hirtie mentinute in
atmosfera  conditionatd cu temperaturda  si

umiditate controlate s-au determinat  ace easi

caracteristici de calitate ca si in cazul probelor de
hartie tratate cu caldurd uscatd, rezultatele fiind
reprezentate in figurile 4 si 5.

300 4

250 4
200 \/

150 4

——P1

—8— P2

100 #
50 \‘/\_’_‘

0

Numar duble indoiri

0 20 40 60 80 100 120

Durata tratamentului, ore

Fig. 4 Evolutia rezistentei la indoire a hdrtiei in
conditiile cresterii umiditatii relative a mediului
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100 -
90
80 -
70 4
60
50 4
40
30 4
20
10

4 Tratament cu
caldura uscata

B Temperaturd +
umiditate

Numar duble indoiri

0 20 40 60 80

Durata tratamentului, ore

a)

3 .
£
Z 25
=
g
3 27 *
‘6' L_J
o
= 151
©
o
[=4 1A
% 4 Tratament cu caldura uscata
E 0.5 B Temperatura + umiditate

0 T T T 1

0 20 40 60 80

Durata tratamentului, ore

b)

Fig.5 Evolutia caracteristicilor de rezistenta
mecanicd pentru probe de hdrtie incleiate
depoztate in conditii diferite de temperaturd i
umiditate: a) rezistenta la indoire; b) rezistenta la
tractiune

Analizand reprezentarile grafice din figurile
4 si 5 se observd aceeasi tendintd de scadere a
proprietatilor de rezistenta ca efect al mentinerii in
amosfera cu umiditate ridicatd, ca si in cazul
tratamentului cu caldura uscata.

Pentru acelasi sortiment de hartie, scaderca
caracteristicilor de rezistenta este ma accentuata
dupa 24 de ore de mentinere in umiditate ridicata,
fata de aceeasi durata a tratamentului cu caldura
uscata.

Un aspect important al degradarii probelor
de hartie mentinute in conditii de umiditate ridicata
il constituie reducerea gradului deincleiere, datorata
dizolvarii agentului de incleiere din compozitia
hartiei, ceea ce face ca hartia sa devind mai
absorbanta si astfel mai accesibila atacului factorilor
fizic, chimic si biologici. (figurile 6, 7). [3]
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60 1
o
E
o

> 58 - -

8 -
8
P 56 -
[
Q
_E 54 A
2
S 52 1
8
=3
s 509
1%}
Qo
<

48 T |

0 20 40 60 80 100 120
Durata tratamentului, ore

Fig. 6 Evolutia gradului de incleiere a probelor de
hdrtie pastrate in medii cu umiditate ridicata

(proba P2)

Fig.7 Document de hdrtie cu grad de incleiere
redus

Pentru probele de hértie pastrate in
atmosfera de SO, au fost determinate atat
caracteristicile de rezistenta ca si in cazul probelor
supuse la cde doua tipuri de tratamente, cat si
gradul de ingalbenire (scidderea gradului de alb) si
pH-ul extractului apos cf. STAS 6367:82 dupa 96
ore de mentinere in atmosfera de SO».

Dioxidul de sulf este un gaz acid care se
transforma in timp si mai ales, in prezenta vaporilor
de apa, in acid sulfuric — cunoscut pentru pagubel e
imense pe care le provoaca documentelor de arhiva.

In urma expunerii la actiunea vaporilor de
SO, se observa reducerea semnificativa a gradului
de incleiere, respectiv cresterea capacitatii de
absorbtie a apei pentru probele de hartie incleiate
(proba P2) dupa cum se prezinta in figura 8.
Aceasta arata clar ca aciditatea creatd de vaporii de
sulf are actiune distructiva asupra caracterului
hidrofob i a legaturilor create de agentul de
incleiere in structura foii de hartie. [4]
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65
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40 A
35
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Absorbtia apei, Cobb60, g/mp

40 60 80 100 120

o
N
o

Durata expunerii, ore

Fig.8 Evolutia gradului de incleiere in timpul
expunerii hdrtiei in atmosfera de vapori de SO,

300

250

200

150 ——P1 —a—P2

100

Numar de duble indoir

50

0 20 40 60 80 100 120

Durata tratamentului cu dioxid de sulf, ore

Fig.9 Influenta tratamentului cu SO, asupra
proprietatilor de rezistenta ale hartiel

In ceea ce priveste evolutia proprietitilor de
rezistenta, pentru ambe etipuri de probe imbatranite
in atmosfera de vapori de SO,, se observa ca cea
mai mare reducere este inregistrata de numarul de
duble indoiri. (figura 9)

Valorile gradului de ab s-au modificat ca
urmare a tratamentul ui cu vapori de SO,, dupa cum
se observd in figura 10. De remarcat faptul ca,
probele care sunt incleiate cu produsi pe baza de
alchil dimercetene (AKD), respectiv P2, prezinta o
stabilitate mai buna a gradului de alb pe parcursul
tratamentului, cunoscut fiind faptul ca agentii de
incleiere de tip AKD se folosesc 1n tratamentele de
consolidare si restaurare a documentelor pe suport
hartie. [4]

60 -
50 n\-—.\.
40
30 -

20

Gradul de alb, %

——P1 —-—P2

10 4

0 20 40 60 80 100 120

Durata tratamentului cu dioxid de sulf, ore

Fig.10 Influenta tratamentului cu SO, asupra
proprietatilor optice ale hartiei

Valoarea pH-ului extractului apos scade
prin expunerea probelor de hartie in atmosfera de
dioxid de sulf, scaderea fiind mai accentuata pentru
probee neincleiate, respectiv de la 7,32 la 3,54
pentru proba neincleiata (P1) si de la 7,6 la 7,36
pentru probaincleiata (P2).

In ceea ce priveste analiza comparativa a
efectdor induse de procesdle de imbatranire la care
au fost expuse probele de hartie obtinute in
laborator, se constata pentru probele de hartie
testate o crestere a hidrofiliei in urma tratamentul ui
termic, cu SO, si umiditate, efectul cel mai
pronuntat fiind dat de actiunea vaporilor de SO,.
(figura11)

70 4
65
60
55 1
50
45

40 1 A
35 & Tratament cu céldura uscata
B Tratament latemperatura de 23T si UR de 65%
307 A Tratament in atmosfera de SO2
25

20

L 2
>

*
*

Absorbtia apei, Cobb60, g/mp

0 20 40 60 80 120

Durata tratamentului, ore

Fig.11 Absorbtia apei dupa diferite tratamente de
imbatranire pentru probe de hdrtie incleiate cu
AKD

Procesd e de imbatranire studiate au condus
la sciderea caracteristicilor de rezistenta a probelor
de hartie testate, cea mai mare reducere fiind
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inregistrata in toate cazurile de numarul de duble
indoiri (figura 12). Din punct de vedere d
procesului de imbatranire accelerata, cea mai mare
influenta o are tratamentul cu caldura uscata.

