ZBORNIK SAZETAKA
BOOK OF ABSTRACTS

MATRIB 2012

VELA LUKA
OTOK / ISLAND KORCULA, HRVATSKA
20-22. lipnja / June 2012.

ORGANIZATORI / ORGANIZED BY:
HRVATSKO DRUSTVO ZA MATERIJALE I TRIBOLOGIJU
CROATIAN SOCIETY FOR MATERIALS AND TRIBOLOGY
INSTITUTE OF MATERIALS AND MACHINE MECHANICS
(SLOVAK ACADEMY OF SCIENCES)
DUBLIN INSTITUTE OF TECHNOLOGY

SUORGANIZATORI / CO-ORGANIZERS:
FAKULTET STROJARSTVA [ BRODOGRADNIJE, ZAGREB
FACULTY OF MECHANICAL ENGINEERING AND NAVAL
ARCHITECTURE
GRAFICKI FAKULTET, ZAGREB
FACULTY OF GRAPHIC ARTS
VELEUCILISTE U VARAZDINU
POLYTECHNIC OF VARAZDIN

SPONZORI / SPONSORS:

IDEF d.o.0. za industrijsku defektoskopiju — ZAGREB



1ZDAVAC / PUBLISHER: Hrvatsko drustvo za materijale i tribologiju
Croatian Society for Materials and Tribology
c/o FSB, Ivana Luci¢a 5, 10000 Zagreb
tel.: +385 1 61 68 350, fax: +385 1 61 57 126
e-mail: hdmt@fsb.hr, http://www.fsb.hr/hdmt

UREDNICI / EDITORS: Zeljko Alar & Suzana Jakovljevi¢

ISSN 1848-5340

NAKLADA / CIRCULATION: 100

TISAK / PRINT: Graficki fakultet, Zagreb


mailto:hdmt@fsb.hr
http://www.fsb.hr/hdmt

ORGANIZACIJSKI ODBOR / ORGANIZING COMMITTEE:

KreSimir Grilec (Zagreb) - predsjednik / president
Darko Andreis

Denis Andreis

Petar Mladenko Cetini¢
Zoran Hlede

Josip Lovricevi¢
Zeljko Maricié

Gorki Mileti¢

Zelimir Or3ani¢

Dinko Prizmi¢

Denis Prusac

Mateja Snajdar

Danko Zuvela

Kreso Zuvela

PROGRAMSKI i RECENZENTSKI ODBOR / PROGRAMME and REVIEW COMMITTEE:

Vinko Ivusi¢ (Zagreb) — predsjednik / president

Vesna Alar (Hrvatska)

Zeljko Alar (Hrvatska)

Branko Bauer (Hrvatska)
Mladen Franz (Hrvatska)
Maurice Grech (Malta)
Kre$imir Grilec (Hrvatska)
Vinko Ivusi¢ (Hrvatska)
Hrvoje Ivankovi¢ (Hrvatska)
Suzana Jakovljevi¢ (Hrvatska)
Jaroslav Jerz (Slovak Republic)
Frankica Kapor (Hrvatska)
David Kennedy (Ireland)
Zoran Kozuh (Hrvatska)
Darko Landek (Hrvatska)
Gojko Magazinovi¢ (Hrvatska)
Igor Majnari¢ (Hrvatska)
Gojko Mari¢ (Hrvatska)

Sanja Martinez (Hrvatska)

Jan Meneve (Belgium)
Miroslav Mikota (Hrvatska)
Diana Mil¢i¢ (Hrvatska)

Marin Milkovi¢ (Hrvatska)
Ljiljana Pedi$i¢ (Hrvatska)
Vera Rede (Hrvatska)

Biserka Runje (Hrvatska)
Zdravko Schauperl (Hrvatska)
Marijana Serdar (Hrvatska)
FrantiSek Simancik (Slovak Republic)
Josip Stepani¢ (Hrvatska)

Ivo Stepanek (Czech Republic)
Vlado Tropsa (Hrvatska)
Damir Vusi¢ (Hrvatska)
Drazen Zivkovié¢ (Hrvatska)
Irena Zmak (Hrvatska)

Hrvatsko drustvo za materijale i tribologiju



SADRZAJ / CONTENTS

Ivana Andri¢, Marijana Maji¢ Renjo, Lidija Curkovi¢:

PREPARATION OF STABLE SUSPENSIONS FOR SLIP CASTING OF
COMPOSITE CERAMICS ..o e,
Bischof Vukusi¢ Sandra, Flincec Grgac Sandra, Kovacevi¢ Zorana, Katovié¢
Andrea:

CHARACTERISATION OF THERMAL PROPERTIES OF ADVANCED TEXTILE
M AT E R A LS o
Vesna Oceli¢ Bulatovi¢, Vesna Rek, Kristina Jurkas Markovié:

