=8

\
o, ‘S\

« ‘
Y

INTERNATIONRI\CONEERENCEON/INNOVATIVETECHNOLOGIES;

IN-TECH201]

LIUBLIANA, SLOVENIA - 11. - 13. 9. 2017

i : o X « , ' 35.:\~~
A RIS A BRG] I o & RN

L fliad

z T
S
% N

; NS ;‘-W"M;:

Organized by:

World Association for P d =
Innovative Technologies rn cea Ings

1<




International Conference on Innovative Technologies

IN-TECH 2017

Ljubljana

Proceedings

IN-TECH Conference
Ljubljana 2017

@%@%@W@%@%
N \5 \L&\ \‘3 NN

IN-TECH 2017

Proceedings of International Conference on Innovative Technologies



IN-TECH Conference
Ljubljana 2017

=T

International Conference on Innovative Technologies, IN-TECH 2017,
Ljubljana, 11. - 13.9. 2017

IN-TECH Conference
Ljubljana 2017

Editors:

Pepelnjak Tomaz — Slovenia
Car Zlatan — Croatia
Kudlacgek Jan — Czech Republic

IN-TECH 2017 Organization committee:

Car Zlatan — Croatia

Kudlaéek Jan — Czech Republic
Pepelnjak Tomaz — Slovenia
DraSnar Petr — Czech Republic
Zoubek Michal — Czech Republic
Pakosta Michal — Czech Republic
Plestenjak Tanja — Slovenia
Andelic Nikola — Croatia

Blazevic Sebastian — Croatia

Publisher: Faculty of Engineering, University of Rijeka

Printed by: TISK AS, s.r.o., Jaroméf, Czech Republic

Printed in 100 copies.

IN-TECH 2017 International Conference on Innovative Technologies runs from 11. 9. 2017
to 13. 9. 2017 in Ljubljana, Slovenia.

E-mail: info@in-tech.info

URL:

http://www.in-tech.info

ISSN 0184-9069


mailto:info@in-tech.info
http://www.in-tech.info/

IN-TECH Conference

IN-TECH Conference
Ljubljana 2017

Ljubljana 2017

International Conference on Innovative Technologies, IN-TECH 2017,
Ljubljana, 11. - 13.9. 2017

ORGANIZED IN COOPERATION BETWEEN

Univerza v Liubljani University of Ljubljana
Unive rsity of Lj u blj ana Faculty of Mechanical Engineering
Faculty of Mechanical Engineering

www.fs.uni-lj.si

University of Rijeka
Faculty of Engineering

www.riteh.uniri.hr

Czech Technical University in

) . . F MECHANICAL
P— Faculty of Mechanical Engineering ENGINEERING

UNIVERSITY
IN PRAGUE

CTUIN PRAGUE
www.fs.cvut.cz

SPONSORS & SUPPORTERS

University of Liubliana
Faculty of Mechanical Engineering

e University of Ljubljana
Faculty of Mechanical Engineering
www.fs.uni-lj.si

e Czech Technical University in Prague
Faculty of Mechanical Engineering
www.fs.cvut.cz

FACULTY

OF MECHANICAL
ENGINEERING
CTU IN PRAGUE

e University of Rijeka
Faculty of Engineering
www.riteh.uniri.hr

e |RT3000 Magazine - Innovation, R&D, Techvnology v P
PROFIDTP, d.o.o., GradisC€e VI 4, SI-1291 Skofljica, Slovenia | §
WwWw.irt3000.si INNOVATION - RESEARCH +TECHNOLOGY

e Central european exchange program ﬁ
for university studies, HR — 108 network,

www.ceepus.info CEEPUS


http://www.fs.uni-lj.si/
http://www.fs.cvut.cz/
http://www.irt3000.si/

IN-TECH Conference
Ljubljana 2017

. International Conference on Innovative Technologies, IN-TECH 2017,
Ljubljana, 11. - 13.9. 2017

IN-TECH Conference
Ljubljana 2017

Ali Hashem, O. (Egypt)
Abramov, A (Russia)
Bozek, P. (Slovakia)
Brdarevic, S. (B & H)
Burger, W. (Germany)

Car, Z. (Croatia)

Carjali, E. (Romania)
Carlos Bernardo (Portugal)
Castilla Roldan, M. V. (Spain)
Cep, R. (Czech Republic)
Chen, W. (Netherland)
Cizek, J. (Singapure)

Cosic, P. (Croatia)

Cotetiu, R. (Romania)
Crisan, L. (Romania)

Czan, A. (Slovakia)

Duda, J. (Poland)
Durakbasa, N. (Austria)
Elhalabi, M. (Egypt)

Evin, E. (Slovakia)

Frietsch, M. (Germany)
Filipovi¢, N. (Serbia)
Galvao, J. R. (Portugal)
Genis, V. (USA)