—&— Tratament cu caldura uscata

—&— Tratament la temperatura de 23°C si

UR de 65%
—&— Tratament in atmosfera de SO2

Numar de duble indoir
[o2]
o

0 20 40 60 80 100 120

Durata tratamentului, ore

Fig.12 Rezistenta la indoire dupa diferite
tratamente de imbdtranire pentru probe de hdrtie
incleiate cu AKD

CONCLUZII

Rezultatele studiilor i testelor efectuate
pentru evaluarea efectului factorilor exogeni asupra
degradarii hartiei au condus la urmatoarele
concluzii:

e Factorii externi (temperatura, umiditate, gaze
poluante) determinati de conditiile de
depozitare si utilizare a documentelor pe suport
hartie au un rol important in procesul de
deteriorare a hartiei;

e Pentru probde de hartie testate se constata o
crestere a hidrofiliei, respectiv de scadere a
gradului de incleiere, ca urmare a tratamentului
termic, cu SO, si umiditate, efectul cel mai
pronuntat fiind dat de actiunea vaporilor de
SO;;

o Procesde de imbatranire artificiala studiate au
avut ca rezultat scaderea caracteristicilor de
rezistenta a probelor de hartie testate, cea mai
mare reducere fiind inregistrata in toate cazurile
de numarul de duble indoiri ;

e Tratamentul cu caldura uscata actioneaza diferit
in functie de compozitia hartiei, astfel probele
congtituite numai din fibre celulozice prezinta
cea mai mare rezistenta la imbatranire, iar
probele cu continut de auxiliari chimici (agenti

pentru conferirea rezistentei in stare umeda)
inregistreaza chiar usoare cresteri ale acestor
caracteristici ca urmare a fenomenului de
reticulare care continua dupa uscarea hartiei;

BIBLIOGRAFIE

1. Nechita P., Malutan C., Manea D. — Aspecte
teoretice §i  practice  privind  influenta
procesdlor de degradare asupra stabilitatii
hdrtiei — Celuloza si Hartie, 58 (2), 14, 2009;

2. Strlic M., Krdj 1., Kolar J, De Bruin G,
Steemers T. - The Role of Volatile Organic
Compounds in Paper Degradation -
Proceedings of the Internationa Conference
Durability of Paper and Writing, July 7 - 9,
2008, Ljubljana, Slovenia, p.28

3. Arddean E., Asandg D., Tanase M., Bobu E., -
Sudy on some resizing and consolidation
methods of old paper supportl — European
Journal of Science and Theology, 2007, val.3,
no.3, 53 -61

4. Arddean E., - Rezumat al tezei de doctorat —
Cercetari privind restaurarea §i conservarea
documentelor de arhiva, lasi, 2009.

MUL TUMIRI

Aceasta lucrare a fost realizatd cu suportul
financiar @ Ministerului Educatiei, Cercetarii si
Inovarii — Centrul National de Management
Programe Bucuresti — Programul Parteneriate in
Domenii Prioritare, in cadrul proiectului: ,,.Srategii
de cercetare privind evaluarea starii de conservare
si implementarea de noi materiale §i tehnici in
restaurarea si conservarea cartilor si documentelor
vechi in vederea asigurdrii perenitdtii mostenirii
culturale la nivel comunitar ” — PapRest

Autorii multumesc Universitatii Al.I.Cuza
lasi, Prof. Dr. Nicoleta Melniciuc, pentru sprijinul
acordat in tratamentul probelor de hartie cu SO,.

-30 -



Celuloza si Hartie

2010, vol.59, nr.1
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Rezumat

Sunt prezentate rezultate ale experimentelor de laborator privind inalbirea celulozei sulfat
de rasinoase cu fosfomolibdatul de sodiu, (Na;PMo4O,,) compus din categoria
polioxometalatilor (POM). Secventa de Tnalbire foloseste POM in faza de preinalbire, iar
inalbirea finala se realizeaza cu dioxid de clor. Se discuta influenta preinalbirii celulozei cu
POM asupra gradului de delignificare a celulozei si selectivitatii procesului. Inalbirea finala
cu dioxid de clor asigurd obtinerea de celuloze cu grade de alb si caracteristici de
rezistentd care depind de numarul de trepte si de adaosul de dioxid de clor.

Cuvinte cheie: Celuloza, Polioxometalafi, Delignificare, Inalbire
Abstract

Results regarding laboratory bleaching trials of softwood kraft pulp using sodium
fosfomolibdate (Nas;PMo0,024), a polyoxometalate compound (POM), are presented.
Bleaching sequence uses POM as reagent in the pre-bleaching stage, and final bleaching
is performed using chlorine dioxide. The influence of POM pre-bleaching stage on pulp
delignification degree and process selectivity is discussed. Bleached pulp properties

depend on number of stages and charge of chlorine dioxide.

Key words: Chemical Pulp, Polyoxometalates, Delignification, Bleaching

INTRODUCERE

Tehnologiile actuale de inalbire a celulozei
utilizeaza dioxidul de clor ca reactiv principal, iar
cde mai vechi incd mai folosesc hipocloritul si
cdorul demental. Acesti reactivi sunt selectivi si
ieftini, dar au impact negativ asupra mediului
inconjurator. Utilizarea unor reactivi mai putin
poluanti in locul celor pe baza de clor seimpune cu
necesitate si se fol osesc deja oxigenul, peroxidul de
hidrogen si ozonul.

Printre compusii testati ca avand capacitate
de oxidare a ligningl in procesul de inalbire a
cdulozel se numara si polioxometalatii (POM),
asupracarora s-au efectuat numeroase

cercetari [1-11]. Una dintre proprietatile POM
datorita careia acestia pot fi folositi la inalbire este
capacitatea de a se reduce si oxida reversibil, ceea
ce prezintd un avantg important legat de utilizarea
lor repetata.

Polioxometa atii trebuie sa aiba potentialul
de oxidare suficient de ridicat pentru a putea oxida
lignina, dar suficient de scazut pentru a putea fi
reoxidati cu peroxidul de hidrogen sau chiar cu
oxigenul molecular. Aceastd conditie este
reprezentata de urmatoarea secventa [11,12]:
Eo(lignind) < Eo(polioxometalafi) < E0(Oy)
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Literatura de speciditate recomanda
pentru indlbirea celulozei polioxometalati cu
continut de Mo, W si V, cu potentialul de oxidare
cuprinsintre 0,4 — 0,9 V. [7,8]. Aceste vd ori sunt
comparabile cu ae oxidantilor utilizati in mod
curent laindlbirea celulozei:

03 (+2,07V), 03 + 2H+ +2€ — 02 + Hzo

Cl, (+1,36V), Cl, + 26 — 2CT

CIO; (+1,27V), CIO, + H +& — 2CT

H,O, in mediu dcalin, (+0,87V), HO, + H,O
+ 26 — 30H)

O, in mediu acdin, (+0,4V), O, + 2H,0 + 4¢
—, 40H)

Modul de actiune al POM in procesul de
indlbire este redat prin ecuatiile reactiilor 1 si 2,
[11, 12, 14]. In prima etapa POM oxideaza lignina
si trece in formaredusa, conform reactiei 1:
LigH2 + POM 2" — Lige + POMieg + 2H" (1)

in a doua etapd, POM este oxidat si apoi
reiaciclul de oxidare aligninei. Ligninatrecutain
solutie este oxidata suplimentar pana la dioxid de

cabon s apa, procesul in ansamblu fiind
reprezentat de reactia 2.