RHEOLOGY OF POLYMER MODIFIED BITUMEN WITH ETHYLENE VINYL
ACE T AT . e e
Zdenka Zovko Brodarac, Vinko Kalauz, Faruk Unkié:

INFLUENCE OF THE COOLING RATE ON MICROSTRUCTURE
DEVELOPMENT OF AISil1Cu2(Fe) ALLOY ...oiiviiiiiii e
Marko Cati¢, Nikola Mrvac, Mile Matijevi¢, Marin Milkovi¢, Mario Tomisa:
USER INTERFACES IN WEB 2.0 ENVIRONMENT.........ccoiiiiii e,
N. Doli¢, F. Unki¢, J. Uremovi¢:

INFLUENCE OF COOLING RATE ON THE MECHANICAL AND
MICROSTRUCTURE PROPERTIES OF SEMICONTINUOUS CAST Al-Mg SLAB ..
Toma§ Dvorak, Martin Nosko, Miroslav Cavojsky:

POSSIBILITIES OF X-RAY MICROTOMOGRAPHY FOR NON-DESTRUCTIVE
TESTING OF MATERIALS ... e,
Himzo Pukié¢, Mirna Nozi¢, Eldar Colakovié:

INVESTIGATION OF THE INFLUENCE OF THE DEGREE OF STRAIN AND THE
INITIAL HARDNESS ON THE FINAL HARDNESS OF WORKPIECES

IN MULTI-STAGE DRAWING. ... e,
Mirko Gojié, Stjepan KoZuh, Ivan AnZel, Gorazd Lojen, Ivana Ivanié, Borut
Kosec:

MICROSTRUCTURE OF CuAINi SHAPE MEMORY ALLOY AFTER
CONTINUOUS CASTING ...
KreSimir Grilec, Vedran Bojanié:

REPRODUCIBILITY OF ENERGY ABSORPTION EFFICIENCY OF ALUMINIUM
FO A S
Mirko Jakop¢i¢, Marko Jan¢i¢:

EROSIVE WEAR OF ARTILLERY WEAPONS BARREL ...........cccooiiiiiiiiii,
Jaroslav Jerz, Jan Kosut, Cubomir Orov¢ik:

INNOVMAT - KNOWLEDGE TRANSFER PLATFORM IN THE FIELD OF
ENGINEERING MATERIALS ... e,
Frankica Kapor, Gordana Pustaj, Sanja Martinez:

CORROSION PROTECTION OF STEEL DESIGNATED AS AISI 1018 BY OLIVE
LEAF EXTRACT .o e e e e
Tihomir Kosor, Barbara Odak, Sandra Svilovi¢:

INFLUENCE OF TEMPERATURE AND PARTICLE SIZE ON CaCO;
DISS O C T A TTION .o e e e
Kovacevi¢ Zorana, Bischof Vukusi¢ Sandra, Katovié¢ Drago:

SEM CHARACTERISATION OF ADVANCED TEXTILE MATERIALS ...............
Franjo Kozina, Zoran Glavas, Faruk Unki¢:

THE ASSESSMENT OF MICROSTRUCTURAL FEATURES OF DUCTILE IRON
BY USING THERMAL ANALY SIS ..o e e,

Hrvatsko drustvo za materijale i tribologiju

10

11

12

13

14

15

16



Stanislav Krcho:

INFLUENCE OF GRAPHITE STRUCTURE ON VOLT-AMPERE CURVE IN
GRAPHITE-COPPER SLIDING PAIRS ... e,
Davor Ljubas, Ivana Baci¢, Lidija Curkovié, Veronika Marinovi¢:
CHARACTERIZATION OF SOL-GEL TIO, POWDER BY MEANS OF IR-
SPECTROSCOPY ..o e e
Marijana Maji¢ Renjo, Renata Zupeti¢, Lidija Curkovié:

STABILITY OF Al,O; SUSPENSION DETERMINED BY

SEDIMENTATION TESTS ..o
Majnari¢ Igor, Golubovi¢ Kristijan, Bolan¢a Mirkovi¢ Ivana:

NEW METHODS OF UV VARNISHING AND THEIR INFLUENCE ON

OPTICAL PROPERTIES OF CARDBOARD PACKAGING ........cccovvviiiiiiiianenn.
G. Mari¢, M.Snajdar, A.Tkalec:

TRIBO - COUPLE Al,O3/ PMMA SLIDING WEAR ANALYSIS ...
Miroslav Mikota, Ivana Pavlovi¢:

DYNAMIC RANGE OF PHOTOGRAPHS REALIZED WITH DOMINANT
27PRINTING TECHNIQUES ON GLOSSY PRINTING SUBSTRATES ...................
Boro Mio¢, Vera Rede, Matija Mikec, Lidija Curkovi¢:

MICROSTRUCTURE CHANGES OF ALUMINIZED AUSTENITIC STAINLESS

Ivan Miti¢, Anita Strkalj, Milan Sladojevi¢:

