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The reinterpretation of classical art
in digital format

Abstract
The reinterpretation of classical arts in digital art is the basic framework
in which the world is moving with the help of two concepts classically
and digitally. It is important to know how much digital art has helped and
ease the consumption of art among the broad masses on the one hand,
while on the other hand it is the classic basis for everything. The phenomena of “From pigment to pixel” is the focus of this research, or how the
aesthetics of classical use are in the epoch of digital. The instrument for
transferring elements from one to the other meaning system or art discourse, or as an act of creation that strategically applies to existing artistic
or non-artistic creations as a building for the construction of a new artistic
creation, is called appropriation. The aim of the paper is to analytically review the most important works that are the state-of-the-art in the
transfer of meanings “From pigment to pixel” and to interpretively present new assumptions, synthesis and analogies that are raised from a new
paradigm of observing this phenomena in the art and the technology.
After a review of history in pixel-pigment implementations the paper
addresses and critically discusses the works of Oliver Laric, as a representative artist that creatively interlaces the physical and digital giving
new meaning to the reinterpretations of classical arts in digital forms. In
the final part of the analytical review the manifestation of avatars and
digital body (body and identity) are presented and discussed. In the conclusions the authors’ study is summed up with three interpretative observations that give the initiative also for further researches in the field.
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Introduction

as a dominant phenomenon, above other hallmarks of
iconography from the enormous classical heritage.

The subject of the research is the framework of the reinterpretation that addresses two key terms – classical and
digital. Even though both terms denote two strikingly
different art periods that should be treated equally in
the academic and research environments, the concept
of classical art covers a markedly longer period of time.
Therefore, classical art is too broad a notion to address
and not to opt for addressing a shorter period – preferably the one in which the visual symbol (logo) emerged

The old terminology becomes useless, so it is only logical
to conclude that the heritage of the old visuals becomes
harder to apply in today’s chaotic time (Guga, 2012). Our
research is based on classical beauty which shows a man
as an ideal, a synchronicity between virtue and physical
features. We are especially interested in the aesthetics of
classical art and the possibility of its transfer (the popular
term would be “upload”) into digital form. Here is where

Journal of Graphic Engineering and Design, Volume 9 (2), 2018.

5

we’d prefer to use the term of appropriation, or – how
the classical aesthetics are used in the digital period.
We define the appropriation (and in this case, we exclusively address the definition of appropriation in art) as
the transfer of elements from one system of meaning
(or artistic discourse) into another. In other words – we
present an analytical interpretation, which strategically
and intentionally reaches out to an already existing, artistic or non-artistic works and can serve as the framework
for the new artistic creation. Appropriation is a creative
procedure that includes heterogeneous palette of languages, genres, techniques, media, but also the cultural
requirements that go into the creation of artworks.
The concept of appropriation is a novelty in the artistic
vocabulary. It was introduced in the academia through
postmodernism (Buro, 2010a) during the emergence
of digital platforms, networks and the expansion
of internet. During the use of the internet, human
body, as well as the body of art, began to settle, or
the user “assimilates” into these new platforms.
The apparent similarity between the concept of appropriation and the concept of interpretation in this paper
is intentional – because it is built on the alignment
between two historical periods – the one which relies
on pigment and the other which is defined as pixel. Both
concepts, in the historical context, index diverse instances and their manifestation in modern art and culture
of observing images. After all, studying the historical
images, some of them from a very distant past, with
the assistance of digital technologies, can be defined
as the new reading of art. It brings the new insight in
the complexities of classical art, which developed its
contemporary scientific advances – through discovery
of optics, chemistry, the philosophy of artistic aesthetics
and other achievements of a particular historical era.

»»Figure 1: Appropriation from pigment to pixel
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The idea of drawing a parallel between pigment and
pixel or, respectively, discovery of linseed oil, which
ushered in the triumphant development of canvas aesthetics, and Amiga 1000, which brought us the endless
possibilities that come with the pixel, will vividly illustrate the complexity of the appropriation process, the
reinterpretation process, and the politics of using the
aesthetic material of “old” art in today’s post-consumerist world. In this “brave new” age, the art becomes
emancipated through on-screen, digitized images.
The aim of the paper is the presentation of the phenomena of interchangeability of pigment-pixel in
the modern art and analytical review of the possible
appropriation, i.e. the transfers of meaning (or artistic
discourse) from one form into another. Besides, we
propose some new observations about the topic, which
can be presented with the framework in Figure 1.

From Pigment to Pixel
Pigment is the material that appears colored due to
the selective absorption and reflection of light (Kipphan, 2001). Pigments are used as the colorants in
inks, plastic and textile materials, as well as in food
and cosmetic products. They may be derived from
natural (organic or non-organic compounds) or artificial (chemically synthesized) materials. For example,
the mineral pigments (ocher, red, green) or pigments
from shells (purple) etc. In industry and art, the pigments are insoluble colorants which are typically used
in the shape of powder and combined with binders (oil, glue, lacquers, eggs) and other ingredients
(water). In biology, the pigment can be anything that
gives color to the plant or animal cells (for example,
chlorophyll, hemoglobin, melanin) (Krleža, 2015).

Pixel, a portmanteau of phrase “picture element”, is
the smallest element of digital picture in raster graphics, and it can be assigned different colors and other
characteristics (Lyon, 2006), as is presented in Figure
2. Moreover, it can be processed (rendered) in various
ways. The pixel was also the smallest addressable unit
a monitor could visually represent. In the CRT monitor,
the pixel is comprised of three very close dots which are
red, green and blue colored, respectively. By changing
the intensity of color in each of these dots, the overall
color of the pixel alters. With TIF or LCD monitors, the
pixels are defined in advance as miniature units shaped
like squares or rectangles. Each of these are additionally
divided into three surfaces that are named subpixels,
that are also respectively red, green and blue colored.
Pixel (as we have established, one of many identical basic
units that comprise the “mosaic” of the digital picture)
and its role in the digital era, with all its elements and
properties, is identical to the pigment, which has the
same type of use-value on canvas (Razorback, 2014).

Memex, the portmanteau of words “memory” and
“index”, is the name of the hypothetical proto-hypertext system (Figure 3). It was intended for the individual
use, to store and search for data as it is inherent to the
human mind – by the principle of association that is
comprised of speed and flexibility. The key feature of
Memex would be the immediate and automatic associative connections between concepts from the ocean
of diverse data (instead of selecting data by indexing).
Its creator (proposer) Vannevar Bush believed the process could be mechanized. Various data, such as books,
photographs, notes, etc., would be stored in the form
of microfilm, with the possibility to edit that data, or
to put it as example, to add new notes or comments
that can be changed. This would develop the culture of
exchanging that data between users. With this concept,
Bush actually determined the primary characteristics of
multimedia before the conditions for their realization
even existed. In today’s world, his ideas are embodied
in several areas related to the new media (Guga, 2012):
a.) in the form of hypertext (a text with hyperlinks), or in other words, linking – which
serves as the basis for internet browsing;
b.) in the way how he describes reading books or
other forms of text by using Memex, we see
the existing Word, PDF or similar formats;
c.) by stating that the “completely new forms
of encyclopedias will appear, ready to be
used with an array of networks and associative traces that are intricately interwoven, ready to be lowered into Memex,
where they will be expanded,” Bush has
laid out the groundwork for today’s online
encyclopedia we all know as Wikipedia.

»»Figure 2: The example of the representation of the pixel
(digital) in the photography (physical), the showcase of
digital space (image by Marija Jevtić).
The first computer, MK1, was constructed at Manchester University in 1948, and it had the capacity to store
data, a seemingly simple feature that was crucial to the
history of modern civilization. It was designed by F.C.
Williams and T. Kilburn and constructed by Professor
Max Newman. Only several years later had Ferranti, a UK
electrical engineering firm, modified MK1 in collaboration
with Manchester University to create the machine which
served as the basis for all the subsequent commercial
computers. During the postwar period, computers have
become an integral part of various technological and scientific discourses, such as cybernetics, information theory, molecular biology, artificial intelligence, structuralism,
etc. These ideas are still present and relevant in today’s
culture of new media and in addition to the discourse
of art and popular culture they gave new meanings to
the machines. The discussion which stemmed from
this development shaped the ways in which we think
about technology and the way we use it (Guga, 2012).

»»Figure 3: Vannevar Bush: Memex, 1945 (illustration by
Marija Jevtić).

Digital Art
The use of digital technologies in every aspect of our
daily lives has opened endless possibilities that were
hitherto unthinkable. The example of such a possi-
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bility is the instant access to information from nearly
any geographical point on the planet, the multiplication of identity and its digital fluidity, as well as the
reconstruction and re-articulation of the physical.
In cyberpunk literature (Guga, 2012; Knežević, 2001),
the artistic practices of the new media, cyber theories,
sci-fi films and graphic novels, as well as in the scientific
research – we can notice the overarching phenomenon
of desire to abandon the physical body and store the
immortal mind into digital database where we can be
whatever we want to be, whatever we want it to manifest. In relation to modern technology, the biological,
physical body is often considered a secondary concern,
something that is becoming obsolete. As such, it is
not “equipped” to cope with the exponential rate of
technological development. Therefore, it is not surprising that many studies, whether they are professional
or popular, leave the problem of physicality aside to
focus on the questions of identity, consciousness and
“de-corporeality” in digital worlds (Guga, 2012). The art
exhibition is not the end-result of the process anymore,
not a “happy ending” (Pareno, 2000) but it became
the place of production itself. The artist is laying out his
tools for all the public to see, much in a way in which
the conceptual (performance) art events were organized by Seth Siegelaub in the sixties who laid out the
information at the disposal of the visitor of the exhibit.
By challenging the established concepts of art exhibition,
the artists of the 1990s presented the exhibition space as
a space of co-tenancy, the open stage that exists somewhere between decoration, film set and information
center. In 1989, Dominique Gonzalez-Foerster, Berbard
Joisten, Pierre Joseph and Philippe Parreno presented
“Ozone”, the exhibition that took the form of “layers of
information” about the political ecology. The visitors
were supposed to move through the exhibition space in
such a way to create their own visual montage. “Ozone”
has been offered as a “synergistic space” in which the
ideal visitor would be an actor – the one who “acts out
information”. Next year, in Nice, the exhibition “Les Ateliers du Paradis” was presented as a “movie in real time”
(Guga, 2012). Throughout the duration of the project,
Pierre Joseph, Philippe Parreno and Philippe Perrin settled into the gallery space – which was equipped with
the artistic works ranging from Angela Bulloch to Helmut
Newton, with gadgets, trampoline, a can of Coca-Cola
which moved to the rhythm of music, and selected videos. The artists moved through this space in a cyclical
manner, according to a specific schedule (Burbach, 2001).
Digital art is a practice of using digital technology as
the integral part of creative process. Starting with the
1970s, there have been various names assigned to this
process, which include – computer art, multimedia art,
digital art – however, the notion has been placed under
the larger umbrella-term dubbed: the new media art.

8

After the initial resistance, the influence of digital
technologies has transformed established disciplines
like painting, drawing, sculpturing and sound design.
However, these disciplines weren’t transformed in the
fundamental sense of the word; instead, they were
further developed and a new meaning was ascribed to
them. On the other hand, novel concepts such as internet art, digital installations and virtual reality became
recognized artistic practices. In this case, the term
“digital artist” is used to describe the artist who uses
digital technologies to produce art. In broader view,
digital art is a term applied to contemporary art, which
uses the methods of mass production or digital media.
Lillian F. Schwartz was famous for experimenting with
digital medium. She used the self-portrait of Leonardo
da Vinci and compared it to Mona Lisa to create Mona/
Leo – a prime example of manipulating digital scans
of famous paintings that underlined the similarities
between the two. Techniques like these are used frequently in mainstream media, especially in creating
commercials, as well as to produce visual effects and
specific transitions in movies. Desktop publishing (DTP)
had a huge impact on the publishing industry, although
this is more related to the graphic design. Digital and
traditional artists use multiple sources of electronic
information and programs to create their work. Digital
art can be fully computer-generated imagery (CGI), and
these include fractals and algorithmic art, as well as
scanned photographs or images drawn by using vector graphics of a particular software with the help of
mouse or digital drawing tablets (pads) (Burio, 2011).
Commodore hired Andy Warhol in 1985 to produce several works that were meant to serve as a promotion of
the computer Amiga 1000. It was through that many of
the works had been lost. However, Cory Arcangel saw
Warhol’s video presentation of Amiga on the Internet,
and subsequently visited the museum archives to discover if the famous artist has done something else for
Commodore. When he received a pile of floppy disks, he
called the computer department of the museum to help
him out. This is how Andy Warhol’s lost computer art,
a benchmark for the history of digital art, was rediscovered thirty years later. Celebrities of such a large caliber,
such as Andy Warhol and Debbie Harry actively participated in presenting the artistic possibilities of the new
machine and brought a completely fresh approach to the
method of marketing a new technology (Rakić, 2014).
The computer generated visual media, the computer
art, the procedurally generated photorealistic landscape
created through Terragen program – a scenery generator developed by Planetside Software – is used to
create CGI for films. Digital visual art consists of any 2D
visual information that is displayed on electronic video
device, or translated into 3D information, projected
through the electronic device. The simplest of these

is, as we could well presume, 2D computer generated
graphics – which show how much the artist is able to
draw by using merely pen and paper, or, in the context
we are addressing, by using either the electronic mouse
or drawing tablet (pad), as presented in Figure 4.