Ligox + POM,q + 2H" + O, — POM,,*" + CO, +
H,O 2

Principalele criterii  pentru selectarea
polioxometalatilor utilizati la indlbirea celulozei
sunt [13,15]:

¢ polioxometalatii trebuie sa aiba potentialul de
oxidare suficient de mare ca si oxideze
lignina, dar in acelasi timp sa poata fi
reoxidati de oxigenul molecular sau alti
oxidanti in conditiile de reactie date;

polioxometalatii trebuie sia fie suficient de
stabili in conditiile de reactie ale procesul ui de
ddignificare a cdulozei (pH, concentratie,
temperatura);

sd ectivitatea acestor reactanti trebuie sa fie
ridicatd pentru a nu degrada excesiv celuloza
si a nu diminua caracteristicile de rezistenta
decduloze;

reactantii trebuie sa se prepare relativ usor, sa
fie solubili in apa, sd nu fie scumpi si nici
toxici;

Experimentérile din prezenta lucrare au
urmarit studiul comportarii unui tip nou de POM
in procesul de indlbire a celulozei sulfat de
raginoase. S-a vizat inalbirea celulozei dupa o
secventa lipsitd de clor elemental, in care POM a
fost folosit in etapa de preinalbire.

PARTEA EXPERIMENTALA

Secventa de 1ndlbire utilizatd a fost POM-
EP-D,, respectiv POM-EP-D;-D,. Experimente e
sau efectuat atdt cu polioxometalat proaspat
preparat cit si cu polioxometalat regenerat din
filtratul delatratarea celulozei.

S-a folosit cdulozd sulfat naturald de
rasinoase cu cifra kappa 27,5 si viscozitatea 1150
dm*Kg, din productia curenti de la S.C.SOMES
S.A.Dsg.

In treapta de inilbire cu POM s-a utilizat
fosfomolibdatulul de sodiu (NagPM040O,,) sub
formda de solutie. Reactivul a fost sintetizat la
concentratia de lucru (17 g/l), dupa metoda
brevetatd de autorii lucrdrii [13]. S-a utilizat atat
POM proaspat preparat, cat si POM regenerat cu
peroxid din filtratele de la inalbire.

Treapta de tratare cu POM s-a condus in
mediu slab acid, la pH 4. Dupa parcurgerea celor
4 ore de reactie cu celuloza, POM din filtratul
recuperat de la spilarea celulozei a fost regenerat
cu H,0,, timp de o ora la temperatura de 95°C.
Dupa tratarea cu POM, celuloza a fost supusa
treptel de extractie alcalind oxidativd, urmata de
una sau doua trepte de tratare cu dioxid de clor.
Conditiile de lucru pentru fiecare treaptd de
indlbire sunt redate in tabelul 1.

Tabelul 1 Adaosurile dereactivi la inalbirea celulozei de rasinoase cu POM

CONDITII DELUCRU SIADAOSURI | UM | POM | EP D1 D2

Durata h 4 1 2,5 25

Temperatura °C 95 70 70 70

PH initat 4 10 2,5 2,5

Consistenta % 10 10 10 10
PROBA 1 (POM-EP-D1)

Adaos polioxometalat, c=17g/l ‘ kg/t ‘ 17 ‘ ‘ ‘
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Adaos H,0,, c=30% kg/t 7

Adaos EDTA, c=10% kg/t 0,5

Adaos NaOH, c=100g/| kg/t 15

Adaos CIO,, c=5,3g/l kg/t 12
PROBA 2 (POM-EP-D1-D2)

Adaos polioxometalat, c=17g/l kg/t 17

Adaos H,0,, c=30% kg/t 7

Adaos EDTA, c=10% kg/t 0,5

Adaos NaOH, c=100g/| kg/t 15

Adaos CIO,, c=5,3g/l kg/t 12] 5

PROBA 3 (POM-EP-D1)

Adaos polioxometalat, regenerat de la PROBA 1 kgt | 10,3

Adaos H,0,, c=30% kg/t 7

Adaos EDTA, c=10% kg/t 0,5

Adaos NaOH, c=100g/| kg/t 15

Adaos CIO,, c=3,5g/l kg/t 12
PROBA 4 (POM-EP-D1-D2)

Adaos polioxometalat, regenerat dela PROBA 2 kgt | 10,1

Adaos H,0,, c=30% kg/t 7

Adaos EDTA, c=10% kg/t 0,5

Adaos NaOH, c=100g/| kg/t 15

Adaos CIO,, c=3,5g/l kg/t 12] 5

Celulozele obtinute s-au caracterizat sub
aspectul determindrii  continutului de lignina
(indicele kappa) al viscozitatii, gradului de alb si
caracteristicilor de rezistenta.

REZULTATE SIDISCUTII

Secventele de indlbire studiate, POM-EP-
D, respectiv POM-EP-D;-D,, constau din faza de
preinalbire, (POM-EP) si etapa de inalbire finala
cu una-doui trepte de dioxid de clor. intre trepte,
celuloza s-a spalat cu apa pana la obtinerea unui
filtrat limpede. Dupd treapta de tratare cu POM,
indicde kappa a cdulozd sa redus la 11 iar
viscozitatea la 950 dm?kg, iar dupi extractia
alcalina oxidativa, indicele kappa a fost 5,5 iar
viscozitatea 920 dm?kg, dupi cum rezultd din
tabelul 2.

Aceste date arata ca tratarea celulozei cu
POM determind o avansare importantd a gradului
de ddignificare, acesta marindu-se cu aproximativ
60%, iar in faza de preinalbire (POM-EP) se
eimind aproximativ 80 % din lignina. Eliminarea
ligninel in treapta POM este insotita si de o
oarecare degradare a cdulozei. In treapta de
extractie alcalind oxidativa, dizolvarea ligninei
continua, dar viscozitatea celulozei nu mai scade
accentuat. Cresterea gradului de alb este redusa, de
la 46 % dupa treapta POM la numai 49 %, dupa
POM-EP, dar acest aspect este secundar, deoarece
treapta EP urmareste reducerea suplimentara a
continutului de lignind 1Inainte de 1Indlbirea
celulozei in treptele finale.
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Tabelul 2 Condifiile de lucru si rezultatele obtinute la inalbirea celulozei de rasinoase cu POM

Treapta detratare cu polioxometalat

| Treapta de extractie alcalini oxidativi

Celuloza natur ala

Kappa 27,5, viscozitate 1150 dm¥Kg
Lungime de rupere - 10,04 km
Indice de plesnire - 4,8 KPam?/g
Indice de sfasiere -12,7 mN mé/g
Alungire -1,8%

GA initid — 30%

Concentratia 0,01M

Durata4 ore

Temperatura 95°C

Consistenta 10%

GA — 46%

CifraKappa 11, viscozitate 950 dm*¥/Kg

NaOH 15 kg/t

H,O, 7kgit

Duratal,5 ore

Temperatura 70°C

Consistenta 10%

Gradul de db dupa EP 49 %

Indicele kappa 5,5, viscozitatea 920 kg/m®

PROBA 1 (POM proaspit)

Lungime de rupere - 6,4 km

Indice de plesnire - 2,4 kPamf/g

Indice de sfasiere - 3,6 mN m?/g

Alungire -1,8%

GA dupa D1 — 74,8%, viscozitatea 770 dm*/Kg

PROBA 2 (POM pr oaspit)
Lungime de rupere - 5,7 km
Indice de plesnire - 2,3 kPA m%g
Indice de sfasiere - 3,0 mN m?/g
Alungire -1,6%
GA dupa D2 — 86,8%, viscozitatea 670 dm*/Kg

PROBA 3 (POM recuperat)
Lungime de rupere— 6,9 km

Indice de plesnire - 3,3 kPA m%g
Indice de sfasiere - 3,0 mN m?/g
Alungire -1,8%

GA dupa D2 — 79%, viscozitatea 730

dm*/Kg

PROBA 4 (POM recuper at)
Lungime de rupere— 7,0 km
Indice de plesnire— 2,4 kPA m?lg
Indice de sfasiere — 2,7 mN mé/g

Alungire

-19%

GA dupaD1-71%
GA dupa D2 — 84%, viscozitatea 620 dm*/Kg

GA — Gradul de alb al celulozel

Motivul pentru care s-a mentinut dioxidul
de clor careactiv pentru treptel e finale de inalbire a
cduloze a fost acda ci acest agent duce la
obtinerea de celuloze indlbite cu grade de alb si
proprietiti de rezistenta ridicate. in prezenta lucrare
s-a folosit dioxidul de clor in una sau doua trepte
finale de indlbire, cu scopul de a testa daca se pot
obtine gradele de alb si caracteristicile de rezistenta
ale cdulozdor indlbite comerciale cu adaosurile de
reactiv practicate in mod obisnuit.