USE OF STATIC EXTRACTION METHOD IN METALURGY ........ccoovviiiiiiinnnn.
Damir Modrié, Danijel RadoSevié:

IMAGE ANALYSIS OF OLD GLAGOLITIC BOOKS BASED ON PHOTOGRAPHIC
DIGITIZATION ... e
Vedran Mudronja:

DIFFERENCE BETWEEN LONG-TERM AND SHORT-TERM PROCESS

CA P A BT Y oottt e e e
Vjera Novosel — Radovi¢, Nikol Radovi¢, Milka Balen:

CHARACTERIZATION OF THE PIPELINE CORROSION PRODUCTS ................
Mirna Nozi¢, Himzo Dukié:

HEAT EFFECT DURING THE PROCESS OF DEEP DRAWING WITH HIGH

N 2 1 R
Lubomir Orovcik, Jaroslav Jerz, Roman Florek, Jaroslav Kovacik:
INNOVATIONS OF INDUSTRIAL PRODUCTS BY KNOWLEDGE TRANSFER IN
THE FIELD OF ALUMINIUM FOAM ..ot
Ivana Pavlovié¢, Miroslav Mikota:

DOD INKJET PRINTING OF BLACK AND WHITE PHOTOGRAPHS WITH
CHROMATIC COLORS ON SUBSTRATES WITH DIFFERENT FINISHING .........
Biserka Runje, Marija Markovié, Vesna Alar, Srdan Medi¢:

INFLUENCE OF SURFACE ROUGHNESS ON THE COATING THICKNESS ........
Sara Salopek, Helena Otma¢i¢-Curkovié, Lidija Curkovié, Marijana Maji¢ Renjo:
IMPROVEMENT IN CORROSION RESISTANCE OF STAINLESS STEEL BY
MEANS OF NANOSTRUCTURED SOL-GEL TiO; FILMS ...,
Ljerka Slokar, Tanja Matkovi¢, Prosper Matkovic:

MICROSTRUCTURAL CHARACTERIZATION OF Ti-BASED ALLOYS ..............
Sandra Svilovié, Ivana Piplica, Davor Rusi¢:

ADSORPTION ISOTHERMS OF COBALT IONS REMOVAL USING ZEOLITE 13X

Hrvatsko drustvo za materijale i tribologiju

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39



Tomislav Sari¢, Mirko Dominkovié, Katica Simunovié¢, Goran Simunovié¢, Roberto
Luji¢, Danijela Pezer:

IMPROVEMENT OF THE LUBRICATION IN SUGAR COMPANY THROUGH
THE APPLICATION OF MAINTENANCE INFORMATION SYSTEM .................
S. Soli¢, B. Senti¢, V. Leskoviek:

INFLUENCE OF HEAT TREATMENT ON MECHANICAL PROPERTIES OF
51CrV4 HIGH STRENGTH SPRING STEEL .....c.oitiiiiiiiiiii e
Stépanek Ivo, Radl Karel:

INFLUENCES OF INHOMOGENEITY OF THICKNESS OF THIN FILMS
CREATED BY DIFFERENT DEPOSITION PROCESSES ON MECHANICAL
PROPERTIES ...t
Stépanek Ivo, Sladka Jana, Tengler Marek:

EVALUATION OF METHODS FOR ANALYSIS OF SURFACE LAYERS OF
POLYMER MATERIALS AFTER TEMPERATURE DEGRADATION BY
NANOINDENTATION ...ttt e e
Tamara Tomasegovi¢, Sanja Mahovi¢ Poljacek, Tomislav Cigula, Miroslav Gojo:
ADJUSTMENT OF FLEXOGRAPHIC PRINTING PLATE TO MEET
QUALITATIVE REQUIREMENTS ...
Ante Tomas,Nikola Mrvac, Fabijanko Vrtlar, Jakov Borkovi¢:

SAVINGS PRINCIPLES IN NEWSPAPER OFFSET PRINTING .........cccoiviniiiinee,
Tomljenovi¢ A., Zjaki¢ L., Rolich T., Anadolac A.:

USAGE DURABILITY OF FUNCTIONALLY PRINTED TEXTILE MATERIALS ....
Marija Trkmié, Lidija Curkovié¢, Danijela ASperger, Zdravko Schauperl:
MORPHOLOGY AND COMPOSITION OF THE ASH OF VARIOUS SOLID FUELS.
Nevenka Vrbos, Zvonimir Matusinovi¢, Juraj Sipusié:

PREPARATION AND CHARACTERIZATION OF ACETATE LAYERED DOUBLE
HYDROXIDE ... e
Nevenka Vrbos, Ana Situm, Juraj Sipusi¢:

INVESTIGATION OF PORTLAND CEMENT SETTING ACCELERATOR ............
DraZen Zivkovié, Igor Gabri¢, Slaven Siti¢:

ANALYSIS OF HEAT TREATMENT INFLUENCE ON THE HARDNESS OF
STEEL EN 42CRMOMA ... .o,

Hrvatsko drustvo za materijale i tribologiju

40

41

42

43

44

45

46

47



NEW METHODS OF VARNISHING AND THEIR INFLUENCE ON
OPTICAL PROPERTIES OF CARDBOARD PACKAGING

NOVE METODE UV LAKIRANJA I NJIHOV UTJECAJ NA OPTICKA
SVOJSTVA KARTONSKE AMBALAZE

Majnari¢ Igor*, Golubovi¢ Kristijan, Bolan¢a Mirkovi¢ Ivana
University of Zagreb, Faculty of Graphic Arts, Getaldi¢eva 2, 10000 Zagreb
majnaric@aqrf.hr; kristijan.golubovic@grf.hr; ibolanca@qrf.hr

Sazetak: Procesom UV lakiranja na otiscima se formira tanki prozirni sloj €iji je sjaj znatno
visi od izvorno otisnutog bojila. U ovom radu prikazuje se utjecaj tankog sloja UV laka na
sjaj 1 kromatske vrijednost osnovnih tonskih podrucja. Diskutira se kako razli¢ite metode UV
lakiranja mogu utjecati na promjenu obojenja kartonske ambalaze izvorno otisnute u tehnici
ofsetnog tiska. Nanos UV laka presudan za kvalitetu reprodukcije. Rezultati istraZzivanja
pokazuju da umjereno poveéanje sjaja pozitivno utjece na povecanje kvalitete reprodukcije
(gamut), dok preveliki sjaj onemogucava dobru vizualizaciju tonova. Na otiscima sa UV Ink
Jet mat lakom smanjuje se gamut reprodukcije, dok kod onih tretiranih sa UV Ink Jet gloss
lakom gamut se neznatno povecava. Ofsetno in-line lakiranje (s flekso jedinicom) daje
najve¢i gamut, a samim time i najve¢u kolornu reprodukciju. Pritom izmjerena vrijednost
sjaja otiska ne slijedi kromatske vrijednosti. Akromatski tonovi (crna i tiskovna podloga)
imaju najvece kolorne promjene.

Kljuéne rijeci: UV Ink Jet lakiranje, UV ofsetno lakiranje, sjaj otiska, CIE LAB AEg

Abstract: In the process of UV varnishing a thin transparent layer is formed on prints, the
gloss of which is considerably higher than that of the originally printed ink. The influence of
the thin layer of UV varnish on gloss and on the chromatic values of the basic tonal areas is
presented in this work. How the different methods of UV varnishing can influence the change
of the colour of cardboard packaging originally printed in the offset printing technique is
discussed. The layer of UV varnish is crucial for the reproduction quality. The investigation
results show that the considerable gloss increase positively influences the increase of the
reproduction quality (gamut), while too high gloss makes good tone visualization impossible.
On prints with UV Inkjet mat varnish the gamut of reproduction decreases, while on the prints
treated with the UV Inkjet gloss varnish the gamut slightly increases. Offset in-line varnishing
(with the flexo unit) gives the greatest gamut and consequently the greatest color
reproduction. The measured value of the print gloss does not follow the chromatic values.
Achromatic tones (black and printing substrate) have greatest color changes.

Keywords: UV Ink Jet varnishing, UV offset varnishing, print gloss, CIE LAB AE
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1. Introduction

In the last ten years the varnishing process with UV curing varnish has been increasingly
used. The reason for that is the possibility of forming the transparent layers of greater
thickness, better mechanical properties and visibly better reflectance from such treated
printing substrate. By the effectiveness of the application the two printing techniques are
pointed out: flexo printing and Inkjet printing. The flexo printing unit is often applied in the
combination with the offset printing unit, which results in better prints which are not
necessary to be additionally plasticized (Tracton, 2006). The aim of this work is to determine
the variations in colour (CIE LAB AEy) and in gloss (G%) of the printed cardboard
packaging in the technique of the offset printing. The prints were subsequently improve by
two types of UV curing varnishes. Two characteristic ways of varnish applications were used:
the in-line flexographic printing technique (which is a part of the lithographic printing

machine) and the contactless piezo Inkjet head.