Gomez, M. E. (Columbia)
Greenhut, V. (USA)
Guarino, S (ltaly)

Gyenge, C. (Romania)
Hodoli¢, J. (Serbia)

Ivanov, K. (Russia)

Jung, J. (Korea)

Katalini¢, B. (Austria)

Kiss, I. (Romania)

Klobcar, D. (Slovenia)
Kocov, A. (Macedonia)
Korsunov, A (Russia)
Kozak, D. (Croatia)
Kreibich, V. (Czech Republic)
Kudlacek, J. (Czech Republic)
Kundrak, J. (Hungary)

SCIENTIFIC COMMITTEE

Kuric, I. (Slovakia)
Kuzmanovi¢, S. (Serbia)
Lee, J. H. (Korea)
Legutko, S. (Poland)

Li, M. (China)
Majstorovic, V. (Serbia)
Makis, V. (Canada)
Mamuzié, I. (Croatia)
Math, M. (Croatia)
Matsuda, H. (Japan)
Miltenovic, V. (Serbia)
Ohkura, K. (Japan)
Ohmura, E. (Japan)
Omran, A (Malaysia)
Pepelnjak, T. (Slovenia)
Plancak, M. (Serbia)
Pop-lliev, R. (Canada)
Raos, P. (Croatia)
Rucki, M. (Poland)
Sankaranarayanasamy, K. (India)
Senabre, C. (Spain)
Sercer, M. (Croatia)
Serpil, K. (Turkey)
Sosnovic, E. (Russia)
Suchanek, J. (Czech Republic)
Sucié, V. (Croatia)
Szalay, T. (Hungary)
Simic, M. (Slovenia)
Tingle, J. (Croatia)
Tisza, M. (Hungary)
Tomesani L. (Italy)
Udiljak, T. (Croatia)
Ungureanu, N. (Romania)
Varga, G. (Hungary)
Valenticic, J. (Slovenia)
Velay X. (Great Britain)
Wilke, M. (Germany)
Yashar, J. (Iran)
Zivkovic, D. (Serbia)



IN-TECH Conference
Ljubljana 2017

International Conference on Innovative Technologies, IN-TECH 2017,

IN-TECH Conference
Ljubljana 2017

Ljubljana, 11. - 13.9. 2017

K. Ohkura, S. Kataoka and
H. Jiang

D. G. Bu¢ar, M. Olenik and
M. Merhar

M. Simic and N. Herakovié¢

N. Filipovic, V. Isailovic,
Z. Milosevic, D. Nikolic,
I. Saveljic, M. Nikolic,
B. Cirkovic-Andjelkovic,
E. Themis, D. Fotiadis,
G. Pelosi and O. Parodi

P. Raos, J. Stojsic¢
and D. Prajkovi¢

A. Czan, M. Sajgalik, O.
Babik, T. Czanova and J.
Holubjak

B. Z. Balazs, T. Szalay
and M. Takacs

D. Grube, A. Bilberg
and E. Madsen

P. Sembdner, M. Nogel,
D. Hofmann,
S. Holtzhausen, C. Schéne
and R. Stelzer

M. Almeida, R. Ascenso
J. Galvao, L. Moreira
and S. Leitdo

M.Demian, L.Grecu
and G. Demian

KEYNOTE LECTURES

DEEP REINFORCEMENT LEARNING FOR A ROBOTIC
SWARM SOLVING COOPERATIVE TRANSPORT

THE NEW GENERATION OF BEECH VENEER
BASED STRUCTURAL ELEMENTS

ADVANCED COMPOSITE SPOOLS USED AS
ALTERNATIVE APPROACH TO REDUCE THE
ACTUATION FORCE IN PNEUMATIC VALVES

COMPUTER MODELING OF ATHEROSCLEROSIS IN
THE HUMAN ARTERIES

INVITED PAPERS

EFFECTS OF INJECTION MOLDING PARAMETERS ON FLEXURAL
PROPERTIES OF POLYSTYRENE MOLDED PART

MONITORING OF SURFACE CHARACTERISTICS CREATED BY
MINIATURE MACHINING OF DENTAL IMPLANTS WITH BIOACTIVE
SURFACE TREATMENTS

INVESTIGATION OF MICRO MILLED SURFACE CHARACTERISTICS

FLEXIBLE AUTOMATED MANUFACTURING FOR SMEs

ANALYSIS AND EVALUATION OF SIMULATION TOOLS FOR ADDITIVE
MANUFACTURED PARTS

HYBRID ENERGY SYSTEM FOR NZEB

STUDIES REGARDING CORRELATION BETWEEN MECHANICAL
CHARACTERISTICS OF STEELS AND ATTENUATION OF
ULTRASONIC WAVES



IN-TECH Conference
Ljubljana 2017

S

International Conference on Innovative Technologies, IN-TECH 2017,
Ljubljana, 11. - 13.9. 2017