Datde din tabdul 2 arata ca se obtin
rezultate diferite, in functie de modul in care este
condusi indlbirea. Acestea depind de numarul de
trepte de dioxid de clor si de faptul daca se foloseste
POM proaspit preparat sau regenerat. Dacd se
foloseste POM proaspat, cea de-a doua treapta de
dioxid de clor determina cresterea accentuatd a
gradului de alb final a cduloze care este cu 10-12
unititi mai ridicat. In cazul in care se foloseste
POM regenerat, gradul de alb final al cduloze este
mai mic cu aproximativ 7 unitati. In toate cazurile,
viscozitatea cd ulozel or inalbite a scazut, reducerea
fiind in concordantd cu cresterea gradului de ab.
Sciderea viscozitatii celulozei, raportata la cresterea
gradului de alb este mai mare daca se foloseste
POM regenerat. Proprietatile de rezistenta ale
cduloze inalbite depind de gradul de alb si sunt cu
atat mai mici cu cat gradul de alb al celulozei este
mai ridicat. Ceulozde inalbite cu POM proaspat

preparat au caracteristici de rezistenta superioare
ceor inalbite cu POM regenerat.

CONCLUZII
e Pentru indlbirea celulozei s-a folosit un
polioxometalat (fosfomolibdatul de sodiu -

NasPM0,40,4), sintetizat de autorii lucrarii dupa
0 metoda originala. Reactivul se obtine in
solutie, la concentratia folositd la inalbirea
cdulozg;

e FEtapa de preindlbire a celulozei a constat din
secventa  polioxometalat-extractie  alcalind
oxidativi (POM-EP). In aceasti etapi se
indeparteaza aproximativ 80 % din lignina
initiala din celuloza naturala. Inilbirea finala cu
dioxid de clor in doua trepte determina
obtinerea unor grade de alb la niveul
cdulozdor comercide

e Proprietatile de rezistenta ale celulozelor depind
de gradul de alb si de faptul daca se foloseste
polioxometalat  proaspat sau  regenerat.
Caracteristicile  celulozelor  indlbite  sunt
superioare in cazul folosirii polioxometalatului

proaspat preparat.
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Abstract

The paper presents the principal aspects regarding nonwood plants uses for pulp
production. There are presented also some biological and chemical composition
elements of kenaf from Romanian culture. The pulping and bleaching results
obtained at laboratory scale are presented.

Keywords: Kenaf, Pulping, Bleaching, Nonwood plants

Rezumat

Lucrarea prezinta principalele aspecte ale utilizarii plantelor nelemnoase pentru
productia de celuloza, precum si unele elemente de biologie si compozitie chimica a
kenafului cultivat in Romania. Sunt prezentate rezultatele experimentarilor de
fierbere si albire derulate la nivel laborator.

Cuvinte cheie: Kenaf, Fierbere, inalbire, Plante anuale

INTRODUCTION

The economic and environmenta
protection factors generate an increased interest for
the pulp manufacturing based on non wood fibers.
Utilization of non wood fibers presents a series of
advantages and disadvantages as the following
Ones:

* A smaler content of lignin comparing with
wood fibers (hardwood and softwood) and
lignin present in these fibres has a lower
molecular weight, being more accessible to the
chemicals from the cooking liquor;

* Because of the low volumetric weight of the
chips we could use the continuous cooking
system instead of the rotary digesters which
have alower productivity;

* The main disadvantage is represented by the
difficult recovery of the kraft black liquor
because of its high content of silica dioxide
[1,6].

At present, at globa levd the nonwood
pulp manufacturing experiences a continuous
increase. China represents the country that

produces haf of the pulp obtained from annual
plants a global leve [3].The nonwood plants
designated to be used within the pulp and paper
industry are divided in three main groups as
follows:

e hemp, kenaf, linen and cotton

e reed, bamboo, esparto, papyrus

o (different categories of straw (sugar cane

bagasa, tobacco and corn stalk) [7,8]

Elements of biology and chemical
composition

Kenaf— Hibiscus cannabinus — also known
as Bombay hemp [4], (Malvaceae family)
represents an annual plant, originary from Africa
and South Asia (frequently found in the Centra
America as well) is a very high quaity nonwood
fiber, with rdative recent usage in the pulp and
paper manufacturing (Figure 1) [5,11].
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Fig. 1 Kenaf - Hibiscus cannabinus

Kenaf has a stalk that reach 5+6 m high in
5+6 months in temperate and tropical climate.

In tropical climate 2 harvests per year
could be obtained. The areas cultivated with kenaf
from the south of the United States produce 15+20
t/ha resulting a double quantity of vegetal mass
comparing with the pine plantations. [9,10]

Comparing with other annual plants, kenaf
presents a high content of cdlulose with a high
productivity of the annual vegetal mass (table 1).

Table 1 Cellulose content of different annual plants

No. Raw Productivity, Equivalent in
material t ad/ha bleached pulp,
t ad/ha
1 | Irrigated 15+25 45:75
sorghum
Non irrigated 59 1.5:3.0
sorghum
2 I ntegral 7.4+-24.7 3.0:9.,0
K enaf
3 | Wheat straw 2.2:3.0 0.7+1.0
4 | Rice straw 1.4+2.0 0.5+-0.6
5 | Reed 5.0:9.9 2.0:4.0
6 | Cultivated 2.5:5.0 1.0:21
reed
7 | Sudan 20+-24.7 3.0:9.0
Papyrus
8 | Bagasa 5+12.4 1.3:32

Beside the high productivity per hectare
kenaf utilization is aso justified by the relative low

cost (20+40% lower comparing with the south
pine).

Studies and researches redized within this
field recommend the kenaf as a potential source of
raw material for paper manufacturing. Collatera
with the analysis of the possibilities to be used at
paper manufacturing, the studies daborated at
global level aimed: way and period of cultivation,
soil humidity, and temperature during the growing
process, plant density, way and period of
harvesting that must assure a sufficiently dry
product in order not to suffer biological damages
during conservation. We aso had in mind the
method to separate the component parts taking into
account the compacting degree and the structure
type obtained, the | ast treatment being essentia for
material handling and for reducing transportation
and storage costs. [12]

Fiber properties

Not until long time ago the kenaf was
known as a homogenous material being used
within the textile industry for burlap and drugget.
From the structural point of view the kenaf is a
heterogeneous materid: the external part or the
bark consisting of long fibres (approximatdy 3
mm) represents about 30% of the stalk and the
interna non wooden part with short fibres
(approximatdy 6 mm) that represents about 70%
of the stalk. The wooden part has a marrow with
very short fibers without papermaking ability that
represents about 1+3 of the stalk. A cross section
of the stalk (T1=peeak) is represented in Figure 2.
[13-16]
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Fig. 2 Cross section through Kenaf strain

In normal climatic conditions the stalk
grows up to a height of 3+6 m and a diameter of
25+35 mm (at the basis) in a period of 5+7 months.