2. Theoretical part

The process of improving the graphic products by means of the conventional varnishing
methods (out line roller coating, in-line coating head, dry offset via damping system, dry
offset via printing plate, lithography and letterpress) showed itself as limiting. The reason for
that was the different original viscosity of varnishes which can vary from 0.5 to 15 Pa-s
(Thompson, 2004). Consistently with it, the differently formed varnish film thickness can be
expected on the printing substrate before and after the curing process. So, by printing with the
water dispersive varnish the greater mass share (10g/m?) is formed on the printing substrate
which rapidly decreases under the influence of heat. The oil based printing varnishes have the
composition most similar to the standard printing inks, which means that the curing
mechanism is based on the oxy-polymerization process. The thick film layers of such
varnishes are unfortunately not thick and during the curing process no considerable changes
will happen in ink film layer (2 gm?). UV curing varnishes dry momentarily. In this way the
UV curing enables the formation of thicker film layers without the oscillation in the thickness
of the varnished surface. In order to enable the implementation of the UV curing printing
technology it is necessary to adjust many factors. The two most important factors are the UV
varnish formulation and their compatibility with the UV radiation sources. UV varnishes
which are applied on the offset printing machines usually contain: bisphenol A epoxy acrylic

resin (13%), trifunctional polyether acrylic resin (60%), tripropylene glycol diacrylate (5%),
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amine acrylate (12%), benzophenone (6%), 2,2-dimethoxy-2-phenyl acetophenone (3%) and
silicone slip additive (1%) (Leach and Pierce, 1999). Such varnish will become solid from the
liquid thanks to the UV polymerization process which is performed in 4 phases. The process
begins with the application of the varnish layer on the printing substrate (phasel: varnish is a
viscous liquid). After that the exposition to the UV irradiation is performed which will
activate benzophenone photo initiators (phase 2: varnish is still liquid). After that the photo
initiators are transformed into the free radicals which are combined with the neighboring
monomers and olygomers, forming the macro molecules (phase 3: the varnishes start to
harden). In the reaction the acryl group is participating. In the last phase the epoxy resins take
part and the product is the hardened structure (Chen, 2003; Elias et al, 2006). For UV
varnishing by means of the Inkjet technology it is necessary to apply much more liquid
varnishes (viscosity >0,5 Pa-s). Because of that the greater quantity of diluents must be
present in such varnishes as well as the smaller part of epoxy resins. By the application of the
UV LED curing Inkjet varnishes the photo-initiators change. One characteristic UV LED
curing varnish is that it contains: 10-20% acrylic amine synergist, 25-35% hexamethylene
diacrylat hexane 1.6 diol diacrylate, 30-40% acrylic ester, 10-20% photosensitive monomers,
5-15% derivates based on phosphine oxides (Edison, 2010; Lee, 2003). Mercury lamp is used
as the radiation source in the curing process of UV inks and varnishes in the graphic arts
sector (Fig. 1a). The components of the mercury lamp are: quartz body, mercury, argon,
molybdenum connector, wolfram electrode-cathode, feeding cable and ceramic insulating
connector. The satisfactory emission of UV A radiation in the area (315-380 nm), UV-B in
the area (280- 315 nm) and UV-C area (200-280 nm) was noticed. In order to achieve
somewhat different spectrum it is possible to add iron, lead, cobalt or gallium to mercury
(Kipphan, 2001; Kokot, 2009). For the effectiveness of UV drying the reflectors in UV lamps
have an important role. Their role is to reflect 55% UV radiation from the mercury source on
the printing substrate. Aluminum is one of the materials with great reflection (90% UV
radiation). As aluminum is very sensitive to heat its surface has to be specially treated.
Mercury lamp as the radiation source must have high power (P= 20-240 W/cm?), and this is
one of the reasons for further development in this area. Good results are obtained from the
LED semiconductor sources whose power is 3 W/cm?. The characteristic of such spectra is
exactly defined by the choice of semi conductor by which the exactly directed UV
electromagnetic radiation is achieved by one peak on the exactly defined wave length (Fig.
1b). In this connection the following semi conductors are used for UV varnishes: boron

nitride, aluminum gallium nitride, aluminum gallium indium nitride.
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Fig.1. Emission spectra of electromagnetic sources for UV curing (mercury and LED lamps)

2.1. Ecological sustainability and varnishing of the cardboard packaging

UV curing systems compared with the traditional varnishing process are more efficient,
energy saving and environment friendly. The UV equipment in graphic arts sector has been
researched and developed during the past few years. The researches comprise the domain of
the traditional production technology of high pressure mercury lamp primarily because of
high costs of equipment, high temperatures of irradiated components, mercury pollution etc.
There are now some UV curing systems (H-UV system), which in comparison to the
traditional ones are saving energy and have low running cost, emit less ozone’s thanks to the
reduction of the light emitted in the ozone-generating wavelength of the spectrum (Jlgers,
2008). However, the UV LED curing systems have revolutionized the UV curing industry.
Unlike medium pressure mercury lamps, LEDs have only a very narrow wavelength window
(Fig.1). Inks and varnishes must be precisely adapted to these narrow wavelength, in order for
them to be cured using UV-LEDs. The advantages of UV LED technology versus mercury
lamp are in energy saving, environment friendly and pollution free technology, no thermal
radiation, ultra high illumination. The energy savings results from the fact that by the
application of the UV LED technique during the standby time, its consumption is nearly none
(Falch, 2008). Opposite to that the high-pressure mercury lamp is continuously irradiating
regardless the effective irradiation. In this case most of the energy is wasted. In dependence to