»»Figure 4: Drawing pad (Photo by Marija Jevtić).
What the observer can see on screen appears as
if it has been drawn with a pencil, brush or other
established tools. Another type of 3D graphics shows
the virtual space on screen, and objects appear as
if they are “leaving the monitor”. For 2D computer graphics, typically, raster graphics are used as
the primary means of data source representation,
whereas 3D computer graphics uses vector graphics to create vivid virtual installations of reality.
The third paradigm is the creation of 2D or 3D computer
graphic entirely through the execution of algorithms
written in computer programs. These visual representations can be considered “artworks” of computers. It is impossible to produce them otherwise, and
the most well-known examples of such art pieces is
fractal art, as well as datamoshing, i.e. manipulation
of the media data in order to achieve visual or auditory effects and algorithmic art (Jovanović, 2009).
Gopakumar R. P., an Indian digital artist, is a great
proponent of digital art installations – a broad filed of
activities that can contain many shapes. Some of them
resemble video exhibitions, displayed in large scale, and
which include projections and live video feeds from the
web-cameras. The projections are, in the best of circumstances, made with technology that enhances the
visual impression and creates an impressive environment
for the audience (Tallant, 2016). Other artists dare to
go even further and try to ensure total immersion into
the virtual space. This type of the installation is usually

site-specific, without fixed stability and without fixed
dimensionality, which means they can be readapted
into a space completely suited to the artist’s needs.

Digital Art, Digital Image
Soon after the Macintosh was released to the public,
Microsoft began to design their own operative system
called Windows, with intention of rendering MS-DOS
insignificant (IBM machines worked on MS-DOS up
until that point). With the help of WIMP system (windows, icons, mouse, pointer) everyone could use the
PC with ease. Its multi-functionality, combined with the
user-friendly interface, contributed a lot to the integration of the computers into all fields of human activity.
Complete opposites of the cold and unappealing military
computers which were too complex for casual interaction, the PC was constructed as a subtler, “humanized”
machine that announced the beginning of the new
commercial development. It became an epitome of
the mass media technology and, on a deeper level, its
widespread use implied the fundamental changes in
the one-sided relationship between the man and the
machine (Buro, 2010a). The showcase of this integration is one of many possibilities in using digital tools to
draw and paint with Microsoft Surface, a sophisticated
new offshoot from the line of Microsoft products. This
machine shares all its characteristics with a regular Microsoft computer, but, with additional design changes
that has brought it closer to the similarities with regular
canvas. The application of this tablet is multi-faceted. It
can be used in movie industry, animation production, etc.
It is the first Microsoft PC to introduce this entirely new
concept of “all-in-one” technology in such a palpable
way. With the improved interface and array of colors,
and equipped with the better lightning options, this
device is created with designers, artists and architects
as its primary users in mind. By using this screen-tablet, the artists have the same accessible tools to create
works with artistic merit, and to exhibit them in different contexts. These artists would then scan and format
digital material into 3D, but not before drawing it in 2D
first, which is the cornerstone of this digital process.

Digital Picture-Video
(the examples of movies
with special effects)
With the fusion of new media and art, a step forward
has been made in relation to the practices established
during the avant-garde artistic movements. The element
of the PC is brought into the dynamic as, basically, a
third party. Interactivity becomes a far more complex
notion when compared to the possibilities presented
with previous, traditional media forms. “We are not in
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Kansas anymore,” said Dorothy to her dog Toto when
they ended up in the extraordinary new realm known
as Oz in the renowned novel “The Wizard of Oz” by
Frank L. Baum. With the same sentence, the colonel
Miles Quaritch (player by Stephen Lang) addressed the
newly arrived soldiers to the planet Pandora, in the film
“Avatar” directed by James Cameron (Jovanović, 2013).

From Pigment to Pixel,
From Classical to Digital
Oliver Laric is the great admirer of plaster. Therefore,
his exhibition “Photoplastik” transforms the Secession’s main hall into a sculpture display (Figures 5-6).

es them with the objects drawn from pop-culture and
natural sciences. Designed specifically for the Secession,
it consists of entirely new works; most of them are 3D
rendered prints, a product of the technology that has
been central to the artist’s occupation in the last couple
of years. The selection of sculptures may appear bewildering at the first glance, but with apparent ease, Laric
combines and transfers qualities from the digital domain
– such as convenient reproducibility, endless variability,
and rapid multiplication – into physical space. As the
result, we get material sculptures which are based on
scans of artworks and other objects. Laric worked at the
University of Vienna’s Institute of Classic Archeology (ger.
InstitutfürKlassischeArchäologie) (Laric, 2011; Laric, 2016).
The molded sculptures are only one of several components that function independently from one another,
but constitute the entirety of the exhibition project.
The second, and not any less important component, consists of data gathered from the sculpture
which are available to be downloaded. It has been
widely publicized that Laric took projects in collaboration with Lincoln Museum in England, in 2012.

»»Figure 5: Oliver Laric, “Photoplastik” installation,
Secession, 2016 (Approved by the author of the work
Oliver Laric).

»»Figure 7: Oliver Laric, “Linkoln 3D Scans”, 2013
(Approved by the author of the workOliver Laric).

»»Figure 6: Oliver Laric, “Kopienkritik”, Skulpturhalle
Basel, 2011 (Approved by the author of the work
Oliver Laric).

The exhibition showcases his work, as he reaches out to
other artworks from antiquity to the present, and mesh-
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It marked the beginning of a bigger effort to, by consulting and cooperating with a string of prominent museums, work on assembling the 3D archive of important
artworks, shoulder to shoulder with everyday objects.
Over the past several years, the negotiations about the
general access to the objects in these collections (and
their availability to use in other artistic works and montages) have inescapably become the part of the artistic
practice. Laric’s efforts to expand upon the number of

artworks that are kept in the museums across social
and cultural borders, and beyond various longitudes
and latitudes, have a goal to increase their accessibility
to the digital community (Laric, 2018). The name of the
exhibition is a reference to the book of Viennese scholar
that studied the history of photography, Eduard Kuchinka – the book entitled “Die Photoplastik” (Laric, 2018).
The selection of works included in the exhibition show
how Laric intertwines his research of history and
technology, by combining technological basis of 3D
printing, along with artistic, formal and archeological
interests. His juxtaposition of works that harken from
different epochs sometimes point to the methodology
in both history and art. He is especially interested in
the afterlife of the antique times and how it affected
European culture. Digital sculptures like “copies” provoke the questions of authorship, Laric – whose earlier
work dealt with the notion of dogmatic– has cast it
aside (Laric, 2018). The Roman sculptors just copied
the Greek role-models and never created anything
particularly original – is just one of the examples he
had used to make his artistic argument (Laric, 2018).

»»Figure 8: Oliver Laric, “Mansudea Overseas Project
Pyongyang”, 2013 (Approved by the author of the work
Oliver Laric).
Hermes fastening the sandal, from the collection done
with plaster, and in the ownership of the Institute of
Classic Archeology at the university of Vienna (ger. Institut für Klassische Archäologie), is one such example that
focuses on the work from Roman times that heavily borrows, or to be blunter – copies, from the Greek source.
The popular sculpture can be found in countless versions
and interpretations. The difference of posture on the
given examples showcases the way in which the subjective preferences have, along with the shifting trends
in fashion and taste of a particular time, influenced the
artist to offer his own interpretation. In the exhibition, it
appears in front of the statue from the park Schonbrunn
Palace, which represents a roman nobleman and a politician. However, the one noticeable difference is the fact
that the statue in question was covered with clothes, but
the similarity to Hermes was unmistakable (Laric, 2018).
Related to the numerous animal sculptures, the so-called
“play-scupture” which dates from ninety fifties and ninety sixties, offer an interesting insight into the cultural

politics of Vienna during the last “economic boom”. In
contrast, “Polar Bear” (1902) by Alfred Kubinshows the
predator during the hunt, has an overt aim to emulate
the scientifically informed realism which has little to do
with Kubin’s later anima figures (Leighton, 2018). The
statue of Saint Veronica, the second public work, is made
of synthetic resin for the exhibition. The black and white
marbling imitates the natural stone, which is assembled with the layers of resin, and it can be interpreted
as the metaphor for the gradual transformation in the
iconographic tradition. Laric found Christ Sudarium to
be very interesting as an example. The sculpture, or the
painting, hasn’t been done by human hand. The artist,
therefore, demonstrably poses the question of material
and its symbolic meaning. The artist’s booklet, published
in the conjunction with the exhibition, and which was
also called “Der Fotoplastik”, contains detailed information, including the links to download all the works
themselves, as well as supplementary materials and
additional sculptures which Laric scanned while he was
preparing the exhibition. It includes a sort of a timeline
outlook of 3D technology, starting with Francois Villemi
in 1860s, and up until the presumed global market of 3D
scans in 2020. Moreover, it includes the gallery of different renders of Beethoven statues, and online corrections
and discussions about copyright infringement and other
sensitive topics related to internet rights (Laric, 2018).
The art of Oliver Laric is deeply rooted within the postmodern topic of “questioning the ownership”. With his
work, throughout the years, he was not only interesting
and provocative, but he was also through-provoking,
fun, witty and even humorous on occasion. He basically
created a new modern genre – the critic of copies (Laric,
2018). Laric has introduced many advantages with printing of 3D sculptures from antique period, a bona fide
contribution to art. In 2012 he won a prestigious annual
award for modern art. Per his suggestion, the 3D scans
for the archives of Usher Gallery have been rendered
(Figure 9).

»»Figure 9: Oliver Laric 5, “One Channel HD Video”, 10
minutes, 2013 (Approved by the author of the work
Oliver Laric).
Laric’s 3D scanning project includes 3D models, some of
his scans have existed in varying textures and color. He
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even included other sections of his works, diverse and
exciting, the central concept lies in the topic of questioning authorship and authenticity, just like with the
examples mentioned above. The public is encouraged to
print the copies of their own object and trinkets, and/
or to manipulate them in the software in countless digital ways and variations. The museum has given carte
blanche to Laric when it comes to expressing creative
freedom in 3D itself, and all of those works and variations
can be downloaded from the website of the museum. In Figure 10 “Rendering of Einstein” is presented,
where 3D scans are offered to the public to download.

includes the reflection of “visitor”/”spectator”, a person
that can have his or her own creative input (Laric, 2018).

»»Figure 11: Oliver Laric, “Mariah Carrey in front of the
blank (and crucially, malleable) background” (Approved
by the author of the work Oliver Laric).

The Social Networks and
the Transition to Digital

»»Figure 10: Oliver Laric, “Rendering of Einstein”, by
Matthew Williamson, from Lincoln 3D scans offered to
the public to download. (Approved by the author of the
work Oliver Laric).
“The Version” (2010) is the HD channel of Oliver Laric
that accounted for a whooping number of seventy variations throughout the duration of the project, the video
clips show the religious figures with the accent on discourse about the Greek influence on Roman sculptures.
By determining the image, overall and by type (body
build) as well as by the shape of the body, Laric creates the visual essence of the image, the image as
the identity of the past. Laric removes the focus from
the original copies and remixes, but he does not take
away the importance, only intending to create a flow.
“Touch My Body” (Green Screen Version), was another
project that included Oliver Laric; i.e. digital video of
Mariah Carrey for the song “Touch My Body” was shot
by Laric with the group of artists, as they painstakingly
removed the green background to have only Mariah
Carrey in front of the blank (and crucially, malleable)
background.
The video has been uploaded to YouTube, and it has been
made available to all users to manipulate the background
with their own video or photograph, and therefore create their own version of the music video. With his work,
Laric does not only create his own art pieces, but he also
provides the artwork that is interactive and refreshing. It
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In today’s public discourse, we have seen the ubiquity
of all-encroaching autonomous machines, the topic of
privacy, the reign of algorithm, internet security, social
and ecological influences that the new technologies have
on our lives. In a world of ever-expanding technological
development that has acquired the rhythm of geometrical progression, humans have found themselves surrounded by the myriad of technical and social challenges.
The need to question the society and technology arises.
The usage of internet represents a commonplace in the
life of everyman in the 21stcentury. The internet can be
used as a platform to acquire information, to get a job,
to be updated with a pre-selected type of marketing
material, to communicate with the family, friends and
people separated from the user over insurmountable
distances. It is empirically safe to state that the internet is the most dominant medium of our time. Some
of the most frequently visited web pages are so-called
social networks like Facebook and Twitter. The reasons
for this lie in the intrinsic need of the people/users to
communicate, not to mention– bid for attention and
upload their own photographs (Todorović, 2009).
Using the social networks is free, every person connected to the internet can create their own account without
having to reimburse anyone. On that basis alone, one
can get the impression that the social network represents something that completely resists the general
global tendency toward the ideology of neoliberalism.
At the first glance, it seems as if the companies behind
social networks do not generate any profits. However, in the following analysis, we will try to show that
social networks are nothing if they are not the “cooking
pots” for the reproduction of neoliberal ideology, or
the flow of capital. A French Marxist philosopher Louis

Althusser, in his essay “Ideology and Ideological State
Apparatuses (Notes towards an Investigation)”, differentiates between so-called “state ideological apparatus”
and “state repressive apparatus”. While the repressive
apparatus includes the army, the police, the judiciary and similar institutions, the ideological apparatus
includes institutions primarily related to education,
religion, information and culture (Todorović, 2016).
Social networks also serve as a platform for something
very fundamental – they have the function to “reproduce” identity, and give us the opportunity to exists
in several places at once – at the same time our body
exists in the digital world and in the real world, not to
mention the fact there’s a possibility to have several
identities in the virtual world. When the body ends up
in the space of social networks, and therefore in the
virtual space that can be observed over the monitor,
we can freely call that phenomenon – the body in
digital space. In this case, if the subject finds himself/
herself somewhere in the nature, committed to various outdoor activities, someone on the social network
can view the subject’s profile. This is also one of the
examples of nearly pathological narcissism, or in softer
terms, at least the example of self-addiction (Figure 12).