IN-TECH Conference
Ljubljana 2017




IN-TECH Conference IN-TECH Conference
Ljubljana 2017 Ljubljana 2017

International Conference on Innovative Technologies, IN-TECH 2017,
Ljubljana, 11. - 13.9. 2017

CONTENTS

ANALYSIS AND EVALUATION OF SIMULATION TOOLS FOR ADDITIVE MANUFACTURED PARTS

P. Sembdner, M. Nogel, D. Hofmann, S. Holtzhausen, C. Schone and R. Stelzer 1
IGNITION DELAY IN QUASI-DIMENSIONAL NUMERICAL MODEL FOR SIMULATION OF DIESEL ENGINE IN CYLINDER PROCESS

V. Mrzljak and I. Poljak 5
LANDMARK DETECTION ON CT DATA FOR REGISTRATION OF DRILLING TEMPLATES USED IN NAVIGATED DENTAL IMPLANTATION

S. Holtzhausen, P. Sembdner, C. Schone, R. Stelzer, D. Ellmann and A. Klar 9

MICROSTRUCTURAL AND MECHANICAL PROPERTIES CHANGES OCCURRED IN A BIOCOMPATIBLE Ti-Nb-Zr-Fe-O GUM TYPE ALLOY
DURING THERMO-MECHANICAL PROCESSING

D. Raducanu, V. D. Cojocaru, A. Nocivin, M. L. Angelescu, |. Dan 13
PARAMETRIC STUDY FOR STEAM PIPE WITH INSULATION WITH CONVECTION AND RADIATION HEAT TRANSFER RATES

A. Gari, A. Almubarak and T. Alnouman 17
INFLUENCE OF IC ENGINE CRANKSHAFT MAIN JOURNALS LENGTHS ON MAIN BEARINGS LOAD

N. Nikoli¢, N. Tadi¢ and J. Dori¢ 21
THE MOST INFLUENTAL MOTIVATION FACTORS — EXPERIENCES FROM THE FOOD INDUSTRY IN R. MACEDONIA

M. Stanojeska, R. Minovski and B. Jovanoski 25
DEVELOPMENT OF CAE SERVICE SYSTEM BY USING GATHERED DATA FROM MANUFACTURING

S. H. Cho 29

DETERMINATION OF NATURAL VIBRATIONS OF SIMPLY SUPPORTED SINGLE LAYER GRAPHENE SHEET USING NON-LOCAL
KIRCHHOFF PLATE THEORY

N. Andeli¢, M. Canadija and Z. Car 33
MODELING AND SCHEDULING OF PRODUCTION SYSTEMS BY USING MAX-PLUS ALGEBRA

H. Al Bermanei, J. M. Béling, and G. Hognas 37
A CONCEPTUAL MODEL OF DYNAMIC APPROACH OF THE PATENT COMMERCIALIZATION PROCESS

J. Stojanovska, R. Minovski and B. Jovanoski 41

RESEARCH CONCERNING AUTOMATICALLY OPTIMIZATION OF A MILLING PROCESS BASED ON GEOMETRICAL FEATURES OF THE
PART IN CAD-CAM SOFTWARE

F. D. Anania, M. Stoica and A. E. Pena 45
EFFICIENT AC/DC POWER CONVERSION FOR HIGHLY INTEGRATED SENSOR NODES

J. Brenkus, V. Stopjakovd, M. Kovac and D. Arbet 49
SPATIAL CHARACTERISTICS OF EXTREME BORA EVENTS

). Grizi¢, Z. Vecenaj, H. Kozmar. and B. Grisogono 53
RESEARCH OF UNSTABLE BEHAVIOUR OF ITERATIVE PATH PLANNING ALGORITHM FOR ROBOT MANIPULATOR

S. Blazevi¢, N. Andeli¢ and Z. Car 57
EFFECTS OF INJECTION MOLDING PARAMETERS ON FLEXURAL PROPERTIES OF POLYSTYRENE MOLDED PART

P. Raos, J. Stojsi¢ and D. Prajkovi¢ 61
COMBINATION OF CONTACT AND OPTICAL 3D DIGITIZING METHODS FOR THEIR APPLICATION IN REVERSE ENGINEERING

M. Sokac, Z. Santosi, |. Budak, Z. Car and Dj. Vukelic 65

COMPARISON OF MASS TRANSFER MODELS FOR THE NUMERICAL PREDICTION OF CAVITATION INCEPTION IN RADIAL
DIVERGENT TEST SECTION

L. LeSnik, G. Bombek and I. Bilu$ 69
DETERMINING TURBULENT PROPERTIES IN GRID GENERATED TURBULENCE BASED ON HOT-WIRE DATA

