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Gorazd Golob
Editor-in-Chief

E-mail: gorazd.golob@jpmtr.org
journal@iarigai.org

A letter from the Editor

The first issue of the Journal in 2021 is comprised of four papers. The first orig-
inal scientific paper is based on a comprehensive study of the effect of jetting 
shear on the stability of inkjet ink, with a theoretical overview of the ink-jetting 
physics, ink composition and properties, and the use of novel experimental appa-
ratus used to mimic an inkjet printing process. 

The second is a research paper on yellowing of UV varnishes, based on a study of 
correlations between the yellowing and degrees of polymerization of varnishes 
with different compositions and characteristics. 

The following two papers are case studies, both on challenges related to digital 
disruption in the printing industry. One is related to the future of multi-national 
printing ink company active in the Indonesian print media industry. The last one 
is oriented into analysis and future of book printing houses in Spain. 

The Topicalites are bringing an overview of the new publications and news from 
the field, unfortunately, affected by the pandemic. In the News & more section 
our editor Markéta Držková (marketa.drzkova@jpmtr.org) made an overview of 
the recently published patents in the area of printed electronics, together with 
the news in membership and activities of PRINTING United Alliance, as well as 
an overview of the research projects of KCL Pilot Plant. In Bookshelf a number 
of books are presented, some of them on the topics considered at the border 
of their research field for many traditionally oriented readers of the Journal. 
However, textile printing, photography, multimedia, book publishing, brand and 
identity development, design, 3D printing technology, flat panel displays, and 
materials that can be used as functional printing inks, are key terms that cannot 
be avoided in our contemporary and future research, covering much more than 
printing text on paper. 

Three academic dissertations are also presented. Johannes Zimmermann 
defended his thesis on printed electrochemical light cells at the Karlsruhe 
Institute of Technology. At the Vienna University of Technology, the thesis on 
advanced additives for radical photopolymerization in UV curable systems was 
defended by Paul Gauss. Canlin Ou defended his thesis on aerosol-jet printed 
nanocomposites for thermoelectric generators as a possible new energy harvest-
ing device at the University of Cambridge.

In the Events section, the influence of pandemic is noticeable. Many events, sem-
inars, and conferences were postponed or canceled. Most of them will be held 
as virtual or online events only, however, some organizers are announcing even 
face-to-face events. The well-known drupa fair is now planned for 2024, but in 
April an online event is planned under the name ‘virtual.drupa’. As a part of this 
virtual edition of drupa in the Topicalities also the ‘Bridging Industry, Education 
and Research in Graphic Communication, Print and Media’ event is announced.
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With the current issue, the Journal reached Volume 10. In the beginning, it was 
a ‘print only’ subscription-based publication, distributed mainly to the members 
of iarigai, the publisher. Since 2016 the Journal is available online and is printed 
only for subscribers, and since 2020 it is available as an open-access publication 
at the iarigai website, as a pdf file of complete publication and with access to 
individual papers and other content, including Topicalities. The individual pub-
lished papers from the Journal are now available also at the separate website 
<https://jpmtr.org/>. This should improve the dissemination of the content, 
access to the wider audience, and also the indexing and status of the Journal in 
comparison to other scientific journals. Some minor changes and improvements 
are still expected, however, we at the editorial team are convinced that every 
positive change and improvement is leading to a brighter future for our research 
community and the Journal of Print and Media Technology Research.

Ljubljana, March 2021
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1. Introduction and background

Non-contact printing has developed hand-in-hand with 
the digitisation of text and images, commonly seen in 
everyday life during the boom era of office printing. 
Compared with traditional contact printing dating 
from letterpress through to high-speed offset, flexog-
raphy and rotogravure, non-contact digital printing, 
whilst having shown a dramatically rapid development 
timescale, has had a working lifetime that is extremely 
short in terms of conveying the written word, and doc-
ument printing in general is declining rapidly in the 
face of electronic media. However, its longevity can-
not be challenged when it comes to print-on-demand 

applications and for advanced functional printing, 
such as flexible electronics, microfluidic point-of-care 
diagnostics and repetitive laboratory analytics, build-
ing biological structures, including tissue and protein 
cages for constructing human organs and implants, 
photonic and photovoltaic coatings, etc., enabling com-
plex designs to be formed from low volume availability 
functional materials (Alamán, et al., 2016; Beedasy and 
Smith, 2020; Cui, et al., 2012; 2014; Eggenhuisen, et al., 
2015; Gao, Li and Song, 2017; Jiang, et al., 2019; Jutila, 
et al., 2015; 2018; 2020; Kim, et al., 2009; Koivunen, 
Jutila and Gane., 2015; Koivunen, et al., 2016; 2017; 2019; 
Matsusaki, et al., 2013; Saarinen, et al., 2014; Sumaiya, 
Kardel and El-Shahat, 2017; Zönnchen, et al., 2019).
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Novel device for determining the effect of jetting shear 
on the stability of inkjet ink

Patrick A.C. Gane1,2, Monireh Imani1, Katarina Dimić-Mišić1 and Enn Kerner3

1 School of Chemical Engineering, patrick.gane@aalto.fi 
Department of Bioproducts and Biosystems, Aalto University, monir.imani@aalto.fi 
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Abstract

Inkjet printing is a rapidly expanding technology for non-contact digital printing. The focus for the technology has 
changed from office printing of text and image documents increasingly toward wider applications, including large-
scale printing of on demand books and packaging or ultra-small-scale functional printing of microscopic volumes of 
precious/rare materials formulated for use in precisely printed digitally defined patterning arrays, such as printed 
diagnostics, flexible electronics, anti-counterfeiting, etc. For efficiency, as well as resource management and conser-
vation, predicting the stable runnability of an inkjet ink remains largely a key unknown. Today the only way to know 
often means simply trialling it, which at best takes time, and at worst incurs costs rectifying possible equipment 
damage. We propose a mechanically driven displacement device providing constant high-shear flow rate through an 
extended capillary. This differs from a standard capillary viscometer, which is commonly pressure driven only and 
lacks the ability to mimic consistent volume flow inkjetting. The novel method is used to study the aqueous colloidal 
stability of polymer solution, latex polymer suspensions and complete pigment-containing inks, including a reference 
pigment only comprising suspension. The results reveal the tendency to build agglomerates, determined by dynamic 
light scattering particle size distribution, optical and electron microscopy. Liquid phase parameters, including sur-
face tension, and suspension intrinsic viscosity are also studied. Repeated application of high shear is seen to act as 
a milling process for pigment and agglomerate building tendency for latex binder. Consequences for ink jettability 
are discussed. 

Keywords: ink jettability, ink stability, nozzle blocking, shear-induced aggregation, ink flow testing
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Amongst the array of non-contact digital printing 
platforms, inkjet offers a broad spectrum flexibility in 
respect to the printing of small quantities of valuable 
materials on multiple substrates, a feature that is par-
ticularly important in the laboratory and in mass pro-
duction of components employing functional materials.

Before considering the complexities of the inkjet print-
ing dynamic itself it is perhaps important to remind 
ourselves briefly of the preparation of an inkjet ink. 
A typical recipe for an aqueous ink might comprise of: 

Solvent 1: ~20 % in the ink; the major part is water 
(demineralised water, millipore water) 

Solvent 2: ~20–35 % in the ink; consisting typically of 
glycerine, diethylene glycol, polyolefin glycols, such as 
polyethylene glycol (PEG) and polypropylene glycol 
(PPG) in small proportions

Surfactant: ~0.02–1 % in the ink; usually non-ionic to 
prevent disturbance of the anionic stabilising colloidal 
dispersion system

Binder: ~10 % in the ink; mainly acrylic resins, and 
considered a very challenging material component in 
the form of synthetic latex – acts as fixing agent, and 
is considered perhaps to have the biggest influence on 
jetting failure

Pigment: ~5 % of the total ink weight if used in prefer-
ence to dyes, and controls optical and physical prop-
erties – dot shape and volume during dewatering and 
after drying, light absorption and scattering proper-
ties; the pigments formulated into inkjet inks are typ-
ically dispersed to small particle sizes (between about 
50 nm and 200 nm, depending on the application) and 
need to be colloidally stable in suspension

Humectant: sorbs moisture from the surrounding 
atmosphere, used to prevent ink drying around print-
head plate, nozzle and in recycling (continuous inkjet)

Buffers: to control pH

Biocide: acts to preserve the ink from microbiological 
contamination

These components are prepared and “madedown” into 
the ink following a sequence similar to that shown in 
Figure 1.

Figure 1: Schematic procedure for makedown 
of a typical pigment-containing ink

a) b) c)

Figure 2: Inkjet technologies commonly used: (a) drop on demand, driven typically either by piezoelectric 
displacement or heating to expand gas bubbles, (b) continuous inkjet, where the droplets are jetted repetitively 

and directed either toward the substrate or to recycling via a collecting trough;  
and (c) an idealised activator voltage waveform

piezoelectric
displacement gas expansion

Drop on demand
thermal heating

Continuous inkjet

Grinding and milling
Refining the predispersed mix to breakdown aggregates 

and decrease pigment particle size − improves colour 
intensity and homogeneity, benefiting print uniformity, 

surface strength and fixing

Flow properties control
High solids ink is diluted to achieve desired viscosity 

and dispersion maintained under slow agitation

Premix
Stabilisers, dispersants, humectants, binder(s) and fixatives 
are added with pigment(s) and/or dyes to develop colour, 

rub fastness, light fastness and drying/fixing characteristics

Predispersion
Agitation and shear are applied to disperse the pigment 

initally at high solids content in water and/or solvent 
(aggregates and inhomogeneities remain)
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Despite the many advantages that inkjet technology 
provides, the technique can be marred by runnability- 
limiting phenomena depending on the nature of the 
technology itself. As we can see from the schematic 
of an inkjet printhead, Figure 2, the process is highly 
dynamic and the forces needed to jet ink are confined 
within a very small volume. 

As we see from the voltage waveform in Figure 2c, the 
ink is subjected to rapid acceleration and deceleration 
in response to the applied activator voltage amplitude 
rise and decay time, repeated consecutively according 
to the time spacing. This causes the ink to be forced 
through a narrow nozzle during the voltage hold time, 
as shown in Figure 2, where the flow regime may 
be discontinuous between inertial boundary solids 
depleted plug flow and high-shear viscous flow. For 
drop on demand the repeated compression and inertial 
response of retained bulk ink in the ink chamber is expe-
rienced many times before the critical ejection through 
the nozzle, and has been evaluated, at least partially, 
using exit meniscus imaging in terms of viscoelastic 
response (Renner and Bircher, 2017), whereas in con-
tinuous inkjet the same demanding regime is applied 
not for one filling of the chamber, but many times as 
the ink is jetted, fed back to the chamber, exposed to 
repeated inertial pulses and then jetted again with the 
possibility of being recycled repeatedly, even when 
printing has stopped in order to keep the ink in the 
nozzles from drying and blocking. To bring this into 
perspective, high-speed jetting is achieved typically by 
applying a high frequency (~100 kHz) to the piezoelec-
tric displacer, this displaces a volume commonly down 
to 6 pl (picolitres) – and in more recent times even as 
small as 2 pl – at 1 200 dpi for controlled ejection per 
droplet, translating to a rate of 6 million drops per 
minute, all leading typically to an ink consumption of 
up to 12 dm3 per hour printing at a substrate surface 
traverse speed of 6–15 m∙s−1. Today’s ink manufactur-
ers additionally aim to minimise the wetting effect 
on fibre-based substrates. The more the ink wets and 
becomes absorbed between and within the fibres, the 
more the energy needed to dry the ink, and, depend-
ing on ink film thickness and the time taken to dry, 
the droplets can spread undesirably on the substrate 
surface. This development target promotes further 
the desire to reduce ink volume, and it is this preci-
sion and small volume content applied at high speed 
that makes the flow regime for the ink highly complex. 

It is vital to prevent damage to the printheads caused 
by changes in the ink over time under such conditions 
as described above. Should an ink form dry deposits 
or cause nozzle blockage, the printhead requires clean-
ing. Experience, though, tells us that cleaning agents 
are also a suspected culprit in leaving deposits and do 
not generally work well.

Other runnability-limiting phenomena also exist, such 
as over-wetting of the nozzle exit or air ingress and 
entrainment inside the exit, leading to ink build-up 
around the nozzle and housing plate, resulting, in turn, 
in droplet volume and trajectory distortion. Humectant 
is used to retain water in aqueous inks to act against 
such nozzle build-up and blockage due to evaporation 
and drying.

The work reported here is not aimed at addressing the 
whole multiplicity of runnability issues, rather it con-
centrates on the suspension stability as a response to 
jetting at high shear, which is primarily responsible for 
suspension solids-related nozzle blocking (for exam-
ple: Biswas, Yu and Nierstrasz, 2019; Ebert, et al., 2009; 
Lee, et al., 2012; Li, et al., 2019; Wheeler, et al., 2014), 
and resulting in uneven dot distribution and lack of 
circularity of the printed dot, especially noticeable on 
smooth non-absorbing substrates. Furthermore, var-
iation in print and colour density parameters, inde-
pendent of substrate, are often due to inhomogeneous 
distribution on the surface and contrast between dis-
persed pigment, flocculated pigment and aggregated 
pigment. We aim, therefore, to provide some answers 
to the question: “How can we know an ink works in 
practice before using it?” Today, the only way is to try 
it and see.

2.  Methods

Here we address why there is the need for a new tech-
nique in determining relevant inkjet ink flow behav-
iour away from the printer itself, and present the 
ancillary testing methods employed to analyse the 
results obtained from a constant flow rate device using 
carefully chosen materials.

2.1  Traditional rheometry – lack of suitability 
for inkjet

Measurement techniques for determining the rhe-
ological properties of liquids and suspensions are 
historically well established, and based primarily on 
the analysis of the stress developed in the sample as 
a function of applied strain. Many geometries and 
diverse methods for applying strain are available. Two 
dominant methods exist, (i) consisting of a means of 
containing the sample under constant volume within a 
uniform set of boundaries, then coupling one boundary 
with a driving mechanism to generate controlled dis-
placement as a function of time with a sensor to detect 
the coupling of the displacement to transmitted stress, 
and (ii) pressure-driven extrusion through a capillary 
or slot to observe the volume flow rate as function of 
pressure and time. In (i) the displacement can be lin-
ear, giving a dynamic shearing effect on the sample, or 



10 P.A.C. Gane, et al. – J. Print Media Technol. Res. – Vol. 10 No. 1 (2021), 7–24

oscillatory, providing a continuously variable strain 
amplitude oscillation at a determined frequency, the 
latter being particularly useful in measuring the vis-
coelastic response of materials exhibiting a rest-state 
or strain-induced structure. Rotational instrumen-
tation is accordingly commonly used to study oscil-
latory behaviour, and when controlled by electronic 
feedback can also be used as a continuous measure 
of viscosity under controlled internal stress without 
applying oscillation. Method (ii) is primarily reserved 
for observing liquid behaviour under very high shear 
rates, which can also reveal die-swell behaviour at the 
exit from the capillary and so including the ability to 
estimate elastic behaviour. Less commonly used, but 
nonetheless relevant, (iii) extensional geometry can be 
used. Essentially, a sample, typically a polymer melt or 
solution is rapidly extended as a filament under con-
trolled rate, and the thinning to breakage of the fila-
ment recorded to reveal a resistance to extension as 
an extensional viscosity. Combining shear rate, as the 
rate of change of stress within the sample within these 
various methods, the material viscosity can be derived 
(Whorlow, 1992). 

The techniques described above are regularly applied 
to coating suspensions, including printing inks (Hoath, 
et al., 2009; Tuladhar, 2017; Vadillo, et al., 2010a; 2010b; 
Yokoi, et al., 2009). Traditional printing technology 
submits inks to flow, strain and extension in regions of 
pumping, transfer, film splitting, etc. The ink properties 
determine its resistance to these applications of strain 
and extension, and of particular interest is the change 
of these properties over time. Method (i) in rotational 
controlled stress mode is an ideal tool to provide “day 
zero” quasi quality/consistency control information 
about an inkjet ink before use. 

In the case of inkjet in the print application, the ink 
is either delivered to the substrate as a droplet on 
demand or as a deflected pathway choosing whether 
to accept an ejected ink droplet within a continuous 
stream of such droplets or reject it according to the 
image requirement. The mechanism used to create 
the droplet, however, differs fundamentally from those 
processes familiar in traditional printing methods, 
such as offset, flexography or gravure. Inkjet tech-
nology applies a displacement to the incompressible 
liquid ink, either via a fixed-response piezoelectric 
element or a heating device used to expand the ink or 
a gas bubble within it. The end result is to meet the 
requirement of extruding a fixed volume of ink from 
a capillary-like nozzle independent of the ink’s rheo-
logical properties, which must lie within a given range 
for the technique to function correctly. The shear rate 
under these conditions is typically ~105 s−1 to 106 s−1, 
and, by nature, the applied strain is in the form of a 
pulse, which can be controlled in terms of ampli-

tude, waveform, and dwell time between each pulse. 
This force, time and geometrical constriction used to 
provide a fixed droplet volume thus determines the 
difference between digital inkjet and classical ana-
logue print technologies, i.e. inkjet is fixed-volume, 
displacement-driven, whereas traditional printing is 
ink-responsive pressure-driven. Thus, we see that the 
method (ii), namely pressure-driven capillary viscom-
etry, fails to replicate the inkjet mechanism designed to 
deliver a fixed volume in a given time. Why this is the 
case, is worth discussing in a little more detail.

Capillary viscometry relies on the Hagen-Poiseuille 
relationship for flow in a pipe

𝑄𝑄 =
d𝑉𝑉
d𝑡𝑡 =

π𝑅𝑅!Δ𝑃𝑃
8𝜂𝜂𝜂𝜂 [1]

where Q is the volume flow rate dV/dt of a liquid, hav-
ing viscosity η, through a cylindrical pipe (capillary) 
of radius R and length l under an applied pressure 
difference of ΔP. The observed flow rate is, therefore, 
responding to the pressure applied as a function of its 
viscosity. This situation would be useless in inkjet as 
the flow rate must be a constant. In other words the 
pressure must rise to the necessary value to extrude 
a fixed volume of ink in a given time. This can only be 
achieved using a displacement pump rather than, for 
example, a gas overpressure. We are forced, therefore, 
to abandon classical capillary viscometry and design a 
displacement-driven apparatus to be able to expose an 
inkjet ink experimentally to the high-shear conditions 
experienced in application.

2.2  Instrument design – positive displacement 

Our design for the experiment is shown in Figure 3. 
A motor-driven piston expels the ink from a cylindrical 
syringe and forces it to flow at high shear rate through 
a capillary. The ink is collected, drawn back into the 
syringe and so passed a controlled number times 
repeatedly through the apparatus. A sample can be col-
lected after passage through the capillary and analysed 
for any change in suspension particle size, surface ten-
sion and its intrinsic viscosity. Particle size change is 
sensitive to particle dispersion state, such as the state 
of any suspending colorant pigment and/or particulate 
latex binder, i.e. it reveals flocculation or agglomera-
tion induced by the mechanical stress by showing an 
increase in size, or the contrary in the case where the 
induced stress might have actually broken-down any 
pre-existing structures. Intrinsic viscosity, measured 
as the flow time required for a given volume of ink to 
flow through a capillary restriction under gravity (low 
shear) reveals additionally the condition of any poly-
mer content in relation to the suspension, i.e. a drop 
in intrinsic viscosity reveals a breakdown in polymer 
chain length, or it matches the breakdown of sus-
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a)	

b)	

Figure 5: (a) Liquid extruding from the capillary at 
high speed, (b) return pipe and connection valve system 

for multiple passes through the syringe

To prevent contamination of the sample a number 
of precautions needed to be taken. The liquid collec-
tion vessel needed to be covered under a sealed film. 
Sampling was made by mechanical pipette, and each 
pipette sealed for transportation (Figure 6) to the 
nearby enclosed laboratory area to perform particle 
size and intrinsic viscosity analyses – subsections 2.4 
and 2.5, respectively.

Figure 6: Taking care to isolate samples from 
contamination using a mechanical sealed pipette, 

transported in a film-sealed vessel

pension agglomerates, whereas an increase reveals 
polymer entanglement of structure build within the 
suspension.

Such polymers exist, for example, as dispersing agents, 
such as the frequently used polyacrylate dispersant in 
aqueous inks for ensuring colorant pigment colloidal 
stability and binding to the substrate, being soluble in 
the sodium form but precipitated in the calcium form, 
and, hence, particularly sensitive to contact with diva-
lent alkali metal ions. Other polymers are present fre-
quently as viscosifying agents, humectants, surfactants 
or as oligomer and monomer residues in latex binder 
product suspensions. The free polymer content, in par-
ticular the presence of surfactant, defines the surface 
tension of the ink, and any changes to the surfactant 
itself, or its concentration, that might occur during jet-
ting can be monitored by measuring the surface ten-
sion, σ.

The apparatus as installed in the laboratory is shown 
in Figure 4, and the extrusion of liquid (water in this 
case) from the capillary and the return flow system is 
shown in Figure 5.

a)	

b)	

Figure 4: (a) Syringe and motor drive connected to the 
capillary via a valve, also showing the return flow 
junction element, (b) motor speed drive controller

Figure 3: A schematic representation of the experimental apparatus design 
used to mimic the fixed displacement condition of an ink-jetting process
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2.3  Flow analysis

To enable the analytical flow conditions to be deter-
mined, the following theoretical background needs to 
be considered.

Flow rate Q through a capillary is given, as we saw pre-
viously, by the Hagen-Poiseuille equation, Equation [1]. 
Whilst flowing through, the shear rate γ ̇ experienced 
by the liquid is given by

𝛾𝛾	̇ = 	
4𝑄𝑄
π𝑅𝑅! =

)4π𝑅𝑅
"Δ𝑃𝑃

8𝜂𝜂𝜂𝜂 /

π𝑅𝑅! =
𝑅𝑅Δ𝑃𝑃
2𝜂𝜂𝜂𝜂

[2]

Thus, the parameters to be adjusted to achieve the 
desired shear rate at the resulting system flow rate Q 
are R, l and ΔP, so as to arrive at the representative 
shear rate of 105 ≲ γ ̇ ≲ 106 s−1. By finding a conveniently 
suitable fine capillary, such as used typically in a high 
shear capillary viscometer, and so knowing R and l, it 
is then possible to design for the required pressure by 
displacement.

To calculate ΔP in a syringe one must consider the 
pressure drop across the capillary, which is given by 
the Bernoulli expression, and the relationship of pres-
sure to the speed of the syringe piston displacement. 
The velocity at the end of the capillary, v2, is given by 
the ratio of the cross-sectional areas of the syringe A1 
and capillary A2 (= πR2) given the velocity before the 
capillary, v1, which is the speed of the syringe piston

𝑣𝑣! = 𝑣𝑣" #
𝐴𝐴"
𝐴𝐴!
%	 [3]

Applying this in the Bernoulli formula gives us,

Δ𝑃𝑃 = 𝜌𝜌(𝑣𝑣!" − 𝑣𝑣"")	 [4]

which is negative, as it is a pressure drop, where ρ is 
the liquid density, and v2 = Q/πR2.

This then leaves us with the answer from Equation [3] 
of how large the syringe diameter (D2

syringe= 4A1/π) 
must be in combination with the adjustable speed of 
the piston. The piston activator is more controllably 
run at a slow rate.

Using the equations above we chose the following 
parameters to work with. A mechanical syringe was 
chosen that delivers 50 cm3 ∙min−1

(i.e. Q = 50 × 10−6/60 m3 ∙s−1 = (5/6) × 10−6 m3 ∙s−1). 

We need a shear rate up to γ ̇ ~106 s−1. From Equation [2] 
we can, therefore, calculate the capillary radius 
required !𝑅𝑅 = $4𝑄𝑄/(π10!)! -  ≈ 0.1 mm, i.e. a capillary 
diameter of 0.2 mm. 

To provide a sufficiently extended period of shear in 
order to reduce the number of passes needed to obtain 
a result, a convenient capillary length of 40 mm was 
chosen. The pressure drop along the capillary length, 
is then given from Equation [1] as ΔP = 47.21 × 103 Pa, 
which is approximately equivalent to 0.5 bar. However, 
in this experimental design it is extremely important 
to recall that the system is running under constant 
flow rate, such that the pressure build-up can rapidly 
increase should there by a blockage or an increase in 
viscosity either by using a different liquid ink or by an 
ink that shear thickens – rare but not negligible pos-
sibility –, i.e. instead of the case of a normal capillary 
viscometer, where Q ∝ ΔP/η, the situation here is a con-
stant displacement apparatus, such that ΔP ∝ η, which 
means that a factor increase in viscosity is directly rais-
ing pressure by the same factor.