the energy source, from the ecological aspects, the domain of the consumption of the non
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renewable resources is important as well as the emission of the carbon dioxide, one of the
gasses of the greenhouse. UV LED curing system can indirectly reduce the carbon dioxide
emission for several times. Mercury lamps contain a small quantity of mercury in the light
bulbs and it is troublesome to handle them. The lamps may cause a hazard to human health or
the environment when improperly managed. Due to this concern, the rule regulates the
managements of universal waste lamps so as to promote the recycling, pollution prevention
and safe handling methods. Mercury is a heavy metal that can accumulate in living tissue and
cause adverse health effects (Mercola and Klinhgardt 2004). Unlike the UV-lamps, the UV-
LED curing system doesn't contain mercury. Also, the UV-LED technology allows printing
without ozone emissions. There is no need to provide extra protection for equipment and
personnel health. However, UV-lamps generate ozone during the printing process. Because
that UV-LED system does not contain mercury as already mentioned the recycle costs and the
costs in permitting, reporting, and personnel protection can be decreased in relation to the UV
systems. Because of the use of 365 nm wavelength emitting diodes there is no infra red and
other wavelengths’ radiating. The temperature rise of irradiated area is below 5° C versus
traditionally one, were it can be 60, even higher Celsius grades. Except that the LED curing
system won't reduce the illumination and all channels can be maintained at maximum.
Because of the high illumination, UV LED curing systems shortens the irradiation time. In
this way the production efficiency can be improved. The development in this area includes the
LUV LED UV system. The cascade system can provide the wavelength mix from five
different wavelength zones within one module (Riter, 2007). All in all, the UV-LED
technology offers advantages over the lamp systems and provides significant benefits.
However these new technologies which were discussed about were safer in terms of migration
process in the food and pharmaceutical packaging. The sources of migration can be: inks,
varnishes (UV photo initiators), printing substrate, environment and presses. In the production
of packaging for food industry and the pharmaceutical industry there are defined directions
which limit the usage of some graphic materials. However few inks and varnishes do not have
toxicological information defined through the life cycle of the product. The manufacturers of
the graphic materials: printing substrates, inks and varnishes do not guarantee in all the cases
the low migration solutions, including the production of materials, printing, finishing and the
distribution. The presented basic propositions point in this domain at essential directions of

the further development, including the postulates of sustainability.

Experimental
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For sample preparation the standard ECI printing form was used (1535 defined patches),
whose digitalized version is illuminated on CTP (Luscher XPose 160). For the investigation
in the area of the printing process of the cardboard packaging the high quality cardboard
coated on both sides was used (Zenith-Europapir). The prints were made on six color offset
printing machine KBA Rapida 105/6+L, which can in-line print ink and varnishes. In this way
the CMYK prints were obtained (sample 1) and CMYK + UV varnish prints (sample 2). In
this process the UV varnish 14- HC-144 was used (SunChemical). For the experimental UV
Inkjet varnishing the UV Inkjet printer Cutter Roland Versa LEC 300 was used. In Versa
Work RIP the following parameters were defined: varnishing mode (gloss), resolution (740 x
740 dpi), head moving (un-indirection) and screening method (dither), and two varnishing
modes Gloss (Sample 3) and varnishing mode Mat (Sample 4). The optical properties of the
varnished and unvarnished prints were measured with two devices: with spectrophotometer
X-rite DTP 20 (measuring geometry 0/45° and standard observer 10°) and the device for gloss
measuring Elcometer 407 (measuring geometry 20°, 60°). CIE Lab and GU (gloss unit)
results were obtained from which the color differences (CIE AEq) and gloss difference AGU
were calculated. Final construction of color gamut (volume) is made with software Monaco

Platinum version.

Construction . KBA Rapida - “Zenith”
special printing form 105/6 +L Double-sided coated board
v ¥
SAMPLE 2 SAMPLE 1 UV Ink Jet
prints with gloss UV varnish prints without UV varnish >
(offset +fexographic units) (offset print units) Roland Versa LEC 300
| . pa— T
- - ¥ ¥
Colorimetric SAMPLE 3 SAMPLE 4
analysis [+ prints with mat UV varnish prints with mat UV varnish
X-rite DTP 20 « (offset + Ink Jet unit) (offset + Ink Jet unit)
- L*a*b*; AE . | B !
Glossmeter |
Elcometer 407
- GU (%)

Fig. 2. Schematic presentation of the experiment flow

Results and discussion

The influence of different UV varnishing methods on the color reproduction can be best
presented by comparison the volume gamut printed with only offset inks in relation with the
volume gamut of prints which were made with the corresponding layer of UV varnish. The

dependence of volume gamut on average gloss which was calculated as the mean value of full
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tones of the basic chromatic areas (R, G, B, C, M, Y, K and the printing substrate) is
presented in figure 5. Because of the different reflectance from the printed substrate two

angles were used in measuring (20° and 60°)