»»Figure 12: Physical vs. digital (Photo of Marija Jevtić).
For contemporary artists, the participation in the emergence of “culture of activity” forms the surrounding
that materializes these narratives. Represented and
hidden in all cultural products, as well as in our daily
environment, these narratives reproduce social scenarios that are generally acknowledged: the cell phone, a
piece of clothing, the accolades and special thanks in
television shows, the logo of the company, all of these
encourage a particular behavior and promote collective values and visions of the world. (Buro, 2010b).

Avatars
In the movie “Avatar” (Wilhelm and Mathison, 2009), we
are faced with two distinct realities. On the one hand,
there is a run-of-the-mill world of imperialist colonialism filled with cold, gray machines. In it, the people are
working on sophisticated, high-end computers which
do not possess a material quality. They are more akin to
the hologram or a 3D projection (Jastratijević, 1980).

These computers allow the entire scanned, virtual copy
of the world of Pandora to be placed on a regular (still
futuristic) office desk. Through this hologram, one can
easily “move” the environment with a casual wave of
hand. On the other hand, there is a wonderful, lush
realm of Pandora natives that live in almost incestuous
relationship with nature. In order to illustrate some kind
of connection between classical and digital art, a parallel between nature and avatars can be pointed out.
Na’vi serve nature as a deity, all the while, ideological
apparatuses of the Earth lead their subjects directly to
its/their death. Throughout the entire film, the writer,
director and lead producer James Cameron is trying to
draw a clear condemnation of the entire military-industrial machinery.
In other words, the interaction with the new media
artwork include corporeal, sensory, emotional and
intellectual activity which is mediated by the machine.
The mechanical apparatus in question serves as a kind
of prosthesis, a person’s supplement, an extension or a
third party that is necessary for the interaction between
the subject and the artwork to even occur. It is a necessary framework for that additional perception. In
addition, artists are not limited solely to the usage of
technological elements in their realization and presentation of artwork. They have stepped into other scientific
areas that constitute our daily reality – these come from
the areas of biology, genetics, ecology, medical research,
physics, earth science, robotics, telecommunications,
research of artificial intelligence, various informational
techniques of visualization and research into physical-sensory computer interfaces (Buro, 2010b). These
various topics and factors that bombard the artists
today only intensified the dialectical relationship and
created a symbiosis between science, technology, art
and everyday life. Research, intervention and re-composition has been made at the technological level, but
the approach to the biological material is done in the
same way: given to us by nature, a sort of a constant
throughout all of the civilizational changes, it is now
regarded as something that is open to further development, reconfiguration, grafting and transformation. By
delving into such diverse areas, the new media art has
become inseparable from scientific and technological
research, and now it includes a wide field of action:
internet art, software art, virtual art, art in the area of
telerobotics, telepresence, bio-art, genetic art, etc. As
such, the new media art is heterogeneous hybrid of fields
of research and it requires an interdisciplinary approach,
for a simple reason that it broke out of the confines of
art history and fused it into unbreakable relationships
with various scientific disciplines (Krleža, 2009).
Computers, internet, cell phones, 3D Cineplex, interactive television and VR spaces all share the characteristics of three-dimensional images, and they had
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a strong influence on the perception and the reception of various forms of artworks, not only as physical-physiological process, but also as a cultural one.
When the man’s consciousness is connected to the
machine, the body of a new being springs to life.
This being can move and use the brain of a man, it’s
subjected to him. However, only a single click is sufficient to sever the connection and avatar becomes
only a pile of genetic material (Krleža, 2009).
Žižek even states (Krleža, 2009) that the Na’vi tribes,
in fact, do not have much of a choice considering the
situation they were put in by the director James Cameron. They will either be victims of harsh imperialistic
reality, or they will play their part in the fantasy of a
white man. It essentially doesn’t matter if they are saved
or destroyed in a crucial context of them being merely
a toy in the hands of humans. After the fantastic trip to
the land of Oz, the little girl Dorothy decides to leave
this colorful realm (both figuratively and literally) and
return to the black and white world of Kansas. Why?
Because, as she repeats several times as a mantra in the
film, “there is no place like home”. Jake Sully, (Krleža,
2009) on the other hand, rejects this mundane reality and refuses to return to it. He is adamant it is not
the only real world that exists. He sends a message
that there is a possibility the home, actually, is not the
best place. The only question that remains is this will
be interpreted as the action of a desperate man, or
the final moment of transcendental self-realization.

Body and Identity, Digital Body
The question of identity is one of the key themes that
runs through many different but interconnected discourses on cyberspace as a technologically mediated digital environment in which, with the emergence of Web
3.0 platforms for the communication and interaction of
users, the concept of identity literally became a matter
of freedom and choice, no imposed and/or fixed meanings. Disembodied in the endless fields of data, identity
becomes completely malleable. The representation of
physical appearance can be selected and modified at
will. By changing physical attributes, the nature of interactions is changed too, which does not necessarily affect
how we perceive and define ourselves (Razorback, 2014).
Whether it is through capturing movement, live rendering of graphics, animation or other modes of data visualization, the body is a reference and inspiration for many
artists of various digital media, the artists that work with
interactive technology. The body, identity and interactive
medium are all part of the research into this confluence,
looking through multiple lenses to explore the body
and identity we can nearly gleam into a technological
evolution, and for once, at least hope to see it clearly. As
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we inhibit the bodies of digital origin, we ask the technology to break us out of social confines (Guga, 2012).
That’s when technology captures the kinetic energy
and our ego is lost in the process. Through dynamic
works of Luftwerk, as well as “synchronous objects”
created by William Forsythe, we hope to bring out
the research ideas that pervade our perception of the
body and impulses to move beyond it, in the unmarked
cyberspace. This panel discussion will explore the
body when we investigate through conjoined performance capabilities and technology (Guga, 2012).
The video game that broke away from such established
structures and brought in a complete new representation
and perception of female “avatar” was “Lara Croft: Tomb
Raider” in which the protagonist, or avatar, is a female
archeologist and adventurer called Lara Croft. Created as
a complete opposite of the stereotypical female representation mainstream has accepted until then (and when
I write “mainstream” it relates solely to then underdeveloped video game culture), Lara Croft became a forefront
of the challenging gameplay even for the experienced
players, and despite her gender. Since the game “Tomb
Raider” appeared on the market in 1996, the popularity
of Lara Croft flowed out of the gaming culture and over
the heads of fans that enjoyed playing it obsessively – she became a true multi-platform character. She
turned into a globally renowned “personality” and a
true icon for the digital age. The creator of Lara Croft
initially planned to implement a male protagonist it no
the game into “Tomb Raider”. However, because of the
uncomfortably noticeable similarity the character bore to
iconic Indiana Jones, he reasoned to put a female protagonist in his place, an action that would hopefully offer
something original and never seen before (Guga, 2012).

Conclusion
Through the analysis presented in the overview
and analytical interpretation, we proceed to make
a conclusion that is based on three points:
Digital art revivified classical art, the artists
delving into digital art often make homages to
classical art, celebrating its heritage and saving
it from sinking into irrelevance. The classical
works are subsequently placed in a new kind
of space, a digital space which is the uncharted
territory, thus casting a new, fresh light on the
old artworks. Instead of linseed oil and pigments, the artist uses computers, software and
equipment for digital printing and modelling.
• Art in the digital format is no longer trapped on
canvas. It is placed on a screen, available to everyone, and moreover, everyone has an option to be
an artist in a way, to develop and extend it accord•

ing to their own feelings and whim; effectively, to
have an interactive relationship with the artwork.
• Art is revivified in the truest sense of that word,
digital design reached every element of the
artwork creation, and it therefore affects the
essence of humanity in a crisp way. It creates
a virtual world and representation that can
basically be called artificial intelligence – the
man connected to the machine, akin to avatars
and cyborgs. These avatars can be anything we
want them to be – they have sprung out of man’s
imagination, and they can inhibit any world we can
now program based on our “real” experiences.
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A research on the use of metaphor
design in promoting brand identity

Abstract
Every new brand which competes and increases its market share needs some
tools and methods to be applied to its products. The objective of this research is to investigate the use of metaphor as a tool for peak shift effect and
its impact on memory, which can be effective in promoting brand identity
from a customer perspective. In this respect, this research uses a combination of memory test and comparison of two objects method. Therefore, the
research method was according to environment specifications. The results
indicated that the products having metaphor in comparison to products with
no metaphor has an effective role in peak shift and image persistence and
its name in user’s mind. In conclusion, the brand identity can be promoted in
a variety of ways, among which the design of metaphor, which is related to
product design and graphic design, is one of these ways.
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Introduction
Companies need a corporate identity to have a good
relationship with each other, so they seek a way to create
a unique and durable sense to impress their customers (Wheeler, 2009). According to American Marketing
Association, brand is a name, sign, symbol, design, or
a combination of all of these (Keller, 2013). Brand use
some elements as graphics, color, texture, voice, shape,
symmetry, rhythm, and other gestalt and cognitive
elements to be identified (Kevin Budelmann, 2010). A
mixture of all these elements shapes the brand identity.
From cognitive outlook, brand have a tangible fascination so can be touched, held, watched and even can be
moved (Wheeler, 2009). Some product-oriented brands

require good quality and reasonable price according to
product’s usage time, so that they can communicate
with their customer, user, or consumer (Heine, 2012). A
corporation, company, or manufacturer should imply its
principles in their products to engrave its brand identity
on customer’s mind. A deep understanding of customer
or user through signs and functions of brand which is
now being attended by neuroscience, is one of these
principles (Leslie de Chernatony, 2011; Maiocchi, 2015).
Perceptual memory perceives sense respectively through
visual, auditory, physical communication, and other communications (Robier, 2016). Figure 1 shows the amount
of accuracy of information perceived by perceptual
memory which is presented by the communication type.
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»»Figure 1: Accuracy of cognitive memory in bit
(Robier, 2016)
There are three kinds of memory in the human brain
which include sensory memory, short-term memory,
and long-term memory (Robier, 2016). All messages are
first sent to the sensory memory by neurotransmitters
which are called dopamine. Then the messages are sent
to short-term memory in the case of dopamine increase
that is dependent on the type and intensity of communication, and then to the long-term memory (Robier,
2016; René Riedl, 2016). As shown in Figure 1, the most
transmission of the messages through the dopamine
increase is by visual communication. Sudden increases
in dopamine are called peak or peak shifts (S. K. Lynn,
2010). Peak shift is a behavioral attribute that is triggered by a stimulus like sight, auditory, touch, and so on
(Maiocchi, 2015). In design, peak shift is also a part of Ramachandran’s 9 principles which provides the availability
of increase of neurotransmitters (mainly dopamine) for
emotions mainly through magnetic resonance imaging
(Ramachandran, 1999; Maiocchi, 2015). There are usually
various sensory features that can be found in the products and the user feels them in the course of use. These
features actually cause the peak shifts in user. The metaphor is another tool to make peak shifts (Maiocchi, 2015).
Metaphor design is the use of form, Interaction, sound,
movement, material, smell and taste, name and graphics
(CILA, 2013). Metaphor design is made up of a source
and a purpose (Bae, 2012). For instance, our purpose is
to design a fire extinguisher. Now we can select a source
and combine these two to design the final product; and
this creates a special “code” and ”meaning” in the person’s mind (Maiocchi, 2015; Cila, 2013).

»»Figure 2: The metaphor design process
[target + source = product metaphor] (Cila, 2013)
Here the source is the elephant’s features like body form,
the physical and psychological functions of the elephant
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such as motion, sound and etc. which combines with the
specific purpose (CILA, 2013). This can apply peak shift.
However, we still do not know if the intensity of these
shifts in the products with metaphorical features and
bare-metaphor products is the same or not. This question is the subject of this research. One of the advantages of applying a metaphor to the product is to establish a
sensory relationship with a customer or user, as a specific
code passes to the user’s mind and this code engages a
person’s long-term memory in his/her sensory memory
(Maiocchi, 2015) (Robier, 2016) (CILA, 2013). The amount
of brand’s sustainability in memory reflects the fact that
metaphor has a special ability to transmit codes to brain
which makes an identity to remain in long-term memory
or mind. The main topic is this code or sign of product
which is interpreted by user, and this may show the distinction in his/her mind with products with no metaphor.
The main problem is that new brands and start-ups need
some instructions and processes to promote their corporation identity. Now this question arises that whether
products using metaphor make higher peak shifts rather
than products have no metaphor or not. And the last
question is, how shifts peak promotes the brand identity.