The textile kenaf fibres are phloem fibres
of secondary origin having a higher quality
comparing with the primary ones.

nonwood plants
comparing with softwood and hardwood refer to:

Chemical composition

The main chemica characteristics of
that make the difference

e Low lignin content

* |denticd pulp content

* Reach content of pentosans and ash
(table2) [17-20].

Table 2 Chemical composition of different nonwood plants comparing to hardwood and softwood

Fiber type Pulp a- pulp, % Lignin, % Pentosans,% Ash, % Silica, %
Cross/Bewan, %
Stalk fibres
Rice straw 43+49 28:36 12:16 23-28 15-20 9:14
Wheat straw 49:54 29:35 16:21 26+32 45:9 37
Barley straw 47+48 3134 14+15 24-29 57 3:6
Oat straw 44+58 31:37 16+19 27-38 6:8 4:65
Rye 50:54 33:35 16+19 27+30 225 0.5:4.0
Sugar cane 49:62 32:44 19:24 2732 15:5 0.7:35
Bamboo 57+66 26+43 21+31 15:26 1.7+4.8 0.69
Esparto grass 50+54 33+38 17+19 27+32 6+8
Sabai grass 54 22.0 23.9 6.0
Reed 57 44.75 22.8 20.0 2.9 2.0
Phloem fibers
Linen bundle 75.9:79.2 45.1:68.5 10.1+14.5 6.0:17.4 2.3+47
seeds
Flax seeds 47 34 23 25 5
K enaf 4757 31:39 14.5:18.7 22:22.7 1.7:5.0
Jute 57-83 21-26 18-21 0,5+1,8
L eaf fibers
Abaca (manila) 78 60,8 8,8 17,3 11
Sisal (Agave) 55+73 4356 7.6:9.2 21.3:24.0 9.6:11
Cotton linters 80+85 0.8+1.8
Wood fibers
Softwood 53+62 4045 26-34 7+14 <1
Hardwood 54+61 38:49 23:30 1926 <1
From the biometric data point of view

nonwood plants have a thickness of 20 um and a
length of 2,5+6.0 mm comparing with softwood A classification of nonwood fibres

fibers that have a length and a diameter of 2,5+4,5

mm and 30+-40 um, respectively. [21,22].

comparing to wood fibers taking into account the

diameter could be presented as follows:
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Cotton < Softwood < Hardwood Corn and sorghum stalk 1.0+15 20.0
(marrow free)
Taking into account the length the order is the | Cotton 2.0 20,0
foll owi ng: Cotton stalk 0.6-0.8 20+-30
Indian hemp 3.7 25
) Espart 15 12
Straw<Har dwood< Sisal <Esparto<Softwood< Flgxa ° 320 20
Abaca<Hemp<Cotton<Flax Hemp 20 2
. . L Jute 25 20
Dimensional characteristics Kenaf cortex (bark) fibers 2.6 20
In table 3 the anatomic -morphological gj”:f core g's 28
characteristics are presented for different nonwood g
. . X Reed 1.0-1.8 10+20
plants whose analysis can result in the following = _ :
lassification taking into account the lumen e straw 05:10 8-10
classitica g Sisd 3.0 20
diameter: Wheat straw 15 15
o Small lumen : Esparto Wood species
<Straws<Hardwood<Softwood Softwood — temperate zone 2.7+4.6 32:43
Medium lumen: Flax<Hemp<Sisal Hardwood — temperate 0.7+1.6 20+40
Large lumen: Abaca<Cotton<Softwood Zone
( r?n wood) Mix of tropical hardwood 0.7-3.0 20+40
Spring Eucalyptus 0.7:13 2030

Table 3 Dimensional characteristics of different

annual plants Chemical — physical characterigtics of the
kenaf cultivated in Romania
Fibrous species Average Average
fiber length, diameter, um The chemica anaysis of the kenaf
: mm cultivated in Romania was carried out on

Manila Hemp 6.0 24.0 components: textile part, wooden part and the

Marrow free bagasa 1.0+1,.5 20.0 .

Bamboo 2740 150 entire stak. In table 4 are presented the results
obtained comparatively with two samples of kenaf
from the United States of America, as chips. We
could notice that the bark free kenaf stak contains
an average content of 22.3%, 1.47% ash, and
0.06% silica.

Table 4 Chemical composition of kenaf cultivated in different areas
Species Sample Pulp Pentosans | Solublein | Solublein | Extractin Lignin, Ash SiO, %
Kiirschner - % NaOH hot water alcohol- % %
Hoffer 1% benzene,
% %
Kenaf USA P1 39.4 225 26.79 7.6 3.67 18.5 1.74 0.36
Kenaf USA P1 49.7 21.4 25.38 7.72 3.85 15,5 2.23 0.72
(with
bark)
Kenaf P1 314 223 34.48 6.1 5.9 14.9 1.47 0.06
Romania (bark
free)
Kenaf P2 42.3 235 325 6.4 4.1 12.8 2.1 0.28
Romania (with
bark)
Kenaf P3 62.3 20.1 15.2 6.5 1.49 9.7 3.77 0.13
Romania (bark)

It could be noticed that in the bark the pulp
and ash content is higher. The pulp content is about
62.3% and the ash is 3.77%, respectively. At the
entire stalk the values of pulp, lignin and pentosans

are approximatdy equal with the ponderate
average of the component val ues (bark and wooden
part). Thelow content of silicais noticed in the ash
composition.
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EXPERIMENTAL PART

The researches carried out within SC
CEPROHART SA laboratories were realized on
kenaf cultivated on an experimenta lot in the
Murfetlar area, Constanta County, using the
methods currently used in the vegeta anatomy
research [1]. This kenaf has stalks with an average
heght of 3 m with ramifications representing
around 10% of the plant weight. At the bottom, the
stalk thickness is about 2.5+-3.0 cm, 0.2+-0.5 cm at
the top, respectively.

Table 5 Chemical analysis of the kenaf used in
the experimental program

In order to obtain pulp more cooking

processes were tested: SNS (sodium sulfite), soda,
soda — antraguinone and akaline - peroxide using
the whole plant or component parts.
The preliminary tests emphasized that, although
the textile part contains more lignin, at a liquor to
wood ratio of 3.5:1 the material is cooked unevenly
although the alkaline charge is raised to 21+22%
NaOH. This could be explained by the fact that the
textile part is not impregnated evenly having the
tendency to float in the liquid.

Although, as we have already presented,
the kenaf has a relatively low content of lignin for
its cooking, quite hard cooking conditions were

Characteristics Pulp Pentosans, | Lignin, | Ash, necessary (tabl e 6) as follows:
on component | Kiirschner % % %
arts - Hoffer,
P % e Temperature: 170 + 175°C
Bark 62,3 20,1 9,7 3,77 . P . .
Wooden part 314 223 149 | 147 o Cookingtime: 240+ 270 min
Marrow 29.1 25,0 57 | 197 e Alkaline charge: 20%
Whol e kenaf 42,3 23,5 12,8 21
e Liquor: Wood ratio: 4.8:1
Table 6 Cooking process parameters
Cooking Cooking process parameters Pulp characteristics
process Temperature, | Cooking H, Wood : Alkaline charge, % Kappa Screening Reject, %
°C time, Liquor ratio Number, yield, %
min

SNS 170 270 4,8 20 24 43,8 8,2

170 240 4,8 20 22 43,9 7,1
Soda 170 240 4,8 20 24 43,0 6,2
Soda + AQ 170 240 4,8 20 25 44,2 4,3
Soda + 170 270 4,8 20 25 43,0 4,3
SNS
Soda + 170 270 4,8 19,5 23 42,5 8,7
HzOz

It could be noticed that by al the
experimented processes we could obtain a pulp
with a Kappa number between 22+25 and with
screening yidds of 425+44.2. For the SNS
cooking process we could raise the cooking
temperature to 175°C at the same time with
shortening of the cooking time. The minimum
wood to liquor ratio used during the experiments
was 4.8:1. In the speciaty literature higher values
are mentioned for that parameter. But a higher
liquor to wood ratio leads to increased energy
consumptions [2].