Therefore, it is very important to make the calculation as 
to what the pressure is likely to be, so that the apparatus 
is run safely in respect to the material construction. For 
safety reasons a pressure release valve and/or motor 
power cut-off sensor should be fitted, and if the liquid 
properties are not known beforehand, then a protective 
cover should be installed to contain liquid should there 
be a vessel or piping failure. Additionally, also pres-
sure-related, the capillary should always point into a 
receptacle or toward blocking material, in case it should 
blow out and cause injury. One other non-safety-related 
issue is to avoid the ingress of air bubbles into the sys-
tem, as these act to reduce the condition of constant 
flow rate as the air compresses, and air in ink can also 
lead to internal drying at the bubble interface, resulting 
in solids contamination as well as potential oxidation.

2.4  Particle size measurement

Microscopic particles in suspension undergo Brownian 
motion, which is observed as a translational diffusion 
rate through the liquid medium using the autocor-
relation function over time of the real time varying 
dynamic laser-light scattering intensity I(t). The decay 
of the autocorrelation function provides the transla-
tional diffusion rate of the particles. This, in turn, is 
inversely proportional to the ensemble average equiv-
alent spherical diameter (esd) of the particle moving at 
that diffusion rate through the liquid according to the 
Stokes–Einstein relation

𝑒𝑒𝑒𝑒𝑒𝑒 =
𝑘𝑘!𝑇𝑇	

3π𝜂𝜂"#$%#&𝐷𝐷'()*+")'#,*
[5]

where kB is Boltzmann’s constant, T the absolute tem-
perature, ηliquid the suspending liquid phase dynamic 
viscosity, and Dtranslation the translational diffusion coeffi-
cient determined from the e-folding decay Γ of the light 
scattering autocorrelation function,
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!
𝐼𝐼(𝑡𝑡)𝐼𝐼(𝑡𝑡 + 𝜏𝜏)

𝐼𝐼!	(𝑡𝑡)

"

#$%
d𝜏𝜏 = 	 𝑒𝑒&'#	

[6]

𝐷𝐷!"#$%&#!'($ =
Γ

$4π𝑛𝑛𝜆𝜆 sin 𝜃𝜃2.
)	

in which n is the refractive index of the particulate 
material in the suspending liquid, λ the wavelength of 
the laser light, and θ the angle from the axis at which 
the scattering is recorded as a function of time, τ. By 
using multiple iterative deconvolution of the auto-
correlation function, supported by software, a parti-
cle number size distribution (in %) can be obtained 
(Zetasizer, Malvern Instruments, UK).

It is important to recognise, as described above, that 
the particle size data in this study are reported as 
particle number distributions, based on the scatter-
ing volume occupancy effect of each particle in the 
suspension, which naturally skews the results toward 
the larger number of finer particles per unit mass of 
material compared with coarser ones. This differs from 
most industrial representations, which use individual 
particle mass concentration, which naturally skews the 
data toward the coarse particle range. We chose this 
representation on purpose, so that visual assessment 
of larger scale agglomeration can be directly compared 
with optical and electron microscopy. The finer scale 
structuration, in particular, can be well investigated 
using the higher resolution of electron microscopy. 

2.5  Intrinsic viscosity

The low-shear flow of the ink before and after passage 
through the displacement pump and capillary was 
measured as the time taken to flow through an Ostwald 
glass viscometer, as shown schematically in Figure 7.

Figure 7: Ostwald viscometer for measuring intrinsic 
viscosity – time for liquid to pass via the thin 

capillary restriction is a relative measure 
of low-shear intrinsic viscosity

The intrinsic viscosity reveals the volume fraction 
effect of the suspended or dissolved content. Thus, 
the response of the intrinsic viscosity of the samples 
to repeated jetting shear reveals the nature of struc-
tural elements, as shown schematically in Figure 8, in 
which a highly dispersed system “day zero” with repul-
sive interaction manifests a given rest state viscosity, 
a dynamically induced packing change can result in a 
higher volume fraction swept out by flocculated par-
ticles or coiled polymer, and finally a strongly aggre-
gated material acts as a fewer number of now coarser 
particles, and, hence, represent a reduced interactive 
volume fraction.
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Figure 8: Schematic of the effect of different packing 
interaction states on intrinsic viscosity

For common ink usage, it is sufficient to follow the typ-
ical printhead manufacturer’s advice for ink viscosity 
under these conditions, commonly within the range 
from 4 mPa∙s to 9 mPa∙s.

2.6  Surface tension

Ink behaviour when exiting the nozzle and spreading 
on the printhead plate, as well as wetting the substrate, 
depends on surface tension (Krainer, Smit and Hirn, 
2019). Liquid surface tension can be measured from 
a bulk liquid sample using the du Noüy ring method. 
A thin ring of known circumference, typically made 
from platinum, is lowered into contact with the planar 
surface of the sample liquid and subsequently slowly 
raised to form an extended meniscus.

The force Fσ required to raise the ring against the 
action of the liquid surface tension, corrected for the 
weight of the ring itself, is related to the surface ten-
sion via the length of the contact line on both the inner 
and outer surface of the meniscus adhering to the ring, 
namely,

𝜎𝜎 =
𝐹𝐹σ

2π𝐷𝐷"#$%
[7]

where Dring is the diameter of the ring used, Figure 9. 



14 P.A.C. Gane, et al. – J. Print Media Technol. Res. – Vol. 10 No. 1 (2021), 7–24

Figure 9: Surface tension measurement 
using a du Noüy ring tensiometer

2.7  Materials

The materials were collected as best for purpose as 
could be achieved, given the ubiquitous difficulty of 
sourcing information on commercial products. The 
design of sample choice we desired was, nonethe-
less, more or less catered for, in that we first set out 
to determine if the experimental concept would actu-
ally act out correctly upon trial materials successfully. 
Therefore, starting with a simple polymer, known to 
break down under the print dynamic in inkjet, enabled 
us to gain confidence in the suitability of the test con-
cept (Wheeler, et al., 2014). Once demonstrated, then 
the task was to move on to the separate components 
of binder and pigment. Latex binders were suitably 
acquired by the co-author team and others donated 
after much searching by a helpful manufacturer’s R&D 
group. Inks proved equally difficult to find, but thanks 
to one co-author (EK) three “inks” were provided, two 
based on a couple of the acquired latices and one a 
“reference” ink comprising a commercial inkjet water-
based ink for high-speed digital printing (web speed 
up to 150–200 m∙min−1). The reference ink was devel-
oped in cooperation with one particular printhead 
manufacturer to be suited especially for such extreme 
rheological conditions.

2.7.1 Polymeric constituents – polyvinyl alcohol 
and latices

To establish some prior knowledge of the effect of jet-
ting shear on polymeric components of ink, two typical 
polymer molecules and compound types were studied 

individually, namely a polymer solution of polyvinyl 
alcohol (PVOH, MOWIOL® 4-88, Mw ~31 000, Sigma 
Aldrich), and four latex compound binders. The latex 
binders were supplied as aqueous dispersions. Two 
of the latices were formulated by the manufacturer 
with and without urethane modification (Acrycote® 
anionic styrene acrylic emulsion AP-600 K and ure-
thane modified AP-600 K-1, supplied by APEC Ltd. R&D 
Centre, Republic of Korea). Since the AP binders were, 
respectively, a commercial product and a modified 
commercial product, necessarily no further detailed 
information on their polymerisation or manufacture 
could be divulged by the supplier. The further two 
latices came from non-disclosable origin, and so are 
labelled as L1 and L2. In the interests of understanding 
changes in chemical composition as a function of jet-
ting, all the latex samples were analysed using Fourier 
transform infra-red (FTIR) spectroscopy (PerkinElmer, 
Finland Oy) before and after shearing by forming dried 
films. The films were made by pouring a thin layer of 
suspension in a Petri dish and then drying at room 
temperature (25 °C). Flakes of the films (Figure 10) 
were used for the spectroscopic analysis and yielded 
spectra as shown in Figure 11.
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Figure 11: FTIR spectra of the latex binders – 
the units of absorbance are arbitrary 

and the stacked spectral plots  
are of comparable magnitude  

(processed by spectrum software, 
PerkinElmer v. 6.3.5)

The latex binders are described in Table 1.

Figure 10: Flakes of dried latex films as used for FTIR analysis
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The solids content and pH were adjusted, using deion-
ised water and 0.1 M NaOH, respectively, to represent 
their solid mass fraction properties present in an ink, 
typically 5–10 %.

2.7.2 Inkjet inks – complete formulation

Following the analyses of the single components, three 
commercial pigment-containing ink formulations were 
tested, which, once again for proprietary reasons, are 
represented as inks A, B and R from a printing house, 
where R was termed as the reference ink. Inks A and B, 
by contrast, were formulated trial inks containing 
latex L1 and L2, respectively. For these materials lit-
tle is known about other formulation additives, how-
ever since the exercise in the study reported here is 
to investigate if a method of applying representative 
jetting shear can reveal characteristics of ink stability/
instability, the detailed knowledge of their makeup is, 
fortunately, less relevant than their generic character. 
The formulated inks are now in current industrial use, 
and so can be considered relevant. Table 2 shows the 
as-delivered solids content of the three inks.

Table 2: Ink solids contents

Ink Solids mass fraction (%)

A 23.86
B 23.43
R (reference ink) 31.72

2.7.3 X-ray photoelectron spectroscopy

By studying the atomic elemental content using X-ray 
photoelectron spectroscopy (XPS) the changes in the 
composition of the surface layer of the ink and influ-
ence of shearing after several passes were determined.

3. Results and Discussion

We begin by considering the results from the applica-
tion of multiple passes of the single component mate-
rials, starting with the water soluble PVOH used to 

determine if the shear regime is sufficient to cause pol-
ymer breakage or coiling, as would be expected from 
the prior-art experience of inkjet printing polymer 
solutions (Wheeler, et al., 2014). Results from the four 
latex suspensions are considered in detail, followed by 
the inks A and B, containing each of them (L1 and L2), 
respectively, in comparison with the “reference” ink R. 

3.1  Polymer breakdown of PVOH 
in solution under shear

PVOH solution is a typically used adhesive binder in 
coating formulations. Solubility is controlled by molec-
ular weight and level of hydrolysis, both inversely. 
Figure 12 shows the effect of increasing number of 
passes through the pump syringe capillary, where it 
can be seen that after a low number of passes the pol-
ymer chain gel network properties of the polymer at a 
concentration of 5 000 ppm have been broken down. 
This structure (Figure 12a) does not rebuild, even after 
many hours, i.e. the time between shearing, collecting 
the samples and measuring their intrinsic viscosity. 

a) b)

Figure 12: a) PVOH and b) the impact of repeated 
jetting shear on instrinsic viscosity time interval 
of PVOH solution (5 000 ppm) – the dashed line 

is to assist the eye to follow the trends, 
and could form the first approximation to an 
experimental function describing the curve

Table 1: Available details of as-supplied and experimental preparation of latex binders

Latices

Initial 
mass fraction 
(%)

Mass fraction 
prepared for passes 
through capillary 
pump (%)

Initial pH 
(as supplied)

Corrected pH 
for passes 
through capillary 
pump

AP-600 K 10.65 5 8.10 8.10
AP-600 K-1 23.43 5 8.25 8.25
L1 36.60 5 7.78 8.35
L2 35.23 5 8.40 8.30
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Thus, we can interpret this as a breakdown of the poly-
mer chain. Continued shearing has little further effect, 
though a slight increase in viscosity might be suspected 
due to eventual polymer coiling and entanglement. 

We can conclude from Figure 12b that the apparatus 
design is sufficient to reproduce the expected poly-
mer chain breakdown effect of ink jetting on polymer 
solutions, and thus gain confidence that the procedure 
can reasonably mimic the forces experienced by an ink 
during printing.

3.2  Changes in chemical content of latex binders 

Figure 13 shows the effect that 20 passes through the 
syringe capillary has on the chemical makeup of the 
inkjet ink latices by comparing the FTIR spectra before 
and after the application of the extrusion (jetting) shear.

The loss of aromatic C-C and N-O after 20 passes (latex 
AP-600 K-1, dashed circles in Figure 13) through the 
high-shear regime could be indicative of the constit-
uent styrene and/or species such as nitrosobenzene, 
which latter can act as a cross-linker during the polym-
erisation of the latex and/or for increasing strength on 
drying. Similarly, the loss of signal at ~720 cm−1 could 
relate to a loss of a species such as a hexamine moiety, 
typically added as a biocide preservative (latices L1 
and L2, solid oval in Figure 13). No extra analyses were 
made to determine the exact nature of the species loss, 
but the fact that something becomes lost means that 
it becomes detached in some way from the main pol-
ymer into the surrounding liquid, and when the films 
are formed moves with the liquid (water) to the perim-
eters of the sample as evaporation proceeds, and thus 
are no longer present in the polymeric analysis.

3.3  Response of particle size, intrinsic viscosity 
and surface tension

The results from the designed process of repeated 
shear are sensitive to the three measured parameters:

(i) particle size, following changes according to the 
experimentally determined equivalent spherical 
diameter function ESD

𝑒𝑒𝑒𝑒𝑒𝑒! = 𝐸𝐸𝐸𝐸𝐸𝐸(𝑒𝑒𝑒𝑒𝑒𝑒!"#, �̇�𝛾)		

 

 [8]

where esdi is the particle size after i passes exposed 
to a shear rate γ ̇, which is dependent on the previous 
value esdi−1,

(ii) intrinsic viscosity according to the following simi-
lar series function

𝜂𝜂! = 𝛨𝛨(𝜂𝜂!"#, �̇�𝛾)		

 

 [9]

where ηi, the intrinsic viscosity of the ink after i passes, 
is dependent on the previous viscous condition ηi−1, 
having been exposed to a shear rate of γ ̇, and

(iii) surface tension, similarly, as

𝜎𝜎! = 𝛴𝛴(𝜎𝜎!"#, �̇�𝛾)	

 

 [10]

The functions ESD, H and Σ thus describe the change 
in stability of the ink as a function of jetting. The start-
ing values esd0, η0 and σ0 are determined prior to the 
experiment. As we already saw in subsection 3.1, to 
a first approximation the function H for intrinsic vis-
cosity of the PVOH polymer could be traced at least 
by eye following the dashed line shown. Should the 

Figure 13: FTIR spectra of the four latex binders comparing the molecular constituents before and after the 
application of 20 passes through the repeated high shear mechanical syringe (jetting) regime; the units of 

absorbance are arbitrary and the stacked spectral plots are of comparable magnitude
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procedure be used regularly in ink development, then 
similar experimental traces could be fitted for all three 
functions – we do not undertake this here since the 
sampling data are necessarily limited, due to sampling 
by hand, and would not yield fully reliable represen-
tations of the functions, however a fully developed 
procedure, perhaps a robotic process, would be able to 
support this approach.

We now report the sensitivity identified for the latex 
binders and inks in turn to the three parameters, 
including further observations of relevance.

3.3.1 Stability of latex binders

Figure 14 shows the ensemble averaged dynamic light 
scattering results of particle size (esdi) for the AP-600 K 
and AP-600 K-1 latex pair tested for stability during 
increasing numbers of passes through the mechan-
ical high shear capillary. We can see that there are a 
number of different responses. AP-600 K (Figure 14a) 
shows an initial reduction of a starting bimodal into 

a monomodal distribution, indicative of coagulation, 
followed by some agglomeration forming large par-
ticle sizes as a function of shearing. The reduction to 
monomodal and increase in size across the logarithmic 
scale suggests firstly cascade-type joining (coagula-
tion) of particles, initially from 5 nm – so small as to be 
probably monomer or oligomer residue only – to 10 nm 
and onward to ~20 nm, and then to an equilibrium 
between agglomerate building and agglomerate break-
down under high shear at around ~130 nm, with some 
very large agglomerates building to ~5 000–6 000 nm 
(5–6 μm). Such large agglomerates could be prime 
suspects for inkjet nozzle blocking. After 40 passes, 
however, the large aggregates become broken down 
again and the size distribution reverts to a single peak 
a decade finer in size. AP-600 K-1 (Figure 14b), the ure-
thane modified latex, essentially continues to display a 
strongly discrete bimodal particle size with a progres-
sive transfer of particle occupancy from the coarser 
branch of the distribution to the finer as a function 
of progressive repeated shearing, being, interestingly, 
once again about a decade in size apart.

a)                         b)
Figure 14: Particle size response, esdi, of latices (a) AP-600 K, and (b) AP-600 K-1 (urethane modified) 

to repeated passes through the mechanical syringe at high shear

a)                         b)
Figure 15: Optical microscopy of the latex suspensions following the formation of agglomerates as a function of 

number of passes through the mechanical syringe: (a) AP-600 K, (b) AP-600 K-1 (urethane modified)
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Furthermore, we see in Figure 14 that the modifica-
tion that was made to the latex AP-600 K-1 by adding 
the urethane moiety has apparently stabilised the 
latex particles against forming large aggregates. If 
we refer back to the FTIR spectrum for this latex in 
Figure 13 we saw that apparently a species becomes 
lost during repeated shearing. It was speculated 
that it might be a cross-linking agent. The modifica-
tion appears to have released this species from the 
main polymer, and as a result the latex remains sig-
nificantly more stable against aggregation or floc-
culation. Additionally, the change in size occupancy 
might also be related to a breakdown of the polymer 
cross-linking mechanism (Song and Winnik, 2005). 

The agglomeration tendency can be followed physi-
cally using optical microscopy of the latex suspensions, 
Figure 15. The particle sizes observed correspond to 
the larger particle agglomerates in the light scattering 
size distribution data in Figures 14a and 14b. The opti-
cal resolution limit of ~0.25 μm limits the microscopic 
observation to random clusters/agglomerates only.

In contrast, in Figure 16, the two latices L1 and L2 show 
different behaviour as a function of multiple shearing.

The L1, on the one hand, remains quite stable against 
shear, but at a much larger particle size of ~50 nm, 
although with the appearance of a smaller size peak 
after 40 passes at ~12 nm. The L2, on the other hand, 
shows an initial reduction in particle size, suggesting 
separation of particles. Noting again the logarithmic 
scale of particle size (esd), the data suggest that the 
action of shearing on L2 is to break down a likely start-
ing pair-wise particle-particle structure into single 
particles, i.e. from ~26 nm down to ~13 nm. 

Figure 16: Particle size, esdi, response of latices L1 and 
L2 to repeated passes through the mechanical syringe 

at high shear

The intrinsic viscosity of the latex suspensions is 
shown in Figure 17, in which it is clear to see that the 
particle volume flow properties at low shear remain 

similar for the AP-600 K and the L1 and L2 latices, 
whereas the urethane modified AP-600 K-1 has a dis-
tinctly lower viscosity flow, which may relate to the 
change in free additive content as seen previously in 
respect to particle size stability. We may conclude that 
the presence of a low number of agglomerates is not 
affecting the intrinsic viscosity. This is a very impor-
tant finding in that it would be unlikely to identify a 
runnability problem in an inkjet component simply by 
considering viscosity measured using a typical print-
er’s viscometer tool. 

Figure 17: Intrinsic Ostwald viscometer flow time 
Δt (∝ ηi) for the four example latices

The surface tension results for the four latices are 
shown in Table 3. All the samples were measured at a 
consistent solids content of 5 g∙dm−3. The values appear 
to be very similar except for the latex L1, which shows 
a higher surface tension – nonetheless relatively low 
when compared with the much higher surface tension 
of water, 75 mN∙m−1 – suggesting that this dispersion 
probably has less surfactant present, though still an 
effective amount. The analysis does not deliver any 
information concerning the hydrophilic nature of the 
latex particles themselves as the surface tension relates 
purely to the liquid solution phase only. We also can 
conclude that the wetting behaviour of the suspension 
remains constant irrespective of the repeated shearing 
experienced.

Table 3: Surface tension, σi (mN∙m−1), 
of the latex suspensions

Latex

Number of passes 
through mechanical capillary, i 
0            10           40

AP-600 K 43.26 ± 0.12 42.49 ± 0.17 42.33 ± 0.10
AP-600 K-1 37.44 ± 0.03 38.11 ± 0.02 37.56 ± 0.04
L1 58.73 ± 0.70 59.37 ± 0.07 59.27 ± 0.02
L2 42.17 ± 0.60 41.94 ± 0.20 42.23 ± 0.10
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3.3.2 Inks

Having studied the challenging latex binder compo-
nent found in many pigmented inks, we now consider 
the complete pigment formulated inks A (containing 
latex L1), B (containing latex L2) and R (“reference”). 

The starting “day zero” size distributions are shown in 
Figure 18, and the averaged data show that all the inks 
look alike and fall within the typical size range for a 
pigmented inkjet ink.

Figure 18: Starting “day zero” particle size distributions 
of the three inks

The impact of repeated applications of high shear in 
the mechanical syringe capillary are revealed for the 
three inks in Figure 19. In all cases the particle size of 
the contents decreases as a function of passes through 
the constant flow rate capillary.

Inks A and B behave very similarly, and, as is to 
be expected across the logarithmic scale in size 
(Figure 19), while the material becomes either bro-
ken down finer or increasingly dispersed, the particle 
size distribution broadens. This is typical of a grind-
ing/milling process in which hard elastic, and brittle 
or softer particles coexist, in that the initial close to 
log-normal distribution becomes progressively skewed 
to the finer end as the more brittle or softer material 
grinds preferentially. 

If we study the electron microscope images in 
Figure 20, taken from dried ink films using a field 
emission scanning electron microscope (FESEM) 
(Zeiss Sigma VP, Germany), we can notice three effects: 
(i) in all inks the particle material becomes finer as
the number of passes under high shear increases, (ii) 
aggregates begin to appear as a function of repeated 
jetting, especially in inks A and B, and (iii) the ink R 
(“reference”) appears not to have a film-forming 
binder, such as latex, and, as such, is better described 
as a pigment-only ink, as we see the pigment particles 
cluster into a random clumped powder distribution 
during the drying. This clustering is probably related 
to the “self-binding” design of ink, where the pigment 

dispersant doubles up as a binder between them on 
drying, and this, at least partly, explains the clustered 
form of pigment distribution seen in the micrographs.

a)

b)

c)
Figure 19: Particle size distribution response to 

repeated shear through the mechanical capillary; 
(a) ink A with latex L1, (b) ink B with latex L2,

and (c) ink R (“reference”)

However, this allows us to make a further important 
observation since the particle size also becomes finer 
in ink R, strongly supporting the likelihood of pigment 
milling continuing during repeated jetting. 
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Figure 20: Electron microscope images (FESEM, 
accelerating voltage 15 kV) of the three inks following 

the response to repeated exposure to shearing; 
(a) ink A, (b) ink B, and (c) ink R – the arrows 

indicate the formation of agglomerates

If pigment continues to be milled in this way in contin-
uous inkjet printing, it will result in increased freshly 
formed pigment surface area, which, in turn, will 
adsorb free polymeric material, including excess stabi-
lising dispersant. However, if this continues to a great 
extent, any excess dispersant will be consumed, such 
that the freshly milled pigment may not long remain 
stabilised in colloidal suspension and will flocculate in 
the stationary state or undergo shear-induced aggre-
gation during jetting. Furthermore, removal of excess 
dispersant in this way will likely reduce the buffer 
capacity of the ink against any acidic attack, such as 
from the action of anaerobic bacteria. Apart from the 
question of colloidal stability, there might well be 
expected to be a change in print density and shade. 
This is clearly a topic for further work.

In the case of a complete ink, such as in A and B, there is 
a combination of pigment and latex. For example, ink B 

has a magenta pigment, typically either dimethylquina-
cridone or dichloroquinacridone, according to the pig-
ment colorant coding PR122 and PR202, respectively, 
having the formula

 

where the radical positions R are either unsubstituted 
hydrogen (H) (defined by the pigment colorant code 
PV19), methyl (CH3) or chlorine (Cl). By studying the 
atomic elemental content using XPS method, it is pos-
sible to see if the pigment is concentrating also in the 
observed aggregates leading to changes in nitrogen, 
oxygen or chlorine levels. XPS is a surface sensitive 
technique and does not probe the bulk of the sam-
ple due to the material capture of emitted electrons. 
Thus, if a latex agglomerate were to occur it is likely 
that the outer surface would then be coated with pig-
ment. Table 4 shows the comparative analysis of the 
unsheared ink B and an agglomerate formed after 
20 passes through the mechanical capillary.