Method
Since the purpose of the research was to compare two
different types of brand, in this research, we had come
to combine several different standard methods. The
statistical population was selected through the “non-random sampling” method so that we could generalize the
population. In this regard, talented students of Allameh
Helli High School in Hamadan Province were chosen.
Choosing talented students was done because of their
level of memory health and high intelligence that can
well cover the research objectives. First, 5 products
having metaphor features with a letter for each of them
were presented to students in the form of a slideshow.
Each image was shown for just 0.8 seconds and after
the presentation, the name of the products was asked
students in a questionnaire. Second, another group of
5 products without metaphor, were again presented
to same students in the form of a slideshow, each slide
for 0.8 seconds and again asking some questions via
questionnaire. Confounding factors like the level of
intelligence, moderated in two steps to not to lead up
any comparison. That is, one’s memory was compared
with two different kinds of its own. The age factor also
was selected between 15 to 18 years of old regardless
of gender; and this was due to level of education and
also because here gender do not influence the results.
Since talented students need to be admitted to talented
education centers by passing special tests, we considered all the students of a high level of intelligence. To
moderate the name of the brands, some fake one-letter
names were selected obsessively in two groups, one
group for products having metaphor and another group

for products without metaphor to lessen the impact of
name and to bold the image in the test. To avoid the
impact of images memorizing loads that might make the
first images be forgotten, two first images unlisted and
presented without names. So these two products having
no metaphor and neither name is shown in Figure 3.

»»Figure 3: 2 first products with no metaphor and neither
name at the begging of the slideshow

Test method
First, the images were shown to examiners without prior notice, in SIBOL and CHAPK letters order, and after
observing the image phase, students should mention
the brand names or say nothing if could not, and then
the next question was asked. The number of given
replies, true, false, and the blank was calculated by
Excel software. The respondents should arrange the
names of products in an open-ended questionnaire,
after observing the slideshow. Responses should be in
the order of SIBOL and CHAPK. If the test was done randomly, it would be very difficult to measure the results.
2 products of Figure 3 are used to avoid bias in the test.

»»Figure 4: Products having metaphor with their brand
name. Adapted from study

»»Figure 5: Products have no metaphor with their brand
name. Adapted from study

Results
The purpose of this research was to prove metaphor
design as a useful tool for promoting brand identity. In
this respect, the slideshow test was conducted through
Focusky presentation software and the answering to the
open-ended questionnaire were held in the auditorium
of Allameh Helli School. All responses were analyzed
using Excel software. 79.8% of SIBOL responses for
products having metaphor were correct, while only
47.65% of CHAPK response for simple products with no
metaphor was correct. Blank, wrong, and redundant
answers of both questionnaires were 72.55% of total
200%. The first phase of the test was to evaluate the
sensory and short-term memory of students. The second phase was conducted after two hours to assess the
long-term memory. This time, results were somehow
different and almost 63% of SIBOL responses were
correct, while almost 32% of answers for CHAPK were
correct. This indicates that the time difference leads
to memory decrease at the short-term memory.
In products having metaphor, product S had the most
error. It is maybe because it is too new to respondents.
It is clear that there is some complexity in this research.
The product I also had the highest degree of accuracy
in the test. This indicates that the simplicity of the form
also affects the mind because the product I is a combination of triangles so has a more familiar structure than
other products having metaphor. Here, a code is made
that has an effect on the mind; a code based on the
recognition of an earlier image or structure and it has a
positive impact on memory learning. In the following,
product B does not have a high score on the correctness
of the responses because of the simplicity of the image.
Because Alessandro Mendini has used polyethylene
material and in some cases ceramic compounds in the
product’s design. Using these two materials in a couch
design looks strange. So the audience will be encouraged to experience it. Although B has fewer points in
the correctness of the responses, it seems that it makes
a higher impact on peak shifts in the process of use.
Perhaps Mendini, here, wanted to create a special experience for the user. In the case of CHAPK products, the
responses were also very variable and varied. Perhaps
if the letters were in accordance with the structure of
the products, the results were different. For example,
if the I kettle was renamed to A, and then the test was
done, the results might have been better. Because A
has a triangular form that is very similar to the Kettle I.

Conclusion
To avoid any bias, we just used English letters. Additionally, students were more familiar with English letters. If
the words were used instead of letters, then the structure, syllable, and the voice of the word would affect
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the answers. On the other hand, the basis of the test
was product images. As the level of memory was of
importance, the examiners were selected from talented
students. The main purpose was a comparison of two
factors and eventually the results showed that SIBOLbased image, products having the metaphor, had more
impact on memory. High peak shifts in the brain are
often measurable by devices such as Electroencephalography; however, according to formers researches,
seeing or other senses can also effect the peak shifts
that can be measured by memory testing methods.
This research found that products having a metaphor
have this ability to stick to memory longer. Finally, it is
concluded that designs using metaphor leads to more
peak shifts than ones lack this feature and also affect
the memory more. A fall of approximately 15% in both
test modes is quite evident but this problem can be
solved by repeating the test by showing the product
with its brand or identity. The main issue is that the
effect of the designs of using metaphor is quite clear
in comparison to the simple ones. Specific shapes also
engage the brain. Metaphor design in the product is
quite odd and strange for the observer. As a result, the
brand identity can be more well-known and bear in
mind in many different ways; and among them, metaphor design which is in the relationship with product
design science and graphic design is one of these ways.

Recommendations
1. Start-ups and new brands can employ metaphor
design process to promote their brand identity,
to be recognized and win more market share.
2. Using metaphor in design is one of the fastest
and most effective ways for corporations to introduce a brand identity to its users or customers.
3. Because of the high cost and complexity of
metaphor design, it is better to use it in a
cross-sectional form or when radical reforms
are made to the company’s strategies.
4. Metaphor design with the help of interactive
elements of five senses can be implemented in the
form of product, packaging, goods or services.
5. It is recommended to the next researchers to
use this study for their own product or service since metaphor as a tool is highly dependent on the type of product or service
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The influence of micro and macro
porosity of paper on wet repellence
mottling in offset printing
Abstract
Fountain solution induced mottling in offset printing manifests as nonhomogenous printing area with optical variation has several influencing
factors. One mechanism is that the fountain solution from the previous
printing unit has no time to absorb into the coating before ink transfer
or the ink cannot emulsify the water and stays on top of the ink surface
as an additional hydrophilic layer. In paper coating development, the
paper chemistry influences the surface chemistry features of the inkpaper coating interaction and can cause water repellency. Porosity and
the absorbing capacity of paper and its coating is of great importance
to avoid press related problems. In this paper, we have examined paper
substrates which were reported to cause wet repellence mottling and
tested their porosity ratio of micro and macro pores and their water/
ink absorption properties. The micro macro porosity was determined
by using easy and low-cost proprietary technique for the porosity ratio
determination. We have measured ink stabilization values, penetration
dynamics, wet repellence mottling and micro and macro porosity on
paper samples printed with laboratory sheet-fed offset printing. We have
found that the lower number of macropores and non-optimal micro
and macropore distribution influenced the occurrence of water induced
wet repellence and lowered the optical homogeneity of the samples.

Igor Karlovits1
Gregor Lavrič1
Tomas Nemeš2
Pulp and Paper Institute,
Ljubljana, Slovenia
2
University of Novi Sad,
Faculty of Technical Sciences,
Novi Sad, Serbia
1

Corresponding author:
Igor Karlovits
e-mail:
igor.karlovits@icp-lj.si
First recieved: 11.09.2018.
Accepted: 16.10.2018.

Key wordS
offset printing, mottling, wet repellence, paper porosity

Introduction
The paper substrate during printing in offset technology
is exposed to two different liquids (printing inks and
fountain solution). For good prints, the printing substrate
has to separately absorb the fountain solution in a right
time to allow printing in a subsequent printing unit, while
the printing ink has to be held on the surface for better
optical coverage. Besides that, the ink has to be firmly
anchored by the partial separation of the printing ink
vehicle to avoid smearing or scuffing. In general liquid
penetration into porous materials is governed by two
major properties: the geometry (“capillarity/porosity”)
and the energy (“contact angle”). Both in total yield
sorptive behaviour. The geometry part is defined by the

material components fibres, fillers, sizing agents and dyes
for example. Also, there are air gaps (in fibres, between
fibres and between different components in the paper
structure or coating). The ratio of pore volume to a total
volume of the sheet is called the porosity of the sheets
which influences things like compressibility and the
ability of paper to absorb fluids like ink, oils, and water
(Bureau, 2000). In addition, in almost all converting
operations, where liquids are forced into the sheet by the
action of a nip, the porous structure of the base sheet is
important. Thus, the characterization of the porous property, i.e., permeability, is of major importance for predicting the barrier and printing properties of paper products
(Pal, Joyce & Fleming, 2006). In printing, the absorption
process of printing inks depends on absorptivity (the
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total volume of liquid) which can be taken in by the substrate. The pore size and diameter is not known so different pore size distribution can yield similar results. The
diameter of the capillary structure of the paper determines the separation effects which drains off the ink
vehicle part and leaves the pigment on or near the surface. If the diameter is too big the pigment particle can
go through the porous network and induce internal light
reflections which decrease the colour strength or other
optical properties of the print. Also, the absorption rate
determines the dynamic time dimension in the process
of absorption and can be described by simple Hagen-Poiseuille flow law. Absorption rate rises with the increasing
pore diameter while separation capacity decreases.
With larger pores, absorption of the pigment and ink
vehicle separation will be incomplete. So, the optimum
pore diameter is defined primarily by the pigment particle which is used in the ink (Huber, 2013). As the flow
of liquids and the interfacial interactions are complex
subjects according to numerous researches Preston et
al. (2002), Xiang et al. (2004), (Koivula, Bousfield & Toivakka, 2010), (Schoelkopf, Gane & Ridgeway, 2000) we
shall concentrate on the ones most applicable to printing
and paper like substrates. The ink setting phenomena in
offset printing were covered extensively by Koivula (2012)
in her PhD. Schoelkopf (2002) in his PhD thesis found
that the absorption into porous network proceeds preferentially by the fine pores in that network. First by initial
imbibitions together with the exclusion of larger pores
by inertial retardation followed by viscosity controlled
LW absorption dynamics. The remaining inertial retardation excludes the largest pores, and that this inertially
driven selectivity leads to the establishment of a preferred pathway. Regarding differences in the competitive
absorption of polar and non polar liquids into the latexbound porous structures Ridgway et al. (2011) found that
in the porous structure without the latex coatings polar
water instantly displaces the non polar liquids, while
with latex binder which holds together the porous network the retardation of the polar water is observed. The
required pre-wetting action of water vapour diffusion
on the polyacrylate pigment surface is considered to be
an integral part of the successful competition between
oil and water in the offset printing process, as non-polar
oil absorbs steadily into a water pre-saturated structure.
Also, the structure of the printing inks (the type of the
vehicle) determines the absorption through the pores.
Wet repellence mottling was also studied by Madstedt
(2008) in her master thesis where some paper samples
had a reduction in wet repellence mottling due to a
decrease in the dampening solution. Also, the different amount of latex had no larger influence on this
type of mottling but on back trap mottle. The coating
weight influenced the speed of the absorption where a
higher amount of the coating decreased the speed of
the absorption. The distribution of the porosity is also
important as a process parameter for calendaring or to
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improve the printing ink coating adhesion. Ridgeway
and Gane (2005) made a research regarding smaller
pores where they increased the number of ultrafine
pores and increased simultaneously the pigment surface
area to enable a capillary‐driven separation of oils from
solved resins and to provide higher adsorptive power
for resins. The second way was that they introduced an
oleophilic species into the coating structure, achieved
by the inclusion of hydrophobic talc via a co‐structure
between talc and hydrophilic dispersed calcium carbonate. There were differences in the shortest times
of absorption and their conclusion is that the observed
improvements of ink adhesion are related to adsorptive
mechanisms, and absorption rate governs the dwell time
over which this adsorption can occur. Resch, Bauer &
Hirch (2010) researched the effect of calendaring on the
pore structure change and its influence on the ink setting
behaviour. Their findings indicate that fast ink setting can
be realised by the use of fine pigments as well pigments
with steep particle size distribution. On the other hand,
their results demonstrate that the pore size of coated
papers on average gets compressed permanently and
reduced by using calendering. This trend towards smaller
pores in their opinion should be beneficial but due to
also denser coating structure which reduces the total
numbers of voids (absorptivity) can lead to slower ink
settings and problems in printing. From the review we
can conclude the small pores benefit the mineral oil ink
absorption through capillary effect and more small pores
(micropores) induced good ink setting and drying, while
larger (macro) pores are needed for the fountain solution
absorption due to the high surface energy of the included water and filling in of micropores with printing ink.
Essentially the ratio of the two can be a very valuable tool
in paper production to reduce all printability problems.