The physical — mechanical characteristics
of the kenaf pulps a kappa numbers of 22 and 25

are comparable with the values of wood pulps
(table 7).

Table 7 Mechanical resistance of soda kenaf pulps
with Kappa numbers of 22 and 25

Characteristic 30°SR 50°SR
Breaking length, m 8500-8800 9500-10000
Burst resistance, 3,538 4,2-4,5
kgf/cm?

Because of a textile fiber part that still
remains uncooked the screening reects remain at
high values of 6+8%. For their recovery, we could
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either refine them, or recook them in the following
conditions:

e Temperature 170°C
e Time 60 min.
o Alkaline charge: 11 %

The material resulted after the reect
cooking in the mentioned conditions presents
adequate characteristics, and could be introduced
in the circuit mixed with the pulp (table 8).

Table 8 Characteristics of pulp obtained from

reject
Characteristics Re cooked regject
Beating degree 30°SR 50°SR
Breaking length, m 7800 9410
Burst resistance, kgf/cm? 3,7 4,3

Soda experiments of the kenaf components
were aso performed for: textile part and wooden
part. Working conditions and characteristics are
presented in table 9.

Table 9 Cooking parameters and characteristics of
the pulp obtained from kenaf component parts

Cooking parameters Textile part W ooden
part
Cooking temperature, °C 170 170
Cooking time, min 180 240
Alkaline charge, % 16 22
Kappa number 24 25
Yield, % 58 40
Breaking length at 50°SR, m 11250 9180
Burst resistance, kgf/cm? 4,8 4,3

It can be noticed that the textile part alone
or mixed with the pulp and the wooden part has
good papermaking characteristics.

Kenaf could be dso used to obtain
semichemical pulp. The experiments devel oped by
the soda process, in the following conditions, led to
pulps with the Concora index of 34 (a a begating
degree of 30 °SR):

e Temperature 170°C
e Time 150 min.
o Alkaline charge: 13 %

Kenaf pulp bleaching can be carried out
following conventional sequencesasCl - E—H —
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H — SO, at a tota chlorine charge of 10% and
whiteness of 82+83%. Bleaching sequences were
aso experimented with the replacement of the
chlorination stage with a stage of akaine
extraction additivated with peroxide followed by 2
hypochlorite stages. The whiteness obtained in this
case was 79 +80% or chlorine freetypes Q — E/P-P
sequences were aso performed obtaining a
whiteness of 82%.

Kenaf pulp was used a the writing —
printing paper manufacturing either as the only
component (100% kenaf pulp) or mixed with
poplar pulp (60% kenaf + 40% poplar pulp)
obtaining suitable resistance characteristics
(bresking length of 3300 m).

The final results recommend kenaf as raw
material for paper product manufacturing taking
into account that the stock of wood must be
preserved.

CONCLUSIONS

The studies and researches carried out at
laboratory level in order to use kenaf as raw
material for paper product manufacturing leads to
the following conclusions:

e The kenaf represents a valuable raw materia
for pulp manufacturing (at vyidds of
42.5:44.2%) or  semichemica pulp
manufacturing by soda process;

e Pulp could be obtained from the whole plant
(in this case rgects should be repulped) or
from components (a separation equipment is
required);

e The pulp is bleached at a whiteness of 82%
applying chlorine free Q-E/P-P sequences;

e The kenaf pulp has resistance characteristics
comparable with those of softwood pulps.
The breaking length is 8410 m at 50°SR and
could be used in the compasition of writing —
printing papers either as the only component
or mixed with poplar pulp.
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CONFERENCES, SYMPOSIA

The 14" Intern

ional Symposium on Cellulose
Chemistry and Technology

lasi — Romania, September 8 — 10, 2010

You are kindly invited to atend The 14"
International Symposium on Cellulose Chemistry
and Technology which will be hdd in lasi —
Romania.

Our am is to bring together the academic
and industrial communities for discussion on the
cellulose and

“new frontiers” in

papermaking.

chemistry

Topics

The symposium program will cover aspects
of pulp and paper science, including the following
mai n topics:

- Bio-resources. Bio-composites

- Innovative processes and materias in

pulp and paper making

- Paper recycling

- Naturd and synthetic polymers

- Energy and Environment

The organizers
proposals for paper and poster presentations. An
abstract of about 300 words in English should be
sent to the address of the Symposium Secretariat no
later than May 1, 2010. The deadline of submitting
the final manuscriptsis July 1, 2010.

Abstracts, correspondence and
should be sent by e-mail: fciolacu@ch.tuiasi.ro or by
mail, to the following address: The 14" International
Symposium on Cellulose Chemistry and Technol ogy
Secretariat, Faculty of Chemical Engineering and
Environmenta Protection, Dimitrie Mangeron Blvd.,

invite you to submit

inquiries

71, lasi — 700050, Romania, fax: +40 232 271 311,
Attention to: Prof. Valentin I.Popa or dr. Florin
Ciolacu.

The papers will be sdected for subsequent
publication in journas: Cdlulose Chemistry and
Technol ogy, Engineering and
Management  Journal, Buletinul Institutul ui
Politehnicdin lasi or Cdulozas Hartie.

Environmental

Symposium Venue

The symposium will take place at:

Faculty of Chemica Engineering and
Environmenta Protection, Dimitrie Mangeron Blvd.,
71, lasi — 700050, Romania

Organizers
“Gheorghe Asachi” Technical University of lasi

“Petru Poni” Institute of Macromolecular Chemistry

—las

“CEPROHART” Institute of Research and

Deve opment for Pulp and Paper Industry — Braila
Target group

The program will be planned for an international
audience. It will cover topics of interest both to
people working in research and devel opment and to
those/specialists working in the pulp and paper
industry, but aso in dlied industries. We offer
space for products, systems and equipment
exhibition

Official language of the Sympaosium: English
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The 16" Intern

itional Symposium in the field of PULP,
, PACKAGING and GRAPHICS

Zlatibor, Cigota, Serbia, June 15 - 18, 2010

Symposium is organized by the Centre of
Pulp, Paper, Packaging and Graphics Industry of
Serbia and Faculty of Technology and Metallurgy in
Belgrade, under the patronage of Ministry of
Science and Technologicad Deveopment of

Republic Serbia
The symposium goal

e To gather expets engaged in pulp, paper,
packaging and graphic industry, as wel as
representatives of academic institutions and, with
assistance of foreign lecturers (representatives of
international companies) to ddiver information
about new technologies and new operations and
processes in existing technologies, which could
enable price cuts and quality improvement of
products, followed by Dbetter preservation of
environment.

e To give chance to our experts to present results
they have achieved in their recent work, as well
as to review the possibilities to create quality
products demanded by world market with small
investment in existing equipment and improved

organization of their companies.