Table 4: Elemental analysis using XPS  
of ink B “day zero” (unshearded) versus 

an agglomerate structure

Ink B 
Element

0 passes 
Mass (%) Atomic (%)

20 passes 
Mass (%) Atomic (%)

N  22.47  25.08  18.08  10.72
O  75.91  74.20  76.61  76.88
Cl   1.62   0.71   5.31   2.40
total 100.00 100.00 100.00 100.00

From the elemental data in Table 4, we can immediately 
observe the large increase in chlorine (Cl) content, 
while the nitrogen content reduces, which is probably 
indicative of a surface concentration of pigment around 
the aggregate. It is not possible to determine whether 
the whole aggregate consists of pigment alone, but 
given the latex agglomeration tendency during shear-
ing it is more likely that an ink containing such agglom-
erates would concentrate free pigment as a coating on 
such a sticky material. This is typical, incidentally, of 
the behaviour of latex binder stickies in papermaking, 
where the sticky agglomerate is covered by a mineral 
as a means of preventing the stickies from depositing 
on the papermachine. The minerals frequently used are 
either hydrophobic talc or bentonite/montmorillonite 
nanoclay (Benecke, et al., 2009; Gantenbein, et al., 
2009; 2010; Gribble, et al., 2010; 2011).

The observed milling process is also seen in the intrin-
sic viscosity response, Figure 21, where progressive 
shearing leads to a steady decrease in passage time 
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through the Ostwald viscometer. Once again we can 
note the unusual nature of “ink” R, which also, by these 
data, suggests it is predominantly pigment only.

Figure 21: Displaying the steady drop 
in intrinsic viscosity (passage time through 

the Ostwald viscometer) as a function of passes 
through the mechanical syringe capillary

As in the case of the latices, the surface tension values 
for the inks, Table 5, measured at a solids content of 
1 g∙dm−3, remain stable also through the shearing pro-
cess, and lie between the lower and upper latex values, 
suggesting the presence of a certain amount of sur-
factant to aid wetting during printing. 

Table 5: Surface tension, σi (mN∙m−1), of the inkjet inks

Ink

Number of passes 
through mechanical capillary, i 
0            10           40

A 49.94 ± 0.06 49.61 ± 0.05 50.24 ± 0.12
B 50.31 ± 0.09 49.63 ± 0.07 49.67 ± 0.02
R (ref.) 48.41 ± 0.01 49.45 ± 0.08 49.75 ± 0.04

3.3.3 Jettability

The response in respect to particle size is seen as the 
most critical aspect found in this study, and is logical 
when considering the challenges of inkjet printing 
centre almost solely on the behaviour of the ink at the 
jetting nozzle. The presence of agglomerates or dried 
material lead to failure of the jet with either reduced 
droplet ink amount, usually accompanied by distor-
tion of the droplet trajectory, or complete absence 
of ink altogether. Plate wetting and spreading of ink 
around the nozzle can also lead to disturbance of the 
break-away of ink from the printhead. This latter can 
either be due to problems of surface tension, which 
interestingly we did not see, or more likely in the light 
of our results capillarity across the surface of any dry 
build-up of ink or deposition of agglomerates around 
the nozzle exit.

Given the focus on agglomeration, it is worth taking 
a reality check on dimensions. Amongst the latices 
tested we saw particle sizes ranging from 5 nm to 
200 nm. Suppose a printer desires two settings for 
certain jobs, e.g. 1 pl for the finest functional technical 
work, including, say, printed electronics, and 1 μl for 
general book and standard image printing. If we con-
vert these liquid volumes to physical droplet diameters 
then they are equivalent to !6/π × 10!"#!  ≈ 1.2 × 10−5 m 
and !6/π × 10!"!  ≈ 1.2 × 10−3 m, respectively. In respect 
to latex size, at least 200–300 spheres of 100 nm 
diameter could fit into a 1 pl droplet, and as many as 
30 000–40 000 such spheres in a 1 μl droplet. However, 
agglomerates of 10 000 nm (10 μm), such as exhibited 
by the latex AP-600 K would block pl droplet gener-
ation and at least distort, if not also block by further 
build-up, the production of μl droplets. AP-600 K-1 
(urethane modified) by contrast, with its bimodality, 
would be suitable for, say, down to > 100 pl, despite the 
particle size changes between the bimodal branches 
(actually getting finer), and L1 at ≤ 100 nm could be 
possible to use, like AK-66 K-1, in the upper pl range 
and certainly for μl droplet work, and their demon-
strated stability against agglomeration should ensure 
satisfactory freedom of nozzle blocking provided no 
subsequently drying deposition around the nozzle exit 
occurred. Latex L2 after initial shear to disperse fully 
the “day zero” state, being then all ≤ 50 nm, should be 
well suitable for pl work.

As discussed in section 1. Introduction, there are a mul-
titude of parameters, other than colloidal instability to 
shear, which control inkjet runnability, including the 
viscoelastic response to the displacement pulse mag-
nitude and frequency in the printhead, exposure to air 
and drying at the nozzle exit, involving also air ingress 
during the displacement relaxation cycle, phase separa-
tion tendency leading to deposits at chamber walls, etc. 
Therefore, the novel test and supporting analyses pro-
posed here address a subset, albeit a significant one, of 
the parameters affecting the dynamic response of the 
ink, especially particulate-containing ink, which, given 
the growing trend of using inkjet printing for pattern-
ing of functional inks, is increasing rapidly in relevance.

4. Conclusions

The evidence collected suggest that a constant flow 
rate mechanically driven syringe capillary device can 
induce the shear-related effects on both polymer and 
particle agglomerate breakdown as well as particle- 
particle aggregation via colloidal destabilisation. 
Such an opportunity to predict the constant flow rate 
shear-related runnability of inkjet ink in this way could 
provide a means of reducing on-machine trial time and 
avoidance of potentially expensive printhead damage. 
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The study of individual component parts of an ink-
jet ink, such as latex binder and pigment, separately, 
reveals the stability of each against repeated jetting 
shear conditions. Latex is confirmed to be particularly 
susceptible to both phenomena, showing initial coagu-
lation and agglomerate build, followed by equilibrium 
breakdown and rebuild of these structures after multi-
ple shearing. In combination with pigment, compound 
agglomerates have been shown to form, and it is spec-
ulated, using elemental analysis, that latex coagulates 
become covered by pigment, much as sticky deposits in 
papermaking become covered with mineral particles.

Pigment is seen to undergo increased dispersion 
under initial shear, followed by a milling action during 
repeated shearing, such that the particle size progres-
sively decreases.

Implications for jettability can be concluded, in that 
agglomerates are likely to induce nozzle blocking, and 
milling of pigment is expected to change subsequent 
print density and substrate coverage performance. It 
is hoped that using the novel device and procedure 
reported here, such effects can be readily studied in 
the future in combination with runnability prediction.
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1. Introduction and background

1.1  Background

A relevant number of print products are UV-varnished 
to achieve various optical and barrier properties. In 
some applications, like narrow web label printing, UV 
curing has reached a predominant position (Etiketten 
Labels, 2020). Thereby, the polymerisation degree (col-
loquially spoken: UV curing degree) is of fundamental 
importance in terms of quality and safety. 

From a quality perspective, a certain polymerisation 
degree is necessary to ensure a good product quality, 
especially if it comes down to post-press processing 
aspects. An insufficient curing degree, for example, 
could cause blocking in the delivery stack or the reel. 
When considering product safety, within an insuffi-
ciently polymerised varnish layer, especially unaffected 
photoinitiators might tend to migration and could sub-
sequently lead to health/safety issues for operators or 
even consumers (Green, 2010). Even though the latest-

findings indicate that no hazard for consumers is to be 
expected from sheetfed offset printed products, process 
control and an adequate degree of polymerisation is 
still in the interest of all parties involved (bvdm, 2020). 
For these reasons, several methods to check the quan-
tity/quality of the polymerisation exist in industrial 
practice. Among them are some methods based on 
manual tests as well as device-supported methods (ref. 
section 1.3). Bohn, et al. (2017) presented an alternative 
approach for indirect cure monitoring based on spec-
tral measurements of the curing-induced discolour-
ation of UV varnishes, the so-called ‘yellowing’. They 
found a correlation between yellowing intensity and 
exposed UV dose for three common photoinitiators 
solved in acetone. Furthermore, a correlation between 
yellowing and actual polymerisation degrees for two 
laboratory UV varnishes could be shown. 

As a logical extension of these findings, this research 
focuses on industrial varnish systems to determine 
whether findings of Bohn, et al. (2017) are relevant for 
industrial print processes. By investigating 47 varnish 
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Abstract

This work discusses the curing-induced discolouration of UV varnishes, the so-called ‘yellowing’. A study of 47 market 
available acrylic-based UV varnishes from five manufacturers shows that all varnishes exhibit significant yellowing. 
In order to clarify if yellowing can be exploited for monitoring the cure of the varnishes, three varnishes are analysed 
in detail, including one low-migration and one photoinitiator-free self-initiating formulation. For this purpose, the 
applied varnishes are measured with respect to yellowing as well as their actual polymerisation degrees. Both meas-
ures are checked for correlations to develop a novel method for monitoring the degree of polymerisation based on 
colourimetric measurements. Additionally, the temporal behaviour of the yellowing is determined as it is of signifi-
cant importance when considering a practical usage of the yellowing approach.

Keywords: UV curing, temporal yellowing, discolouration, colourimetry, FTIR-ATR spectroscopy
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systems available on the market, it is the aim to clar-
ify if the yellowing is a relevant variable in commercial 
varnishes used. Next, three varnishes are analysed in 
detail to verify a significant correlation between yel-
lowing and the actual polymerisation degree. Also, the 
temporal progression of the yellowing is examined 
colourimetrically as a change in yellowing intensities 
over time. This aspect becomes relevant when yellow-
ing is measured as a process parameter. The studies 
described are fundamental on the way towards a prac-
tical realisation of the yellowing approach as a novel 
method for monitoring UV curing processes by using 
common spectrophotometers in the visible spectrum. 

1.2  State of the scientific knowledge

The technical principles of UV curing, its related inks 
and varnishes and other relevant process parame-
ters are widely described in literature, for example in 
Glöckner, et al. (2008). Therefore, only a brief abstract 
of UV curing principles and the background of yellow-
ing in particular is given in the following. 

Figure 1: Schematic diagram of the radical 
polymerisation process (Bohn, et al., 2017)

Most UV varnishes relevant to printing industry are 
based on acrylates and mainly consist of reactive dil-
uents, binders and photoinitiators. During the process 
of radical polymerisation, photoinitiators cleave under 
the influence of UV radiation and form free radicals R· 
in the start phase. These so-called ‘start radicals’ ini-
tiate the actual polymerisation process by breaking 
the C=C double bonds of the acrylic monomers and 
oligomers, which then crosslink in the growth stage 
to form polymers (Glöckner, et al., 2008). This process 
ends when all free radicals have reacted. Figure 1 shows 
the polymerisation process schematically. Besides the 
free radicals, the UV-induced cleavage of a photoiniti-
ator can result in different photoproducts due to sec-
ondary reactions, further scissions and combinations 
of radicals with parts of the formulation (Green, 2010). 
These photoproducts have no supporting influence on 
the polymerisation but can cause a visible discoloura-
tion by their specific absorption characteristic in the 
UV- and the adjacent visible blue region of the electro-
magnetic spectrum. The findings of Bohn, et al. (2017) 
are in accordance with increasing yellowing intensi-

ties for increasing UV doses observed by Studer and 
Königer (2001), examining a photoinitiator in combi-
nation with a binder. However, this connection is only 
valid for lower UV doses (less than ~2 000 mJ/cm2) as 
the photoproducts, for their part, are sensitive to UV 
light (Studer and Königer, 2001). Schwalm (2006) also 
points out that the yellowing can decrease at higher 
doses. Furthermore, the quantity of formed photoprod-
ucts very much depends on the particular photoinitia-
tors and is also proportional to the photoinitiator(s) 
concentration, relative spectral power distribution of 
the used light source relative to the photoinitiators 
absorption spectra, and film thickness (Green, 2010). 
Schwalm and Green exemplarily showed, that reaction 
processes can lead to the formation of a broad variety 
of photoproducts for different photoinitiators. In addi-
tion, all other varnish components and even the used 
substrate as an (unwanted) supply of additional reac-
tion products, might have an impact on the yellowing 
intensity (Schwalm, 2006; Green, 2010). Due to this 
potential multicausality, yellowing of a formulation 
is hardly predictable for a specific application. In this 
work, the term ‘yellowing’ is always referring to the 
UV-curing-induced initial photoyellowing, which needs 
to be distinct from the yellowing of polymers due to 
long term aging. The initial yellowing is described as 
a decrease of certain absorption bands within the first 
hours after curing (Schwalm, 2006). Figure 2 exempla-
rily shows the spectral reflectance of a UV varnish on 
a white substrate in its unpolymerised as well as its 
polymerised state for two UV doses. The polypropylene 
(PP) discolouration visible here can be attributed to 
the varnish, as the substrate does not show significant 
UV-induced discolouration (cf. section 2.2).

Figure 2: Spectral reflectance of an UV varnish applied 
on a white PP substrate polymerised with two UV 

doses; the polymerisation induced yellowing can be 
seen between 400 nm and 530 nm as a reduction in the 

reflectivity, i.e., an increased absorption
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1.3  Methods to check the polymerisation 
quantity/quality

Various existing industry-relevant manual methods, 
such as solvent rub test, tape test, thumb twist test, 
powder test, and potassium permanganate test, to 
check cured layers are widely used and described in 
literature (Glöckner, et al., 2008). Except the last one, 
all of these have in common that they check different 
surface properties of a cured layer which are not nec-
essarily related to the actual polymerisation degree. 
These methods, from some points of view, can be seen 
as inadequate gap fillers in the absence of a direct 
measurement of the degree of polymerisation. Besides 
manual techniques, some device-based methods are 
available to check various properties of cured layers. 
Hubergroup offers the NewV cure UV VIS spectro-
photometer including the related method and special 
varnishes. The varnishes contain a marker substance, 
which is extracted after curing into a liquid. The quan-
tity extracted is determined using the spectrophotom-
eter and represents the curing degree (Schröder, 2019). 
Fogra offers an automated acetone test called ACET 
and the Fogra Ushio Cure Check which uses heat and 
pressure to check cure quality (Rauh, 2007). The UV 
CURE CHECK of PITSID (2019) determines the coeffi-
cient of sliding friction as an indicator for surface cure. 

1.4  FTIR as a direct method to determine 
polymerisation degrees

For molecular spectroscopy purposes like classifica-
tion and quantification, the Fourier-transform infrared 
(FTIR) spectroscopy as an analysis technique is widely 
used. Based on the molecule’s interaction with infra-
red radiation, FTIR allows identification of material 
compositions, concentrations and functional groups, 
for instance. Using FTIR in attenuated total reflection 
(ATR) mode, one can conduct reflection measurements 
of both solid and liquid samples. The FTIR spectros-
copy is a standard method to determine polymerisation 
degrees on a laboratory level. During the polymerisa-
tion process, the C=C double bonds of acrylic molecules 
split and the monomeric and oligomeric molecules 
crosslink to polymers. Consequently, one can deter-
mine the actual polymerisation degree of a UV varnish 
layer as a function of the remained C=C double bonds 
compared to an uncured varnish. The C=C double 
bonds have distinct absorptions at ~810 cm−1 whose 
intensity is proportional to the number of double bonds 
contained in a varnish (Glöckner, et al., 2008). To com-
pensate variations in the measurements, it is necessary 
to perform an internal calibration for each measure-
ment using a spectral band which is not altered by 
curing. In case of acrylates, the C=O bond absorption 
at ~1 720 cm−1 fulfils this requirement (Fernàndez-
Francos, et al., 2013). For quantification of a species, the 

peak heights in the absorbance spectra are determined, 
starting from their specific baselines. Out of these peak 
heights, the actual degree of conversion x is calcu-
lated by Equation [1] (Fernàndez-Francos, et al., 2013).

𝑥𝑥 = 1 −
(𝐴𝐴!"#$ 𝐴𝐴%#&⁄ )$'%#(
(𝐴𝐴!"#$ 𝐴𝐴%#&⁄ )')$'%#(

× 100 [1]

where x is a degree of conversion in %, A is absorb-
ance, ‘spec’ denotes sample species (C=C bond at 
~810 cm−1), ‘ref ’ denotes sample reference (C=O bond 
at ~1 720 cm−1), ‘cured’ and ‘uncured’ denotes UV irra-
diated sample and not irradiated sample, respectively.

Figure 3 shows an FTIR-ATR absorbance spectrum of 
a commercial UV varnish in uncured and cured state. 
The relevant wavelength bands for quantification of 
the conversion are marked.

Figure 3: FTIR-ATR absorbance spectra of a UV varnish in 
uncured and cured state, the crucial bands at 1 720 cm−1

and 810 cm−1 to quantify polymerisation are marked

For practical users of the UV curing, e.g. printers, this 
method is often seen as an elaborate, cost-intensive 
and laboratory-only method. For these reasons, it is not 
directly used in print production, but utilised by some 
larger companies on a quality assurance level. Thanks 
to appropriate software, it is just as easy to determine 
polymerisation with an FTIR as it is to determine 
colourimetric quantities with a spectrophotometer. 
Therefore, in the opinion of the authors of this article, 
at least the complexity aspect is worth a discussion.

2. Methods

2.1  Materials

In total, 47 samples of typically distributed UV var-
nishes have been obtained from five European var-
nish producers for conventional curing with medium 
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pressure mercury lamps and application via flexo print 
units. Our goal was to obtain a broad field of samples, 
representing current practice. The samples include 
high glossy and matte varnishes and all intermediate 
levels, varnishes for special application like anti-static 
protective varnishes and finishing of digital prints, 
varnishes for thermal transfer, embossing and sev-
eral other demands. Low-migration (LM) systems are 
among these varnishes and also systems which are free 
of additional photoinitiators but containing self-initi-
ating monomers. We assign a number to each varnish 
and provide Table 1 with basic characteristics like LM, 
glossy and matte. As a concession to the supplier, we 
do not provide brand names. Out of this range, three 
varnishes are selected for a deeper investigation of 
actual polymerisation degrees as well as the temporal 
progression of their yellowing (highlighted in Table 1). 
These varnishes were selected in order to represent 
different categories and yellowing intensities from our 
sample field.

Table 1: Sample field of 47 UV varnishes 
with allocated ID, manufacturer (Manuf.) and basic 
characteristics (Charac.) glossy (g) and matte (m), 

LM and self-initiating LM (LM+)

ID Manuf. Charac. ID Manuf. Charac.

 1 A g 25 B g
 2 A g 26 B m
 3 A g 27 C g
 4 A g 28 C g
 5 A g, LM 29 C g, LM
 6 A g 30 C m, LM
 7 A m 31 C m
 8 A m 32 D g, LM
 9 A g 33 D g
10 A m 34 D g, LM
11 A g 35 D g
12 A g 36 D g
13 A m 37 D g
14 A m, LM 38 D g
15 A g, LM 39 D m
16 A g, LM+ 40 D m
17 A g, LM+ 41 E g
18 A m, LM+ 42 E g, LM
19 A g, LM+ 43 E g, LM
20 A g, LM+ 44 E g
21 B g, LM 45 E g
22 B g 46 E g
23 B g 47 E m
24 B g / / /

2.2  Application

For the wide investigation of the 47 varnishes, applica-
tion is done with a 12 µm rod wire in order to enable 
an efficient sample generation. For the investigation 

of correlations and temporal progression, an IGT 
Printability Tester F1 in flexo mode is used. Its anilox 
roller has a nominal pick-up volume of 16 ml/cm2. All 
varnishes are applied on a white 250 µm PP substrate, 
which is not affected by UV radiation in its colour 
(white point for M2 mode, D50, 2°: CIELAB 94,1; −2,04; 
0,94). The tests were carried out under laboratory con-
ditions. All samples have been stored at 21 °C under 
exclusion of light between measurements.

2.3  Colourimetrical analysis

The colour measurements are done with a Konica 
Minolta FD-7 spectrophotometer in 45°/0° geometry, 
M2 measurement mode, D50 illuminant, 2° CIE stand-
ard observer, 10 nm wavelength pitch, 3 mm measuring 
spot configuration. According to its spectral character-
istic, yellowing can be expressed within the CIELAB 
colour space as change of the b* coordinate. Calculation 
of ∆b* occurs in accordance with ISO/CIE 11664-6:2014 
(International Organization for Standardization, 2014). 
For measuring the temporal progression of the yellow-
ing, the time gap between curing and first measure-
ment is fixed to ten seconds. 

2.4  FTIR-ATR readings 

A PerkinElmer Spectrum Two FTIR with ATR acces-
sory is used to determine the acrylate conversion. The 
spectrometer measures in a spectral bandwidth of 
8 300–350 cm−1 (1 204–28 571 nm) and uses a versatile 
diamond crystal in the ATR top plate. The macros for 
an automated quantification process are written with 
PerkinElmer Spectrum Quant software. Each sample 
is measured three times whereby each measurement 
automatically consists of the average of four single 
measurements. Each sample is measured for yellowing 
and polymerisation at identical spots. 

2.5  UV conveyor belt dryer

For curing the samples, the laboratory UV unit 
Technigraf AKTIPRINT MINI UV equipped with a stand-
ard medium-pressure mercury UV lamp is used. The 
emission spectrum of this type of lamps can be seen in 
relevant literature, for example in Green (2010). The UV 
source emits an irradiance of 441 mW/cm2 in the entire 
UV range for an electric input power of 120 W/cm. 
We use UV doses from 462 mJ/cm2 to 110 mJ/cm2. 

Variations of the UV doses are realised by different con-
veyor belt speeds in a range of 20 m/min to 4 m/min. 
Both irradiance and the resulting UV doses are meas-
ured with an Opsytec UVPAD E spectral radiometer. 
This device covers a wavelength range from 240 nm to 
480 nm. We only consider the UVC, UVB and UVA range 
up to 400 nm for power data. 
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varnishes. The LM systems are shown with blue dashed 
line, non-LM with red dotted lines. These findings are 
representative for the other 22 varnishes of three man-
ufacturers. We have reduced the legend of the left dia-
gram and show results in two diagrams for better clarity.

The sample field can also be categorised by the sur-
face properties glossy or matte. Figure 6 shows in two 
diagrams the varnishes already depicted in Figure 5, 
but here we differentiate between glossy (blue dashed 
lines) and matte (red dotted lines) varnishes. Based on 
this categorisation, no pattern can be identified. We 
could not identify any other categorisation. 

In Table 2, the sample field is categorised by LM, 
non-LM, glossy and matte varnishes and the yellowing 
is quantified by mean ∆b* values in order to highlight 
our findings. The glossy varnishes surpass the matte 
ones in their average yellowing intensity. This is due to 
the fact that most of the LM varnishes are categorised 
as glossy and, thus, significantly raise the mean value. 
To compensate for this distorted representation, we 
have added the categories glossy and matte excluding 
LM varnishes. 

Table 2: Yellowing properties of the sample field based 
on arithmetic mean of ∆b*i and ∆b*c values, categorised 

by LM and surface properties glossy and matte

Varnish category 
(quantity)

x ∆b*i 

(substrate 
vs varnish 
unpolymerised)

x ∆b*c

(varnish 
unpolymerised 
vs polymerised)

all (47) 0.73 2.29
LM (15) 0.73 3.33
non-LM (32) 0.73 1.80
glossy (35) 0.73 2.37
matte (12) 0.74 2.05
glossy, non-LM (23) 0.72 1.89
matte, non-LM (9) 0.77 1.89

3. Results

3.1  Yellowing of market available UV varnishes 

Figure 4 shows all analysed varnishes in their unpo-
lymerised and their polymerised state for two UV 
doses. Inherent colours of all varnishes differ from the 
substrate’s white point and all varnishes show signifi-
cant yellowing with clearly different intensities within 
the sample field. For further evaluation we define ∆b*i 
as the inherent varnish colour and ∆b*c as the yellowing 
intensity for a UV dose of 462 mJ/cm2, related to ∆b*i. 

Figure 4: CIELAB ∆b* values of 47 UV varnishes for 
three UV doses of 0, 180 and 462 mJ/cm2 (141 samples), 
∆b*c and ∆b*i are exemplarily indicated for varnish 47

Our knowledge of the varnishes consists only of the 
manufacturer’s characterisation and is therefore lim-
ited to the properties we described in the materials 
section. During the analysis, we find the greatest yel-
lowing intensities in the sample field for LM varnishes. 
Figure 5 shows diagrams containing all varnishes from 
two manufacturers, including 10 LM and 15 non-LM 

Figure 5: CIELAB ∆b*c values of 25 UV varnishes, non-LM (dotted) and LM (dashed), from two manufacturers 
for eight UV doses ranging from 0 to 462 mJ/cm2; LM varnishes show the trend for higher yellowing intensities
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Figure 6 shows that for some varnishes even an 
increase of the UV dose from 415 mJ/cm2 to 462 mJ/cm2 
does not lead to an intensified yellowing. The same can 
be observed for varnish 5 and 19 in Figure 7 (cf. sec-
tion 3.2), where the three crowded data points at the 
upper end of the regression line indicate that increas-
ing the dose does not further increase polymerisa-
tion. This is because the varnishes have reached their 
polymerisation maximum for our curing condition.