Methods and Materials
In the experimental part, we concentrated on the
absorption properties of the paper regarding the oil
part of the inks and dampening solution (water) and
the ratio between pores as it greatly influences the
speed of the absorption of different liquids into the
substrate. For all test we have tested both sides of the
paper (A is the signature of the top side of the paper
roll and B the down/wire side of the paper roll when
sampling) due to production variation regarding coating
and calendaring differences in porosity can be induced.
For example, higher calendaring close the macro pores
which changes liquid/oil absorption behaviour. For the
experimental part, we took 6 paper samples from the
paper producer. The paper samples were from the same
product line with different grammage and different
production series. Some paper samples had the same
grammage but were reported as not suitable for printing due to optical non-homogeneity. The basic paper
properties of the samples are presented in Table 1.

Table 1
Paper properties of the samples

Property
Grammage ISO 536:2012 [g/m2]
Specific volume ISO
534:2011 [cm3/g]

Samples Samples Sample
1,2,3
4,5
6
60

54

57

1.10-1.30 1.10-1.30 1.10-1.30

Tensile Strength ISO
1924-2:2008 [N]

42

40

39

Opacity ISO 2471:2008 [%]

94

93

93

Bendsten Roughness ISO
8791-2:2013 [ml/min]

205

205

205

* Samples with same grammage were from different production runs

dampening solution. The penetration dynamics was
analyzed with Emtec PDA instrument which works on
the measurement of the attenuation of the ultrasound.
The paper sample is brought into contact with liquid and
is radiated in the Z-direction with high-frequency low
energy ultrasonic signals. These signals are received by a
sensor and time-dependent values are calculated on the
computer. For the analysis, we have used a mixture of
distilled water (we have added 15 % of IPA into the mixture) which simulated the dampening solution, and have
measured them with 20 mm test area. This method is
much more suitable for testing absorption properties regarding simpler but more often used Cobb water absorption test as it can give results in [ms/s] which is crucial
for printing as the speed required a dampening solution
to be absorbed between printing units in fraction of the
second. The results of the absorption are presented in
the form of a log/log time/signal scale in Figure 2.

Before testing all samples were conditioned according to
the ISO 187:1990 standard. For the printing ink stabilization/set off test we checked the time dependent absorption properties of the oil/varnish component of the printing inks. We have used the Pruefbau printability tester
with print speed of 0,5 m/s, print pressure and counter
of 800N and time delays for the measurement of 0, 15,
30, 60, 120 in 300 s. For printing we have used Huber
Set Off inks (applied quantity of 1.5 g/m2) and standard
set off paper. After printing the values the optical density
values were measured with X-Rite SpectroEye using the
ISO 5-3:2009. The results are presented in Figure 1.
»»Figure 2: PDA curves of the samples
The larger the shoulder of the curve the denser »fine«
microporous is the surface or the paper has a higher degree of sizing. Lower curves indicate quicker
absorption and larger pores which absorb the the
dampening solution mixture. In the time scale, it can
be noted that the largest differences regarding penetration dynamics occur between 0,2 and 3 s which is
the time range for offset printing (lower time values are
more important for web offset printing). The smallest
hydrophobicity had sample 6B while the quickest liquid
absorption had sample 6B, while the slowest absorption had the samples 1 and 2 both sides (A and B).

»»Figure 1: Ink stabilization/set off results of different
paper samples
As it can be observed From Figure 1 all paper had similar
absorption trends of the oil component of the printing
ink and have a linear trend of decline of the set off density values. The largest set off had the sample number 5
(B side ) and sample 1 (A and B side). The smallest
starting set off had the sample 5 (A side). As sample 5
had two most values (high and low) this indicates the
sometimes the papers are “two-sided” regarding absorption and other properties due to inconsistencies in the
production of it. The obtained values were in the typical
range for offset commercial papers. After checking the
oil/varnish part of the absorption we have checked the
penetration dynamics of the water which simulated the

To determine the micro and macro porosity ratio we
have used the method developed by the Pulp and Paper
Institute and which is described (Scheicher, 2009). The
micro/macro ratio is a dimensionless value defined by
the measurement spot (nm of light reflected) of the ink
part which was absorbed and the ink part which was
left on the surface. The method uses Porosimetric ink
produced by IGT which is a special non-drying oil ink
where the ink colour is defined by the dye which is soluble in the ink vehicle and has also pigment particles.
Particle size distribution was determined using a Malvern
Mastersizer 2000 particle size analyser. The fluid used
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as the dispersion medium (dispersant) was isopropyl
alcohol. Hydro2000 Micro Precision, the dispersion
unit for small amounts of material, was used for the
measuring. The measurement of the sample was carried
out in the dynamic mode. Measurement parameters
were: pump speed=2500 rpm; ultrasonic=on. Applied
Mie light scattering theory assumes that the particles
are spheres so that the results obtained for particles
size are equivalent sphere diameters. The particle
size distribution of the ink is presented in Figure 3.

All other samples have lower value than 5. The variation
between A and B side was prominent in sample 6.
To test the water repellence we used a modified test of
the W59 Water interference mottle test by IGT adjusted
to Pruefbau system. We have used 1 m/s printing speed,
pressure and counter pressure of 500 N, and we have
used a ready mixed dampening solution which contained
IPA. For the printing inks we have used the printing
inks provided by the paper producer (Sun Chemical
SunLit). We have applied the dampening solution to a
rubber roller in quantity of 30 mL and printing inks in
the quantity of 1.2 g/m2. After printing the print density of the samples was evaluated with measurement
throughout the sample in 10 positions according to
ISO 5-3:2009. The results can be viewed in Figure 5.

»»Figure 3: Particle size distribution of the used
porosimetric ink
As we can observe the porosimetric ink has two distinct
peaks and particle distribution region and the pore
system of paper acts as a filter for different particle sizes.
Due to this property we can separate micro and macro
pores (smaller or larger than 2 μm).
»»Figure 5: Wet repellence results
The prints were made using a GFL automated wipe off
tester with amount of 1 μl of ink which is applied for 2
minutes before wipe off. All the samples were measured
with i1Pro2 spectrophotometer 45°/0° ring illumination
optics ISO 13655:2009 M0 measurement mode. We have
measured the printed samples 5 times per patch and the
values presented in Figure 4. are the averaged values of
the measurements.

The differences with and without the fountain solution
indicate that samples 1 and 4 had the smallest difference,
while samples 2 (A and B side) and samples 5B and 6A
do not posses noticeable difference regarding wet repellence. Sample 6B is interesting as almost no difference
was observed between wetted and dry printed samples.
To evaluate the micro and macro porosity ratio to wet
repellence we have compared the macro pores which
are mainly influencing the water/dampening solution
absorption with the optical density values measured on
the test samples.

»»Figure 4: Micro and macro porosity ratio values of
the samples
All paper samples have similar values of micro pores (in
relative number around 20), while there are larger scale
differences in macro porosity. As we can see the largest
number of macro pores has the B side of sample 6
(above 10), while samples 1A, 3A, 3B and 4A have macro
porosity values around 5.
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»»Figure 6: The relationship between the macro pores
values and the optical density of wet repellence

From Figure 6. and with the calculation of the R2 factor
(0,78) of determination, we can see that with the number of macropores the wet repellence measured through
optical density is decreasing and vice versa a small
amount of macropores increases the wet repellence factor. The dampening solution does not have enough time
due to small macroporosity to quickly absorb and this
can cause wet repellence. Two samples were a bit of outlier but as the inner void porosity system is very complex
and the micro and macro pore values are “dimensionless” the specific pore sizes and volumes are unknown.
As the used testing ink has particles above 10 μm and to
100 μm which is a wide window for specific situations for
example, if there is a printing speed variation of changes
in the fountain solution application this could lead also
to some differences between good and bad samples.
The liquid penetration curves measured with ultrasound showed also a good correlation with macropore
number which indicates that water due to it high surface energy is mainly absorbed by larger pores which
absorb more quickly as was noted by the Darcy Law.

Conclusion
On the basis of the concluded research we have tested
six papers (some were reported as unsuitable for printing to the paper producer) using different test which
could help the paper producer to change the calendaring settings (pressure, temperature) to gain optimal
balance between micro and macro pores which define
the absorption and setting properties of the paper
substrates. Our results indicate that micropores do not
influence the water repellency as considered to absorb
oils like the vehicle from offset printing inks, while the
calculated macropores and their ratio exponentially
induce water repellence in offset printing. Values of
macropores below the value of 5 tend to induce larger
wet repellence values (with some exceptions) and good
correlation was found between the speed of absorption and the optical density of prints. Also, samples
which had low attenuation drop measured by the PDA
absorption method (less than 10% from the reference
100% signal ratio) within the first second. This method
is very valuable as it is using inks similar that are used
in the real process and can give a rough approximation
of the porosity structure of the produced paper and
help in troubleshooting. Exact pore sizes and properties
can be more precisely gained by using more advanced
technology like the Hg porosimetry or x-ray tomography
but which are currently not so easily accessible as the
presented method. The outlying samples could also be
tested with a dynamic contact angle to access more
detailed information regarding paper surface properties.
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Micro porosity of coated paper
affected by modified pigment particles

Abstract
Expensive synthetic coating materials can be replaced with natural
coatings and surface treatment with natural components and additives
which are friendlier to the environment and have normally better special
surface properties. However, special properties can be obtained with
surface functionalization by chemical or surface geometry modification.
Beside optical properties, the trends of lightweight materials, i.e.
reducing grammage by using nano materials and products (i.e. NMP N-Methyl-2-Pyrrolidone), lower specific energy requirement and costs,
forces increasing of pigments usage. Results of survey showed that
surface properties of papers coated with modified ground calcium
carbonate (GCC), required for inkjet printing with water-based inks had
improved significantly, whereas the increment of printed object has
minimum differentiation from the ideal, computer-based character.
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Introduction
The paper industry has realized high-speed inkjet
printing as a vast new business opportunity. Now days,
the inkjet printing has become the dominant printing
method for commercial large format and desktop small
format printing of photos, graphic art and documents,
as well as being a valuable proofing device. Inkjet printing provides unique advantages of high colour gamut,
high image quality and print on demand at affordable
prices (Lee, Joyce & Fleming, 2004; Lee, Joyce & Fleming 2005; Lee et al., 2005; Chen & Burch, 2007).
Unlike solvent-based liquid or paste ink systems used
in conventional printing, i.e. offset, screen, gravure,
etc., the ink systems used for inkjet printing are water
based, containing 65 to 95 % of water. In order to
absorb large quantities of ink quickly and produce
high-quality colour images with inkjet printers, specialty media are required (Chapman & Michos, 2000).

To achieve a smoother and a more printable surface,
paper and paperboard grades are often coated. The
coating layer is applied to the substrate as a wet coating
by several techniques. The coating consists of pigment,
binder, thickener and water. The solids content of a coating varies between 50 and 70 %, which depends upon
the properties of the substrate, the required rheological
properties of a coating dispersion, the coating technique,
the coating speed, etc. On industrial scale, it is desirable
for coating to keep the solids content as high as possible,
partly for environmental reasons, partly to save energy
during the drying stage, which has a large impact on
the process economics. Under laboratory conditions,
however, where the coating speed is considerably lower
and unconventional substrates are sometimes used, a
paper coating of low solids content is often easier to
handle. The substrate can be coated in a single layer or in
several layers. A common coating technique is to apply a
pre-coating, i.e. to cover the fibre surface and to provide
a smooth base for the subsequent application of one or
two top-coating layers to improve the optical properties
and printability.
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A dry coating layer has a typical coating weight of 5-20
g/m2 with a thickness of 5-20 μm (Bohlin, 2013).

capillary wall, r - pore radius, η - fluid viscosity, p - liquid
pressure in the nip and h - distance travelled, t - time.

Over the past few years, there have been a variety of
different coating formulations and technologies developed to meet the needs of inkjet printing. Former studies
indicated that the optical properties and printability of
microporous inkjet coated paper is strongly controlled
by the pigment types used in the coating formulations.
Small particle size of coting pigment, i.e. GCC (Ground
Calcium Carbonate) and large surface area, provide special pore structures and surfaces to rapidly absorb the
aqueous ink vehicle away from the surface and into the
porous microstructure (Khoultchaev & Graczyk, 2001;
Batz-Sohn, Storeck & Scharfe, 2004; Monie & Krupkin,
2006). To be able to provide mentioned acceptations and
demands when using inkjet printing, the R&D activities
in paper mills are going into a new, i.e. modified coating
pigments, mostly on the bases of GCC development
with special properties as the answer on the increasing
market demands (Kettle, Lamminmäki, & Gane, 2010;
Rutar, Rutar & Možina, 2011; Smithers/PIRA, 2018).

Solely surface tension and gravity effects drive the flow
of the liquid. In printing and converting processes the
nip pressure forces liquid to penetrate into the paper.
Regarding printing process, we can talk about liquid
transfer and wettability of the printing substrate. On the
other hand, in printing and converting processes the
nip pressure forces liquid to penetrate into the paper.
Further, surface tension is small compared to external
pressure. Lucas-Washburn equation (e.g. Equation 2) can
be rewritten in Equation 3, (it is previously stated what
the p stands for).