N. Szaszak, Sz. Szabd and P. Bencs 73
HYBRID ENERGY SYSTEM FOR NZEB

M. Almeida, R. Ascenso, J. Galvado, L. Moreira and S. Leitdo 77



IN-TECH Conference
Ljubljana 2017

International Conference on Innovative Technologies, IN-TECH 2017,
Ljubljana, 11. - 13.9. 2017

IN-TECH Conference
Ljubljana 2017

CYBER CRIME AND CYBER SECURITY STANDARDS

M. G. Jovanovi¢

MODIFIED GENETIC ALGORITHM IN CHABOCHE MODEL PARAMETERS IDENTIFICATION

G. Janes, Z. Car and M Puskaric

NUMERICAL STUDY ON INTERFACIAL EXTENSION BEHAVIORS DURING SOLID-STATE PRESSURE WELDING
Y. Takahashi and T. Nakamura

IMPACT OF SOCIAL AND MORAL VALUES ON FURNITURE DESIGN CONCEPT

E. M. Khames and A. Elsebaey

AN INSTRUMENT FOR IMPROVING QUALITY CONTROL FOR ABRASIVE WATERJET CUTTING

M. Prijatelj, M. Jerman, H. Orbani¢, I. Sabotin, J. Valentin¢i¢ and A. Lebar

DEEP DRAWING AND STRETCHING ANALYSIS OF HARDENED SHEET METAL STEEL

T. Pepelnjak, V. Vidovi¢ and J. Kudlacek

INTELLIGENT SOLUTIONS FOR TRANSMISSION POWER SYSTEMS

K. Frlan and S. Skok

INFLUENCE OF STRAW PULP IN PRINTING SUBSTRATE ON STABILITY OF DIGITAL PRINTS

I. Bates, I. Plazonic, V. Dzimbeg-Malcic and D. Banic

CHEMICAL DEGRADATION OF PRINTS MADE ON PAPERS WITH WHEAT PULP

1. Plazonic, |. Bates, Z. Barbaric-Mikocevic and B. Lajic

DEVELOPMENT OF FUNCTIONAL PROPERTIES BY SEVER PLASTIC DEFORMATION OF TITANIUM BIOMATERIALS
M. Sajgalik, A. Czan, P. Martikan, I. Danis and M. Drbul

MONITORING OF SURFACE CHARACTERISTICS CREATED BY MINIATURE MACHINING OF DENTAL IMPLANTS WITH BIOACTIVE
SURFACE TREATMENTS

A. Czan, M. Sajgalik, O. Babik, T. Czanova and J. Holubjak

VARIETIES OF YEAST FROM FRAGRANT FLOWERS FOR BEVERAGE FERMENTATION FROM CASSAVA STARCH
K. Mueangtoom

RAIN INTENSITY ESTIMATION USING SATELLITE BEACON MEASUREMENTS

L. Csurgai-Horvath and B. Adjei-Frimpong

MODEL FOR SAFETY INCREASING AND RISK ASSESSMENT WHILE WORKING WITH HAZARDOUS CHEMICALS
B. Matevska and J. Chaloska

MATERIAL FORMABILITY AT UPSETTINGS BY CONICAL AND FLAT DIES

D. Movrin, D. Viloti¢ and M. Milutinovi¢

METROLOGY INFRASTRUCTURE OF BOSNIA AND HERZEGOVINA IN THE CONTEXT OF EUROPEAN INTEGRATION
A. Softi¢ and H. Basi¢

INFLUENCE OF FLAT TAPE GRID ON THE TURBULENCE PROPERTIES OF AIRFLOW IN A WIND TUNNEL

N. Szaszak, P. Bencs and S. Szabé

SMART ORIENTED WORKPLACES IN TOOL PRODUCTION

M. Milfelner, M. Schafler, M. Spitzer and M. Wifling

STUDIES REGARDING CORRELATION BETWEEN MECHANICAL CHARACTERISTICS OF STEELS AND ATTENUATION OF ULTRASONIC
WAVES

M.Demian, L.Grecu and G. Demian

INVESTIGATION OF MICRO MILLED SURFACE CHARACTERISTICS

B. Z. Balazs, T. Szalay and M. Takacs

ANALYSIS OF MEASUREMENT STRATEGY OF GEOMETRIC DEVIATION OF THE POSITION OF THREADED HOLES

M. Drbul, P. Martikan, M. Sajgalik, A. Czan, J. Broncek and O. Babik

81

85

89

93

99

105

109

113

117

121

125

129

133

137

141

145

149

153

157

161

165




IN-TECH Conference IN-TECH Conference
Ljubljana 2017 Ljubljana 2017

International Conference on Innovative Technologies, IN-TECH 2017,
Ljubljana, 11. - 13.9. 2017