3.2  Correlation between yellowing 
and polymerisation

Figure 7 shows the relationship between b* value and 
polymerisation degree for three varnishes cured with 
15 different UV doses. The varnishes differ significantly 
in yellowing intensities, but linear correlations are 
apparent for all of them. Based on Figure 7, one can ascer-
tain a significant relationship between the acrylate’s 
conversion and discolouration of the UV varnishes. 

Figure 7: Correlation between yellowing as CIELAB b* 
value and acrylates conversion for three UV varnishes 
cured in 15 UV doses ranging from 110 to 462 mJ/cm; 

coefficients of determination R2 are given

Despite high coefficients of determination R2 values, 
deviations from the ideal linear course can be seen. 
The sample generation and the measurements have 
multiple potential sources of errors like variations in 
varnish layer thickness, measurement of yellowing 
and polymerisation at non-identical spots, white point 
variations of the substrate, influence of morphology 
changes on colour measurements, penetration depth of 
the ATR measurements and measuring device errors. 
We do not conduct a complete error analysis as we 
primarily want to determine whether there is a fun-
damental connection between yellowing and polymer-
isation or not. Regardless of any measurement errors, a 
linear correlation can be established between the two 
variables. Of course, measurement errors are crucial in 
questions of practical measurability. We are aware of 
potential sources of errors and will consider them in a 
future validation of the approach.

3.3  Temporal behaviour of the yellowing

Figure 8 shows the temporal progression of the yellow-
ing of varnishes 2, 5 and 19 for a period of 24 hours 
after initial curing.

Figure 8: CIELAB b* values for UV varnishes 2, 5, 19 for 
a time range of 10 s to approx. 24 h after curing

Figure 6: CIELAB ∆b*c values of 25 UV varnishes, matte (dotted) and glossy (dashed), from two manufacturers 
for eight UV doses ranging from 0 to 462 mJ/cm2; no trend can be identified
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In the first two hours after curing, the measurement 
intervals are small as the yellowing changes rapidly, 
while intervals become greater with progressing time. 
When comparing the trends of the varnishes, clear dif-
ferences can be seen. While varnish 2 shows an expo-
nential decay, varnish 5 decreases in the first two hours 
and then, after two hours of stagnation, increases again 
to approach its initial b* value. Varnish 19 shows this 
effect intensified and even reaches its initial yellowing 
after about 19 hours. All varnishes remain stable after 
a period of 24 hours.

4. Discussion

In the following, the results are discussed successively, 
each followed by an estimation of its relevance to the 
yellowing approach. 

Although yellowing is undesirable and manufacturers 
have been searching for non-yellowing formulations 
for decades, all used varnishes show a curing-induced 
distinct yellowing with a mean ∆b*c of 2.29. One can also 
see significant ∆b*i values due to the application of the 
unpolymerised varnishes to the substrate. As well as 
laminations and other coatings, the presence of a var-
nish layer influences the visual and measurable colour 
due to several optical effects like scattering, refraction 
and absorption. However, from a colorimetric point of 
view these effects mainly influence the brightness and 
not the chromaticity (Stiene, Urban and Rodriguez-
Giles, 2019). Therefore, the changes in b* values can be 
attributed to the inherent colour of the varnishes. 

With regard to yellowing, especially the 15 LM systems 
stand out by showing the highest intensities with a 
mean ∆b*c of 3.33, compared with a mean ∆b*c of 1.80 
for non-LM varnishes. In general, the reasons for the 
yellowing potential of a varnish are to be found in the 
chemistry of its components and are not subject of this 
work. However, it seems conceivable that it is more 
difficult for manufacturers to focus on low-yellowing 
LM-formulations because there are less permitted pho-
toinitiators for LM systems. The chemical industry will 
certainly continue research here. 

The intensive yellowing signal of modern LM systems 
contributes to the yellowing approach in a way that 
a good measurability is crucial for the approach. As 
product safety is always an issue to be improved, LM 
varnishes are expected to gain market share. In addi-
tion, until there is certainty about the hazard potential 
of UV varnishes, the use of LM systems is also in line 
with the precautionary principle. Analysing the cate-
gory glossy/matte, no pattern can be identified. In the 
absence of more detailed information about the com-
position of the varnishes we could not identify other 

categories. However, a precise knowledge of the com-
position presumably would allow us to draw closer 
conclusions about the interaction of different compo-
nents regarding to their yellowing. 

Based on our findings, we can state out that curing-in-
duced yellowing is a potentially relevant parameter 
while working with UV varnishes, in particular against 
the backdrop of rising demands on colour quality. 

Linear correlations between yellowing and polymeri-
sation can be seen in Figure 7. As already mentioned 
at the end of section 3.1, in Figures 5, 6 and 7 we can 
see maximum yellowing and polymerisation, which we 
cannot increase further with our curing conditions. In 
other conditions, e.g. in an inert environment or using 
higher irradiances, the particular polymerisation max-
imum could potentially be increased. Thinking about 
a novel approach for monitoring UV print productions 
based on colour measurements, a reliable measurabil-
ity is crucial. The weak yellowing of varnish 2 could 
make it difficult to realise measurements for this par-
ticular varnish. This must be investigated in further 
research under practical conditions taking into account 
an error analysis. 

The temporal yellowing progressions of the three 
different varnish systems do not allow general state-
ments for conventional or LM systems in their entirety. 
However, they demonstrate exemplarily that yellowing 
is a dynamic effect in the first 24 hours after curing and 
can go well beyond a simple decay after cross-linking. 
Especially in the time right after curing, the yellowing 
alters quickly. Since the time gap between curing and 
measurement is ten seconds, it can be concluded that 
the yellowing is even greater directly in the delivery 
of the dryer. This short period of time is probably not 
relevant for most practical processes, but may have an 
influence when working with inline colour measuring 
devices and comparing to manual measurements at the 
printing press. We have already described above that 
a varnish as an additional layer has an influence on 
the colour appearance. Furthermore, and that’s char-
acteristic for UV varnishes, yellowing can bring in a 
specific discolouration, which is not limited to changes 
in brightness and also is time-dependent. Hence, con-
cerning colour measurements of UV cured products, 
the intensity and temporal behaviour for a specific 
varnish as well as the time of measurement should be 
considered to obtain consistent colour measurements. 

5. Conclusions

This investigation shows significant yellowing for all 
varnishes considered. The yellowing is a dynamic effect 
that shows changes in the first 24 hours after the initial 
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curing. For one varnish it decreases within a few tens 
of minutes in a nearly exponential manner and then 
remains stable, whereas other varnishes show a yellow-
ing rebound a few hours after an initial decrease. Linear 
correlations between yellowing intensity and degree of 
polymerisation are exemplarily determined for three UV 
varnish systems of the categories conventional, low-mi-
gration and self-initiating low-migration. There are no 
indications why linear correlations should not be valid 
for other common varnishes. The yellowing intensity of 
a varnish also depends on its layer thickness. Following 
Lambert-Beer law, this connection is of logarithmic 

character. Knowledge of the influence of both polym-
erisation and layer thickness on yellowing intensities 
opens the possibility to predict yellowing for any layer 
thickness and degree of polymerisation. To achieve this 
objective, future work could investigate the measura-
bility of yellowing in practical processes, take a closer 
look at correlations under different circumstances, and, 
fundamentally, deal with a possible implementation of 
the yellowing approach. Another interesting field is the 
discolouration of UV inks. Considering what is known so 
far, beneficial use of the actually unwanted yellowing of 
UV varnishes seems possible.
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1. Introduction and background

1.1  Digital disruption in print media Indonesia

Digital disruption happens when a new digital technol-
ogy with a new business model has a disruptive influ-
ence on the value of goods or services and changes 
consumer behavior (Chan, 2016). Recently, Gojek has 
become an Indonesian decacorn startup and a lead-
ing technology group of platforms serving millions of 
users in Southeast Asia (Gojek.com, n.d.). They influ-
ence people in the cities to change their way of how 
to use public transportation from the traditional way 

that often involves a high bargaining service price to 
the digital way that provides a low fixed service price.

People’s behavior in searching information is also 
changed from the traditional way by reading papers 
to the digital way by browsing electronic news. Based 
on media consumption surveys in 65 countries in 2010 
and 2014 that were published by ZenithOptimedia, 
the internet has been gradually replacing traditional 
media (Richter, 2015). The Reuters Institute affirmed 
that print media started down in 2014 in the US based 
on a survey of 2,269 US news consumers in the period 
of 2012–2017 (MarketingCharts.com, n.d.). In Indonesia, 
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Abstract

The rapid development of digital technology gives disruptive influences on the value of goods or services. New media 
communication technology offers media convergence that provides accessible speed, flexibility, and updated infor-
mation. The existence of print media has become less common in the market. This affects all print media industry 
suppliers, including a printing ink company. The company will get decreasing revenue, especially if most of its current 
revenue comes from print media ink sales. Digital disruption is a certain thing, but uncertainty in print media arises 
because of the pros and cons of using digital devices for children’s education, the freedom of online journalism that 
provides doubtful information, and the emergence of community media. The printing ink company also needs to 
prepare itself by making a strategy for the future that is full of those uncertainties. In this case, scenario planning 
can help the company to manage the uncertain future so that they can quickly adapt to the changes or the critical 
situations in the future and manage the complexity of turbulence, uncertainty, novelty, and ambiguity, that happen 
in the current Covid-19 pandemic. The key focal issue of this research is how digital disruption in the print media 
industry in Indonesia will affect a multi-national printing ink company over the next five years. The research involved 
experts from a multi-national printing ink company, a magazine publisher, a university, a digital printing consultant, 
a business consultant, and a disrupted public transport provider. Through intensive focus group discussion applying 
iterative reframing and re-perception, many driving forces were identified, two critical uncertainties were defined, 
and a scenario framework was created. The four scenarios came up as the result of the interaction between limited 
or widely available global ink supply and changes in people’s behavior from conventional to digital media. These 
scenarios describe future challenges for the print media industry in Indonesia that are very dynamic. The company 
must be able to respond to emerging scenarios and adapt the strategies accordingly.
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the decreasing number of print media circulation for 
all segments were started in 2015 (Zuhra, 2017). It is 
hard to get print media such as newspapers and maga-
zines in public currently. On the other hand, electronic 
news and electronic magazines are flying over through 
mobile applications from one to another at very low 
cost or even for free. Another analysis based on the 
Indonesian Publishers Association’s (SPS) data shows 
that in the last four years, there were 404 media pub-
lishing closed and there were 850 remaining publish-
ing in 2017 (Wiwoho, 2017). With the same decreasing 
rate continuing for the following years, it concludes a 
rough prediction that the remaining age of a newspa-
per in Indonesia is only nine years, which is 2026.

Unfortunately, the current Covid-19 pandemic will boost 
high digital consumption and abandon print media. 
Pandemic pushes people to access digital media instead 
of reading print media. In March 2020, the first month 
of the Covid-19 pandemic in Indonesia, the number of 
health site visitors increased 53 % compared to previ-
ous data in February 2020 (Aninda, 2020). On the other 
hand, the Deputy Chairman of the Indonesian Press 
Council, Hendry Bangun, assessed that print media are 
most affected by the coronavirus or Covid-19 among 
other types of mass media. To PRFM 107.5 Radio on 
21 April 2020, Hendry said “All business fields are under 
heavy pressure, including mass media, especially print 
media because it coincides with a rising dollar, loss of 
advertising, and fewer purchases” (Firmansyah, 2020). 
Some provinces in Indonesia implement restrictions 
on business activities as well as people movement 
limitations. The business restriction period during 
the Covid-19 pandemic and the economic contraction 
accelerate the fall of many print media companies.

Out of obvious trends that lead to the extinction of 
the print media industry, limited print media compa-
nies may exist in the future. Reading competencies are 
changing with the use of digital technologies, but peo-
ple still see the benefits of reading with paper which 
they continue to use, especially to convey private 
emotions and intimate feelings (Vincent, 2016, p. 97). 
The ability of print media companies to change their 
business model or their dynamic capabilities dealing 
with media convergence may happen. Media conver-
gence offers the integration of multimedia communi-
cation for compelling user experience and uploading 
additional content as important advantages compared 
to print (Fedorovskaya, et al., 2016, p. 133). Online com-
munity and offline events are engagement platforms as 
vehicles to build a story that creates a good experience 
(Viljakainen, Toivonen and Seisto, 2016, p. 155). The 
fact is that even during the Covid-19 pandemic, long- 
distance learning still requires printed books that can be 
borrowed from school or bought by students (Slameto, 
2020). This may continue in the future but also may not.

1.2  Multi-national printing ink company

The company in this research is a multi-national 
printing ink company in Indonesia. The company is a 
subsidiary of a global ink supplier that has more than 
150 branch offices, sales offices, distributing warehouses 
and representatives worldwide, and delivers high-
quality printing ink solutions to customers. The parent 
company fully supplies ink products to be sold in the 
Indonesian market through trading business activity 
only. The majority of the business in Indonesia is offset 
ink supply to mostly media printing companies and 
some packaging printing companies. It was around 
60 % of the total sales volume in 2019. The company 
claims to have 20 % of the market share in Indonesia’s 
offset printing industry. Web ink sales volume reflects 
specifically the market segment of high-volume media 
printing such as newspapers, books, magazines, flyers, 
and brochures. It was 46.93 % of the total sales volume 
in 2017 and went down to be 44.37 % of the total sales 
volume in 2019. In the second quarter of 2020, it was 
continuously down to 28.76 % of the total sales volume 
after Joko Widodo, the President of the Republic of 
Indonesia, declared national status under the non-
natural disaster of the Covid-19 pandemic in April 2020.

1.3  Research background

The print media industry is not in the process of its 
death but is coming to terms with uncertainty and rapid 
technological change (Barthelemy, et al., 2011). Past 
European analysis of the consumption of print media 
and their digital equivalents depicted a complex config-
uration (Nossek, Adoni and Nimrod, 2015, p. 381). In the 
current situation, the print media industry and printing 
ink companies who face impacts of digital disruption 
may come up with new approaches to such complex 
problems added by the Covid-19 pandemic. The broader 
condition disrupts the activity of the people and the 
business entities and changes the established rules to 
be the new norm. This pandemic creates unpredictable 
situations due to the complexity of turbulence, uncer-
tainty, novelty, and ambiguity called TUNA (Ramírez and 
Wilkinson, 2016). Scenario planning is part of strategic 
planning that relates to the tools and technologies for 
managing the uncertainties of the future (Ringland, 1998).

Scenario planning is a methodology that uses the 
inherent human capacity for imagining futures to 
better understand the present situation and to iden-
tify possibilities for new strategies (Ramírez and 
Wilkinson, 2016). Since Herman Kahn began developing 
scenarios for the Air Defense System Missile Command, a 
large-scale early warning system in the 1950s (Bradfield, 
et al., 2005, p. 798), many methods and approaches 
have been introduced. There are Schwartz’ eight steps 
of the scenario building process (Chermack, Lynham 
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and Ruona, 2001, pp. 17–19), Schoemaker’s ten steps of 
scenario planning (Schoemaker, 1995, pp. 28–30), The 
Causal Layered Analysis that introduces four layers of 
scenarios (Inayatullah, 1998, p. 820), Shell 2001 Global 
scenarios that consist of four phases (Shell, 2008, p. 25), 
TAIDA method for scenario planning (Lindgren and 
Bandhold, 2003, p. 47), Harvard’s five stages of scenario 
planning (Garvin and Levesque, 2006), the five steps 
of Transformative Scenario Planning (Kahane, 2013, 
p. 20), Oxford Scenario Planning Approach (Ramírez 
and Wilkinson, 2016), and further development of trans-
formative scenario planning that consist of three phases 
(Bøjer, 2018, pp. 7–14).

The scenario planning application example is on Shell 
2001 Global Scenario. The scenario project began in 
September 1999, developing two scenarios with the 
same assumption that global economic growth would 
continue but with different patterns of globalization 
which are dominated by global elites in the Business 
Class scenario or by the people of the heartlands in 
the Prism scenario (Shell, 2008). Shell is able to adapt 
quickly or build new scenarios when facing emerging 
risks and crises, such as the invasion of Kuwait, Iraq, 
and the prospect of a global influenza pandemic trig-
gered by a new flu virus (Ramírez and Wilkinson, 2016). 
Another example of a scenario planning application is 
in Philips Lighting B.V. They explored how people may 
experience cities in 2035 and constructed four scenar-
ios (Fablab, Sandbox, Resort, and Campsite) from two 
driving forces of access to information and adapting to 
rapid change. These four scenarios help Philips Lighting 
to think about how the future may change and chal-
lenge their assumptions (van der Weijden, et al., 2017).

1.4  Research questions and limitations

This research is limited to develop scenario planning 
for a multi-national printing ink company as one of the 
printing ink suppliers in Indonesia. The discussion will 

focus on the key focal issue of the company in the mid-
dle of digital disruption in the print media Indonesia, 
the scenario framework creation, the strategic impera-
tives, and the activities that should be conducted by the 
company to address the future challenges. The devel-
opment of scenario planning involved a small group 
discussion that consisted of experts from the internal 
and external environments. The scope of print media 
business in this research comprises newspapers, mag-
azines, books, and a big volume of promotions such as 
flyers and brochures. With the shortage of research 
time and small number of stakeholders involved in this 
research, the result of this research is the best scenario 
planning that researcher can provide and the company 
or other stakeholders may conduct further deeper 
development if required.

2.  Methods

This research adopted five stages of scenario planning 
introduced by David A. Garvin that consist of orienta-
tion, exploration, scenario creation, option considera-
tion, and integration (Garvin and Levesque, 2006). This 
is exploratory research using qualitative data that was 
collected through four Focus Group Discussions (FGD) 
in October and November 2020.

Table 1 describes the series of FGDs involved nine 
experts from a university, a publisher, a digital printing 
consultant, a business consultant, a disrupted public 
transport provider, and a multi-national printing com-
pany. The scenario creation was conducted with itera-
tive reframing and reperception as an Oxford Scenario 
Planning Approach (Ramírez and Wilkinson, 2016). The 
FGD series allowed participants as learners to change 
their individual perceptions to a broader environ-
ment that never crossed their minds. In this scenario 
planning development, external environments in the 
political, economic, sociocultural, technological, envi-

Table 1: Focus Group Discussions participants

No. Level Organization Work experience

1 Senior Manager Multi-national printing ink company 23 years of experience and also active in the printing 
community

2 Manager Multi-national printing ink company 14 years of experience
3 Supervisor Multi-national printing ink company 12 years of experience
4 Supervisor Multi-national printing ink company 15 years of experience
5 Lecturer University 7 years of academic experience
6 Chief Editor Publisher 17 years of experience
7 Manager Digital printing consultant 20 years of experience
8 Director Business consultant 22 years of experience in two multi-national printing 

ink companies, 13 years of experience as a business 
executive coach and author of business books

9 General Manager Public transport provider 21 years of experience
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ronmental, and legal factors called PESTEL framework 
and TUNA impacts are dynamic. For the company to 
sustain its competitive advantage, any fit between its 
internal strengths and the external environment must 
be dynamic (Rothaermel, 2017, p. 123). Dynamic capa-
bilities relate to the capability of the company to sense 
and seize any opportunities, to navigate any threats, to 
combine and reconfigure its assets for building long-
run value by responding to changing customer needs 
(Teece, 2009, p. 54). The dynamic capability framework 
introduced by Einar Lier Madsen provides an under-
standing of how the company can explore and exploit 
its external and internal resources (Madsen, 2010). 
Even though this research involves the subjective inter-
pretation of an expert team, the objective analysis of 
the theoretical framework is also applied.

3.  Results

3.1  Driving forces 

The expert team explored external factors around the 
key focal issue that consist of trends, emergencies, 
ignored things, and uncontrolled forces that influence 
the company’s future. Table 2 describes that 17 driving 
forces were discussed during exploration and scenario 
creation. The driving forces will create future scenar-
ios for the print media industry in Indonesia and may 
impact a multi-national printing ink company that 
has a trading activity in Indonesia over the next five 
years. During FGDs, the driving forces were analyzed 
and grouped into clusters as illustrated in Figure 1. 

The clusters show potential alternative futures to be 
shaped as a scenario framework. The extinct print 
media cluster and the limited optimism cluster are 
contradicting frames that help the research to create 
a contrasting future whose differences make a differ-
ence to decision-makers (Schwartz, 1991). In addition, 
the global ink group domination cluster indicates a 
dependency on the global supply chain which adds to 
the uncertainty that a company at a country level faces.

The massive use of digital technology, pandemic, 
changes in people’s behavior, online journalism, and 
global penetration from digital-based companies will 
lead to extinct print media in the future. Digitalization 
is happening in various sectors and replacing the posi-
tion of print media in delivering information, news, 
and knowledge to the public. The public is not only 
a media user but also a source of information in the 
media and it is free for anyone to share news online. 
In the current pandemic conditions, people are forced 
to maintain social distances, work from home, and 
long-distance learning, which prioritizes internet 
usage that is safer from viruses. Changes in people’s 
behavior from conventional media to digital media will 
take place also as generations change. Global competi-
tion campaigns such as paperless issues give another 
impact on the weakening of the position of the print 
media in the future.

Experts believe that limited optimism about the sus-
tained print media may happen over the next five years. 
The trust of the media community, both domestically 
and abroad, is the support for the print media as a part 

Table 2: Driving forces involvement in Focus Group Discussions

No. Driving forces
Exploration 
FGD1  FGD2

Scenario 
creation 
FGD3  FGD4

 1 The massive use of digital technology   
 2 Pandemic   
 3 Changes in people’s behavior    
 4 Freedom of online journalism    
 5 Global competition from digital-based companies   
 6 Trust from media stakeholders, especially from the community   
 7 Lean organization of print media   
 8 Government regulations in formulating the educational curriculum    
 9 Awareness of emerging health problems due to digital media consumption    
10 Geopolitics  
11 Global ink network support    
12 Changes in market orientation   
13 The existence profit as the last stand to support print media   
14 Availability of internet connection in remote areas   
15 The emergence of media convergence   
16 The need for environmentally friendly products   
17 Investment in climate support from political parties through Omnibus law (2020)   
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country level whether the company can continue and 
be the last stand that supplies the ink to the remaining 
print media industry.

Outside the three clusters, experts put other driving 
forces in the middle of the clusters. Availability of 
internet connections in remote areas and media con-
vergence provide an uncertain future that may create 
limited optimism or lead to extinct print media. The 
trend of going green stops forest destruction as a raw 
material resource for the paper while managing haz-
ardous and toxic waste may address both digital and 
print media. A similar case is for investment climate 
support. Omnibus law supported by political parties 
may also encourage digital technology adoption of 
startups as well as global ink supplier domination in 
the Indonesian market.

3.2  Scenarios creation 

There were 16 driving forces identified in the initial 
exploration stage and one driving force, geopolitics, 
arose in the scenario creation stage when the experts 
reframed and challenged the initial scenario frame-
work. The initial framework was constructed with two 
initial critical uncertainties based on expert team rank 
in appendix A. The two highest critical uncertainty 

of media convergence. Print media companies are also 
trying to minimize losses by downsizing and restruc-
turing their organizations. In the education sector, stu-
dents still require printed books for studying especially 
for elementary, junior, and senior high schools, even 
in the current pandemic. Despite the government’s 
effort to make electronic schoolbooks (so-called Buku 
Sekolah Elektronik or BSE in Indonesian term) availa-
ble so that students can download them for free, it is 
less effective in regions with a poor internet connec-
tion and lack of access to computers or other digital 
devices. The printed version of the books is still pref-
erable. The parents also limit their children in the use 
of the digital device as unhealthy behavior on the con-
sumption of digital media will cause health complaints 
such as the influence of children’s brain development, 
eye fatigue, and so on.

Experts recognize that the global ink group drives its 
subsidiaries to contribute to a global future. The local 
ink company is controlled by the global group where 
the materials still depend on global supply. As it relies 
on international trade, the geopolitical risk will create 
a level of supply stability worldwide. The global ink 
group will also observe the emerging print-on-demand 
market and growing packaging market. The global 
decision will also provide their subsidiaries at the 

Figure 1: Driving force clusters
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scores, pandemic, and global ink network support rep-
resent two factors that have high importance and high 
uncertainty so those are the potentially to be devel-
oped as an initial scenario framework for print media 
future.

The expert team tried to challenge the initial combina-
tion of pandemic and global ink network. It is realized 
that without the pandemic, the changes in people’s 
behavior will happen as generations change. The pan-
demic factor is the only accelerator for the changes. 
Changes in people’s behavior are one of the uncertain 
factors that have a high impact on the company. The 
combination of government regulation and the mar-
ket that creates four scenarios in the emerging media 
trend exploration (Picha Edwardsson and Pargman, 
2014) is less relevant in this research as digital disrup-
tion leads the media market to adopt advanced digital 
technology and government regulation will align with 
the technology adoption as well. Experts argue that 
regulation will follow the development of technology 
in the end. Digital disruption on transportation, for 
example, a startup called Gojek, was at first against the 
prevailing regulation on public transportation but in 
the end, the government allows them to be an alterna-
tive of public transportation in Indonesia.

