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Foreword

Over the past years, DAAAM-Baltic has been an international
forum for researchers and engineers to present their research results
in the areas of industrial engineering, manufacturing and
automation. It provides an avenue for discussion and exchange of
new ideas addressing new techniques and methods for product
development and manufacturing engineering.

This DAAAM-Baltic-2012 conference in the DAAAM-Baltic
Conference series will continue the mission of the DAAAM, which is to give for young and
active scientists of the Baltic Sea region an opportunity to introduce their works and find
partners.

The main idea of starting DAAAM-Baltic meetings was to organize regional conferences of
DAAAM International events (DAAAM — Danube-Adrian Association for Automation &
Manufacturing). DAAAM International is association for international scientific and
academic cooperation in the fields of intelligent automation and modern production.
DAAAM-Baltic is organized in Estonia every second year. Estonia has been represented as a
member of International DAAAM Committee since 1994. In year 2012 we have 8th
Conference of DAAAM-Baltic and 16 years of history of publishing the Proceedings. The
Proceedings of DAAAM-Baltic are included in Web of Science of Thomson Reuters.

The Conference addresses the issues of managing globalization in the internet age. Its scope
ranges from design engineering, production engineering, production management, materials
engineering to mechatronics and system engineering, with an emphasis on innovative
practices, to ensure that the focus of the conference is on learning, networking and generating
new ideas. We emphasize importance of European initiatives towards Factories of the Future
and technology platform Manufuture, and hope to give our contribution by bringing scientists,
entrepreneurs and industry specialists together for exchange of future visions based on
scientific research and case studies.

In 2012 we received about two hundred proposals from 16 countries. Over a hundred
participants from 12 countries take part in the Conference. All proposals have been carefully
selected and full texts of presentations peer-reviewed to address key topics of the conference.
130 papers were selected to present orally. Part of proposals were rejected on the grounds of
cither not being appropriate for the areas that DAAAM-Baltic covers or being of rather
narrow and specialized nature.

We wish to thank all authors, referees, members of the Organizing Committee and Program
Committee, as well as supportive organizations for their efforts which made this conference
possible. DAAAM-Baltic would not be possible without contributions from members of the
scientific community of the Baltic-Sea region.

We look forward to a very exciting and stimulating conference, and hope that you will join us
in next DAAAM-Baltic in 2014,

Tallinn; April 2012

< -

Tauno Otto
Chairman of the Scientific Committee DAAAM-Baltic 2012
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RECYCLING OPTIMISATION OF THE
ELECTROPHOTOGRAPHIC PRINTS

Bolanéa Mirkovié I., Majnari¢ I, & Bolanéa S.

Abstract: The research results of the
temperature influence of the offset cylinder
in electrophotography with the liquid
Electrolnk on the effectiveness of the
recycling process of prints have been
presented in the paper. By the temperature
increase in the domain from 125 — 145°C
the increase of specks area after pulping
appear which then influences their
elimination in the flotation process. On the
other hand by the increase of temperature
the increase of gamut volume of prints
appears, i.e. the greater reproduction
quality. In the paper the results have been
discussed in relation to the principle of
electrophotography with the aim of their
application in the field of graphic
materials development and the ecological

sustainability.
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LINTRODUCTION

The_ digital printing contributes to
sustainable  development [1]. These

printing techniques, in regard to some
conventional printing techniques has
ad\’?llltage in fewer influence on
environment mainly due to faster make
%'eady and the absence of plate making and
Its related chemicals, materials, emissions
and wastes. The poor deinkability of ink jet
and  liquid toner electrophotography
especially of the former formulations is the
bL%;gn?st environmental challenge of digital
printing [2,3].

~ The recycling of waste paper in
relation to the production of virgin paper

influences the consumption of water (25%)
and energy (40%), decreases the pollution
of the process water (35%) and air (70%),
preserves the woods and has the positive
economic effect [4].

Deinking is a process for detaching
and removing printing inks to improve
optical characteristics of pulp and paper
using recovered printed material [5].
Deinking plants have several unit
operations: pulping, screening, cleaning,
washing and/or flotation, dispersion,
bleaching, effluent treatment and sludge
disposal. Pulping in a deinking plant
involvs defibering which is accomplished
mechanically, and deinking by a
combination of chemical, mechanical and
thermal action [6]. The most ink
detachment is achived by the addition of
chemicals during the defibering operation
in the pulper.

Several chemicals are added to the
pulper:  sodium  hydroxide, sodium
carbonate, sodium silikate, soapps of fatty
acids and surfactants. Bleaching chemicals
may be added in the pulper or later in the
process, or both [7]. The type and
concentration of these chemicals will be a
function of the waste paper characteristic
to be deinked, the type of separation
equipment used to  eliminate the
contaminants from the pulp slurry and the
nature of the end—product [8].