Inkjet printing is non-contact printing technique. The
only contact is in the moment of ink transfer on the
paper surface. For good reproduction and print quality,
the coated papers are used, where the coated layer
serves as micro-porous substrate. Dye in ink penetrates
into the micro-porous substrate along the capillaries and
the depth of the penetration is the criteria for the printout quality (Svanholm, 2007; Patrick, 2010). An inkjet
printing test for the vaterite-coated papers resulted in
high print quality, without bleeding or wicking problems
because of the good wettability tendency (similar with
silica). In the paper coating substrate, the fixing agent,
i.e. poly-DADMAC (Polydiallyldimethylammonium Chloride) was added (Mori, 2010). For liquids, e.g. ink or
printing colour, their penetration into the paper is more
important than flow through the paper structure. Liquid
penetration takes place by capillary flow in capillaries
between particles in coated layer structure. The penetration flow is expressed by the Young-Laplace equation
(Equation 1) and Lukas-Washburn equations (Equation 2)
(Niskanen, 1998; Holik, 2006). Liquid transfer on/in paper
surface is represented with Young-Laplace equation:
									

(1)

while wettability or liquid penetration is expressed by
Lukas-Washburn – equation:
							

where is: ∆p - external pressure difference, γλ - surface
tension, θ - contact angle between the liquid and the
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(3)
											
The Kozeny constant, k, is included to account for
irregular and tortuous pores. Kozeny-Carman equation
(e.g. Equation 4) gives a quantitative relation between
permeability and porosity. The model assumes a uniform
bed of packed particles that have an effective particle
diameter (deff).

									(4)
where is: ϕ - porosity, deff - effective diameter (influence
on pore volume and shape), and k - Kozeny constant.
Equations 3 and 4 express the phenomena of liquid
transfer in to the printing substrate. The Lukas-Washburn equation predicts the depth of liquid penetration. In converting process (e.g. calendaring, paper
surface, mostly coated surface) the external pressure
compresses paper structure, which reduces pore volume and consequently reduces liquid penetration.

Materials and Methods
On a laboratory scale trials of preparing modified GCC
pigment and afterwards coating of paper surface was
performed. Average specific surface is of the GCC was
measured according to the Brunauer-Emmett-Teller (BET)
technique (International Organisation for Standardization, 2010), on the apparatus Micrometrics New TriStar
II Surface Area and Porosity System (Table 1). The main
purpose of all trials was to find out the procedure of
pigment modification to encounter the market demands
for the inkjet printing papers and paperboards.

(2)
Therefore, one base paper (regular office white paper,
produced from primary cellulose fibers, i.e. Navigator
Universal) with 80 g/m2, have been only coated on an
upper (A) side of a paper, i.e. on a RK Multicoated K303,
with addition of coating substrate between 8 to 10 g/m2.

Afterword the colour printouts were done on a HP
Office-jet 6000 printer (thermal 4800 × 1200 dpi, dyebased inks, min 1.3 pl.).

Modification of D50, i.e. 50 % of particles are size 2 μm,
has an 80.9 % increasement in specific surface area.

Table 1

Pigments characteristics

Table 2

Modified pigment preparation
Trials
/

5

8 – TCC2

Modification
procedure
raw material
- dry
material with
10 % s. c. +
weak acid
material with
10 % s. c. +
weak acid

Addition

Pigment sample
standard quality
TCC 2
reference

BET [m2/g]
8.10

Ca(OH)2

CO2

29.10

Ca(OH)2

CO2

32.93

Segment of printouts, i.e. number 8 and letter E, selected
upon their geometric figure, where in case of number 8,
the lines cross at the middle and leave small inside circle,
i.e. in ideal case unprinted ”white dot” and in case of
letter E, the middle horizontal line, which is usually shorter and less intensely expressed than the line above and
below, has a significant impact on a clarity and quality of
printouts, which were at the end evaluated with ImageJ,
where the bleeding and wicking were calculated. Images,
i.e. 8 and E, were captured under a microscope, Nikon
SMZ800, at magnification 8×. In the end, the captured
pictures were processed in Adobe Photoshop, where
the image size was determined and exported into the
ImageJ. Coloured picture was transformed in ImageJ into
the bit format, upon which the ratio between the black
and white area was calculated.

Results and discussion

D50 [%]
0.686 µm
1.241 µm
1.353 µm

BET [m2/g]
12.24
32.93
60.74

Distribution and particle form are well presented on the
SEM pictures (Figure 1-3), where the extend of micro porosity of calendared coated paper is recognised. Coating
layer consistent from modified TCC2 (Figure 2) is more
condense due to the increment of specific area. Further,
the GCC particles are more equally distributed with
smaller tendency towards forming large agglomeration
structures which usually results in printing irregularities.
To be able to confirm the extend of GCC modification
has on printing quality, the inkjet print was performed on
studied coated papers.

»»Figure 1: Standard product

Cationic treatment, i.e. with quaternary ammonium
salt, of GCC pigment particles, with the pH 10.2 and zeta
potential between – 30 and – 40 mV (moderate stability),
has a positive influence on capturing the anionic dye and
therefore keeps it from uncontrolled spreading on the
paper surface, i.e. bleeding and wicking. The GCC, with
special technological preparation procedure, where the
electrical charge as well as the shape and size of the pigment particles, were modified according to the values in
Table 1. The specific surface area was enlarged and at the
same time, the particles electric charge had increased
from 17 to 12 mV at pH 7.85. With the addition of weak
and/or strong acids the specific surface area changed
from 8 to 33 m2/g (Table 1). The trials of coating base
wood free paper with three coatings, with standard wet
grinded GCC pigment quality, modified pigment TCC2 and
reference pigment, were also done (Table 2). The main
differences between used materials, like specific surface
area and mean particle diameter presented in Table 2
show the quantitative effect the modification of GCC has.

»»Figure 2: Modified product TCC2
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On the other hand, when considering wicking, modification of pigment particles has a small effect on
increment of perimeter, i.e. 0.63 mm, to the ideal
shape of letter E, which is computer generated letter.
Modification of pigment particles in such a way, can
have perceptible effect on printout quality, therefore it
should be considered as a valuable tool to increase the
micro porosity and decrease the bleeding and wicking,
namely water-soluble inks, i.e. used in inkjet printers.
Table 3
Bleeding of black 8 on yellow

»»Figure 3: Reference product
In the Table 3, 4 are presented results of bleeding and
in Table 5 the results of wicking. Values were calculated
upon the image analysis in ImageJ. The effect of the
pigment particles modification on micro-porosity and
capability to capturing anionic dye in inkjet printing technique, showed significant contribution to the print quality. Bleeding of yellow eight on printed black background
(Figure 4) has less, 0.07 %, increment than the black
eight printed on yellow background (Figure 5), 10.89 %.

Specimen

Picture of
bleeding

Area [%] Increment [%] Share [%]

standard

38.95

− 5.72

− 12.81

TCC2

55.56

10.89

24.38

Ref.

44.68

0.01

0.02

Ideal

44.67

Table 4
Bleeding of yellow 8 on black
Specimen

Picture of
bleeding

Area [%] Increment [%] Share [%]

standard

38.16

1.86

5.12

TCC2

36.37

0.07

0.19

Ref.

36.29

− 0.01

− 0.03

Ideal

36.30

Table 5
Wicking

»»Figure 4: Yellow eight on printed black background
Specimen

Increment
Picture of Area Perimeter
Share
of
Perimeter
bleeding [mm2] [mm]
[%]
[mm]

standard

21.82

60.50

− 2.80 − 4.42

TCC2

24.68

63.93

0.63

1.00

Ref.

24.13

63.86

0.56

0.88

Ideal

23.30

63.30

Conclusions
»»Figure 5: Black eight on printed yellow background.
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Ground calcium carbonate (GCC) is the mayor component in the paper coating dispersing solution in EU

paper mills, which is mainly due to the environment
and economics. Paper coating formulation and its performance also present important surface interactions.
Coating structure and its effects on printability can also
be interpreted considering thermodynamic properties
between mineral and adhesive particles. Paper printability can be investigated and improved according to
a surface chemistry approach. The concept of surface
engineering demonstrated in the article can also result
in a product, i.e. paper with higher added value. Therefore, successful pigment engineering, like finer particle
size distribution, effective dispersing system and other
procedures that are reflected in modified specific area,
electric charge, etc., provide a high value of significant
properties of the coated paper surfaces used as a dominant graphic material in versatile printing technics, in
our case, inkjet. The increment of studied objects, i.e.
8 and E, differed little from the ideal shaped character.
Concepts of surface chemistry are practically involved
in all stages of paper manufacturing, but always with
the thought on an end user, i.e. printing houses.
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Experimental design of photo-Fenton
process decolorization of Reactive Red 120
by using mathematical statistics models
Abstract
A statistical design of experiments was used to evaluate the potential use of
clay catalyst (CuOFeB) during photo-Fenton process in which the concentration of hydrogen peroxide (H2O2), catalyst loading and pH values were selected as effective experimental factors in the process of dye decolorization. The
photo-Fenton oxidation of Reactive Red 120 (RR120) has been investigated
using a concentrating solar parabolic reactor with constant solar radiation
of 950 W/m2 during summer period of the year. Under the optimal reaction
conditions catalyst showed good catalytic activity in the processes with dye
removal over 90%. Also, experiment confirmed that decolorization efficiency
depends on the pH and concentration of H2O2 , wherein better results were
achieved under lower pH values and higher concentration of H2O2.
Key words
light fastness, blue wool scale, printing ink, colour change, printability
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Introduction
In the textile industry wastewater is treated with various
physical-chemical (coagulation, flocculation, ozonisation,
gravity separation, filtration methods, adsorption, etc.)
and biological treatments (removal of nitrogen, phosphorus, organic matter etc.) (Chandran, 2016; Urbas et al.,
2016; Boczkaj and Fernandes, 2017). Disadvantages of
physical and chemical processes are the formation and

disposal of sludge, while the presence of traces of heavy
metals and substances such as aromatic hydrocarbons
in the biological process inhibits the growth of microorganisms, which requires additional treatment that can be
expensive and dangerous (Chandran, 2016; Boczkaj and
Fernandes, 2017). Therefore, the development of simple,
safe, economical, efficient processes that are not harmful
to the environment is of great importance. In recent
years, advanced oxidation processes (AOPs) have been
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studied in order to apply new methods for the treatment
of organic wastewater (Glaze, Kang and Chapin, 1987;
Wanget al., 2016) defined AOPs as water treatment
processes characterized by generating reactive hydroxyl
radicals at room temperature and atmospheric pressure
(Pouran, Aziz and Ashri Wan Daud, 2015). Hydroxyl radicals have a high standard redox potential (2.8 V), higher
than sulphates, chlorine, permanganate, persulphate
anion, hydrogen peroxide and ozone, lower only than fluorine (3.03) (Herney-Ramírezand Madeira 2010; Pouran,
Aziz and Ashri Wan Daud, 2015; Boczkaj and Fernandes,
2017), as well as a high reaction rate constant ranges
from 106 to 1010 M-1s-1 (Moreira et al., 2017). The benefits
of the AOPs process relative to conventional processes
are the transformation of organic compounds to CO2 and
H2O without the production of sludge, which discards
the need for additional treatment. AOPs are useful in
the treatment of persistent pollutants resistant to other
treatments such as biological (Giannakis et al., 2016;
Boczkaj and Fernandes, 2017). In addition, wastewater
with very low organic load (in ppb) containing dissolved
organic compounds that are difficult to remove can be
treated with advanced oxidation processes (Pouran,
Aziz and Ashri Wan Daud, 2015; Boczkaj and Fernandes,
2017). Photo-Fenton (or photo-assisted Fenton) process
as a part of AOPs involves the use of solar radiation or
artificial source of radiation, which increases the rate of
degradation of contaminants stimulating the reduction
of ferric ion (Fe3+) to ferro ion (Fe2+). This process shows
high efficiency of oxidation of organic pollutants and
inactivation of microorganisms in wastewater (Villegas-Guzman et al., 2017). Photo-Fenton process is a
combination of iron ions, hydrogen peroxide and solar
and UV/vis radiation (λ < 600 nm), which leads to higher
production of hydroxyl radicals through the following
reactions: i) reduction of Fe3+ to Fe2+ (Equation (1)) and ii)
photolysis of hydrogen peroxide at smaller wavelengths
(Equation (2)) (Pouran, Aziz and Ashri Wan Daud, 2015;
Villegas-Guzman et al., 2017).
(1)
(2)
Also, as a source of iron and ability to extend the range
of the solar spectrum to 450 nm, thus allowing further
benefit from solar radiation, photosensitive ferrioxalate
complexes have been applied in the solar photo-Fenton
(Chandran, 2016; Boczkaj and Fernandes, 2017). Moreover, in an acid medium, ferrioxalate photolysis produces
Fe2+ ions and more hydrogen peroxide.
Knowing that average solar radiation in Serbia is approximately 40% higher than the European average, better
utilization of solar energy and implementation of solar
reactor in this kind of processes is very important and
represents challenge for researchers (Pucar Milidrag et
al., 2018). For that reason, the aim of this study was to
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provide optimal process conditions (H2O2, concentration
of the catalyst, pH and concentration of Reactive Red
(RR120)) using mathematical models, in order to achieve
the best performance of the process as well as high
efficiency of decolorization.