The research describes global ink network support as 
the availability of global ink supply. From the supply 
chain perspective, a trading company is at much greater 
risk because the supply chain has become more interde-
pendent, complex, and vulnerable to temporary or long-
term disruption (Blos, Wee and Yang, 2010). The limited 
global ink supply happened in the current Covid-19 
pandemic. The global ink supply chain faces a container 
shortage that incurs extra costs, delays, and difficulty in 
managing stocks. The company that relies on global ink 
supply, without having the ability to produce ink locally, 
fails to meet local ink demands. Local ink products may 
have a chance to establish their market and strengthen 
their position. Moreover, local governments always 
encourage industries to use local sources. Indonesia has 
a lot of resources that many industries can explore and 
exploit. Government policies such as high import tar-
iffs or by nature of high exchange rates lead industries 
to utilize their local resources. The global ink supply 
term is more coherent in applying the scenario frame-
work than a global ink network term. It offers a con-
trast of limited and widely available global ink supply. 
Limited global ink supply reflects the attraction of the 
use of local resources while widely available global ink 
supply reflects reliable global resources. This research 
proposes scenarios constructed by the interplay of the 
global ink supply chain and the changes in people’s 
behavior that is relevant for a multi-national printing 
ink company with only trading activity in Indonesia. The 
scenario framework, illustrated in Figure 2, creates four 

contrasting quadrants from the combination of global 
and local factors as well as the combination of supply 
and demand factors.

Figure 2: Scenarios of the future print media 
in Indonesia for a multi-national printing ink company

3.2.1 The extinct Dinosaur

Indonesian people are getting used to digital media and 
are leaving print media. Print media is becoming scarce. 
People only demand a few high-quality prints but the 
print media industry in Indonesia is unable to run its 
business. There is no certainty of high-quality ink supply 
even though the paper is still available. Long periods of 
global issues such as another new pandemic and geo-po-
litical tensions create obstacles to international trading. 
The global ink group prefers to secure ink supplies for 
the potential printing segment which can still thrive in 
the situation of limited international trade. Import activ-
ity becomes less as the government increases import 
tariffs or high exchange rates impact negative exposure. 
The extinction of print media is increasingly evident 
being eroded by the massiveness and development of 
digital technology adoption in remote areas. The gov-
ernment and private sectors work together to provide 
solutions to the lower society. The development of digi-
tal technology has succeeded in addressing the concerns 
of health problems and making it easier for the older 
generation to adapt. There will be no more newspapers, 
print magazines, print books, and print flyers. There are 
only digital news, e-magazines, e-books, and e-flyers. 
Print media will be remembered as part of the history 
of the past human civilization.

3.2.2 The last standing Komodo

The massive use of digital technology in Indonesia is 
supported by the increasing distribution of the inter-
net network to the villages, the affordable ownership 
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of digital devices, and enabling people to easily access 
the internet. Society is increasingly connected one to 
another freely so that certain communities that have 
the same orientation are formed. Amid the long-term 
easing of geopolitics between countries in the world, 
global access is increasingly open. The community 
becomes a global force that shapes and maintains 
certain beliefs and values, including the existence of 
a global community that still respects print media as 
part of media convergence in the hustle and bustle of 
the digital world. The print media industry is lean and 
able to survive with the continued supply of high-qual-
ity inks and high-quality paper, moreover, the selling 
price is absorbed. The community specifically provides 
an environment for print media that offers exclusive 
value as a cultural heritage that needs to be preserved.

3.2.3 The adaptive Shark

Tensions exist at the global level and the national level. 
High geopolitical risks and other global issues over 
a long period have led to a fragile global ink supply 
chain. Domestic tensions also arise when the exchange 
rate is high and import tariffs limit local companies 
from importing ink or its raw materials from other 
countries. Indonesian people still require print media, 
but the ink is not available even though the local 
paper sources are still reliable. The development of 
local conventional print media ink still requires fur-
ther research on the economic local resources of raw 
materials. Conventional printing technology is encour-
aged to meet the needs of print media. The production 
of local ink which has low quality can be an accept-
able alternative for national print media users. Digital 
printing is coming into the picture of the race to offer 
technological solutions that are forced into a long run 
while its ink supply and the printing cost become a 
big issue. Digital inks have the same problem as con-
ventional ink in terms of their import dependency. 
The fast adaptation of local printing ink technology, 
both digital and conventional, is the key to win in this 
competition.

3.2.4 The great optimistic Whale

People are still not satisfied with the use of digital 
media, especially in the education sector. The use of 
digital media is avoided because it is feared that it will 
interfere with children’s development. Elementary to 
high school education is still constrained by an une-
ven internet network and the inability of the lower 
society to buy digital devices and their internet quota. 
The government is considered to be slow in overcom-
ing this gap, while private investment is still very lim-
ited. The older generation still maintains their habit of 
using print media. The government realizes that print 
media is still needed by the people and provides room 

for the sustainability of the media printing business. 
Long-term conducive global conditions also ensure the 
sustainable availability of imported ink and domestic 
paper. The Indonesian print media industry has great 
optimism that it will survive in certain sectors under 
the role of the government and take advantage of the 
lack of satisfaction with the use of digital media in 
these sectors.

3.3  Early warning signals

Some indicators can signal an emerging scenario. 
Recognizing these indicators will give early warning 
alarms to the company so that they are ready to imple-
ment corporate activity to fit the scenario. The early 
warning signals that distinguish one scenario from 
another are presented in Table 3. There are four indi-
cators of changes in people behavior factors and three 
indicators of global ink supply factors.

The first indicator is the population who accesses the 
internet, and that the threshold percentage is 70 % of 
the total population of Indonesia. The Central Bureau 
of Statistics (BPS) Indonesia provides the percent-
age of individuals with access to the internet in 2019 
is 47.69 % of the 244 million population aged 5 years 
old and above (Sari, Utoyo and Anggraini, 2020). 
Considering the productive ages of 15 to 64 years 
old, which is 181 million people in 2019 (Badan Pusat 
Statistik, 2020), the number of individuals in the pro-
ductive ages who access the internet is low. People will 
be more dependent on digital media if all individuals in 
the productive ages access the internet that is around 
74.18 % of the 244 million population aged five years 
old and above. The emergence of this digital habit may 
consider 70 % of the total population accessing the 
internet already.

The second indicator is the number of villages with 
strong signal receptions of cellular phones. This reflects 
internet access available in remote areas in Indonesia. 
BPS provides 58,194 villages or 69.33 % of total villages 
in Indonesia have strong signal receptions of cellular 
phones in 2019 (Sari, Utoyo and Anggraini, 2020). The 
more villages in Indonesia have strong signal recep-
tions of cellular phones, the more chances to access 
the internet, and the more people depend on digital 
media. In the current state, it is not strong enough to 
declare that the majority of Indonesian people have 
access to digital media and many sectors still require 
the conventional way. Therefore this research proposes 
80 % of total villages having strong signal receptions of 
cellular phones as the threshold percentage to reflect 
digital penetration in Indonesia. The increase from the 
current coverage state of 69.33 % to 80 % indicates a 
major shift that may have a significant impact on peo-
ple’s behavior.
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The third indicator is web printing machine install-
ment in the last two years. The web printing machine 
is a representation of big print media volume. Rare 
installments of brand new or used web printing 
machines indicate the emergence of Shark scenario 
when the demand for print media is high, but the 
ink supply is less. Small quantity ink supply fits the 
small printing volume capacity of a sheetfed print-
ing machine. It limits investment in web printing 
machines only for compromised lower print qual-
ity of large print media volumes such as black and 
white school books. The number of rare installments 
can consider up to six press units of web printing 
machines. When many web printing machines are 
installed, it indicates the emergence of Whale sce-
nario that there is optimism on print media sus-
tainability. The number of many installments can be 
considered more than six press units of web printing 
machines. If no printing machine was installed in the 
last two years, it indicates the emergence of digital 
habit that people are leaving print media consump-
tion and switching to digital media. The company 
should record this activity by collecting data through 
the marketing team and its channels.

The fourth indicator is the existence of government 
projects for printed school books aid and papers. 
National elections require ballot papers, but if the gov-
ernment has adopted electronic elections using digital 
technology, ballot papers are no longer required. It is 
the same indication of the school books project. If the 
government has pushed the schools to utilize elec-
tronic books available on the internet, then students 
are more dependent on digital media. Current ballot 
papers and school book aid projects indicate people 
still have conventional habits. The company should be 
able to monitor and sense these signals from govern-
ment officers or through the associations.

The fifth indicator is import tariff. Based on the min-
ister of finance regulation no 6/PMK.010/2017 on 
stipulating the goods classification system and impos-
ing import duty on imported goods, import duty of 
pigments and inks are in the range of 0 % to 5 %. 
Increasing import duty affects increasing ink price 
or absorbing the cost by ink company. Import tariffs 
of more than 10 % indicate local sources offer more 
attraction than global group sources.

The sixth indicator is geopolitics that involves the coun-
try where the mother plants are located. Big printing 
ink manufacturers are global players and raw materials 
such as pigments and resins are traded internation-
ally involving both the US and China. The major sup-
pliers of petroleum resins as the main print media ink 
vehicles are from the US, China, Vietnam, and France. 
Global companies with international trade with both 
the US and China will have the potential to face obsta-
cles when there is trade war tension or direct bilateral 
conflict to one of them. Import and export activities 
have a chance to be hampered by high geopolitical risk.

The seventh indicator is a raw materials issue. The 
company should monitor the availability of ink supply 
from mother plants. Stock planners have to commu-
nicate intensively to mother plants and ask for clari-
fication on any delays in dispatching. Mother plants’ 
information on raw materials issues and difficulty in 
manufacturing are important to be noticed and indi-
cate instability of global ink supply. This causes a bad 
ink stock shortage for the company. The emergence of 
a limited global ink supply may take more than one 
month to resolve raw materials issues.

As the future is dynamic, the company should moni-
tor early warning signals. The company can appoint 
people in charge for capturing the population who 

Table 3: Early warning signals

Factor Indicator Source Dinosaur Komodo Shark Whale

Changes in 
people’s 
behavior

The population who accesses the 
internet

Annual BPS 
publication

≥ 70 % 
(high)

≥ 70 % 
(high)

< 70 % 
(low)

< 70 % 
(low)

Villages with strong signal 
receptions for cellular phones

Annual BPS 
publication

≥ 80 % 
(high)

≥ 80 % 
(high)

< 80 % 
(low)

< 80 % 
(low)

Web printing machine 
installments in the last two years

Marketing 
team

none none 1–6 units 
(rare)

> 6 units 
(many)

Government project for printed 
books and papers

Marketing 
team

none none exist exist

Global ink 
supply

Import tariff for print media inks Government 
regulation

≥ 10 % < 10 % ≥ 10 % < 10 %

Geopolitics Government 
statements

hampered 
(high)

normal 
(low)

hampered 
(high)

normal 
(low)

Raw material issue Import planner ≥ 1 month < 1 month ≥ 1 month < 1 month
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accesses the internet and the number of villages 
with strong reception signals of cellular phones from 
annual BPS publication, recording number of web 
printing machines installment every quarter, record-
ing government projects existence for printed books 
and papers every semester, recording every movement 
of import tariffs, capturing every event of geopolitics 
that involves the mother plants’ country, and capturing 
every event of raw material issues. The integration of 
monitoring emerging scenario signals to the compa-
ny’s activity will guide the company to always be on 
the appropriate track.

4.  Discussion

4.1  Scenario implications and options

Each scenario gives its implications to the company 
and provides the available options that consider the 
current state of the company. The print media market 
tends to be stagnant in the Whale scenario while oth-
ers indicate it has shrunk and even become extinct. The 
company has some options on each scenario where the 
print media market still can contribute to the revenue 
or focus on other markets such as the packaging ink 
market and the digital ink market to survive and grow.

The implications in Dinosaur are the loss of a significant 
source of revenue, the lack of reliable human capital 
and new technological knowledge, and the dissolution 
of a company by the parent company. The available 
options for the company are maximizing sales achieve-
ment in other market segments, developing local ink 
products, and exploring the chances of getting support 
from the other subsidiaries of the parent company to 
penetrate the potential market in Indonesia. Dinosaur 
challenges the development of local packaging ink that 
is one of the core competencies of the parent company. 
This core competency provides the ability of the com-
pany to explore and exploit the resources faster.

Komodo has similar people’s behavior as Dinosaur but 
there is a community environment that sustains the 
special needs of high-quality print media supported 
by the global supply. There are decreasing revenue 
and hard competition on the shrinking print media 
ink market. The company may consider product diver-
sification with three options. First, product diversifi-
cation on conventional ink technology and continuing 
to supply the print media industry. Second, product 
diversification in digital printing ink supplied by other 
global digital printing ink manufacturers. Third, prod-
uct diversification on both conventional and digital ink 
technologies. Many challenges arise in the Komodo 
scenario. The decision of being the last standing print 
media ink supplier in Indonesia challenges the global 

cost leadership strategy. Product diversification on dig-
ital printing ink also is not easy as it requires new com-
petency building for the company although the supply 
is widely available in the global network.

The uncertainty of the ink supply from imports in the 
Shark scenario can disrupt the business relationship 
and losing customers’ trust. The company has difficulty 
competing with the local product from competitors. 
Regaining customer trust should be taken such as pro-
viding extra service to save ink usage, reuse leftover 
inks, and reduce print waste on a daily operational basis. 
Another option is establishing a local innovative R&D 
team that focuses on developing print media ink from 
available local resources. This local innovative product 
formulation from local resources is the challenge in the 
Shark scenario. It requires an R&D project collabora-
tion and manufacturing activity for print media ink.

In the Whale scenario, the print media market tends to 
be stagnant while the parent company demands busi-
ness growth. The price issue is the only selling point 
that can be played in the competition among media ink 
suppliers in Indonesia. The options are being a print 
media market leader with a cost leadership strat-
egy, creating a business commitment, and customer 
engagement. The company may approach printing 
media companies who have international relation-
ships that may provide export. Whale challenges to be 
a market leader in Indonesia for print media ink and 
expanding to the export market.

4.2  Strategic imperatives

The implications and options enable the company to 
formulate strategic imperatives that apply to most of 
the scenarios. A strategic imperative consists of activi-
ties that change the current state of the company to be 
better prepared for the future. This research proposes 
the strategic imperatives that will change the state of 
the company from insufficient R&D to innovative R&D, 
from selling conventional inks only to also selling digital 
inks, and from trading activity to manufacturing activity. 
The strategic imperative activities also are required to 
be adapted as the emergence of the scenario. An annual 
management meeting determines the situation based 
on the monitored signals and which adjustments the 
company should make to the strategic activities that are 
summarized in appendix B. The company is expected to 
be ready to face any scenario that happens and continue 
to grow and perform at the end of or after five years.

4.2.1 Innovative R&D

Investment in human capital becomes important and 
contributes to growth. People’s knowledge in the com-
pany becomes tangible as well as intangible resources 
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that can be captured, stored, and shared to produce 
the innovation. A successful R&D team not only gen-
erates innovative ideas but also transfers these newly 
created concepts through the organizational system 
for economic gain (Thamhain, 2003). Recruiting R&D 
people who have expertise in packaging technology for 
both offset printing and gravure printing is necessary. 
The company should provide R&D facilities to support 
the research projects. The R&D team collaborates the 
research projects with other parties such as graphics 
schools and universities for local development projects. 

In the first year, the company forms an R&D team by 
recruiting experienced people from other competitors. 
The R&D team should be able to handle a research 
project on conventional ink formulation of both print 
media ink technology and packaging ink technology. 
Basic laboratory instruments should also be provided, 
whatever the scenario emerges. In the following years, 
team building and specific laboratory instruments pur-
chasing will refer to the scenario. Dinosaur or Komodo 
lead R&D project on packaging ink technology while 
Shark or Whale lead R&D project on print media ink 
technology. Collaborative research projects with other 
parties such as graphic schools and universities also 
follow the same direction.

4.2.2 Product diversification

Product diversification enables the company to serve 
the broader market even though it requires building 
a new core competency for the company. The per-
formance of product diversification may be contin-
gent both on the specific home country environment 
and time period (Benito-Osorio, Guerras-Martin and 
Zuñiga-Vicente, 2012). The abundance of natural 
resources in Indonesia and the five year period pro-
vide a chance for the company to perform local prod-
uct diversification. As the future challenges of the print 
media in Indonesia are very dynamic, the company 
must have dynamic capabilities that do not only offer 
print media inks but also packaging inks and digital 
printing inks to the markets.

Assessing potential domestic ink markets and global 
suppliers for new ink markets is conducted in the 
first year and the third year whatever the scenario 
emerged. This includes feasibility studies to support 
business proposals on product diversification for the 
following years. The business proposal includes con-
ventional ink market development by global ink supply 
and a new digital ink market development by a part-
nership with a global digital ink manufacturer. In the 
second year, if the scenario is Whale or Komodo, the 
company can generate stocks for new conventional ink 
products immediately from the global ink supply. If the 
scenario is Dinosaur or Komodo, it will need further 

study to prepare a partnership agreement and ask for 
the parent company’s approval. This partnership activ-
ity can only be implemented in the third year if there is 
any Dinosaur or Komodo signal.

4.2.3 Local ink manufacture

Local manufacture will secure continuity in ink supply 
to customers; moreover, the local R&D team works on 
local resource consumption. Design global–manufac-
ture local (Kostakis, et al., 2015) can also be consid-
ered in conventional ink manufacturing as the global 
ink company has its global ink technology while local 
markets have local varieties of printed products. The 
company can propose a local manufacturer for offset 
printing ink or gravure printing ink after the R&D team 
shows the progress of the research project on it. The 
proposal includes the option of partnership with a 
local ink or paint manufacturer for production facilities 
only or building own ink production facilities.

There will not be any local ink manufacturing activ-
ity in the first two years. The only possible time to 
establish a local ink production is in the third year if 
there is a positive result from the R&D team in terms 
of local ink formulation. It will be difficult to be ready 
for future challenges in the next five years if establish-
ing a local manufacturing facility starts in the fourth 
and fifth year. This activity only applies to Dinosaur, 
Komodo, and Shark scenarios. If the Dinosaur signals 
are strong and the R&D team has been successful in a 
local packaging ink formulation, then a local ink man-
ufacturing facility can be proposed to the parent com-
pany and start to be executed after their approval. If 
Komodo signals emerge in the third year, the local ink 
manufacture will open to produce finished ink from 
the intermediate product supplied by global ink man-
ufacturing in case of local R&D projects fail to search 
economic raw materials locally. If the Shark emerges in 
the third year and R&D has been successful in a local 
print media ink formulation, then a local ink manufac-
turing facility can be proposed to the parent company 
and started to be executed after their approval as well. 
This activity required a strong sense of early warning 
signals in the third year.

5.  Conclusions

The focal issue of this research is how digital dis-
ruption in the print media industry in Indonesia will 
affect a multi-national printing ink company over the 
next five years. Scenario planning development identi-
fies many driving forces and creates some alternative 
frames for future digital disruption. Four scenarios 
are constructed by a combination of limited or widely 
available global ink supply and the changes in people’s 
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behavior from conventional media to digital media. 
The extinct Dinosaur describes the domination of dig-
ital technology and the print media industry no longer 
exists anymore. The last standing Komodo describes 
a small room in the high-quality print media industry 
supported by its community amid a full digital life-
style. The adaptive Shark describes the innovative pace 
of resolving imbalanced supply and demand in print 
media. The optimistic Whale describes limited print 
media sustainability amid the failure of digital tech-
nology to serve public needs.

Through scenario planning development, the company 
can realize the future implications and prepare the 
strategy to face it. Three strategic imperatives should 

be conducted by the company to address future digital 
disruption in print media in Indonesia. Those are local 
innovative R&D building, product basket development 
for both conventional packaging and digital printing 
inks, and business activity expansion from trading to 
manufacturing. The strategic imperative activities also 
are required to be adapted based on monitored signals 
and which adjustments the company should make to 
the strategic activities. The company may introduce 
this scenario planning approach to the parent com-
pany and propose to use it as a basis of the company’s 
strategy. Scenario planning development can be imple-
mented globally to have the ability to adapt quickly or 
build new scenarios when facing emerging risks and 
crises at the global, regional, and country-level.
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Appendix A: Driving force rank

No. Driving forces
Uncertainty 
score

Impact 
score

Critical 
uncertainty 
score

 1 Pandemic 31 30 61
 2 Global ink network support 24 33 57
 3 The existence profit as the last stand to support print media 26 29 55
 4 Freedom of online journalism 21 33 54
 5 The need for environmentally friendly products 24 30 54
 6 Investment climate support from political parties through Omnibus law 24 30 54
 7 The massive use of digital technology 18 35 53
 8 Global competition from digital-based companies 17 36 53
 9 Availability of internet connection in remote areas 18 35 53
10 The emergence of media convergence 20 33 53
11 Lean organization of print media 22 31 53
12 Government regulations in formulating the educational curriculum 21 32 53
13 Changes in people’s behavior 18 34 52
14 Trust from media stakeholders, especially from the community 23 29 52
15 Awareness of emerging health problems due to digital media consumption 27 25 52
16 Changes in market orientation 15 35 50

Driving force rank was conducted by distributing a questionnaire to the expert team based on the second FGD. There 
were nine respondents. The scores are calculated based on the degree of uncertainty and the degree of impact on every 
driving force as follows:
1 = Low
2 = Low to Moderate
3 = Moderate
4 = Moderate to High
5 = High
Uncertainty score and impact score could range from 9 (as the lowest) to 45 (as the highest)
Critical uncertainty score from 18 (as the lowest) to 90 (as the highest)
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Appendix B: Activity plan on strategic imperatives

Strategy Activity
Year 
1      2      3      4      5

General Monitoring early warning signals DK 
SW

DK 
SW

DK 
SW

DK 
SW

DK 
SW

Building 
innovative 
R&D

Forming R&D team DK 
SW

DK 
SW

DK 
SW

Providing R&D facilities DK 
SW

DK 
SW

DK 
SW

Collaborating R&D projects 
with other parties

DK 
SW

DK 
SW

DK 
SW

DK 
SW

Developing 
product 
basket

Assessing potential ink markets in Indonesia including a 
feasibility study

DK 
SW

DK 
SW

Assessing global suppliers for new ink markets including 
feasibility study

DK 
SW

DK 
SW

Proposing product diversification plan including the choice 
of inhouse development or strategic alliances through a 
partnership

DK 
SW

DK 
SW

DK 
SW

DK 
SW

Establishing partnership agreement with global digital ink 
manufacturer and local packaging ink company 
(in case of partnership for the saleable product)

DK 
S

DK 
S

DK 
S

Generating stocks for new conventional ink products 
provided by global group (in case of in-house development)

K 
W

K 
W

K 
W

K 
W

Establishing 
local 
manufacture

Proposing local manufacture plan including the choice 
of inhouse development or strategic alliances through 
partnership or acquisition of a local ink manufacturer

DK 
S

DK 
S

DK 
S

Establishing partnership agreement with other ink or paint 
manufacturer (in case of partnership for production facilities)

DK 
S

DK 
S

DK 
S

Establishing acquisition process of a local packaging ink 
manufacturer (in case of acquisition)

DK 
S

DK 
S

Establishing local conventional ink manufacture including 
licenses, human resources, infrastructure, and equipment 
(in case of in-house development)

DK 
S

Remarks: D = Dinosaur, K = Komodo, S = Shark, W = Whale
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1.  Introduction

Technological changes have influenced book produc-
tion, mainly through the computerization of printing 
processes (Tian and Martin, 2010; Steinberg, 2017; 
Brillenburg Wurth, Driscoll and Pressman, 2018; 
Zimmermann, Ferreira and Carizzo Moreira, 2019), and 
have driven the development of digital printing, pro­
viding book print ing houses with a more efficient and 
flexible tool to meet the new demands and require-
ments of the market: shorter print runs, printing 
on­demand and customization of print copies, among 
others (Gallagher, 2014; Wilson­Higgins, 2017).