Topics
o New technologies in pulp, paper and graphic
industry

o Energy efficiency, bioenergy and alternative
energy in pulp and paper industry
o Paper recycling — ecology and economy

o Water in the pulp and paper industry

Accepted papers will be print in symposium
Proceedings. Time limit for application of work is
April 20, 2010, and if you want your work to be
published in official Publication, you should send it
before May 20, 2010.

The membership for the symposium is mandatory
for al participants and is 100 Euros, and it includes
Proceedings, program of Symposium, badge and
other material, refreshment during brakes, additiona
payment for ceremonial dinner and excursion.
Official languages of Symposium are Serbian and
English, and the simultaneous translation will be
provided. Should there be a least 20 Russian
speaking participants, we will aso organize
simultaneous trangl ation to Russian.

For additional information contact:

Marina Krsikapa, td/fax: 381-11-3985-073; Mobil:

+ 381-60-399-8-777, email: m.krsi kapa@gmail.com

Chairman of Organization Board: Prof. Milorad
Krgovic, Ph.D

Chairman of scientific Board: Prof. Slobodan
Jovanovic, Ph.D
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Autori: Gheorghe Duca, Tatiana Tugui, Centrul Regiona de Mediu— Moldova

Editura Academie de Stiinte a Moldovei, 2006, ISBN 978-9975-62-167-0

Cartea prezinta
teoretice si  practice
deseurilor.

in prima parte sunt tratate pe parcursul a
sase capitole cadrul institutional si legal al
managementul ui deseurilor, astfd:

Capitolul 1: Informara si participarea publicului la
luarea decizilor;

Capitolul 2: Notiuni si principii de gestionare a
deseurilor;

Capitolul 3: Cadrul institutional, legislativ si
normativ national al gestiondrii deseurilor;
Capitolul 4: Cadrul juridic al gestionarii
deseurilor la nivel international;

Capitolul 5: Responsabilitatea producatorilor
pentru gestionarea deseurilor;

Capitolul 6: Managementul administratativ i
financiar al gestionarii degeurilor.

principalele  aspecte
privind managementul

In partea a doua sunt tratate in cadrul a trei
capitole modalitatile de recuperare si eliminarea pe
planlocal si international a deseurilor:

Capitolul 7: Ssteme de colectarea, stocare si
transportare a deseurilor menajere solide (DMS);
Capitolul 8: Metode de eliminare a deseurilor;
Capitolul 9: Depoztarea deseurilor solide.

Din cadrul capitolului 1 remarcam datele
referitoare la Agenda 21 si cerintele pentru
managementul deseurilor abordate la nivel local. Se
aratd ca dezvoltarea economicd nu poate si fie
durabila sau garantata fara protectia mediului
inconjurator, iar pentru gestionarea durabila a
deseurilor sunt specificate urmatoarele aspecte:

- diminarea sigura a deseurilor periculoase din
punct de vedere al protectiei mediului ;

- Impiedicarea folosirii ilegale a unor asemenea
deseuri pe plan international;

- gestionarea comparabila cu mediul a deseurilor
solide si a namolurilor de la statia de epurare a
apdor uzate,

- gestionarea sigura din punct de vedere al

protectiei mediului a deseurilor radioactive;

In capitolul 2 se defineste notiunea de
deseu, se prezinta clasificarea deseurilor, ierarhia
managementului deseurilor (prevenire — reducere —
reciclare — prelucrare - oObtinerea energiei —
depozitared), minimizarea formarii deseurilor si o
sarie de demente strategice de planificare a
managementului deseurilor.

Unul dintre meritele lucrarii consta in faptul
ca, autorii vin cu elemente concrete privind
problema deseurilor din Moldova, comparativ cu
prevederile UE, precum si cu solutii viabile pentru
gestionarea acestora. O atentie deosebita este
acordata cadrului institutional, legislativ si normativ
national al gestiondri deseurilor care consta n:

- valorificareasi neutralizarea deseurilor existente;

- minimizarea generarii deseurilor;

- excduderea din utilizare a materiei prime cu
continut de substante toxice;

- micsorarea volumului si toxicitatii deseurilor pana
ladiminarealor;

- colectarea separatd a deseurilor menajere;

- perfectionarea cadrului legislativ;

- stimularea agentilor economici care practica
activitatea de gestionare a deseurilor, aplicand
mecani sme economi ce.

In capitolul 4 sunt prezentate principalele
directive privind gestionarea deseurilor:

- Directiva 75/442/ECC privind deseurile;

- Directiva 91/689/ECC  privind  deseurile
pericul oase;

- Directiva 99/31/ECC privind stocarea control ata
adeseurilor;

- Directiva 2000/76/ECC privind incinerarea
deseurilor;

- Directiva 94/62/ECC privind ambagede si
deseurile de ambalaje;

- Directiva 91/157/EEC privind bateriile si
acumulatoarele cu continut de substante
pericul oase;
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- Directiva  75/430/EEC  modificata  prin
directivele 87/10/EEC si 91/692/EEC privind
eliminarea deseurilor petroliere;

- Directiva 2002/96/EC  privind
eectrice si echipamentele electronice.

Se prezinta Catalogul European d
Deseurilor si  conventiile internationale din
domeniul gestionarii deseurilor. Responsabilitatea
producatorilor pentru generarea deseurilor este
prezentata in capitolul 5. Autorii prezintd in mod
concret practica UE in administrarea ambalajelor.
Capitolul 6 &bordeaza in mod detaliat
managementul  administrativ. §i  financiar  al
gestionarii  deseurilor, prezentand instrumentele
economice in administrarea deseurilor,
instrumentele de control si reglementarile de
stabilire a sistemului managementului deseurilor cu
recuperarea costurilor si ecoetichetarea.

Partea a doua a lucrarii (capitolele 7, 8 §1 9)
abordeaza modalitatile tehnice de recuperare si
diminare a deseurilor. Sistemele de colectare,
stocare si transportare a deseurilor menajere solide
sunt prezentate in capitolul 7. Sunt prezentate
compozitia morfologica pe ani §i anotimpuri a
deseurilor menajere solide (DMS), sistemele de
colectare a deseurilor, vehiculde pentru colectarea
si transportul deseurilor, metode de utilizare a
deseurilor prin recuperare §i reciclare. Sunt
prezentate date concrete prin crearea unui sistem de
colectare a DMS, recuperarea fractiilor utile prin
colectarea sdectiva, colectarea diferentiata a
masdor plastice, sticlei, a hartiei si cartonului, a
deseurilor provenite din demolari si constructii,
colectarea fractiilor organice a resturilor alimentare,
adeseurilor periculoase, a obiectelor voluminoase si
abunurilor de folosinta indelungata.

Capitolul 8 redia metodele de eliminare a
deseurilor care nu mai pot fi supuse recuperarii,
recidlarii sau valorificarii materiale (15 metode). In
acest capitol se acorda o atentie deosebita
procesului de compostare (procedeu biotehnologic
aerob). Autorii  prezinta date concrete privind
metodel e si tehnologiile de compostare a deseurilor,
sistemde de compostare, cerintele fata de
amengarea locului pentru compostare in conditii
casnice. Incinerarea deseurilor este atent tratata.
Sunt descrise principalee tipuri de incineratoare:

deseurile

2010, vol.59, nr.1

modulare sau cu pat fluidizat. Se insistd asupra
monitorizarii emisiilor §i cenusii rezultate la
incinerare.  Sunt  prezentate tehnologiile de
incinerare a deseurilor periculoase si a deseurilor
spitalicesti.