ENERGY EFFICIENCY ASSESSMENT AND IMPROVEMENT MEASURES FOR A MEDIUM SIZE BAKERY

D. Kadric, N. Delalic, S. Midzic-Kurtagic, B. Delalic, A. Hodzi¢ 169
DETERMINATION OF KEY PARAMETERS IN THE PROCESS OF OPTIMIZATION OF THE THERMAL POWER PLANT COOLING SYSTEM

N. Delalic, D. Kadric, B. Delalic, E. Sikira and E. Fazlic 173
DYNAMIC GESTURE RECOGNITION FOR ARABIC SIGN LANGUAGE INTERPRETER

A. Ba'odhah, B. Al-Zahrani, D. Dambos, H. Al-Mramhi, W. Bin Thabet, E.Zaker and M. Abulkhair 177
DYNAMICAL ASPECTS OF MICRO MILLING PROCESS

M. Takacs, B. Z. Baldzs and J. C. Jauregui 181
APPLICATION OF FEM FOR ANALYSIS OF INJECTION MOLDING PROCESS AND MOLD DESIGN

S. Randelovi¢, M. Milutinovi¢, S. Nikoli¢, T. Pepelnjak and D. Movrin 185
DEEP REINFORCEMENT LEARNING FOR A ROBOTIC SWARM SOLVING COOPERATIVE TRANSPORT

K. Ohkura, S. Kataoka and H. Jiang 189
MAXIMUM STRESS EVALUATION OF SMOOTH NOTCHED PLATES UNDER TENSILE LOAD IN NUMERICAL STRUCTURAL ANALYSIS

Si-Young Kwak 193
THE BIG IDEA FOR CREATIVE DESIGN — REFLECTING TO PAVILIONS DESIGN

R. Elasfoury and M. Ramadan 197

OPTIMISATION OF A LASER ASSISTED MILLING PROCESS BY USING RESPONSE SURFACE METHODOLOGY AND ARTIFICIAL NEURAL
NETWORKS

D. Muzenic, P. Potocnik, E. Govekar and D. Kramar 201
THE NEW GENERATION OF BEECH VENEER BASED STRUCTURAL ELEMENTS

D. Gornik Bucar, M. Olenik and M. Merhar 205
ADVANCED COMPOSITE SPOOLS USED AS ALTERNATIVE APPROACH TO REDUCE THE ACTUATION FORCE IN PNEUMATIC VALVES

M. Simic and N. Herakovic 209
HYDRAULIC DESIGN OF KAPLAN WATER TURBINE BLADE THREE-DIMENSIONAL BODY MODEL

B. Fodor, L. Kalmar and P. Bencs 213
IN SILICO TESTING OF THE TOXICITY FOR SOME ANTICANCER HERBAL COMPOUNDS

D. Tomi¢, M. Puskari¢ and Z. Car 217
VISIUAL PRESSURE CHARACTERISTICS OF DISPOSABLE BABY DIAPER

E. Oktay Guindiiz, M.S.Cetin and S. Palamutcu 221
FLEXIBLE AUTOMATED MANUFACTURING FOR SMEs

D. Grube, A. Bilberg and E. Madsen 225
COMPUTER MODELING OF ATHEROSCLEROSIS IN THE HUMAN ARTERIES

N. Filipovic, V. Isailovic, Z. Milosevic, D. Nikolic, I. Saveljic, M. Nikolic, B. Cirkovic-Andjelkovic, E. Themis, D. Fotiadis, G. Pelosi and O. 229
Parodi

IMPROVED EXPERIMENTAL APPROACH FOR OPTIMIZING THE INJECTION MOLDING PROCESS PARAMETERS
D. Kusi¢ and A. Hanci¢ 233

ACHIEVING THE CONCEPT OF EPISTEMOLOGY OF THE PICTOGRAM THROUGH SUPPORTING THE FORMAL AND EXPRESSIVE
VALUES

R. Mahmoud 237
ENBA - European Network BioAdhesion

T. Pepelnjak and J. von Byern 243
LASER AS A TOOL FOR SURFACE CLEANING

H. Hrdinova, J. Kuchafand V. Kreibich 247

COMPARISON OF CHEMICAL AND MECHANICAL PRE-TREATMENTS AND THEIR INFLUENCE ON THE ADHESION OF ORGANIC
COATINGS

J. Svoboda, J. Kudlacek, K. Hylak, V. Kreibich and P. Szelag 251



IN-TECH Conference
Ljubljana 2017

International Conference on Innovative Technologies, IN-TECH 2017,
Ljubljana, 11. - 13.9. 2017

IN-TECH Conference
Ljubljana 2017

SINGLE POINT INCREMENTAL FORMING OF POLYMERS — A REVIEW OF PROCESS PARAMETERS
A. Bori¢, T. Pepelnjak and Z. Jurkovi¢