The printing industry – one of the most technically 
advanced and complex – faces significant technology 
management challenges, particularly since the emer-
gence of innovations, such as, among others, the new 
digital workflows or digital printing technologies. This 
pace shows no sign of slowing and seems to have sped 
up in recent years. The printing industry could now 
be said to be in a state of almost continual change. 
Nonetheless, many of those problems display signifi-
cant opportunities for the analysis and further devel-
opment of solutions (Prakhya and Hull, 2006). The 
introduction of new technologies and the Internet in 

book printing houses significantly improved their pro-
duction processes and communication with their cus-
tomers (Longhi and Rochhia, 2014; Clark, and Phillips, 
2019). Accordingly, a new online printing model 
appears, characterized by Internet sales and the digital 
printing system. There is an unfolding of the channel, 
so both channels coexist simultaneously: the ‘offline’ 
with the ‘online’ (Wang, Tsai, and Chang, 2016; North 
and Kumta, 2018). Internet sales have meant for book 
printing houses the possibility of connecting with a 
new customer profile beyond their area of geograph-
ical influence and increasing its efficiency by shorten-
ing delivery times (Minguela­Rata, Arias­Aranda and 
Opazo­Basáez, 2014; Świerczek, 2014; Wang and Disney, 
2016). Nowadays, more and more book printing houses 
allow the production of books ordered on the Internet 
without the publisher having to go to the book printing 
house (or conversely) with a file to print since it is pos-
sible sending it through File Transfer Protocol (FTP).

Innovation and technological change in book printing 
houses increasingly depend on technologies and stand­
ards external to this industry (Benghozi and Salvador, 
2016; Fleischmann, Daniel and Welters, 2017; Grodach, 
O’Connor and Gibson, 2017; Protogerou, Kontolaimou 
and Caloghirou, 2017). Digital printing or new printing 

JPMTR­2008 Case study | 146
DOI 10.14622/JPMTR­2008 Received: 2020­05­04
UDC 655.1(460)004.91(02) Accepted: 2021­02­16

Coming face to face with innovation and digitization: 

the case of book printing in Spain

Marta Magadán-Díaz and Jesús I. Rivas-García

Universidad Internacional de La Rioja, marta.magadan@unir.net 
Faculty of Business Administration and Communication, jesus.rivas@unir.net 
Av. de la Paz, 137, 26006 Logroño, La Rioja, Spain 

Abstract

This paper deals with how technological change and digitization in the Spanish book printing sector are challenging 
existing business models and encouraging printers to modify their product portfolio and core competencies. This 
research analyzes the impact of digitization on the business models of Spanish book printing houses. The case studies 
conclude that: a) book printing houses, although aware of the necessary digital transformation, continue to maintain 
the traditional business model alongside the new one, b) customers are the main driving force for digital transfor-
mation in book printing houses, c) there is a trade­off between cultural and environmental policies as drivers of the 
paradigm shift in book printing houses and d) the digital context is a motivating factor for book printing houses to 
integrate vertically downstream.

Keywords: core competences, cultural policy, digital transformation, book printing house, business model



48 M. Magadán-Díaz and J.I. Rivas-García – J. Print Media Technol. Res. – Vol. 10 No. 1 (2021), 47–59

materials, such as mineral paper, would be examples 
of how book printing houses adopt innovations from 
more technical sectors (Zimmermann, Ferreira and 
Carizzo Moreira, 2016; Schulte­Holthaus, 2018). In this 
regard, it can be noted that the most frequent is the 
adoption of innovations, basically, from the world of 
technology, and managing the implementation of new 
technology efficiently and effectively will be, thus, a 
critical success factor in the printing industry (Prakhya 
and Hull, 2006).

The transition to digital technologies of book produc-
tion has influenced trades and professions, which, until 
relatively recently, were significant in graphic arts, 
such as linotypists or proofreaders, among others. 
Procedures that were recently highly labor­intensive 
have been automated, digitized, and replaced by work-
ers skilled in the use of digital­based technologies. In 
this case, there is a process of creative destruction 
associated with new companies, new technologies, 
and qualified human resources. Creative destruction 
generates the possibility of new businesses within the 
book printing houses, such as on­demand printing and 
online title management, while, on the other, it dis-
places processes from conventional to digital printing. 
Those book printing houses best adapting to the pub-
lishing market dynamism will be the ones sustained 
over time. As said above, two printing formulas coexist: 
conventional and digital. 

One of the relative advantages of digital printing, in 
comparison with conventional printing, has to do with 
cost reduction in short print runs: in digital printing, 
the unit cost is fixed and independent of the number 
of printed copies, while in conventional printing, the 
unit cost per copy diminishes according to print runs, 
which places digital printing as an ideal option for 
short print runs (Kranz and Picot, 2016). 

The academic literature underlines that technological 
changes can redefine any industry where inserted and 
modify its pre­existing business models (Christensen, 
1997; Bindra, Parameswar and Dhir, 2019), but also 
stresses that the changes operated are gradual and 
go through different stages before the consolidation 
of a new dominant paradigm or productive model 
(Abernathy and Utterback, 1978; Dodgson and Gann, 
2018). On the other hand, the little existing research on 
digitization in graphic arts has been based mainly on 
describing changes in production processes, but not on 
their impact on business models. (Magadán Diáz and 
Rivas García, 2019).

A study of the impact of digitization on book printing 
houses’ business models is the general goal of this 
research, and the specific objectives focus on finding 
answers to the following questions: a) how does dig-

itization affect the business models of book printing 
houses?; b) how do book printing houses adapt to the 
new private demand needs?; c) to what extent can 
public policies influence changes in the book printing 
paradigm?; and d) does digitization lead book printing 
houses to integrate vertically downstream?

Innovation is not a choice but a need in this era of 
rapid changes in the printing industry. The printing 
industry is the perfect one to analyze rapid technolog-
ical changes and problems associated with these and 
develop methods for overcoming all those difficulties, 
guaranteeing technical changes proceed appropriately 
(Prakhya and Hull, 2006).

The study is structured as follows: the second section 
offers the theoretical framework; the third section 
describes the case study; the fourth section includes 
the main findings derived from the analysis and, finally, 
the fifth section summarizes the conclusions reached.

2.  Theoretical framework

This section presents the leading theories on business 
models, digitization, and innovation management, 
which constitute the conceptual and analytical frame-
work for carrying out case studies in this work.

2.1  Business models

A business model defines how organizations create 
and deliver value to their customers and structures 
the market in which runs, placing themselves within a 
value chain composed of suppliers, intermediaries, and 
customers (Amit and Zott, 2001; Teece, 2010; DaSilva 
and Trkman, 2014; Spieth, Schneckenberg and Ricart, 
2014; Wirtz, et al., 2016; Foss and Saebi, 2017; Mazzarol 
and Reboud, 2020). In short, a business model: i) rep-
resents the operative architecture behind the value 
chains and supply of a product, and ii) facilitates both 
the understanding and the response given by organiza-
tions to the market and its needs (Foss and Saebi, 2018).

Digital transformation and technological change – in 
the book printing sector – not only foster new ways 
of presenting their products through digital print-
ing but also favor the development of new business 
models, among which online sales can be highlighted 
(Peng, 2016; North and Kumta, 2018; Wirtz, 2019). The 
joint result of all these changes for organizations is 
the need to adapt their respective business models to 
make profitable the changes derived from technologi-
cal innovations (Sabatier, Mangematin, Rousselle, 2010; 
DaSilva and Trkman, 2014; Spieth, Schneckenberg and 
Ricart, 2014; Wirtz, et al., 2016; Foss and Saebi, 2017; 
Mazzarol and Reboud, 2020).
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Companies belonging to sectors that are considered 
mature – such as graphic arts – should be dynam-
ized and adapted to improve both their competitive-
ness and their sustainable development in the face of 
environmental changes, so it is necessary to study the 
interactions among innovation, digitization, and busi-
ness model in the framework of the current economy 
(Andreini and Bettinelli, 2017; Afuah, 2014; Visnjic, 
Wiengarten and Neely, 2014; Martins, Rindova and 
Greenbaum, 2015; Evans, et al., 2017).

It is significant to highlight the role of an open innova-
tion culture within organizations (Stanko, Fisher and 
Bogers, 2017; Enkel, Bogers and Chesbrough, 2020). 
Business organizations will be able to detect new busi-
ness opportunities, either from within their structures 
or in collaboration with other digital organizations, 
driving the transformation of mature sectors with new 
products, services, techniques, and ideas, that is, with 
new logics for value creation (Viljakainen, Toivonen 
and Seisto, 2016; Massa, Gianluigi and Tucci, 2018; 
Majchrzak and Malhotra, 2020).

2.2  Knowledge and innovation

Knowledge and innovation are the main factors for 
today’s organizations, as they represent the essence 
of their competitive advantage and promote changes 
in business models to better adapt to environmental 
conditions (Luong, et al., 2017; Magadán Diáz and Rivas 
García, 2019). The redefinition of an existing business 
model demands the capability to produce or absorb 
new knowledge (Afuah, 2014; Hsieh and Wu, 2019; 
Snihur and Wiklund, 2019).

Innovation is a fundamental source of competitive 
advantages for business organizations, promoting, at 
the same time, the sectoral development in which they 
locate (Schumpeter, 1934; Dodgson, 2018; Malerba 
and Pisano, 2019). However, innovation processes 
depend on the size of an organization: a) to make big-
ger R+D+I (Research, Development, and Innovation), 

b) to hire technically qualified personnel, and c) to 
compensate for the risks from the investment in 
R+D+I with higher sales (Schumpeter, 1934). From 
the knowledge perspective, innovation is supposed 
to be a paramount factor in any production process 
and a source of value­generating competitive advan-
tages with cumulative effects (Alvarez and Barney, 
2017; Dayan, Heisig and Matos, 2017). One of these 
innovation sources is the business organizations’ 
ability to access and strategically manage knowledge, 
also known as absorption capacity (Reid, et al., 2018; 
Patel, 2019; Kafouros, et al., 2020).

Knowledge and innovation in the graphic arts sector 
are increasingly dependent on technologies and stand-
ards that are external to this industry, which will boost 
the search for open innovation in companies from 
the graphic arts sector, both via knowledge overflow 
and via agreements with specialized organizations 
(Benghozi and Salvador, 2016; Fleischmann, Daniel and 
Welters, 2017; Grodach, O’Connor and Gibson, 2017; 
Magadán Diáz and Rivas García, 2019; Protogerou, 
Kontolaimou and Caloghirou, 2017).

2.3  Print digitization

The impact of the Internet and digitization on economic 
systems causes very different effects among diverse 
industries depending on whether they integrate tech-
nical changes into their respective production pro-
cesses or not. For organizations integrating technical 
changes, this can mean gains in productivity, while 
for non­integrators it implies just the opposite, to the 
point that the sectoral transformation operated by the 
organizations integrating change ends up undermining 
the old existing business models of the organizations 
outside such impacts, and that finally see themselves 
close to closure (Martin and Tian, 2016; Magadán Diáz 
and Rivas García, 2019). In sum, the transition from 
offline to online portfolio products will pose critical 
challenges and changes for the graphic arts industry 
(Mohammed Ali, et al., 2019; Gallagher, 2014).

Figure 1: Research and conceptual framework of the case study
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2.4  Research and conceptual framework

Once analyzed the theoretical framework to study 
the impact of digitization on printing business mod-
els, Figure 1 provides the research framework for this 
study. This research and conceptual framework show 
the relationships among the following aspects: the 
adoption of technology, adaptation to market needs, 
the influence of public policies and their effects on the 
value chain, and possible vertical integration.

From the research and conceptual framework shown 
in Figure 1, it is proceeded to present the case studies 
together with the findings obtained.

3.  Case studies: digitization  
in Spanish book printing houses

This section presents the case studies conducted on 
the digitization of three Spanish book printing houses, 
according to their size, and the Spanish context.

3.1  The Spanish context

Spain is one of the European countries with the larg-
est number of companies and production volumes 
in the graphic industry. It is a very atomized sector, 
with numerous companies: 13 032 companies linked 
to graphic arts that employ 56 830 people (INE, 2019), 
with companies of very small size, with an average 
workforce of three people in 70 % of cases. They are 
usually family businesses and of domestic capital, 
although, in recent years, some investment funds are 
joining the graphic industry (CESCE, 2017).

The communities with the highest weight in the graphic 
arts sector are Madrid (23 %) and Catalonia (22 %), 
followed by Andalusia (11 %) and the Community of 
Valencia (10 %). There are also a few large companies 
and leading positions: the first five companies in the 
sector absorb 10 % of the market share and are inte-
grated into international groups (CESCE, 2017).

Firstly, customers of book printing companies benefit 
from the existence of an excess of supply in the market 
and, secondly, by the little or almost no differentiation 
in the quality of the products and services offered. 
Consequently, changing the printing service provider 
does not imply a significant opportunity cost. This 
industry suffers an excess of capacity (oversupply), 
causing closures and concentrations and forces the 
remaining book printing houses to be more productive.

Although the graphic arts sector has generated 5 523 
million euros (CESCE, 2017), the number of compa-
nies operating in Spain has been reducing since 2008. 

Many of these companies merged with others to sur-
vive, mainly due to their low production and profit-
ability. This decline was more pronounced since the 
Great Crisis of 2008, experiencing a hard adjustment 
in recent years, with the disappearance of small­sized 
companies and a meaningful diminishing in produc-
tion, motivated by the reduction of advertising invest-
ment and publishing activity.

A circumstance that contributes to the shortening of 
book printing activities is the spread of information 
through digital media (Davis, 2014; Wolford, 2016). 
Digital distribution of information and e­publishing has 
reduced the volume of production of the book printing 
houses (Cherian, 2015). Only analyzing the reduction 
of print runs published in Spain, for example, while in 
2016 the average print run was 2 749 copies, in 1997 it 
was of 6 670 copies, which has meant a reduction of 
59 % (Magadán­Diáz and Rivas­García, 2020).

Increasing production costs (machinery, paper, ink, 
and energy) and changing customer needs explain the 
fall in turnover in Spanish book printing houses. Hence, 
more and more companies in the sector focus on new 
online business models allowing them to: a) diversify 
their offer, b) streamline their production processes, 
and c) optimize costs.

The book printing sector in Spain is evolving and inno-
vating permanently, which is an essential process to 
guarantee the survival of companies that operate in 
a highly complex, dynamic, and hostile environment 
given the high intra­sectoral competitiveness that 
forces an update and improvement of their processes, 
increasingly oriented to digital printing – one of the 
fundamental sectoral innovations of recent years.

3.2  Case method

The method used to carry out the empirical study is 
that of the case study method. This approach is fun-
damentally interpretive (Cresswell, 2003) and fits 
the scope and objectives of this research because it 
offers the possibility of explaining or understanding 
a phenomenon, a process, or a combination of these 
(Corbetta, 2003).

This methodology turns out to be very suitable when 
the key questions are what (description), how, and why 
(application) in the generation of a theory (Snow and 
Thomas, 1994).

From the vast academic literature on the case study 
method, its foundations, and applications, must 
be underlined works and studies such as those of 
Eisenhardt (1989), Chetty (1996), Gerring (2007), 
Simons (2011), Yin (2011) or Elman, Gerring, and 
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methodological need for an informative triangulation 
that assesses the alignment of the responses obtained 
from the book printing houses to the existing docu-
mentary evidence and is publicly available.

As said above, the method used to carry out the empir-
ical study is the case method, as it is considered that 
two primary conditions or dimensions are met for 
its implementation: a) the type of questions that are 
sought to answer with the development of this inves-
tigation facilitates the application of the case study 
and b) the problem addressed is novel and complex 
enough to require an approach through this method 
(Yin, 2014; Ridder, 2017; Roseli Wünsch Takahashi and 
Araujo, 2019). 

This research selected three book printing houses – 
using, as said, a convenience sampling –, named as P1, 
P2, and P3. Next, the profile of each organization stud-
ied is summarized (see Table 1).

Three interviews were conducted from October to 
November 2019, with representatives of each one of the 
three selected book printing houses and carried out by 
the authors of this research; of those, one was in person 
(face to face), and the rest was by Skype. The questions 
formulated were broad enough so that those respon-
sible interviewed could freely delve into the issues 
raised. These open questions, despite having made the 
analysis more complex, have allowed us to achieve a 
much richer and more nuanced interpretation.

The questionnaire was prepared following Josselson 
(2013), considering, among others, the following rec-
ommendations: a) predominance of open versus 
closed questions; b) design questions that promote 
the narrative discourse of the interviewee so that the 
information flows naturally and organically; c) avoid 
the abuse of questions that require an answer to a 
‘why’ and force an intellectualization process of the 
interviewee that should be carried out by the person 
conducting the research; d) take into account how 
the interviewee expresses himself when addressing a 
question or proposed topic to better assess his posi-
tion on the question. 

Mahoney (2016). These works are considered seminal 
in an updated approach to the case study method, both 
in understanding and implementation.

The case study method has been applied to business 
management research on business cooperation asso-
ciations and agreements (Wilson and Vlosky, 1997; 
Yin, 2009), on managerial and organizational pro-
cesses (Grunow, 1995; Mintzberg, 1973) or related to 
operations management (Ketokivi and Choi, 2014), 
among others. In this context, we have chosen to use 
this methodology to develop the empirical analysis 
since the case study is one of the fundamental research 
strategies within the qualitative field, especially con-
cerning organizational change and innovation (Brown 
and Eisenhardt, 1997; McCutcheon and Meredith, 
1993; Pettigrew and Whipp, 1991; Van de Ven and 
Poole, 1990).

The book printing houses that make up this study were 
selected according to a criterion of convenience (acces-
sibility and profile sought for the set of cases); there-
fore, given the difficulty of accessing professionals in 
this field, only those who could effectively contribute 
to the questions of this research were selected, a nec-
essary condition in the case studies (Cresswell, 2003; 
Miles, Huberman and Saldaña, 2013).

In a case study, there should be a cross­check of data 
sources, which guarantees: a) its constructive validity, 
since the use of different data sources and analysis 
methods will allow a more accurate picture of the sub-
ject studied, and b) the possibility of replicating, with 
analogous researches, to confirm or refute the findings 
obtained (Bartlett and Vavrus, 2016; Elman, Gerring 
and Mahoney, 2016; Gummesson, 2017).

Among the different methods of evidence collection, 
this research used the following: a) search and review 
of documents of the book printing houses analyzed 
(documentary shreds of evidence like advertising, cat-
alogs, reports, and memorandums of the companies 
analyzed, as well as financial data, among others), and 
b) conducting structured interviews (face to face or 
via Skype). All this collection process responds to the 

Table 1: Description of cases of study

Company Named as Operating years Legal form
Employees 
rank

Turnover rank 
(in millions of €)

Book printing house 1 P1 59 Individual 
company

5–25 0.6–1.5

Book printing house 2 P2 28 Limited liability 
company

5–25 1.5–3

Book printing house 3 P3 66 Public limited 
company

25+ 6–30
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Finally, a narrative approach was adopted to convey 
the results of the analysis, seeking to establish a con-
nection between the themes. This narrative was paired 
with the bibliographic references, seeking validation of 
the results collected in the theoretical framework. This 
process culminated in reaching the main theoretical 
and practical implications of this research, described 
in the final observations of this study.

3.3  Digitization at a company level

To understand the challenges and opportunities in the 
graphic arts industry in Spain related to digitization, 
it is proceeded to the case studies of three reference 
printers, according to their size.

3.3.1 P1 book printing house

The P1 book printing house, established in 1958, takes 
the legal form of an individual company. It offers con-
ventional and digital printing services in short runs 
and on­demand. It was a pioneer in Spain in introduc-
ing digital printing and variable data over 21 years ago. 
Since the 1980s, P1 integrated pre­press, printing, and 
post­press services into its organization, being the first 
book printing house in its environment to incorporate 
a binding machine so as not to have to outsource this 
phase of the process and thus provide better service to 
its customers. Although P1 retains conventional print-
ing, this only accounts for 10 % of the total workload 
currently.

Since 1994, P1 has a web page that offers the presenta-
tion of the company and compliance with the privacy 
policy but does not offer an online quote request (only 
provided by email), or access to product catalogs, or 
access to price lists, or file delivery via FTP. Together 
with conventional printing services, P1 also offers, in 
addition to content digitization, the transformation of 
files into ePub or PDF format.

The P1 company has a brand for self­publishing, a 
downstream vertical integration, which its manager 
describes as ‘one more service we offer to our customers. 
We facilitate the procedures of the ISBN, and it comes out 
with a stamp without appearing author-editor, but, for 
me, that is not an editorial’, admits that, ‘although we 
were the first to introduce a digital book printing house 
in Spain, we still maintain an offset printing machine, 
but that we hardly use’ and finally concludes ‘right now, 
90 % of our turnover comes from digital printing’.

The manager of P1 points out that, for the moment, ‘we 
only produce paper books, from a copy up to those that 
our customers wish’ and that ‘once finished, we deliver it 
to them’ and adds ‘It is we who manage the ISBN and the 
legal deposit. The book comes out with our stamp, which 

we created for it’. Although they do not publish, for the 
moment, e­book, ‘we offer our customers the possibility 
of generating the e-file in ePub or PDF so that later they 
can upload it to some platform of e-books’.

Its manager highlights the quality of printing obtained, 
which is comparable to the print quality of an offset 
machine, noting that ‘with the new digital machines it 
is very difficult, with the naked eye, to know whether it 
is digital printing’. One of the brakes that have made 
digital printing no longer extend is that ‘digital print-
ing machines cannot standstill. For each copy we print, 
a percentage is paid to the equipment manufacturer plus 
a fixed fee, so you must ensure a good workflow and set 
the prices per sheet printing to avoid financial prob-
lems’, and points out that many book printing houses 
have suffered bad moments and have even closed as a 
result of ‘an aggressive pricing policy to attract custom-
ers so that the digital machine did not stop, but without 
covering costs’. Finally, the manager of P1 stresses that 
the future of book printing unavoidably goes through 
digital printing.

3.3.2 P2 book printing house

The P2 book printing house has a history of 28 years. 
Established in 1992, it adopts the legal form of a limited 
liability company. With net equity of 320 000 euros, the 
turnover of P2 moves in the range of 1.5 and 3 million 
euros in 2019. However, the CEO of P2 acknowledges 
that the trend of its turnover was downward since 
2014, with a fall estimated at approximately 6.5 %. The 
P2 printing house has a powerful web page that shows: 
a) the presentation of the company, b) the request for 
online quotes, c) the monitoring of the evolution of the 
order, d) the possibility of sending files via FTP, and 
e) compliance of the privacy policy. Together with con-
ventional and digital printing services, it also offers, in 
addition to the digitization of content, the possibility of 
making e­books with the incorporation of multimedia 
content adaptable to any reading device. The P2 has its 
FTP server for the reception of files using the client/
model and works so that each publishing company can 
send them through this system. All the aforementioned 
tasks are performed by offering quotation request ser-
vices through its website and with real­time response. 
For this, users must be registered as customers, who 
are provided with a digital identification and a pass-
word. Once the budget has been provided, users have 
the option to place the order or leave it. For more 
than four years, P2 offers publishers the possibility 
of distributing and marketing their funds, both those 
of paper and e­books, managing the relationship with 
digital platforms, and offering sales control tools. It 
stands out that those who are making more use of this 
distribution tool are those who self­publish. So far, P2 
has not developed its publishing label.
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Although the book printing house began its journey 
with conventional printing, its CEO points out that ‘our 
book printing house is fully digital’. Also, it is highlighted 
that the print quality achieved has nothing to envy to 
an offset machine: ‘the introduction of digital machines 
has allowed us to do more work in less time and improve 
the service we offer to our customers’, to which adds 
that ‘digital printing is very fast, the ink comes out dry 
and can be bound instantly. If offset printing was done, 
the job would take at least three days because you must 
generate the plates, print, let the ink dry to avoid rub-
bings, and, in the end, bind’. 

The P2 has taken another step and is positioning itself 
as an online book printing house. Its CEO underlines 
that ‘the future of book printing goes through digital 
printing’, and acknowledges that ‘we have made a great 
investment, both in the new digital machinery and in a 
portal with all the technology available at the moment’ 
aimed at ‘offering a close deal, more competitive prices, 
reducing delivery times of the final product to the cus-
tomer and expand our catalog of products and services’. 
At the moment, P2 offers graphic design, layout, pro-
cessing, and transformation services to any format 
(ePub, Mobi, among others) so that it can be read on 
e­devices, as well as the management of the market-
ing of e­books on Amazon, Apple, Book House, Kobo. 
According to its CEO, ‘we are a living company, in con-
stant movement to live up to the current markets and 
cover all their needs’ and, besides, announces that the 
online tracking of shipments and a virtual library will 
be launched for books, both in paper or digital format, 
of ‘those publishing companies with which we reach an 
agreement’. The CEO of P2 admits that cannot say what 
has been the most outstanding innovation, although 
‘perhaps it is the computerization of the entire produc-
tion process’ and recognizes that innovations carried 
out in P2 are focused both in processes and in prod-
ucts, although without specifying in detail.