Material and methods
Reagents
Commercial RR120 (CAS No. 61951-82-4, EC No. 263351-0), H2C2O4, Fe(NO3)3·9H2O, H2SO4, NaOH, CuCl2·2H2O
and H2O2 (30%) were obtained from Sigma-Aldrich. All
used chemicals were analytical grade and used without
further purification. All solutions were prepared with
deionised water. Bentonite (Claris-p70), which was used
in experiments, is a product of Bentoproduct Ltd. from Šipovo. Molecular structure of the dye is shown in Figure 1.

»»Figure 1: Molecular structure of RR120

Catalyst preparation
For preparation of CuOFeB catalyst, modified methods
according to the procedure of Ayodele and Hameed
(2013) has been used. CuOFeB was prepared by dissolving CuCl2·2H2O (Cu2+ = 0.0352 mol/dm3) and NaOH,
maintaining a ratio of OH/Cu = 2.25 and adjusting
pH = 4.1. Then, the prepared solution was easily added to the prepared suspension of clay (1:25 g/w)
and stirred continuously for 12 h. After washing the
suspension, a solution of Fe(NO3)3·9H2O and H2C2O4
(1:0.832 Fe/oxalate) was added in a suspension of
pillared copper bentonite and stirred for 6 h under
heating at 50 °C in the dark. Then, it was washed
and dried at 110 °C and calcined at 350 °C for 2 h.

Photoreactor
Solar photocatalytic experiments were performed in a
static parabolic trough collector (Figure 2). The collector
consists of a Pyrex glass absorber tube (length 129.70
cm, outer diameter: 1.86 cm, inside diameter: 1.26 cm),
tracking mechanism and concentrator reflective surface
(length 129.70 cm, width of the parabola 113 cm, rim
angle 90 °), with a capacity of 175 mL. The reflector was
made of stainless steel sheet. Solar radiation is reflected
by the concentrator reflective surface and focused on the
absorber tube. The ends of the pipe have valves, one for

length 511.9 nm using a UV–vis spectrophotometer
PG Instruments Ltd. T80 + UV–vis, Model: UV 1800
(Shimadzu, Japan). Measurement of pH was performed
using a pH meter inoLab pH/ION 735 (WTW GmbH,
Germany). The intensity of solar radiation was measured
by a PL-110SM Solar Radiation Measuring Instrument
(Voltsraft, Germany).

filling a sample of water and another for the sampling.
The tracking mechanism enables sunlight to focus on
the absorber tube all the time, which is located along
the focal line of the concentrator reflective surface.

Photo-Fenton experiments
The experiments of photo-Fenton process were conducted in the Campus of the University of Novi Sad on
an open rooftop (Latitude: 45°14ʹ44.19ʺ N; Longitude:
19°51ʹ11.29ʺ E) during the summer period (June/July) of
the year under clear-sky conditions, with constant solar
radiation of 950 W/m2. The intensity of the solar radiation was kept constant by rotating the collector along
its axis and oriented East–South. The maximum time of
exposure to solar radiation was 390 min from 8:30 am
to 3 pm, followed by centrifuging at 3000 rpm for 5 min.
The aliquots were immediately analysed.

Design of experiment
The operating variables in this experiment were pH
value, H2O2 concentration and catalysts loading, so
experimental runs were conducted based on the combinations of those variables. The response surface analysis
provided by Design-Expert 11.0.3. software (Stat-Ease
Inc., Mineapolis, USA), is used in order to determine
the influence of selected variables on the decolorization
efficiency of synthetic dye solution. The range for pH
values was 3-7, while the range for H2O2 concentration
and catalysts loading were 0.625 -10 mM and 0.01 -0.2
g, respectively. Table 1 shows the fifteen sets of experimental conditions for which the response is obtained.
Table 1
Experimental design matrix for CuOFeB
Run

»»Figure 2: Solar Parabolic reactor used for
photocatalytic experiments
The experiments were performed in the following manner: after adding prepared catalyst (0.01–0.2 g) into
the solution of the RR120 (100 mg/L), pH value was adjusted (3–7) and hydrogen peroxide was added (0.625–
10 mM). To ensure contact of the catalyst with the model
pollutant RR120, the whole mixture was stirred in the
dark on a magnetic stirrer for 5 min before setting in the
solar reactor.
The efficiency of dye decolorization was obtained by
application of the following formula:
(3)
where the A value was received after a certain reaction
time and A0 is the initial absorbance.

pH

H2O2 (mM)

Catalyst (g)

1

3

5

0.2

2

4

5

0.2

3

5

5

0.2

4

6

5

0.2

5

7

5

0.2

6

7

0.625

0.2

7

7

1.25

0.2

8

7

2.5

0.2

9

7

5

0.2

10

7

10

0.2

11

7

5

0.01

12

7

5

0.025

13

7

5

0.05

14

7

5

0.1

15

7

5

0.2

Analytical methods
Decolorization of the synthetic dye solution was monitored by measuring the absorbance (A) at the wave-
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Results and discussion
Study of the activity and stability
of the CuOFeB catalyst
The advantage of using copper in pillared clays enables to
conduct the reaction at higher pH values, due to its characteristic that it is less sensitive to changes of pH. Also,
some authors indicate the occurrence of increased catalytic activity due to presence of copper in pillared clays
(Timofeeva et al., 2009). In addition, copper-containing
catalysts are considered to accelerate a catalytic reaction
due to the generation of a large number of hydroxyl radicals (Ramirez et al., 2010). Therefore, researches were
conducted in order to find the optimal concentration of
copper and Fe/oxalate ratio, in which high decolorization
efficiency is achieved with minimal metal leaching (Cu
and Fe). All samples were exposed to the natural light
source, under clear-sky conditions. The conditions of the
reaction were as follows: [CuOFeB] = 0.2 g, pH = 3.5 mM
H2O2 , 5 min of stirring, [RR120] = 100 mg/L, Fe/oxalate
ratio 1:0.4. Three different copper concentrations were
tested: 0.0352 mol/dm3, 0.0704 mol/dm3 and 0.1408
mol/dm3. Table 2 shows that at all used concentrations
of copper high decolorization efficiency was achieved
(about 100%), however, at the lowest concentration
of 0.0352 mol/dm3 lowest metal leaching occurred.
Table 2
Application of different copper concentrations
Sample Cu
(mol/dm3)

Cu
(mg/L)

0.0352

0.189

1.031

99.67

0.0704

0.554

3.359

99.77

0.1408

1.414

5.682

99.66

Fe (mg/L) Efficiency (%)

Reaction
time (h)

Table 3
Testing Fe/oxalate ratio at different pH values
Fe/oxalate

pH

Time (days)

Efficiency (%)

1: 1.521

4.5

4

98.29

1: 1.521

5

5

98.53

1: 1.521

6

11

98.31

1:1.24

4.5

3

99.41

1: 1.24

5

7

99.43

1: 1.24

6

10

99.01

1: 0.832

4.5

5

98.02

1: 0.832

5

6

98.08

1: 0.832

6

13

97.80

1: 0.4

4.5

6

94.81

1: 0.4

5

7

91.77

1: 0.4

6

15

88.31

24

The most stable Fe/oxalate ratio corresponds to a stoichiometric molar ratio of 1:3, in which three bidentate
oxalate ions are bound to the center of iron. Lower ratio
leads to insufficient oxalate that can lead to a decrease
in the yield of the ferro ion regeneration, due to which
the lack of oxalate can not form complexes with Fe3+
ions. On the other hand the excess of oxalate can lead
to an increase in organic carbon, reduce the penetration
of solar radiation, or can be found in competition for
hydroxyl radicals, thereby reducing the rate of mineralization of the organic compound (Nogueira et al., 2017;
Monteagudo et al., 2010). In order to achieve good
process performance using the low Fe/oxalate ratio following researches were performed. The conditions of the
reaction were as follows: [CuOFeB] = 0.2 g, pH = 3.5 mM
H2O2, 5 min of mixing, [RR120] = 100 mg/L, [Cu] = 0.0352
mol/dm3. Three different Fe/oxalate relations (1:1.521;
1:1.24; 1:0.832) were tested in the pH range of 4.5 -6.
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Based on the obtained results at lower Fe/oxalate ratios
the decolorization efficiency decreases and duration of
the reaction increases (Table 3). Figure 3a,b shows that
with decreasing ratio metal leaching reduces. Therefore,
the optimum ratio of Fe/oxalate from the aspect of the
metal leaching, and achieving high decolorization efficiency, at high pH values is 1:0.832.

»»Figure 3: Concentrations of metal leaching:
a) Cu and b) Fe

Optimization of the oprocess using
the Design Expert software

The signal to noise ratio is measured by adequacy
precision, which comprised the predicted value at
the design points and the average prediction error.
As the adequacy precision ratio in this study is 9.6244
(greater than 4), it can be said that it is desirable. So,
the developed model can be used in a further study.

Based on the response obtained for the designed set
of operating variables given in Table 4, linear model
was analyzed by the Design Expert software as
suggested model.
Table 4
Fit summary based on Sequential Model Sum of Squares
Source

Sum of
df
Squares

Mean
Square

Mean
1.005E+05 1 1.005E+05
vs Total
Linear
5409.75 3
1803.25
vs Mean
2FI vs
0.0000 0
Linear
Residual
2786.78 11
253.34
Total

1.087E+05 15

F-value p-value

7.12

0.0063 Suggested
Aliased

The order of runs, the real experimental and predicted
values for the efficiency of dye decolorization during
the treatment are given in Table 6. It can be concluded
that the actual values for the efficiency of decolorization vary between 30 and 97%. Figure 4 presents
constructing diagnostic plots such as predicted versus
actual values of the final responses and confirms good
agreement between experimental data and model,
which points out that linear model is adequate.
Table 6
Report of predicted and actual values
of decolourization efficiency

7245.42
Run Order

The Model F-value of 7.12 and p-value of 0.0063 imply
that linear model is significant (Table 5), so this model is
used to show the relationship between three independent variables and decolorization efficiency. The statistical significance of model was analysed by ANOVA-analysis of variance. There is only a 0.63% chance that an
F-value this large could occur due to noise. P-values
less than 0.05 indicate that model terms are significant.
Based on this, Table 5. shows that H2O2 concentration is
the only significant model term.
Table 5
Obtained ANOVA results for linear model significance
Source
Model
A-pH
B-H2O2
C-Catalyst
Residual

Sum of
Mean
df
F-value p-value
Squares
Square
5409.75 3 1803.25
7.12 0.0063 significant
509.49
4302.32
66.33

1

509.49

1 4302.32
1

2786.78 11

Lack of Fit 2786.58 9
Pure
0.2091 2
Error
Cor Total 8196.54 14

2.01 0.1839

Actual Value

Predicted Value

1

97.85

102.9

2

97.94

97.91

3

97.95

92.94

4

97.95

87.97

5

97.29

83.01

6

30.60

46.09

7

37.30

51.36

8

55.32

61.91

9

97.85

83.01

10

97.80

125.2

11

63.23

76.95

12

69.11

77.43

13

95.15

78.23

14

95.08

79.82

15

97.29

83.01

16.98 0.0017 significant

66.33 0.2618 0.6190
253.34
309.62 2961.92 0.0003 significant
0.1045

As we mentioned, the linear model is chosen to describe
the effects of pH value, H2O2 concentration and catalysts
loading on decolorization efficiency, so experimental data
are fitted with linear function, where Y is a percentage
of decolorization efficiency, while A, B and C are values
of pH, H2O2 concentration and catalysts loading, respectively. The obtained regression equation is Equation (4):
(4)

»»Figure 4: Predicted vs. actual values for
decolorization efficiency
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The effects of operating variables on response can be
illustrated by 3D response surface plots, so the impact
of pH value, H2O2 concentration and catalysts loading on
the decolorization efficincy is presented (Figure 5a,b).

The presence of a catalyst is an important parameter that affects the efficiency of all Fenton processes
(Figure 5b). The removal of the dye is directly proportional to the concentration of iron, and depends on
the number of active sites, thus directly affecting the
efficiency of degradation of the present organic pollutants (Ji et al., 2011). In the heterogeneous Fenton
process, increasing the catalyst dose increases the
presence of active sites on the surface of the catalysts
responsible for the decomposition of hydrogen peroxide and the adsorption of dye molecules (Idel-aouad
et al., 2011). Concentration of H2O2 remind constant
and was 5 mM. Increasing the CuOFeB catalyst loading
a higher process efficiency occured. Despite the fact
that a higher dose of the catalyst in this type of process
can also reduce the sunlight penetration through the
suspension (Choi and Sakthivel, 2002; Pardeshi and
Patil, 2008; Neppolian, Tanveer and Guyern, 2013),
the use of CuOFeB in a given range of catalyst loading
in this study did not lead to the screening effect.