51 1 Prints without varnish
S2 I Prints with gloss varnish (flexographic unit)
53 [ Prints with gloss varnish (ink jet unit)

805 g4 EEER Prints with mat varnish (ink jet unit)

Black
70 Gloss angle 60°

(5]

Magenta&Black

o D
o o

Green

o
(=]

(Black & Green)

* Blue

Cyan

A
o,

Gloss of prints (GU%)
S
o

Cyan

W w
(=

Cyan Gloss angle 20°

[\*]
[4;]

815072 834642 842126 890807
Gamut Volume

Fig.3. The volume gamut and the gloss of prints before and after the UV varnishing

For the offset prints without the applied UV varnish the satisfactory great gamut is
characteristic, whose volume is V=834 642 gamut unit. The gloss of such print in all the
tone areas is not the same. It oscillates AGUs;=16,61%. The extremes appeared in violet —

blue tonal area (the maximal gloss) while the minimal gloss appeared in cyan tonal area.

By the mat UV Inkjet varnishing of prints the smaller space volume gamut is obtained AVy;.
so= 19 570 gamut unit. However the average increase of gloss is AGUs;.5,=5,48%. By the UV
Inkjet mat varnishing the gloss value difference between the extremes (black and cyan) is
AGUg,=4,83%. The gloss UV varnishing methods give generally greater gloss values.
Because of that it is necessary to apply the other measuring geometry (the incident
illumination angle is 20°). From all the used varnishing methods, the gloss UV Inkjet
varnishing gives the greatest gloss (GUg3= 63,31%). In this case the great deviation within the
different tonal areas is characteristic (AGUg3=22,08%), where the maximum is achieved in the

black tonal area and the minimum in the green tonal area.
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It was found out that the greatest gloss does not give chromatically the best print. The UV
Inkjet varnished print gives the reproduction gamut which is greater for AVgs3.5;=7484 gamut
units in relation to the unvarnished offset print.

The greatest color gamut is given by the UV varnished print on the flexographic printing unit
(Vs4=890 807 gamut units). So in relation to the unvarnished offset print the increase of
gamut of AVg4s;=56165 gamut units is realized. The print varnished with the UV Inkjet
technique in relation to the print varnished with the UV flexographic unit gives smaller gloss
(AGUs3.54=13,98%). In this case the greater deviation of certain tonal values
(AGUs4=22,51%) is obtained. The tonal areas which are emphasized as the extreme ones are

magenta and black (max. gloss) and cyan (min. gloss).

Such results can be the consequence of adding the calcium to UV varnishes determined for
the application in combination with the offset printing unit. With the addition of calcium the
possible harmful activity of the dampening fluid is eliminated (the chromatic saturation of the
printed pigments is decreased). However, the decrease of gloss effect of the UV drying
varnish appears as the negative consequence. From the point of graphic design the changes of
colour of the printed graphic products are considerable as well as the influence of the varnish
film layer on the visual impression. In Fig. 4 the CIE LAB values for characteristic tones are
presented, obtained by the UV Inkjet varnishing (mat and gloss) and UV flexographic
varnishing (gloss) of prints. In Table 1 the color deviation CIE AE is presented in relation to

the unvarnished offset prints.

BOT— T B o4 |
225 a3 S1_Print without vamish
220 ® 352 UV vamish (flexographic unit
' N ' & 853 _UVvamish gloss (ink Jet unit
35 924 Printed + S4_UVvamish mat (ink Jet unit)

substrate

S1_Prints without varnish
® S2_UVvamish (flexographic unit)

4  S3 UV vamish gloss (Ink Jet unit
- % S4_UV vamish mat (ink Jet unit)
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Fig. 4. CIE LAB values of UV varnished and unvarnished offset prints for the following solid

patches: a) violet-blue and black; b) printing substrate and yellow; c) cyan and green; d)

magenta and red

It is characteristic for the prints obtained by the experimental UV varnishing that there is no
defined lawfulness. It means that for each characteristic tone the different maximal and
minimal deviations (table 1) are formed by different methods of UV varnishing. In further
discussion, in relation to color changes only the most characteristic ones, i.e. those which by

their formation and color characteristics considerably deviate are taken into consideration.