High consistency pulpers used due
to the savings in the chemicals, steam, and
electrical energy and reduced pulping time
[9]. Removal of the detached ink particles
then use flotation.

The effectiveness of the deinking
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process itself depends on numerous factors.
The following ones have to be mentioned:
the kind and quantity of chemicals used in
different phases of the process as well as
the chemical and physical conditions of the
system such as pH value, consistency of
fiber suspension, defibering time and the
hydrodynamic factors of the flotation
process [10].

The other influential factors are: the
size, shape and the surface properties of the
dispersed ink particles, the air volume and
the size of the air bubbles have special
importance for the effectiveness of
deinking flotation. The effectiveness of the
process depends on the ability of the
printing ink adherence on air bubbles and
the strength of this bond in order to prevent
their detaching and rebinding to the
cellulose fibers [5]. The surfactants
stabilize the air bubbles. The surface of the
air bubble and the ink is hydrophobic,
while the cellulose fibers are hydrophilic.

The main problem of such a
complex process is the effectiveness of the
printing ink detaching or the toner
detaching from the cellulose fibers,
removal of the ink particles from the
suspension as well as the purification of the
waste water. In the described problems, the
majority of authors researched the
hydrodynamic factors of the process and
the influence of chemical and physical
conditions of the system on the process
effectiveness, while the influence of the
conditions in printing process haven’t been
studied much.

The previous investigations have
proved the bad effectiveness of print
recycling made in the technique of
indirecte electrofotography with liquide
toner Electrolnk [11]. Electrolnk appears
to produce big specks after pulping, wich
to be difficult to eliminate in a flotation
deinking plant. The new generation of
Electrolnk produces smaller specks after
pulping. Specks wich are effectively
broken up by dispersion, are flotable in a
second flotation loop [12]
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The results in this article is a part of
the project in which the influence of the
conditions in indirect electrophotography
(scorotrone, voltage, laser strength, offset
cylinder voltage, concentration of the
liquid toner etc) on effectiveness of the
prints recycling has been researched.
Number and area of specks on handsheet
made from fibers after pulping and
flotation of prints obtained by the change
of the working temperature of the offset
cylinder at the first transfer of the liquid
Electrolnk has been presented.

In order to get the ability - for the
prints obtained in the defined conditions of
the offset cylinder temperature - to control
the print quality and the total information
scope on ink (tone, saturation lightness)
which is possible to reproduce on the given
medium 2D and 3D gamut are presented in
the work.

The paper is the contribution to the
explanation of the influence of the
conditions in electrophotography in the
domain of deinkability and it can have the
application in the area of the printing
materials production and in the design of
graphic products taking into consideration
the postulates of the sustainable
development.

The continuation of our investigations
includes the creation of statistical models
in the direction of optimisation of the
recycling processes of the prints and in the
domain of the new graphic material
formulation.

2. EXPERIMENTAL

1

The prints made on digital offset machine
Turbo Stream HP Indigo were used for
analysis. The printing form contained
different printing elements: standard
CMYK step wedge in the range from 10-
100% tone value, standard ISO illustration
for the visual control, textual positive and
negative microelements, wedges for
determination the greyness and the
standard wedge with 378 patches for
production of ICC profiles and 3D gamut.




Electrolnk of the third generation
and the special paper for digital printing,
Splendogel EW Soho were used for
printing. This paper is coated and it has
high brightness grade and its basic
characteristics are presented in the table 1.

Parameter Method Value

Basis weight | ISO 536 160g/m*
Caliper ISO 534 0,170 mm
Brightness ISO 2470 93%
Roughness | ISO 8791/2- | 57,5ml/min
(Bendtsen) | 90

Water 1SO 535 38,49 g/m°
absorption

(Coob)

Table 1 Characteristics of the paper

Splendogel EW Soho

Samples were prepared so that the working
temperature of the offset cylinder was
changed as follows: 125" C, 130" C, 135°C,
140°C and 145°C.

For spectrophotometric analysis use
X-Rite SwatchBook and ColorShop 2.6
application. From ICC profile with the use
of MONACO Platinum program the gamut
of prints is established.

For print recycling the method of
alkaline chemical deinking flotation was
used, which was described in details in the
previous work [13]. The handsheets were
made using a laboratory sheet former,
according to standard method T 205.

For determining ISO brightness of the
recycled fibres the spectrophotometer
DataColor, Elrepho 450X was used.
Specks number and area were assessed
with image analysis software Spec*Scan,
Apogee System. This system is utilizing
scanner to digitize image. Threshold value
(100), white level (75) and black level (65)
were chosen after comparing computer
images to handsheet.