Conclusion

»»Figure 5: Decolorization efficiency: a) effect of pH and
H2O2, b) effect of pH and catalyst loading
During the photo-Fenton process catalyst CuOFeB
showed a good performance at lower pH value and
higher concentration of H2O2 (Fig. 5a), while catalyst
loading was 0.1 g. Namely, at pH above 3, the amount
of ·OH radicals decreases due to iron precipitation in
the form of iron hydroxide (Huang, et al., 2012). Also, it
is well known that the rate of mineralization increases
with the availability of H2O2 achieving its optimal concentration. Any further increase in the concentration of
hydrogen peroxide (>10 mM) has a negligible effect on
mineralization, because at high concentrations hydrogen peroxide can act as a very invasive scavenger of
hydroxyl radicals. On the other hand, at low concentrations of hydrogen peroxide (<5 mM), sufficient hydroxyl
radicals can not be produced to maintain good process
performance, and the reaction is much slower or no
degradation occurs, since the production of hydroxyl
radicals is directly dependent on the concentration
of hydrogen peroxide in the solution (Bacardit et al.,
2007; Lucas and Peres, 2007; Huang, et al., 2012).
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In order to achieve a high efficiency of decolorization,
the effects of process parameters pH, concentration of
H2O2 and catalyst loading during photo-Fenton process
were investigated using Design Expert software. Based
on response surface analysis, H2O2 concentration was
identified as significant factor for decolorization during
the process. Also, maintaining neutral reaction conditions, subsequent water neutralization is reduced before
discharge into the recipient, therefore pH 7, 6.8 mM H2O2
and 0.2 g of the catalyst can be considered as optimal
conditions with acheived decolorization efficiency of
97.95%. Moreover, additional laboratory experiments
should be carried out on the original wastewater sample
produced in the process of dyeing using the optimal
conditions proposed by the Design Expert software,
with the aim to confirm the reliability of the model.
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Investigation of the effects of silicone
oil coating and hot air drying on the
optical and physical properties of
heat-set web offset printing papers
Abstract
Heat-set web offset printing is a printing system that ink dries quickly
with hot air. It is one of the preferred printing techniques with high speed
printing process and print quality. Web offset printing machines produce
approximately 60,000-70,000 iph (impressions per hour). Because of this
speed, printing paper should be very durable during the printing process.
In this study, three different (70 g/m2 high-grade, 70 g/m2 glossy coated
and 90 g/m2 matte coated) roll papers were used. All these papers were
printed with Goss M600 web offset printing machine. Three kinds of samples
(non-oven - non-silicone, ovened – non-silicone and ovened - siliconed)
were taken from every paper type and optical and physical tests were
applied to these samples. It was determined that heat-set web offset
printing papers showed different responses to temperature and silicone
oil coating in the direction of the obtained results. All printed papers
were compared only to their own kind, not the other type of papers.
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Introduction
Web offset printing machines use an irrevocable printing method with high production speed (Kulachenko,
Gradin, & Westerlind, 2005) and offset printing quality,
especially for companies which have a high production
capacity. Heat-set web offset printing is a versatile printing technique in terms of paper and production. The
products produced with heat-set printing are usually high
circulation products such as magazines, catalogs, mails,
newspapers, flyers, animation books and user guides.
Generally, paper types from 35 g/m2 to 150 g/m2 WFC
(Wood free Coated), MWC (Medium weight Coated),
LWC (Lightweight Coated), MFC (Machine finished Coated), SC (Super calendared), UWF (Wood free uncoated))
and newsprint papers are preferred for heat-set printing.
Heat-set printing has a market worth of 80 billion Euros
worldwide. In particular, when coated papers are used in
high quality jobs such as magazines and catalogs, ink cannot be absorbed by the paper therefore a heat-set process should be applied to dry it quickly (Weboffsetprint,

2018). In heat-set printing, the ink is applied to the paper
surface by the printing units, and then the printed paper
is passed through an oven to provide the drying of the
ink by means of hot air. During this passing, the drying
takes place by evaporation of the binding agents (mineral
oils) in the ink. However, surface characterization of the
paper is of utmost importance during the settlement and
absorption of the fluid ink on the paper surface (Akgul,
Aydemir & Tutak 2017). However, despite all this process
even after the printed papers have been out of the oven,
it is still not possible to achieve 100% drying, thus protecting the ink by silicone coating on it (Kozak, 2018).
In heat-set web offset printing, the printing units
aligns as horizontal. Printing units are followed by dryer and chill rolls, which work together to ensure that
the ink on the printed sheet is dry and set to prevent
ink set-off (Kulachenko, 2006). As the paper passes
through the oven, the oil-based solvents in the ink
reach a “flashpoint” or evaporation point. What is leftover are waxes, resins, and pigment (Sapru, 2016).
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»»Figure 1: Heat-set web offset printing machine (Saxoprint 2013)
The oven temperatures around 250°C can heat the
printed paper up to 120°C. After the oven, there is the
cooling roller unit. In this unit, paper is suddenly cooled
down to around 20-30°C which results in a hardening
of the ink. Thus, bringing the typical heat-set printing
shine of the printing ink (Carrasco, Stoenand & Gregersen, 2004). Finally, the paper is provided with additional
protection in the form of a water silicone mixture. This
provides the paper with moisture following drying and,
at the same time, increases the scratch resistance of
the surface (Saxoprint, 2013). If the moisture distribution in the paper is not evenly distributed within the
structure, it can cause unwanted defects on the printed
layer and dimensional changes of paper. At the end
of it, the print quality is low (Tåg et al. 2013). It also
affects the paper and fiber structure. In Heat-set printing, papers must rely on the effects of hot air drying,
web tension, high speed, and ink / fountain solution
balance (KCL, 2018). The more important print quality
is, the more important the behavior of the paper in
the printing process (Ural, Ozomay & Ozdemir, 2018).

to determine how the papers are affected by the oven
and silicone oil. All printed papers were compared to
only their own kind, not the other type of papers.

Results and Discussion
The optical changes and physical strengths of the papers
(high-grade, matte coated and glossy coated papers)
were measured separately for each stage (non-oven
- non-silicone, ovened - non-silicone and ovened - siliconed). For optical changes: whiteness, gloss, CIE a * and
CIE b * measuring tests, for physical strength: tearing,
ash and tensile tests were applied. All measurements
are shown in graphs below. In addition, explanations
have been made for all of the obtained values.
Whiteness (0 -100)
88

Matte paper

Glossy paper

High grade

86

84

82,64

82,64

82,6

Whiteness (0 -100)
82
88

Experimental Part

80

Glossy paper

High grade

81,49

80,64

81,41

86
78
84

In this study, three different (70 g/m high-grade,
70 g/m2 glossy coated and 90 g/m2 matte coated) roll
papers were used as press substrate. All roll papers were
printed with Goss M600 web offset printing machine.
All roll papers were conditioned 24 hours at 23±1°C and
55±2% of RH before printing and all tests were applied
with the same conditions. The oven drying temperature was measured in average of 139°C during printing
and drying process. After drying, “Flint Group Varn
Pro-Web Plus” silicon oil was used for silicon coating.
All measurements on the papers were performed completely on silicone and non-silicon areas. The whiteness
values of the papers were measured in accordance
with the “ISO 11475, D65/10 degrees “; the gloss values were measured in accordance with the “TAPPI-T
480” and CIE a * and CIE b * values were measured in
accordance with the “DIN 6174”; Tearing values were
measured in accordance with the “ISO 776”; Ash values
were measured in accordance with the “TAPPI-T 211”;
Tensile values were measured in accordance with the
“ISO 1924-2” standards. The study parameters for all
three different types of paper: non-oven - non-silicone,
ovened - non-silicone and ovened - siliconed are used
2
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OVENED - SILICONED

In the comparison of gloss values, it has been determined that the values of all three paper types rose in the
ovened – non-siliconed values, and then the values were
slightly lowered by the silicone oil application, but just
glossy paper values increased sufficiently. Glossy paper,
ovened - non-siliconed gloss values first significantly
increased 21.5% then decreased by 16.4% in the ovened
- siliconed section.

Tearing Strength (mN)
Matte paper

Glossy paper

High grade

700
632
650
580
600
523

550
500
450

375

400

363

350
300

CIE a*
Matte paper

Glossy paper

1,7

200
700

1,7

1,72

1,68

High grade
Ovened - Siliconed

580

1,3
1,35

1,29

CIE
a* - NON-SILICONE
OVENED

NON-OVEN - NON-SILICONE
Matte paper

Glossy paper

OVENED-SILICONED

High grade

Figure 4: CIE a* values

1,9

»»Figure 4: CIE a* values

1,7

1,72

1,8

1,68

16,68

CIE b*
Glossy paper

10
50

1,45

1,4

40

1,3

35

OVENED - NON-SILICONE

40
36,38

25
20
15

Glossy paper

High grade

OVENED - NON-SILICONE
-3,85

10

OVENED-SILICONED
-3,73

Figure 5: CIE b* values

-4

17,06

16,99

16,68

-7,32

Matte paper

Ovened - Siliconed
44,97

44,1

Figure 7: Ash content values

30

CIE b*

NON-OVEN - NON-SILICONE
-3,82

High grade

Ovened - Non-silicone
45,58
44,02

OVENED-SILICONED

-7,09

-8
-7,89

Glossy paper

Non-oven - Non-silicone

1,35

1,29

1,2

NON-OVEN - NON-SILICONE

Matte paper

45

1,38

17,06

Ash Content

High grade

1,6

1,59

High grade

Figure 6: Tearing strength
values
16,99

15

In-3the comparison of CIE a* values, it has been deter-3,73
mined that there-3,82
is no significant-3,85
change in matte
paper.
-4
Glossy paper values decreased not only ovened - nonsil-4,21
icon but also decreased ovened --4,46
siliconed section.
The
-5
-4,61
change for ovened - non-silicon was 13% and ovened-sili-6
coned
was 17%. High-grade paper values first decreased
18.9% in the ovened - non-silicon section then increased
-7
Figure
4: CIE a* values section.
by 15.1% in the ovened
- siliconed
1,66 Matte paper

Glossy paper

45,58
In 450
the comparison of tearing
strength values,
it has been
44,1 44,97
44,02
45
375 paper values first
determined
that high-grade
increased
400
363
40
35040
20,8%
in the36,38
ovened - non-silicon then a little bit
296
284
30035
decreased
by24410,8% at ovened - siliconed section. Glossy
238
250
paper
values just increase 16,3% in the ovened - siliconed
30
200
section.
Matte
paper values
increasedOvened
26,6%
then
Non-oven
- Non-silicone
Ovenedfirst
- Non-silicone
- Siliconed
25
decreased
by
22,6%
in
the
ovened
-siliconed
section.
20

1,38

1,2

Matte paper

500
50

1,59

1,4

-9
-3

Glossy paper
Ovened - Non-silicone
632

Figure 6: Tearing strength values

600

1,45

1,5

Matte paper
Non-oven - Non-silicone

»»550
Figure 6: Tearing
strength
values
523
Ash Content

1,6

1,7

238 (mN)
Tearing Strength

650

1,66

1,5

284
244

250

High grade

1,9

1,8

296

Non-oven - Non-silicone

Ovened - Non-silicone

Ovened - Siliconed

Figure 7: Ash content values

»»Figure 7: Ash content values

-4,21
-4,46

-5

-4,61

In the comparison of ash content values, an
increase in both ovened and silicone coated values for high-grade paper has been determined. For
coated papers, it first increased slightly and then
decreased again. But there are no sufficient changes for ash content values for all paper types.
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change in glossy paper. Matte paper increased 8,7%
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All the obtained results showed that, not only the drying
oven process for quickly drying the ink but also silicon
oil application affected optical and physical properties
of paper.
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Figure 8: Tensile values

»»Figure 8 (part 2): Tensile values
In the comparison of tensile values, it has been determined that not only CD (Cross Direction) but also
MD (Machine Direction) values decreased after the
ovened - non-siliconed section for all three kinds of
paper. However, there are no significant changes at
the ovened - siliconed section after ovened - non-siliconed section. It has been found out that using siliconize process after the oven process provides an
insignificant increase in paper tensile properties.

Conclusion
When optical values are compared, it has been determined that there is no significant change in whiteness
values for all three kinds of paper. The gloss value was
increased after the drying oven process for all of paper
but decreased after siliconize process. However, contrary
to popular belief, silicon oil doesn’t affect to paper glossy.
CIE a* values decreased for coated papers (matte
and glossy) after both the drying oven and siliconize
process. High-grade paper CIE a* values decreased
after the drying oven process but, increased after the
siliconize process. When looking at the CIE b* values,
all three kinds of papers’ CIE b* values increased after
the drying oven process and siliconize process.
When physical values are compared, it has been
determined that high-grade and matte coated paper
showed the same behavior for tearing resistance.
Their tearing resistance values increased after drying oven process, then slightly reduced with the
siliconize process. On the contrary of matte coated
and high-grade papers, glossy paper tearing resistance values decreased after the dryer oven process
and then increased with the siliconized process.
When comparing tensile values, it has been observed
that all three kind of papers showed similar behavior
for tensile test. When they were ovened and covered
with silicone oil, their values were reduced significantly because of the change of their internal structure.
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