3D WELD SURFACING USING WAAM TECHNOLOGY

D. Klobcar, J. Tusek and M. Lindi¢

RESEARCH AND DEVELOPMENT OF THERMOSENSITIVE COATING SYSTEMS FOR SAFETY PURPOSES
J. Heller, Z. Tatickova, J. Kudlacek and J. (vZervenV

MAINTENANCE OF ENERGY EQUIPMENT

J. Kuchar, V. Kreibich, H. Hrdinova, Z. Hazdra and M. Kubenka

ANTISTATIC WATER-SOLUBLE PAINTS

M. Zoubek, J. Kudlaéek, V. Kreibich, F. Matas and Z. Car

COMPOSITE COATING TECHNOLOGY NiP-XLS

J. Kudlacek, D. BeneSova, M. Pakosta, P. Drasnar and T. Pepelnjak

CATAPHORESIS OF SMALL PARTS DEVICE CONSTRUCTION

P. Drasnar, J. Kudlacek and Z. Matuska

NEW POSSIBILITIES FOR FINGERPRINT DETECTION

P. Drasnar, V. Kreibich, M. Zoubek and P. Chabera

PORTABLE AND REPRODUCIBLE SCIENTIFIC COMPUTE ENVIRONMENT

R. Ogrizovic, M. Pavlic and B. Kovacic

255

259

263

267

271

275

277

281

285



IN-TECH Conference IN-TECH Conference
Ljubljana 2017 Ljubljana 2017

International Conference on Innovative Technologies, IN-TECH 2017, x
Ljubljana, 11.-13.9.2017 | ;

CHEMICAL DEGRADATION OF PRINTS MADE ON PAPERS WITH
WHEAT PULP

|. Plazonic’, |. Bates', Z. Barbaric-Mikocevic' and B. Lajic'
" University of Zagreb, Faculty of Graphic Arts, Getaldiceva 2, Zagreb, Croatia

Keywords: wheat pulp; laboratory paper; digital printing; chemical stability; spectrophotometric values

Abstract: Nowadays, the production of paper and paper products has significantly focused on alternative
nonwood raw materials. Croatia, as agricultural country, produces a large quantity of straw as a by-product of
the crop farming. Therefore, straw is an interesting alternative raw material for cellulose fibres which could
replace wood fibres sources. Today straw is used in animal food industry, biofuel industry, construction industry
and as material in artistic expressions because of its numerous advantages. The potential utilization of that
kind of crop residues in paper and packaging industry is of great importance considering a global deficiency
of wood raw material. In this research, the wheat straw was converted into pulp and mixed with recycled wood
fibres in order to produce alternative paper substrates. Laboratory formed papers were printed with black UV
ink by digital technique. The quality of these prints was observed through the chemical stability to water,
alcohol, acid and alkali. Evaluation of chemical degradation on prints was determined based on the
spectrophotometric measurements (L*a*b* values) and Euclidean colour difference (AEoo). Especially in the
packaging industry, it is very important that prints have a good chemical stability to substances which are
deposited inside the packaging.

Introduction

The demand for paper products is increasingly growing considering that different types of coniferous and deciduous trees became
insufficient raw material for the paper production. Therefore, the alternative sources of virgin cellulose fibres for that industry sector are of
great importance especially for further generations. Wood is still the most widely used raw material in the pulp and paper production, but
the consumption of non-wood fibres has been showing the increasing trend in the last few years. Many useful fibres could be obtained
from various parts of plants including leaves, stems (bast fibres), fruits and seeds. However, the most interesting non-wood fibre raw
material is straw which represent annually renewable fibre resource available in abundant quantities in many regions all over the world.
Nowadays, a growing awareness of environmental and sustainable issues has led to smart utilization of these agricultural residues. For
instance, straw is used as a raw material for biofuel [1]. Paper industry and, as a result of that, graphic industry as well, taking into account
a global deficiency of wood raw material, needs to be supplied with alternative cellulose fibres [2], whereby straw could represent an
interesting replacement.

Regardless to the fibre origin, wood (hardwood and softwood) or non-wood (agricultural residues, industrial residues and naturally
growing plants), it is very important that selected fibres provide good quality of the paper. On the other hand, for achieving the high quality
final graphic product, the printability of paper and the stability of those prints are important. The extent to which a dried ink film will resist
reacting with different chemicals with which it comes in contact is an important property of printing inks, especially in packaging. Namely
the inks that react with liquid agents as alkali, acid, water, alcohol will fade, discolour, bleed, etc., and will produced undesirable effects
when are used in the printing of packaging which come in contact with them. Therefore, it is very important that inks and the printing
substrates which are used have high chemical stability.

The overall aim of this research was to evaluate the chemical degradation of black UV ink applied by digital technique on laboratory
made paper substrates with variable content of wheat pulp. For that purpose, the created prints were tested for chemical stability to four
different tests liquid agents: water, alcohol, acid and alkali. Evaluation of chemical degradation on the prints was observed through the
Euclidean colour difference based on colorimetric values L*a*b*.