3. RESULTS AND DISCUSSION
As indicator of reproduction quality of

prints obtained by the temperature change
of the offset cylinder in the process of
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indirect electrophotography, two-
dimensional and three-dimensional
reproduction gamut are shown on fig.1.

Figure 1. Gamut of print, obtained by using
tcmgeramre offset cilindre from 125° C,
135°C  and 145" in  indirect
electrophotography printing

The greatest reproduction gamut was
achieved at the temperature of 114°C and
the smallest one at the temperature of
125°C.

Sample NCIEL® a¥b*CCU
T8¢ 591.688
T=135°C 623.096
T=145"C 641.655

Table 2. Volumes of gamut V CIE L * a *
b * CCU

The gamut increase is not linear with
temperature, but it is more expressed in the




lower area from 125°C to 135°C. The
characteristic cross-sections show that the
greatest change of tones is in the medium

part of gamut. The temperature increase of

the offset cylinder influences the increase
of the tone values which have high value
on +b coordinate, i.e. in yellow tones. At
125°C the yellow ink adheres weaker on
the printing substrate. Except that, by the

increase of the temperature the decrease of

the tone colours appear, which have high
value on the coordinate -b (green). At the
reproduction of the darker tones there are
not greater changes.

Figure 2 represents the distribution
of the number and area of specks in 26
classes with the size from 0.001-0,006 to
<=5 for the handsheet made from the fibers
after pulping and after flotation.
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Figure 2. Results of the image analysis of
handsheet obtained by the recycling of
electrophotographic prints in relation to the
temperature of the offset cylinder
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The results show that the
effectiveness of removing the specks
decreases by the increase of the offset
cylinder temperature.

On electrophotographic machines
with liquid Electrolnk in the fourth phases
1s the first ink transfer. It is performed over
the offset cylinder. By the activation of Pre
Transfer Erase (PTE) the process of ink
transfer begins. The emanation with PTS
neutralizes the photoconductor surface
which results in the possibility of
discharging the negatively charged ink
from the photoconductor on the positively
charged transfer cylinder.

Sample Number of specks |Area of
removed by specks
flotation [%] decreased by

flotation [%]
T=125C [ 70,3 714
T=130°C_|[ 63,7 79,6
T=135°C [ 62.8 773
T=140°C [37.2 58.2
L T=145"C [39.2 61,6

Table 3. Flotation effectiveness

)

In the first transfer the Electrolnk is
brought into contact with the heated rubber
blanket. At high temperature the Isopar
evaporates which results in the change of
the physical state of Electrolnk. From the
liquid state the Electrolnk changes into the
paste state.

The part of Isopar can be regulated
in the paste Electrolnk by adjusting the
temperature of the offset cylinder.

The second transfer follows, in
which the Electrolnk on the transfer
cylinder and the paper on the printing
cylinder have to be brought in contact. In
this contact the Isopar forms a thin oil layer
among the pigment particles and the rubber
blanket. The toner particles are pressed into
the cold paper and the rest of Isopar
evaporates completely.

In the contact of the toner particles
and the paper there is the attraction by
electrostatic forces as well as between
molecular Van der Waals ones.

The described principle and the
change of temperature in the defined area
leads to the increased number and surface
of specs in the phases of the pulping prints
as it is presented in the table 4.

The results of the speck area in the
table 4 and in the figure 1 explain the badly
effectiveness of flotation in relation to the
temperature of the offset cylinder. In the
flotation is effective in the 10 to 100 pm
range [14,15].

Sample | Total Total Area
number number for
of of specks
specks specks >=5m
>=0.04mm° | >=5Smm’ | m’

T=125°C |l41 1 10,652

T=130"C [148 2 12. 839

T=135"C |158 3 22.645

T=140°C [161 3 30.588

T=145"C 142 4 60.491

Table 4. Number and the area of specks
>=5 mm" after pulping in dependence on
temperature of the offset cylinder



4, CONCLUSIONS

Based on the results of the image analysis
of handsheet obtained from the fibres from
the pulping process it can be concluded
that by the increase of the offset cylinder
temperature in the area from 125- 145°C the
number and the surface of specks increase.
The increase of the number of great specs
was estimated, as well as of those in the
area >=5mm®. This is the cause of the
worse flotation effectiveness  which
decreases with the increase of temperature
from about 70% to 30%.

On the other hand, by the increase
of the offset cylinder temperature in the
investigated interval the gamut volume
increases for about 49.967 space units
which points at the greater reproduction
quality.

Knowing that the  indirect
electrophotography printing is a complex
process, with six separate, synchronous
phases, the needs and characteristics of the
graphic material, along with a number of
factors in the field of chemical deinking
flotation should be considered. In the
further research the experimental design
will be used and statistical models will be
created to obtain information about
optimising processes in the direction of
environmental sustainability in this area.
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