3.3.3 P3 book printing house

The P3 book printing house, established in 1954, has 
the legal form of a public limited company. With a regis-
tered capital of 60 000 euros, the turnover of P3 moves 
in a range between 6 and 30 million euros in 2019. It 
offers solutions for sheet­fed offset printing, web offset, 
and digital printing. The P3 company has opted for the 
finished product and thus, since the 1990s, has incorpo-
rated folding and binding systems in the plant so as not 
to depend on other external companies, shorten deliv-
ery times and control the quality offered to customers. 
Also, at that time, P3 integrated services of pre­press, 
printing, and post­press. It has been a pioneering book 
printing house in going out to the foreign markets at 
the end of the 1990s, with entrenched customers in 
France, Germany, Italy, Belgium, Portugal, Holland, and 

Morocco, allowing P3 to create an international depart-
ment and undertake, from the quote request and the 
order of production, the monitoring, and compliance 
in time and form of the entire production process, thus 
giving an immediate service and maintaining maxi-
mum control of production. According to its manager, 
‘we have had dare to go beyond national borders, build-
ing over time a reputation based on consolidated knowl-
edge, reliability, financial strength, the willingness to 
innovate and experiment’, and stresses that the future 
of book printing goes through digital printing. 

The P3 has also become an online book printer where 
customers can calculate the printing price of a book, 
brochure, or catalog. According to the manager of P3, 
‘we are aware that the company has to be in continuous 
renovation to be able to compete with the same weapons 
in an increasingly close league, where the digital tech-
nology implemented in this sector was sweeping those 
companies that resisted to adapt to the new digital envi-
ronment’, adding that ‘the market always rewards those 
organizations that invest in the incorporation of new 
technologies and that assume technological change’.

The P3’s commitment to online printing has allowed 
it to reduce fixed costs, improve customer acces-
sibility and shopping experience. According to its 
manager, ‘customers access our website, select the 
products and the quantity wished from each one and 
finalize their purchase choosing the place and term of 
delivery’. Having an online­based business model, P3 
has had to create a strong enough infrastructure to 
support all the daily orders received, forcing to have 
a team of software engineers to support and main-
tain the technological modules, which in turn is driv-
ing the growth of the company. The P3 can manage, 
in just one day, a volume of up to 4 500 orders, from 
printing a single copy to 800 copies. According to its 
manager, ‘we can meet any demand, from the urgent 
printing of a book or catalogs to the careful edition of 
a book with luxury finishes’ and assures that the future 
of book printing involves developing digital print-
ing and having an online service of book printing. 

Currently, P3 is committed to environmental sustaina-
bility by researching and developing printing on new 
ecological materials, such as stone paper or plant 
paper, using recycled paper to print customer orders, 
and using ecological inks, that is, replacing the pol-
luting components by others more environmentally 
respectful. In this sense, P3 invests in ecological print-
ing systems, such as the LED­UV system, which elim-
inates pollutants such as mercury or ozone, among 
others, thereby reducing the ecological footprint.

The manager of P3 underlines that ‘the book printing 
house has made a deep digital and technological trans-
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formation that has allowed it to expand its service offer 
and adapt existing ones to new market demands’. In 
short, ‘the coexistence of the online world, new man-
agement applications and traditional sales teams have 
profoundly modified this business’, because ‘it has gen-
erated significant integration, automation, and compli-
mentary services needs for our customers’.

4.  Discussion of findings

The answers obtained to the research questions ini-
tially formulated are summarized in Figure 2 where the 
location of findings within the research and conceptual 
framework is shown.

The first finding (F1) stresses that the book print-
ing houses have recognized the need for digitization 
within their business models but have not yet fully 
traveled that path and recognizing the need to do it. 
The second finding (F2) refers to the fact that there is 
an insufficient adaptation from book printing houses 
to private demand needs. The third finding (F3) shows 
a significant impact of public policies on the change in 
the printing paradigm. Finally, the fourth and last find-
ing (F4) underlines that digitization is driving book 
printing houses to integrate vertically downstream.

Next, the findings obtained from the case study per-
formed are discussed.

4.1  Digitization in existing business models

First, the book printing houses studied have begun to 
explore new digital products but with little progress in 
aspects such as the following: a) the building of inter-
operable digital infrastructures, b) the definition of 
industrial standards, and c) the development of joint 
distribution systems.

Second, the Internet and mobile connectivity are 
changing the printing business model and, therefore, 

how book printing houses and customers interact: 
shortening the production process, reducing delivery 
times, or expanding online services, are some effects 
derived from the adaptation of the business model of 
the book printing houses analyzed.

Third, although the printers studied are clinging to the 
traditional business model and distribution networks, 
they are making several incursions to explore new busi-
ness opportunities such as digital printing and online 
printing. Many of the initiatives of a digital nature pro-
moted in the book printing houses studied are still lim-
ited and fragmented in terms of internal organization. 
In any case, printers are receptive to the phenomenon 
of digitization. The Spanish publishing printing houses 
analyzed combine several business models. However, 
the traditional model remains dominant.

Fourth, the book printing houses analyzed are aware 
of the need to incorporate new specialized talent that 
provides the new skills necessary for the transforma-
tion of their respective business models, so to extract 
maximum performance from all technological develop-
ments, they must invest a lot, either in training, or in the 
attraction of that qualified personnel, since the control 
of the variables of the new context of the printing busi-
ness will no longer depend on the ‘physical’ or ‘manual’ 
ability of the person, but on their technological knowl-
edge to fix properly the appropriate parameters to 
each support and printing difficulty. In short, the new 
printing model will use less ‘touch’ and more ‘brain’.

4.2  Insufficient adaptation to private demand 
needs

Firstly, the most critical issue faced by printing com-
panies is, without a doubt, the one related to deliv-
ery times: since customers perceive print work as a 
homogeneous product – given the similarity in quality 
offered by the printers in the sector together with low­
priced and competitive prices that are not very differ-
entiated –, these tend to demand increasingly shorter 

Figure 2: Location of findings within the research and conceptual framework
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delivery times and opt for those printers that are capa-
ble of performing the work within that timing. A ten-
dency that presses the book printing houses to offer 
the development of a work from days to hours avoiding 
the bottlenecks associated with a simple template rein-
forcement at certain stages of the printing work.

Secondly, to offer competitive prices and reduced deliv-
ery times, it is necessary to implement automation in 
the various processes of printing work. Automation is 
seen as the only possible way to survive in the market. 
From the perspective of those responsible for the book 
printing houses studied, there is no other way.

Thirdly, the print runs continue to shorten. To produce 
short print runs cost­effectively, it is imperative to use 
software that automates the entire workflow, from 
design to billing, through shipping; and all with the 
minimum human intervention, which implies both an 
adaptation and innovative effort in each of the phases 
of the printing process.

4.3  Public policies and change of book printing 
paradigm

How book printing houses relate to innovation, tech-
nical change, digitization, and their impact on exist-
ing business models, can also be understood from the 
public policies surrounding the graphic arts sector. 
Specifically, there are two kinds of influences on book 
printing paradigms: a) promoted by cultural policies 
and b) promoted by environmental policies.

Firstly, cultural policies promote publishing projects 
to favor all links in the publishing value chain, which 
implies a priority commitment to paper format over 
the digital. Failure to do so would, from a political per-
spective, turn its back on three links in the value chain: 
book printing houses, middlemen (distributors), and 
bookstores. Whether public resources address publish-
ing projects with no favoring the paper format, then 
their effects on those three links – in their traditional 
version – would be null.

Second, environmental policies promote a paradigm 
shift from the printing business model to digital print-
ing and online processes using less polluting raw mate-
rials to make it more sustainable and environmentally 
responsible.

4.4  Digitization and vertical integration

The development of digital printing and new technol-
ogies will lead to the book printing houses being able 
to grow their business model through the vertical inte-
gration downstream, assuming a publisher role and 
even a commercial function through the online sale. 

Digital transformation – in the opinion of the book 
printing houses analyzed – will continue to be a pri-
ority in their respective agendas, searching for greater 
efficiency and better positioning of their product and 
service portfolios.

Finally, the graphic arts sector – unlike what happens in 
other sectors analyzed by academic literature – develops 
a type of strategy around its digital transformation not 
oriented towards the formation of barriers to market 
entry for other potential external competitors, which, 
presumably, may favor adequate assimilation and 
adoption of both adaptive and disruptive innovations.

5.  Conclusions

The graphic arts sector in Spain is immersed in an 
increasingly digital reality, which implies a redefinition 
of production processes and a constant rethinking of 
the business model.

The book printing houses studied are absorbing digital 
knowledge to try to position and respond adequately 
to changes in the market and changing technologies. 
However, they acknowledge not fully exploiting the 
full potential of new digital technologies through their 
respective business models.

The technologically motivated book printing houses 
are concerned with introducing process innovations 
to increase its efficiency, both in product development 
and in its commercialization: digital printing or new 
printing materials, such as mineral paper, would be 
some examples of how they adapt to the printing inno-
vations coming from more technical sectors.

The introduction of new technologies and the Internet 
in the printing houses: a) significantly improves com-
munication with their regular customers, b) makes it 
possible to connect with a new customer profile beyond 
their geographical range of action, and c) increases their 
efficiency by shortening times of delivery. As a result of 
all this, a new online book printing model appears char-
acterized by Internet sales and the digital book printing 
system. Thereby, there is an unfolding of the channel so 
that offline and online printing coexist together. 

The studied book printing houses find that users of 
their services have different expectations of digital 
products compared to their analog predecessors. The 
data provided by the book printing houses show the 
changes experienced in their respective companies are 
produced not by their initiative but by the necessary 
customer orientation, which makes them their reason 
to innovate, forcing the book printing houses to perma-
nent evolution in products and services.
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There is a trade­off between cultural policies, consoli-
dating the traditional printing model against environ-
mental policies, driving a sustainable model that favors 
the digital transition in graphic arts.

The book printing houses – as the first link in the publish-
ing value chain – have a significant incentive for a forward 
vertical integration based on self­publishing, avoiding, 
among others, the costs associated with the search for 
authors or those related to the negotiation of the pub-
lishing contract. Finally, this incentive for a forward 
vertical integration seems to be independent of its size.

Finally, the trends that will mark the sector will be: a) a 
better adaptation to customer demands, with a prod-
uct customization and faster deliveries, b) a growing 
investment in digital technology, c) a higher envi-
ronmental responsibility, with the use of recyclable 
products and of less impact on the environment and 
d) a necessary search for workers with new skills and 
abilities that can use tools such as the use of artificial 

intelligence, big data, and that allow improving the 
productivity of printing processes.

In conclusion, digitization manifests itself as a funda-
mental piece for the graphic arts sector to improve its 
productivity and profitability. It is not only a question 
of taking full advantage of the broad possibilities of 
digital printing but also about increasing the efficiency 
of printing processes thanks to the automation and use 
of resources offered by digital marketing, the big data, 
or the implementation of the web­to­print so that the 
printers adapt adequately to the demands and require-
ments of the client.

Though this research has focused on the printing 
industry, this case method approach can be applied to 
any industry undergoing rapid or continuous change 
to take a snapshot that helps understand not only the 
impacts derived from innovation and technical change 
but to draw a future profile of trends from a strategic 
management perspective.
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 Recently granted patents in the area of printed electronics 

 This brief overview presents the patents retrieved for the searched term 
“printed electronics” and published since the beginning of 2020. Among over 
500 patents, the most represented are the U.S. (37 %), Chinese (21 %) and 
Korean, Japanese and European (each above 10 %) ones. The rest comprises 
the Taiwanese, Canadian, Australian, Russian, Spanish, German and Luxem-
bourgish patents. The inventions relate to a wide range of fields and applica-
tions. This fragmentation is reflected in the number of assignees; there are 
less than 20 % of assignees with more than one patent from this selection, 
and only a few of them with more than five. Both academic and commercial 
sectors are represented, with the assignees in the latter ranging from global 
corporations to small companies. The following sections present those with 
the most entries in the list. 

 TactoTek 

 This company is a spin-off from VTT, Technical Research Centre of Finland, 
and develops the technology for injection-moulded structural electronics, 
seen as a manufacturing method that uses less plastic and reduces green-
house gas emissions. The most recent one among its numerous patented 
inventions is US 10,849,235 B1 Method of manufacture of a structure and 
structure, filed in May 2020, which presents different approaches to pro-
ducing a functional electronics assembly by using a suitable forming pro-
cess. The other patents granted during past months include, for example, 
US 10,642,433 B2 Multilayer structure with embedded multilayer electron-
ics, US 10,675,834 B2 Integrated multilayer structure for use in sensing ap-
plications and method for manufacturing thereof, US 10,827,609 B2 Eco-
logical multilayer structure for hosting electronics and related method of 
manufacture, and US 10,928,583 B2 Illuminated multilayer structure with 
embedded light sources. 

 Xerox Corporation 

 The Xerox patents related to printed electronics deal with various topics. 
These include CA 3 006 257 C Memory cells and devices, fabricated on a flex-
ible substrate and utilising a ferroelectric memory layer and an adhesive layer 
comprising a crosslinked mixture of acrylic polyol, an alkylene urea-glyoxal 
resin and an acid catalyst, which are already protected by US 10,115,785 B1. 
Memory cells are described also in US 10,593,684 B2 Printed electronic de-
vices exhibiting improved yield, being achieved by suitable modifications 
of contact pads. Another application shows US 10,799,042 B2 Point-of-pur-
chase (POP) display that includes a printed electronic device and other com-
ponents necessary for its use, while it can be shipped as flat panels or sheets 
as usual POP displays. Yet another one is presented in US 10,821,658 B2 
Conductive three-dimensional articles, prepared by printing using a proper 
combination of structural material and conductive ink. 

Some of the most recent Xerox patents further develop the inventions con-
cerning the composition of inks and layers for printed electronics applica-
tions, presented in this section in JPMTR Vol. 9, No. 1 (2020). These include 

 PRINTING United Alliance 
grows further 

 Less than one year 
since SGIA, the 
Specialty Graphic 

Imaging Association, and PIA, Printing 
Industries of America, merged and 
became PRINTING United Alliance 
on 1 May 2020, another merger was 
announced this January. Idealliance, 
originally organised as the Computer 
Section of the Printing Industries of 
America in 1966, soon renamed to the 
Graphic Communications Computer 
Association, later to the Graphic 
Communications Association (GCA), 
and then turned into an independent 
association called the International 
Digital Enterprise Alliance in 2001, 
became a part of PRINTING United 
Alliance on 1 March 2021.

Idealliance will continue to operate 
and provide its services as a division 
of PRINTING United Alliance, 
expanding its efforts in providing 
global standardisation, training 
and certification programmes to all 
graphic communication professionals 
in the printing and packaging supply 
chain. The numerous technical 
guidelines and specifications of 
Idealliance are classified into four 
sectors. Those for print media 
creation, production and workflows 
include, among others, the ECG 
(Expanded Color Gamut) project, 
XCMYK, an expanded-gamut CMYK 
printing method, PrintWide, a 
new large-gamut CMYK dataset, 
SWOP (Specification for Web Offset 
Publications), G7 specifications 
for achieving grey balance, and 
GRACoL guidelines and resources, 
such as colour settings, ICC profiles, 
characterisation data sets, control 
wedges, etc. Those for cross-media, 
digital-asset creation, management 
and publishing include, for example, 
PRISM Metadata and Controlled 
Vocabularies. The remaining 
specifications are provided for either 
mail supply, fulfilment and postal 
services or paper supply chain. 
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 Activities of KCL Pilot Plant 

 KCL Pilot Plant, one of 
the 15 ATI (Advanced 

Technologies for 
Industry) Technology Centres in 

Finland as currently listed on the 
EU’s ATI project website, provides 

services and expertise in biomaterial 
processing, mechanical pulping, stock 

preparation, paper making, coating, 
calendering, printing, finishing, 
laboratory testing, and process 

design and building. Adapting to the 
ongoing pandemic situation, KCL 
Pilot Plant offers a remote video-

stream connection employing mobile 
cameras placed on commonly agreed 

locations in the process, in addition 
to appropriate communication via a 

trial-specific platform.

The company now takes part in 
the new EU project INN-PRESSME, 

the open innovation ecosystem 
for sustainable plant-based nano-

enabled biomaterials deployment for 
packaging, transport and consumer 

goods. This four-year project, 
which started on 1 January 2021, 
is coordinated by VTT, Technical 
Research Center of Finland, and 

funded as one of the four projects 
under Horizon 2020 topic ‘Open 

Innovation Test Beds for nano-
enabled bio-based materials’. With 

27 partners from nine European 
countries involved, it aims at 

replacing petroleum-based products 
with bio-based packaging, energy and 
vehicle solutions and other consumer 

goods by supporting European 
companies to scale up their nano-

enabled biomaterials and processes 
with reduced risks and accelerated 

market access. KCL Pilot Plant 
contributes its services of recycling 

testing for fibre-based materials.

KCL Pilot Plant also newly offers 
printing-trial services for the 

packaging and board customers on an 
8-colour reel-fed flexographic printing 

press, in addition to the offset and 
inkjet lines. The machine enables 

trial-specific modifications of print 
layout, ink type and viscosity, anilox 
rolls, printing plates, and parameter 

settings according to particular needs 
in printability studies of packaging 

paper and board substrates. 

US 10,899,940 B2 Interlayer printing process, where an interlayer is depos-
ited and cured on a substrate before depositing and curing a conductive metal 
ink composition to form a solid metal trace, and US 10,723,887 B2 UV cur-
able interplayer for electronic printing (the name as filed and published), 
claiming a multilayer structure comprising the interlayer between a sub-
strate and a conductive layer formed from a UV-curable composition. Other 
types of compositions are claimed as well, such as US 10,577,515 B1 Dielec-
tric ink composition, which is UV-curable and suitable for inkjet or aerosol-
jet printing, US 10,767,069 B2 Aqueous carbon nanoparticle ink composi-
tion for resistors, and compositions with eutectic metal alloys, namely 
US 10,800,948 B2 Conductive adhesive compositions and method for the 
same, with gallium, tin and indium, US 10,843,262 B2 Compositions com-
prising eutectic metal alloy nanoparticles and US 10,947,424 B2 Adhesive 
composition comprising eutectic metal alloy nanoparticles, both the latter 
with bismuth, tin and indium. 

 Beijing Dream Ink Technology 

 This company develops the technology for printing liquid metal instead of 
conductive polymers or nanoparticle materials. The technology is protect-
ed by several Chinese patents and utility models, including, among others, 
CN 107 337 964 B Colored liquid metal printing ink and preparation method 
thereof, CN 210 478 087 U Printed electronics and printed electronics man-
ufacturing system, CN 211 868 913 U Desktop printing inking device, and 
CN 210 143 156 U Circuit substrate and flexible film circuit. 

 NTN Corporation 

 While the main product range of NTN comprises bearing products and preci-
sion machinery, attention is also paid to research and development in other 
fields. This is reflected in a series of recently granted patents dealing with 
a fine-coating method using a special needle mechanism capable to deposit 
materials having a wide viscosity range, including a high-viscosity liquid 
containing metal powder. This microscopic coating technology, described, 
for example, in JP 6 835 506 B2 Liquid coating unit and liquid coating device 
and JP 6 799 046 B2 Coating method and coating equipment, is primarily in-
tended for pattern correction, more particularly for repairing a broken por-
tion of a wiring pattern formed on a substrate. However, as stated in NTN 
Report 2020, in collaboration with Osaka University towards the develop-
ment of cell chips, the coating of high-viscosity solutions containing cells 
onto the chips can be achieved with this technology. 

 South China University of Technology 

 Among the numerous Chinese patents granted to this academic organisa-
tion, those related to printed electronics describe conductive ink formula-
tions, such as CN 107 739 554 B Rapid-gelation zirconia ink-jet printing ink 
and preparation method and application thereof and CN 108 587 326 B Sil-
ver nanowire transparent conductive ink and preparation method and ap-
plication thereof. 

 Stora Enso 

 The patents recently granted to Stora Enso in several European and Ameri-
can countries cover different methods used in the production of printed 
electronics, such as US 10,887,998 B2 Method and an arrangement for pro-
ducing electrically conductive patterns on substrates, or their applications. 
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Handbook of Image Engineering

This handbook builds on the author’s experience in the education and research of im-
age engineering, the field which is understood as an overall framework and system for 
the comprehensive research and integrated application of various image technologies. 
Near ten thousand entries of the handbook, which covers the common concepts, related 
principles, practical technologies, and specific methods, are systematically organised into 
parts, chapters, sections and subsections. Each chapter and section begins with a concise 
definition based on selected references that can be used as the source for further read-
ing. The entries are based on recent literature, providing the appropriate explanations, 
examples, analyses, and discussions. The text is supported by numerous figures, tables, 
and formulas. The cross-references to other entries are marked in bold or, where suit-
able, literally specified at the end of a given entry. All terms are listed in the index hav-
ing almost a hundred pages. 

The first part provides image fundamentals. Its eight chapters introduce image basics, 
engineering, acquisition devices and modes, digitisation, display and printing, storage 
and communication, together with the related knowledge comprising basic mathemat-
ics, statistics and probability, signal processing, tools, and means.

The second part, with over 450 pages the longest one, deals with image processing. In 
14 chapters, it presents pixel spatial relationship, image transforms, point and mask 
operations for spatial domain enhancement, frequency domain filtering, image resto-
ration, repair and recovery, reconstruction from projection, coding, watermarking, and 
information security, colour and video image processing, and multi-resolution image. 

Twelve chapters of the third part are dedicated to image analysis, introducing segmenta-
tion, edge detection, object segmentation methods, segmentation evaluation, object rep-
resentation and description, feature measurement and error analysis, texture, shape and 
motion analysis, image pattern recognition, and biometric recognition.

The fourth part explores image understanding, a high level of image engineering. Eleven 
chapters deal with the theory of image understanding, 3D representation and descrip-
tion, stereo vision, multi-image and single-image 3D scene reconstruction, knowledge 
and learning, general image matching, scene analysis and interpretation, image infor-
mation fusion, content-based retrieval, and spatial-temporal behaviour understanding.

Finally, the fifth part combines other relevant entries, with seven chapters on related 
theories and techniques, optics, mathematical morphology for binary images and grey-
level images, visual sensation and perception, application of image technology, and an 
overview of international organisations and standards.

Author: Yu-Jin Zhang

Publisher: Springer
1st ed., January 2021
ISBN: 978-981-15-5872-6
1 999 pages, 790 images
Hardcover
Available also as an eBook
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Fundamentals of Multimedia

The third edition of this comprehensive textbook on multimedia appeared 
17 years after the original and 7 years after the second one. The content of 
the current edition is substantially revised and updated to reflect the rapid 
growth and evolution in the field, including the topics such as 360° video, 
new-generation social, mobile and cloud computing for human-centric in-
teractive multimedia, and deep learning for multimedia processing. On the 
other hand, the structure of the book remains mostly unchanged. The first 
part introduces the topic, including the components of multimedia, appro-
priate software tools and issues in multimedia production; also, it provides 
the basics of multimedia data representations, from graphics, images and 
colours to video and audio. The second part reviews the multimedia data 
compression, i.e. the algorithms for lossless or lossy compression, image 
compression standards, video compression techniques, video coding using 
MPEG, H.264 and H.265 standards as well as a new H.266 standard, and au-
dio compression techniques. The third part covers multimedia communica-
tions and networking, from network services and protocols to multimedia 
content distribution using the internet, including wireless and mobile net-
works. Also, the chapter on cloud computing for multimedia services was 
moved into this part from the fourth one, which was renamed and contains 
a new chapter on augmented and virtual reality, besides those dealing with 
online social media sharing and content-based retrieval in digital libraries.

Basic Photographic Materials and Processes

Published 11 years after the previous edition, the current one, co-authored 
by Josh Shagam, was significantly revised and reorganised to provide a solid 
technical background on the current photography. The first section explains 
the fundamentals of image capture, namely light and photometry, optics, dig-
ital camera technology, photographic exposure, lens filters, and motion vid-
eo. The second one covers image processing, dealing with demosaicing and 
interpolation, digital asset management, digital tone reproduction, software 
filters, camera characterisation, image quality, and image compression. The 
last one reviews the basics of output, from colour vision and colour manage-
ment to display technology, printing and physical media.

Functional Textiles  
and Clothing 2020

Editors: Abhijit Majumdar,  
Deepti Gupta, Sanjay Gupta

Publisher: Springer
1st ed., December 2020
ISBN: 978-9811593758

219 pages, 74 images
Hardcover

Also as an eBook

This volume presents the selected 
papers from the 2nd International 

Conference on Functional Textiles and 
Clothing held at the Indian Institute 

of Technology in New Delhi, India, 
in February 2020. The contributions 

are divided into four parts that 
deal with testing, characterisation 

and instrumentation, functional 
and protective clothing, functional 

printing and finishing, and sustainable 
production and supply chain. The 

topics in the third part include 
photoluminescent printed fabrics to 
aid nighttime navigation, statistical 

optimisation of fire protective 
finishing of jute fabric, application 

of protective finishes on denim 
with analysis of its multifunctional 
performances, and development of 

eco-friendly multifunctional textiles.