Experimental part

The experimental part of this research was divided into four stages: 1. obtaining of straw pulp by chemical treatment; 2. forming
laboratory papers with different share of straw pulp; 3. printing paper sheets by digital technique and 4. analysing chemical degradation
of prints.

Obtaining of straw pulp by chemical treatment

To obtain cellulosic pulp the agricultural residue of wheat crop was used. After harvesting crops, the straw was collected from the
fields and was cut manually into 1 to 3 cm long pieces. The purified straw fragments were weighed and put into the autoclave with the
required amount of chemical solution at liquor to solid ratio of 10:1. The 3-litre autoclave was heated to the operating temperature of
120°C, which was then maintained throughout 60 minutes of pulping process. The pulp slurry was removed from black process liquor by
decantation. Thereafter, softened pulp was rinsed in two cycles with water and had been transferred into Valley beater (Techlab Systems
(TLS), Spain) where appropriate amount of tap water was added in order to maintain the pulp suspension at 1.5% consistency. The
fiberization was occurred at pH 9, 24°C and 500 rpm for 40 minutes. Finally, obtained straw pulp was drained by Manual Sheet Former
TAPPI (Techlab Systems (TLS) and allowed to dry to moisture content of approximately 7% at the room temperature.

Forming laboratory papers with different share of wheat pulp

Obtained unbleached wheat pulp was mixed with recycled newsprint pulp in different weight shares for forming laboratory papers
using a Rapid Kothen Sheet Machine (Frank—PTI GmbH, Birkenau, Germany) needed for this research (Fig.1).

Altogether, three paper sheets (42.5 g/m?, 20 cm diameter) with variable content of wheat pulp (w = 10%, 20% and 30%) and a control
sheet (w wheat pulp = 0%) were formed.
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Fig. 1 Workflow of laboratory paper production

Printing paper sheets by digital technique

All paper substrates were printed in full tone black by AGFA, Anapurna M1600, UV curable inkjet printer. The inkjet printings process
is a relatively new printing process, which is well suited for a variety of printing applications. The inkjet printing process is characterized
by few advantages in comparison with traditionally used printing processes (offset, flexography, etc.). It is a non-contact printing process
that requires minimum production space, it can be mounted on the printing production line and used on many different substrates. The
inkjet printing process is a computer to print technology, in which a finite amount of liquid (ink) is transferred directly onto a porous media
(paper substrate). In other words, no image carrier (printing plate) is needed in the process [3]. Namely, the UV curable inkjet printer has
the print-heads of 1024 nozzles with a droplet colour volume of 12 pl, which produce high quality solids and tonal rendering at up to 720
x 1440 dpi. Reproduction is controlled directly by a raster image processor on the basis of the print job described entirely in digital form
[4].

Analysing chemical degradation of prints

The prints were tested for resistance to the following agents in accordance with International Standard ISO 2836:2004 [5]. In the field
of printing industry, this standard defines methods of assessing the resistance of prints to liquid and solid agents, solvents, varnishes and
acids. Test conditions for various liquid test agents used in this research is presented in table 1.

Table 1. Test conditions for various liquid test agents

Test liquid agent Contact time Receptor surface Contact condition
H2O siltea 24 hours filter paper 1 kg on 54 cm”
C:HzOH (v/v = 96%) 5 minutes glass tube -
CH;COOH (viv = 1%) 24 hours filter paper 1 kg on 54 cm?
MaOH (wiv = 1%) 10 minutes filter paper 1 kg on 54 em?

According to this standard method of assessing the stability of prints is not equal for all used test liquid agents.

- The method of assessing the stability or resistance of prints to water, acid and alkali
Print sample was placed on a glass plate and set between four strips (two on each side) of filter paper soaked in the test liquid agent.
Another glass plate was placed on top and the sample was put under pressure by applying one kilogram mass on top of the plate. Contact
time of prints with water and acid was 24 hours, while with alkali contact time was 10 minutes.

- The method of assessing the stability or resistance of prints to alcohol
Print sample was placed in a glass tube containing ethanol and immersed for five minutes.