In capitolul 9 se analizeaza sub toate
aspectele problema depozitarii deseurilor solide.
Astfd s-a abordat structura diminarii deseurilor
menagere solide, conceptia ingroparii sanitare a
DMS, schema tehnologica tipica a depozitelor de
deseuri, cerintele privind amplasarea depozitelor,
planul general a depozitului.

Autorii oferd o serie de date privind
exploatarea depozitdor, solutiilor tehnice 1in
constructii, date privind zona de protectie sanitara si
controlul apelor subterane, precum si modalitatea de
inchidere a depozitului si de transmitere a terenului
pentru utilizare ulterioara, controlul respectarii
cerintelor de protectie a mediului, colectarea si
tratarealevigatului.

Lucrarea abordeaza si problema producerii

biogazului (proces biotehnologic anaerob). Se
prezinta mecanismul de formare si compozitia
biogazului.

In anexa se prezintd lista cuprinzand
deseurile, inclusiv deseurile periculoase.

Cartea este scrisa in mod atractiv si fiecare
capitol beneficiaza de bibliografia aferenta. In afara
de caracterul stiintific elevat si practic, cartea se
remarcd si prin aspectul grafic deosebit, fiind
ilustrata cu numeroase fotografii, clare si foarte bine
dese

In concluzie, literatura de specialitate s-a
imbogdtit cu o noud carte necesard si utild
autoritatilor, administratiei publice, specialistilor
din domeniul protectiei mediului si institutiilor de
invatdmant superior.

Cartea constituie de asemenea, suportul de
curs pentru cursul intitulat ,, Managementul
deseurilor” pentru studentii de la specialitatea
»Mediu si Tehnologii Curate” Universitatea
Tehnica a Moldovei.

Prof.dr.ing. Constantin Sanciu
Universitatea ,, Dundarea de Jos” Galati —
Facultatea de Inginerie din Braila
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DOCUMENTATION

TAPPI JOURNAL Summaries (2010)

Tappi Journal is an online publication of relevant and timely peer-reviewed
research.

IVE FIBERS

Study of the chemical modification
process of jute fiber
By Wei-ming Wang, Zai-sheng Cai, and Jian-yong
Yu

Jute is a natural biodegradable fiber
with advantages such as high tensile
strength, excellent thermal conductivity,
coolness, and ventilation function. However,
the degumming process necessary for
improving jute fiber’s textile properties. This
paper studies degumming of pre-chlorite
treated jute fiber. Findings show that sodium

hydroxide concentration, sodium silicate
concentration and treatment time were the
three most important parameters for
degumming.

QUOR BOILERS

Evaporation of Na,CO; - Na,S0,
solutions: A method to evaluate the
distribution between bulk and surface
crystallization
By Mathias Gourdon, Lars Olausson and Lennart
Vamling

Precipitation of sodium salts in black
liquor evaporators causes problems by
forming scales on the evaporator surface,
reducing heat transfer and cleaning intervals.
Most problems are connected with the
crystallization of sodium carbonate and
sodium sulfate. If crystals form and remain
on the surfaces, a layer of scales will build up
with time.This work develops a method for
estimating the distribution of crystal masses
between the bulk and on surfaces.
Experiments reveal that the method gives
valuable information on the crystallization
process. This model can be a useful tool for

in black

resolving scale problems
evaporators.

liquor

\ERS

Papermaking potential of novel
nanostructured PCC fillers
By Kimmo Koivunen and Hannu Paulapuro

New material solutions and paper
engineering are needed to meet the needs
for improvement of both brightness and
opacity of paper. Only recently had more
attention been paid to increasing the
refractive indices of papermaking materials,
especially fillers and pigments. A recently
developed nanostructured PCC offers a more
effective refractive index and an
advantageous structure for light scattering.
In this study, researchers fabricated filler-
grade calcium carbonates with a low degree
of nanostructuring to obtain an indication on
their paper technical potential. The results
suggest advantageous optical properties and
combinations of optical and strength
properties of paper.

'ATER QUALITY

Characterizing CBOD load reductions
from pulp and paper mills for TMDL-
related activities
By James E. Palumbo and Linfield C. Brown

Characterizing the effect of the organic
matter discharged into receiving waters is
one of the oldest challenges faced by water
quality practitioners. It also remains an
important one for the pulp and paper
industry. In the US, low dissolved oxygen
(DO) is one of the leafing causes of water
quality impairment. This research provides a
framework using simulation to predict
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effluent  biochemical oxygen demand
characteristics as a function of improved
wastewater treatment. This paper may be
useful to mills involved in water quality
activities examining the impact of effluent
organic materials on receiving water
dissolved oxygen concentrations.

FRENGTH

Prediction of the tensile strength of
hand sheets through computational
simulation of the structure
By Remi Vincent, Martine Rueff, and Christian
Voillot

To gain better understanding of the
influence of the fiber morphology upon paper
properties, researchers developed a novel 3-
D computational simulator of paper structure
which was validated through experimental
work. This simulator creates virtual pieces of
hand sheets using the size distributions of
the fibers as main inputs. Once the structure
is generated, physical properties can be
assessed. This paper focuses on the
prediction of the tensile breaking strength,
which is certainly the most commonly used
physical property for paper characterization.

Minimizing TMP energy consumption
using a combination of chip
pretreatment, RTS, and multiple stage
low consistency refining
By Marc Sabourin

An objective of this study was to
increase opportunities for displacing more
energy intensive high consistency refining
(HCR) with low consistency refining (LCR).
The approach involved modifications to both
the HC and LC components of
thermomechanical pulping. Researchers
produced high intensity thermomechanical
pulps from white spruce on the pilot scale
using a combination of pressurized chip
destructuring and fibration, chemical
treatment, RTS primary refining and multiple
stage low consistency refining. Competitive
news grade TMP pulp quality was achieved
with approximately 1500 kWh/odmt using
the new process configuration. The physical
pulp properties using the multiple stage LCR
configuration were equivalent to the HCR

control pulps at a given freeness and superior
at a given application of specific energy.
Results from this investigation shed light on
the importance of pulp fiber conditioning for
maximizing the displacement of HCR with
less energy intensive LCR.

N MATERIALS

Desighing nonwovens to meet pore size
specifications
By Glen E.Simmonds, John D.Bomberger, and
Michael A.Bryner

New nonwovens applications in areas
such as filtration require a media designed to
particular pore size specifications in the 3 to
20 micron range. The purpose of this work
was to develop a basis by which to design
and construct a fabric with given pore size
specifications. The authors provide a
validation for two different mathematical
models. They also show that bicomponent
spunbonded islands-i-the-sea  nonwoven
fabrics can be designed very precisely to
achieve target pore diameters and porosity.

ROMATOGRAPHY

Determination of aluminum soaps in
pitch deposits by gas chromatography
By Bruce Sithole and Paul Abbyad

Aluminum soaps can be determined
by formation of aluminum-acetylacetonate
chelates that are volatile enough to be
analyzed by gas chromatograpy. Application
of the technique to pitch deposits containing
aluminum soaps entails acid hydrolysis to
break down the Al-soaps, chelation of the
aluminum with acetylacetonate at pH>6, and
analysis of the aluminum chelates by gas
chromatography. The technique offers results
that are comparable to those obtained by a
traditional much longer method that requires
acid digestion of aluminum soaps and
analysis of aluminum content by ICP. This is
an advantage considering that an ICP
instrument is considerably more expensive
than a GC instrument.

After: Paper360°, january/February
2010
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