Tablel. Color changes of prints formed after the different ways of UV varnishing

#

a)Black 100% AEy ALw ACpn AHy Blue 100% AEp ALw ACwn AHg
K _S1-K_S2 3.14 246 -191 040 B_S1-B_S2 0.71 0.55 -0.40 0.21

K _S1-K_S3 2.62 -0.27 -2.53 0.61 B_S1-B_S3 207 -049 0.58 -1.93
K S1-K S4 194 023 -191 025 B S1-B S4 1.28 -1.01 0.55 -0.57
‘b)Yellow 100% DE), DL, DCy, DH,, Substrat100% DE, DL, DC, DHy
Y S1-Y S22 060 -036 -045 -0.17 § §1-8 82 264 121 -1.81 -1.48
Y S1-Y_S3 0.57 0.06 049 -028 § 81-S S3 385 191 -2.79 -1.84
Y S1-Y_S4 092 -021 081 -038 8§ S1-S S4 272 1.62 -1.96 -0.94

e

c) Cyan 100% AEy ALo ACy, AHyw Green 100% AEg ALyp ACy AHg
C S1-C_S2 0.57 -0.15 0.01 055 G S$1-G_S2 1.01 -0.87 -0.47 0.20

C S1-C_S3 0.96 -0.03 045 085 G S1-G_S3 2.01 -1.60 -024 1.19

C_S1-C_S4 096 087 020 035 G_S1-G_S4 1.32 -1.26 0.13 -0.38
ﬂ) Mlg. 100% AEgp ALg ACp AHy Red 100% AEgp AL ACy AHgy
M S1-M S2 0.62 -0.03 -038 -0.50 R S1-R S2 1.22 -0.04 -0.69 -1.01
M_S1-M_S3 1.57 0.69 -0.12 -1.40 R _S1-R_S3 0.84 0.09 -0.33 -0.77
M _S1-M_S4 0.76 0.64 -0.18 -0.37 R S1-R_S4 0.55 -0.23 0.23 0.44
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Achromatically black tones have great color changes when varnished which can be visible
with the naked eye (AE>3). Such prints have their maximal change with the gloss offset UV
varnishing. The smallest change appears with mat Inkjet varnishing. The analysis of the color
changes showed greater deviations in chromaticity (C). The only exception is the UV offset
varnishing with the flexo unit which gives much deeper tone (the lightness value L is
decreased). From the other process inks, after UV varnishing, the smallest color change has

the 100% printed yellow.

Because of the yellowish patina of the dried UV varnish layers such color changes are
absolutely not visible by the human eye. Mat Inkjet varnishing whose result gives the greatest
value on the coordinate +a, has greater colorimetric change, which means that the share of red
is the greatest. In the process of the multi colors printing the spot tones are created by
overlapping two or more process inks. From the color point of view the violet — blue tones
have the greatest changes in color when UV varnishing is performed. The greatest color
change resulted in gloss UV Inkjet varnishing, and the smallest one resulted in offset UV
varnishing. The deviation in lightness (L) in relation to chromaticity is responsible for such

color oscillation.

The UV varnishing process of the unprinted substrate gives far the greatest color oscillations
chromatically. The whiteness of the original cardboard disappears, i.e. the change on
coordinate +b appears (slight yellowing). It results in the change of lightness (decreased
values of L). In this way the UV Inkjet gloss varnishing gives the greatest color change and

the offset UV varnishing gives the smallest one.

Conclusion

The Inkjet UV varnishing and the offset UV varnishing differently influence the print quality
which is confirmed by the measured values of the volume gamut (offset varnishing gives
greater color gamut). The mat UV method Inkjet varnishing will not give considerable color

changes and it cannot be recommended as the possible effect of visual emphasizing.

The optical property of print gloss is not in the direct correlation with the colorimetric
measurements. It means that the greatest reproduction gamut is not at the same time the
glossiest print. The in-line gloss offset UV varnishing gives lesser gloss than the UV Inkjet,

because of the short drying time of the ink. In order to achieve the additional value, the
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varnishing process can serve as the tool for emphasizing the defined oriented surface
(segment varnishing).The tone of the previously made print can considerably influence the
noticeability. Because of that the varnishing of darker tones (black and violet — blue) it is
recommended which will oscillate AEx=2,81 and AEp=2,57 depending on the varnishing
method. Similar results can be achieved with the varnishing of the gloss coated printed
substrate. However the minimal deviation of the substrate AEs=0,70 is achieved by different
varnishing methods. In the case of the cardboard packaging which must not deviate from the
original because of the demand of the standardized color management the UV varnishing of
the yellow tones is recommended which will have then slight changes. The different methods
of UV varnishing will not considerably influence the changes of the yellow tone AEy=1,03.
From the point of view of the cardboard packaging specimen printing the effect of gloss of
the printed UV varnish is not possible to include into color management.

With the influence of the varnish layer on the visual experience of the packaging product, in
the early phase of graphic design, the ecological prepositions of the life cycle through all its
phases have to be included. The continuation of investigations will be based on the parameter
analysis of gloss and color value with the creation of the mathematical model and inclusion of
the UV varnishing process in color management. The composition of UV varnish, the
radiation sources in the drying processes, migration processes (especially when speaking
about the packaging determined for food and pharmaceutical industry) with the postulates of

ecological sustainability will be important frame of reference.
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