When the contact time expired, print samples treated with acetic acid and sodium hydroxide were rinse in deionized water until the
rinse water has a neutral pH. All prints were dried in an oven prior to assessment (t = 30 minutes, T = 40°C). Dried chemically treated print
samples were compared to untreated print samples and changes in optical properties caused by used test liquid agents were noted and
discussed. Chemical stability of prints was monitored through changes in the optical properties of chemically treated samples. The
difference between print colour before and after chemical treatment is calculated according to equation 1 [6, 7]:

AL ? AC ’ AH : ACT AH
AFpn =| —— —_ —_ = T 1
4% [KLSL] ' [kcsc) '[I‘HSH " keSc sk i
Where:
AEg* - total colour difference, Euclidean colour difference
AL’ - the lightness difference between print before and after chemical treatment
AC' - the chroma difference between print before and after chemical treatment
AH ' - the hue difference between print before and after chemical treatment
Rt - the rotation function
K, Ke, Ky - the parametric factors for variation in the experimental conditions
S, S¢, SH - the weighting functions

As all test agents used for evaluation of chemical stability of the prints were liquids, according to the international standard ISO 5637
water absorption tests were carried out as well. All the samples were first dried at 105 + 2°C during 24 h in an oven. The dried paper
samples were weighed (mass m,) and were immersed in a water bath at 23°C, during a period of 5 minutes. At the end of the immersion
period, the paper samples were removed from the distilled water and drained by gravity for 2 minutes before wet weight values had been
determined (mass my). Water absorption percent was calculated using the equation 2 [8]:
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Where:

Mt the water absorption percent after time t

m1 the oven-dry weight of the paper sample

m2 the paper sample weight after water immersion

Results and discussion
Optical properties of printed laboratory formed papers with variable content of wheat pulp were evaluated based on spectrophotometric

values presented in Table 3.

Table 3. Spectrophotometric L*a*b* values measured on untreated papers printed with black UV ink by digital technique

Untreated black prints Share of wheat pulp in laboratory made paper, %
0 10 20 30
L* 27396 27.214 28.000 28.339
a* 0.102 0.019 0.063 0.103
b* 0.956 1.877 1.402 1.689

2)

All untreated black prints have spectrophotometric L* value expectedly high, concerning that the L* value for ideal dark black is zero.
The hue values of a*and b* measured after printing were low and positive.

For analysing the chemical degradation of prints, upper and bottom side of print samples were in contact with different test liquid
agents so water absorption of laboratory formed papers used as printing substrate was determinate and results are presented in Fig 2.

200

-
0% 0% 0% 30%

Share of wheat pulp in a laboratory formed papers, %

Fig. 2 Water absorption of laboratory formed papers used as printing substrate

Laboratory papers with different contents of wheat pulp showed higher water absorption compared to the control sheet (0% of wheat
pulp), which is caused by the chemical constituents of the pulp used in forming laboratory papers. Namely, cellulose and hemicelluloses
contain numerous accessible hydroxyl groups so they are greatly responsible for the high water absorption of natural fibres [9]. By adding
the straw pulp into the recycled newsprint base, that is by increasing its portion, the content of cellulose and hemicelluloses in laboratory
papers is increasing and consequently also the water absorption. A print is considered resistant to a chemical substance when no alteration
occurs when it is brought into contact with it, in other words when no change in colour is observed. Evaluation of chemical stability of
prints was done based on differences in spectrophotometric L*, a*, b* values (Fig. 3).

Share of wheal puip in 8 lsbcratony formed papers. &
o o 1%

ERars of e pu) in 3 ORIy formed Japers, &

Fig.3 Spectrophotometric differences of prints after chemical treatments

From differences in lightness values it could be notes that lightness of all prints is increased after treatment with all used liquid agents.
Prints on paper substrate with variable content of wheat pulp have shown the lowest stability on sodium hydroxide and distilled water.
While prints on paper with wheat pulp have same stability on alcohol and acid as control sample (0% of wheat pulp). Differences of a*
value of all analysed prints after chemical treatments are negligible. Slightly higher influence of chemicals is observed on b* value, where
the sodium hydroxide have shown the highest impact on prints containing 20 and 30% of wheat pulp.
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Based on Euclidean colour difference results (Fig. 4), the influence of distilled water, ethanol, sodium hydroxide and acetic acid on
the prints was evaluated.

PR ~

10 E_Z. C.HOH

Bl a0
B cH.cooH

Share of whaal pulp n a laboralory lormed papers, %

Fig. 4 Euclidean colour difference of prints after chemical treatments

For all prints treated with all test liquid agents AEQO is in range from 0.48 to 2.40 which is not visible to an average observer. Comparing
the effect of all test liquid agents on prints Euclidean colour difference, the ethanol and acetic acid had the minor influence on prints colour
deviation. Water and sodium hydroxide are liquid agents which have shown the highest impact on chemical degradation of prints,
especially on prints with wheat pulp. The calculated AEOO values are the highest for prints treated with sodium hydroxide what was
expected regarding to low alkali resistance of carbon pigment in UV inks [10].

Conclusion

Deviations in colour of prints have shown that highest chemical stability provides prints which not contain wheat pulp that could be
explain by high water absorption of virgin fibres. This behaviour of fibres could be reduced by adding sizing agents into the pulp which
coating the fibres would control the penetration of liquid into the paper sheet. From the obtained results it could be concluded how paper
substrates with variable content of wheat pulp, printed with black UV inkjet technique, have good chemical stability to water, ethanol and
acetic acid.
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