Image Color Feature  
Extraction Techniques 

Fundamentals and Applications

Authors: Jyotismita Chaki, Nilanjan Dey

Publisher: Springer
1st ed., June 2020

ISBN: 978-9811557606
95 pages, 53 images

Softcover
Also as an eBook

This book from SpringerBriefs in 
Applied Sciences and Technology 

covers the colour feature extraction 
techniques used in content-based 
image retrieval. The first chapter 

introduces colour spaces and models, 
colour quantisation methods, and 

both pseudocolour and full-colour 
image processing. Three chapters 
then review the histogram-based, 

MPEG-7 and other image colour 
features. The applications of image 

Authors: Ze-Nian Li, Mark S. Drew, Jiangchuan Liu

Publisher: Springer
3rd ed., February 2021
ISBN: 978-3-030-62123-0
849 pages, 390 images
Hardcover
Available also as an eBook

Authors: Nanette L. Salvaggio, Josh Shagam

Publisher: Routledge
4th ed., October 2019

ISBN: 978-1-138-74436-3
384 pages, 390 images

Hardcover
Available also as an eBook
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Inside Book Publishing

The current edition of this highly informative and praised book with many 
reprints and translations was published over 30 years since the first one 
appeared in 1988 and five years after the previous edition. Among major 
changes in the book publishing industry since the fifth edition from 2014, 
the authors highlight the slowing growth in the sale of ebooks and the fast-
growing sales of audiobooks, the strong increase in self-publishing, disrup-
tion in the sale of printed textbooks in the US, and open-access publication 
moving into the area of academic books. On the other hand, they mention 
the resilient sale of printed books, prospering children’s publishing and 
publishers retaining their authors.

The book introduces the publishing industry and markets, major business 
trends, digital transformations, adaptation and innovation, and tracks the 
development of modern trade publishing in the UK. Next, it explores pub-
lishing for educational, academic and professional markets, and provides 
the characteristics of the main publishing sectors. The following four chap-
ters deal with creating and protecting value in publishing, the author, self-
publishing and agents, commissioning, the author contract and editorial 
development. Further, the text details the processes and techniques used 
in the design and production of books, their marketing, sales and distribu-
tion, with rights sales discussed in the next chapter. One chapter presents 
the sales channels for books in the UK. Finally, the last one reviews how to 
get into publishing. Besides a glossary, the text is complemented by contri-
butions from industry experts on a wide range of relevant topics, including 
the new ones dealing with the global audiobook market, crowdfunding, self-
publishing, and the role of the agent, among others.

Twenty-Five Years at the Public  
A Love Story

In this volume, Paula Scher presents a quarter-century of the brand and 
identity development for the Public Theater in New York, including design 
roughs as well as hundreds of finished posters and other matter – not only 
printed but also integrated into the theatre’s facade and interior.

colour features in the recognition and 
detection of selected elements are 
presented in the last chapter.

Advances in Design,  
Music and Arts

Editors: Daniel Raposo, João Neves, 
José Silva, Luísa Correia Castilho,  
Rui Dias

Publisher: Springer
1st ed., September 2020
ISBN: 978-3030556990
717 pages, 273 images
Hardcover
Also as an eBook

This large volume comprises the 
papers accepted for the 7th Meeting 
of Research in Music, Arts and Design, 
EIMAD 2020, which was held last 
year in May as an online event. The 
content is organised into four parts. 
The first one covers the topics from 
the area of design, communication 
and education, such as the creative 
graphic thinking and contemporary 
graphic representation, semantic 
analysis of brand mark creation, 
research project management in 
communication design, technological 
empowerment of communication 
designers, the magazine case study 
in printing laboratories practices, 
and digital transformation at school 
of arts and design accelerated by the 
COVID-19 pandemic.

Graphic Design Play Book  
An Exploration of Visual Thinking

Authors: Sophie Cure, Aurélien Farina

Publisher:  
Laurence King Publishing
1st ed., June 2019
ISBN: 978-1786273963
80 pages, 150 images
Softcover

In this book with the appropriate 
quality of design and production, the 
authors provide entertaining and 
creative exercises that convey the 
basic principles of graphic design and 
help to develop visual thinking. Its 
four sections deal with typography, 
posters, signs, and identity.

Authors: Giles Clark, Angus Phillips

Publisher: Routledge
6th ed., August 2019
ISBN: 978-1-138-57438-0
420 pages
Hardcover
Available also as an eBook

Author: Paula Scher

Publisher: Princeton Architectural Press
1st ed., September 2020

ISBN: 978-1-61689-864-9
256 pages, 400 images

Softcover
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Multi-material 3D Printing Technology

This book is intended for engineers as well as researchers in the area of 
advanced 3D printing technologies that enable the fabrication of heteroge-
neous objects. The introductory chapter outlines the classification of such 
objects, their characteristics and applications, as well as the technologies 
for their design, manufacturing and prototyping. The particular focus is on 
the modelling aspects, covered in four chapters. These include 3D models 
and data formats, static modelling of heterogeneous objects with a descrip-
tion of methods used for the acquisition of network nodes, voxel-based and 
contour-based modelling, modelling for dynamic heterogeneous objects, 
where the authors discuss material and functional models, mapping of geo-
metric structure and materials, multi-material property representation, and 
dynamic material change design, as well as the visualisation of models, i.e., 
colour file formats and material mapping visualisation methods, among oth-
ers. The following two chapters present the materials and technologies used 
for 3D printing of heterogeneous objects, while the applications of hetero-
geneous parts based on 3D printing are presented in the last one. Among 
the materials, the text describes different types of 4D printing materials, 
conductive materials, and biological 3D printing materials. The examples 
of utilisation include a number of applications in the areas of biomedical 
engineering, defence engineering, industrial manufacturing and manufac-
turing of functional parts.

Ferroelectric Materials for Energy Harvesting and Storage

Contributed by several authors and author teams, this book provides the 
fundamental background on ferroelectrics and related materials and then, 
in eight chapters, explores the topics of solar energy harvesting, thermal 
energy harvesting, vibration-energy harvesting from structures leveraging 
flexoelectricity (with polarisation induced by strain gradient), modelling and 
identification of nonlinear piezoelectric material properties for energy har-
vesting, wind-energy harvesting using piezoelectric materials, biomechani-
cal energy harvesting with piezoelectric materials, the harvesting of stray 
magnetic field for powering wireless sensors, and ferroelectric ceramic ca-
pacitors for electrical energy storage, both lead-based and lead-free.

Introduction to  
Flat Panel Displays

Authors: Jiun-Haw Lee, I-Chun Cheng, 
Hong Hua, Shin-Tson Wu

Publisher: Wiley
2nd ed., September 2020

ISBN: 978-1119282273
376 pages
Hardcover

Also as an eBook

The new edition of this guide covers 
the advances in technologies for flat 
panel displays and improvements in 

their performance achieved during 
twelve years since the original 

publication in 2008, including the 
development of head-mounted 

displays for virtual and augmented 
reality applications. The updated 

and extended text now comprises 
the chapters with an overview of flat 
panel displays, related colour science 

and engineering, thin-film transistors, 
liquid crystal displays including 

those enhanced with quantum dots, 
light-emitting diodes, organic light-

emitting devices, reflective displays, 
fundamentals of head-mounted 

displays for virtual and augmented 
reality, and touch panel technology. 

Polymers for Light-Emitting 
Devices and Displays

Editors: Inamuddin, Rajender Boddula, 
Mohd Imran Ahamed, Abdullah M. Asiri

Publisher: 
Wiley-Scrivener

1st ed., May 2020
ISBN: 978-1119654605

288 pages, Hardcover
Also as an eBook

This new book reviews the 
applications of polymer light-emitting 

devices and displays, devices made 
by solution processing, modelling and 
design of new organic derivatives for 

highly efficient blue emitters, light-
emitting diodes utilising conjugated 
polymers or electrospun materials, 
luminescent polymer light-emitting 

devices and displays, polymer liquid 
crystal devices and displays, and 
hybrid inorganic–organic diodes 

emitting white light.

Authors: Jiquan Yang, Li Na, Jianping Shi,  
Wenlai Tang, Gang Zhang, Feng Zhang

Publisher: Academic Press
1st ed., February 2021

ISBN: 978-0-08-102991-6
232 pages
Softcover

Available also as an eBook

Editors: Deepam Maurya, Abhijit Pramanick, Dwight Viehland

Publisher: Woodhead Publishing
1st ed., October 2020

ISBN: 978-0-08-102802-5
372 pages
Softcover

Available also as an eBook
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Doctoral thesis – Summary
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Printed Electrochemical Light Cells  
Based on Biocompatible and Biodegradable Materials

Contributing to the research on sustainable electronics, this thesis was fo-
cused on light-emitting electrochemical cells based on biomaterials. They 
consist of a single active layer that can be deposited from the liquid phase 
and thus can be produced cost-efficiently by printing techniques. The aim 
was to develop light-emitting devices, which are substantially based on 
biocompatible and biodegradable materials, mechanically flexible, and pro-
duced by digital printing to enable easy modification of the layout without 
increasing the production costs.

The dissertation provides the theoretical background on the electronic prop-
erties of organic semiconductors, the charge injection process, the structure, 
working principle, and types of light-emitting electrochemical cells, as well 
as the methods for optoelectrical measurements. After specifying the se-
lected materials, ink formulation, fabrication and characterisation methods 
used, it systematically deals with the properties of biomaterial-based solid-
state electrolytes and their combination with commercially available emit-
ters, their utilisation in the active layer and optimisation of its performance, 
and finally the fabrication and properties of partially or fully printed light-
emitting electrochemical cells employing the studied biomaterials. For the 
best performing system comprising Super Yellow with poly(caprolactone-
co-trimethylene carbonate) and tetrabutylammonium bis(oxalato)borate, 
a maximum luminance of approx. 12 000 cd/m², a turn-on voltage of 3.7 V, 
a maximum efficiency of about 2 cd/A and an operational lifetime of over 
100 hours were achieved with a reference electrode system on the glass. 
In the case of fully printed light-emitting electrochemical cells on an ul-
trathin biocompatible Parylene C film, these parameters achieved the values 
of 900 cd/m², 6.7 V, 1 cd/A and over 8 hours, respectively. 

Advanced Additives for Radical Photopolymerization

The aim of this thesis was to develop a new generation of non-aromatic initi-
ator systems as an alternative for potentially hazardous aromatic ketone ini-
tiators. This topic is important, among others, for food packaging and medi-
cal applications of UV-curable systems, which require biocompatible and 
harmless photoinitiators. The second goal was to find new chain transfer 
agents to further improve the material properties of radical photopolymers.

After introducing the basics of radical photopolymerisation and defining the 
objectives, the dissertation is organised into two main parts describing the 
research on novel photoinitiators and chain transfer reagents, respectively, 
with the experimental details provided in the last part. The work documents 
a comprehensive approach. In the search of new photoinitiators, 23 com-
pounds in total were selected among both the commercially available ones 
and those to be synthesised. All were classified into five groups comprising 
the simple aliphatic α-ketoesters, compounds derived by the modification 
of the ester moiety, compounds derived by the modification of the alpha 
carbonyl, long-wavelength UV initiators, and long-wavelength visible light 



70 Bookshelf – J. Print Media Technol. Res. – Vol. 10 No. 1 (2021), 65–70

Doctoral thesis – Summary

Author: 
Canlin Ou

Speciality field: 
Materials Science and Metallurgy

Supervisor: 
Sohini Kar-Narayan

Defended: 
2 December 2019,  

University of Cambridge, Department 
of Materials Science and Metallurgy  

Cambridge, United Kingdom

Contact: 
oucanlin@gmail.com

initiators. Next, the work describes the methods used to synthesise the re-
quired compounds. The preliminary curing tests with 19 compounds that 
were either available or successfully synthesised then showed nine of them 
to be active as photoinitiators, with each group represented by at least one. 
These compounds were further investigated and compared with the refer-
ence photoinitiators. The tests employed the UV-Vis characterisation and 
photo-DSC measurements in different monomer systems (an acrylate sys-
tem, methacrylates, and also hydrogels) and at different wavelengths, UV-
aging of polymers, photolysis studies to provide more information about ini-
tiation mechanisms, and the cytotoxicity by cell incubation tests. The work 
presents a new class of initiators with high reactivity and colour stability of 
the resulting cured polymers, where a high potential to replace the standard 
Norrish type II initiators is seen especially for the simple ketoesters, such 
as ethyl pyruvate (ethyl 2-oxopropanoate). A similarly thorough approach 
was applied in the case of studies dealing with the control of chain transfer, 
investigating new reagents based on oxy-acrylates for the addition–frag-
mentation chain transfer and cyclohexadienes for the chain transfer by hy-
drogen abstraction.

Aerosol-Jet Printed Nanocomposites  
for Flexible and Stretchable Thermoelectric Generators

The focus of this thesis was on thermoelectric generators that are expected 
to become one of the important energy harvesting technologies. These de-
vices are based on thermoelectric materials producing an electric current 
when subjected to a temperature gradient. The work addresses the lack of 
such materials being suitable in terms of performance, energy conversion 
efficiency, processability, cost and harmlessness, as well as with respect to 
the required mechanical properties of the resulting device. The solution em-
ploys organic–inorganic thermoelectric nanocomposites and adopts a mate-
rial engineering approach to achieve desirable properties concerning both 
the thermoelectric performance and intended applicability of thermoelectric 
generators. The dissertation identifies the challenges and provides the theo-
retical background on energy harvesting, thermoelectrics, microscale addi-
tive manufacturing techniques, functionally graded thermoelectric materials, 
and approaches to produce stretchable thermoelectric generators. In the 
next chapter, it presents the methods used within the work, from nanomate-
rial fabrication and structural characterisation to printing, ink preparation, 
post-processing, measurements, and tests, up to the finite element analysis 
and thermoelectric generator fabrication. The selection of materials includes 
poly(3,4-ethylenedioxythiophene) poly (styrene-sulfonate) (PEDOT:PSS) as 
the organic polymer matrix, Bi₂Te₃ and Sb₂Te₃ as inorganic nano-fillers for 
the enhancement of Seebeck coefficient at or near room temperature, and 
multiwall carbon nanotubes for the improvement of electrical conductivity. 
The aerosol-jet printing was chosen as a scalable technique enabling mixing 
different ink materials in situ to form nanocomposite structures and dynam-
ically optimise their composition and properties. Attention was also paid to 
post-processing treatment to further enhance the thermoelectric proper-
ties. The work presents the successful fabrication of high-performance and, 
at the same time, flexible thermoelectric generators based on Bi₂Te₃/Sb₂Te₃ 
nanocomposites and their further improvement by incorporating multiwall 
carbon nanotubes, which also increased the mechanical flexibility and fa-
tigue robustness. As the next step, compositionally graded thermoelectric 
composites were developed to ensure better performance across the entire 
intended temperature range. Finally, free-standing stretchable thermoelec-
tric structures were produced.
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 Virtual.drupa 

 https://virtual.drupa.com
20–23 April 2021

The traditional drupa fair is now planned for 2024, eight years since 
the previous edition. After several changes of dates due to different 
reasons, the in-between event for the print industry organised by 
Messe Düsseldorf is held online, in four days only. The live content is 

divided into three sections – first, the conference area with the programme 
based on four global trend topics identified as artificial intelligence, circular 
economy, connected consumer and platform economy; second, the exhibi-
tion space with online showrooms for the presentation of innovations and 
products; and third, the networking plaza for business meetings and match-
making with visitors and exhibitors worldwide. 

The breadth of coverage is well illustrated by the list of web sessions by 
topic, which includes, in alphabetical order, 3D printing, additive manufac-
turing, best case, branding, brand story, design, fashion, functional printing, 
future technologies, green printing, Industry 4.0, inkjet, interior decoration, 
multisensory marketing, packaging, packaging production, printed electron-
ics, robotics, screen printing, security printing, smart and intelligent packag-
ing, sustainability, textile printing, and workflow automation.

The conference area offers sessions in two parallel streams and with three 
confirmed keynote speakers. The keynotes on the first and last day of virtu-
al.drupa, both by Michael Gale, deal with artificial intelligence. Their topics 
are ‘Small steps and giant leaps for your AI in a circular economy’, discuss-
ing necessary decisions and showing the simple steps based on thousand 
case studies, and ‘The AI opportunity – A dawn of a new age for you with 
the right AI schematic’, with a virtual facility to simulate where and how AI 
can help change the economics of a business. On the second day, the keynote 
by James Sommerville named ‘The creative business model of tomorrow. The 
cusp of another revolution’ explores the ways to work as distributed teams 
and networks and to keep the business model human-centred to create a 
competitive edge for growth. The third day of virtual.drupa, 22 April, fea-
tures the keynote ‘All change: Implications of the climate megatrend for the 
printing industry’ by Gabrielle Walker, as part of the World Earth Day.

After the keynote opening each day, the conference programme continues 
with live lectures and panel discussions on five virtual stages. The top-
ics explored at the drupa cube include artificial intelligence, sustainability, 
printed electronics and smart packaging. The schedule for the dna – drupa 
next age – offers, among others, two lectures on BigContentData, the pro-
ject identifying new chances and approaches for print and media compa-
nies made possible through digitalisation, an introduction of the Print Your 
Future project aimed at attracting a new skilled workforce for quality jobs 
to the European graphical sector, co-coordinated by Intergraf, and the pres-
entation of ColorNet, a novel software solution that utilises artificial intel-
ligence to optimise the display of brand colours during live sporting events, 
which was developed at the Clemson University.

 The calendar of events 
is still changing 

 Again, several events presented in 
the previous JPMTR issue had to be 
rescheduled, many events cancelled 
for 2021 at all. Now, some of the 
June events are planned to be held 
in a non-virtual format. That being 
possible would be great news. 

 FORUM 2021 

 https://www.flexography.org
11–14 & 18–21 May 2021

The programme of 
this year’s FORUM 
of the Flexographic 

Technical Association offers more 
than 20 technical presentations 
and discussions in 9 sessions, with 
efficiency being the main focus. 
This time, also the INFOFLEX 2021 
exhibition takes place as a virtual 
event on 12–13 & 18–20 May. 

 HOPV21 
13th Conference on Hybrid 
and Organic Photovoltaics

 http://www.nanoge.org
25 and 28 May 2021

This established event is held online 
for the second time, offering over 
20 invited speakers and a scientific 
programme with oral and electronic 
poster presentations. In addition, a 
pre-conference workshop, Maestro 
Perovskite Research Seminar, can be 
attended on 24 May. Its topics are 
perovskite materials and devices, 
namely the single and multi-junction 
solar cells and light-emitting devices, 
and perovskite technology upscaling. 
Four weeks earlier, on 29–30 April, 
the conference on Organic Materials 
in Perovskite-Based Optoelectronic 
Devices is held, also online. 
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From the three touchpoint stages, over 20 sessions are dedicated to packag-
ing, such as a panel discussion on the new opportunities in alternative chan-
nels and e-commerce for food brands and another one providing a design 
perspective on packaging sustainability. The latter topic is also covered in 
the lectures presenting some of the available solutions for reducing waste. 
The other packaging topics explore the development and growth of printing 
for smart packaging, applications of augmented reality, means to achieve the 
right colours, and more. Among over ten sessions at the touchpoint textile, 
one of the panel discussions deals with a future outlook for the Digital Tex-
tile Microfactory, a concept for the virtual development and digitally net-
worked production of personalised textiles and clothes, which is discussed 
also in a number of other sessions. The touchpoint 3D fab+print includes 
about ten sessions dealing with 3D metal printing, material innovations, the 
monitoring system for the additive manufacturing process that employs ar-
tificial intelligence, and other topics.

Several sessions included in the programme of virtual.drupa are provided 
by VDMA, the German Engineering Federation. Their content mostly re-
flects the four main topics, presenting the networked production systems 
and connecting directly to the customer, the solutions enabled by artificial 
intelligence, the technology and approaches helping to increase sustain-
ability, and more. The conference area of virtual.drupa also features the 
symposium, which is jointly organized by IC, the International Circle of Edu-
cational Institutes of Graphic-Media Technology and Management, iarigai, 
the International Association of Research Organizations for the Information, 
Media and Graphic Arts Industries, Hochschule der Medien, the University 
of Media Stuttgart, and HELGRAMED, the Hellenic Union of Graphic Arts and 
Media Technology Engineers, and presented in the following section. 

 Bridging Industry, Education and Research 
in Graphic Communication, Print and Media 

 The event is held on 21 April 2021 lat-
er in the afternoon and comprises five 
lectures highlighting the importance 
of the interaction among the print me-

dia industry, education and research. After the opening of the conference, 
the programme features Frank Romano with the lecture addressing the 
future of printing. The focus of the following presentations is on the next 
generations and education, with Beatrice Klose describing the need for a 
younger workforce and summarising the efforts to attract skilled people to 
work in the European printing industry, John R. Craft reviewing the inno-
vative initiatives at university graphic communications degree programmes 
in the United States, Jan De Roeck providing the real-life examples of ben-
eficial cooperation initiatives between industry technology supplier and 
educational institutions and their potential to drive overall innovation in 
the industry, and Jörg Hunsche presenting the topic of digital printing evo-
lution and its opportunities to create added value when linked to the digital 
world being a living experience of young generations. The event concludes 
after the presentation of the iarigai and IC annual scientific conferences to 
be jointly held in September 2021 in Athens, Greece.

This virtual.drupa event is supported by Intergraf, the European federation 
for print and digital communication, GCEA, the Graphic Communications 
Educators Association, EGIN, the European Graphic-Media Industry Net-
work, TAGA, the Technical Association of the Graphic Arts, and the WAN-
IFRA’s World Printers Forum. 

 ESMA Events

 Being still limited to 
the online activities, 

the European Specialist 
Printing Manufacturers Association 

offers during spring two online ESMA 
Academy courses on industrial digital 

printing – in German on 18–20 May 
and in English on 8–10 June 2021. 

Besides this established training, the 
ESMA experts are involved in the 

touchpoint textile at the virtual.drupa, 
presenting there. among others, the 

roadmap of textile printing with 
respect to the emergence of digital 

printing in various applications from 
soft-signage to sportswear and fast 

fashion to home textiles. 

 Understanding Inkjet 
Conference 2021 

 Appleton, Wisconsin, USA
8–9 June 2021

The focus of this IMI event is on 
the inkjet capabilities, applications, 

selection and implementation. 
The topics of its two-day schedule 

include the inkjet technology for 
production printing, inks, drying 

and curing technologies, software 
for print quality optimisation, 

media handling for the on-demand 
printing, new market opportunities 

beyond traditional printing, matching 
applications with the right inkjet 
technology, end users’ views, and 

the real-world experiences with 
implementation.   

 The London Book Fair 2021 

 London, UK
29 June – 1 July 2021  

In 2021, The London Book 
Fair celebrates its 50-year 
anniversary. Currently, the 

organisers are planning for 
all scenarios and working 
on robust measures being in place to 

stay safe if a face-to-face event will be 
permitted. The programme includes 

the Introduction to Rights conference, 
The Research & Scholarly Publishing 

Forum, What Works? Education 
Conference, and The Writers’ Summit. 

Bridging Education, Research and Industry  
in Graphic Communication, 

Print and Media 

Print media industry, education and research have been intertwined for decades. 
Over the last years they intensified their co-operation and co-creation to improve the 
learning effects of their teachings, the relevance of research and the quality of the 
print services. Five prominent speakers will give you an update on how the interaction  
between these three partners spurs print media innovation today. 

Prof. em. Frank Romano (RIT) will focus on research and the future of print technology. 

Beatrice Klose (Secretary General, Intergraf) will elaborate on how the printing  
industry can remain attractive for young people.

Prof. dr. John Craft (Appalachian State University and president elect of  
GCEA - Graphic Communication Educators Association) zooms in on how print media  
education and the industry collaborate in the US and how this was affected by 
COVID-19.

Jan De Roeck (Marketing Director ESKO) will expand on how Esko supports print media 
education and interacts with the education providers.

Jörg Hunsche (Market Development Manager - Digital Production Business at HP Indigo 
Germany and PWP) will present the topic of digital printing evolution and the research 
contribution to this.

a2021.org/

This event is part of the official DRUPA program and is an initiative of IC, iarigai, HdM and HELGRAMED. Interested participants need to be registered 
beforehand through the conference website.
For more information, please contact Anastasios E. Politis at politismedia@gmail.com

Info and free registration:

 www.ic-iarigai-drupa2021.org
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Guidelines for authors

Authors are encouraged to submit complete, original and previously un-
published scientific or technical research works, which are not under 
reviews in any other journals and/or conferences. Significantly expand-
ed and updated versions of conference presentations may also be con-
sidered for publication. In addition, the Journal will publish reviews as 
well as opinions and reflections in a special section.
Submissions for the journal are accepted at any time. If meeting the gen-
eral criteria and ethical standards of the scientific publication, they will 
be rapidly forwarded to peer-review by experts of high scientific compe-
tence, carefully evaluated, and considered for selection. Once accepted 
by the Editorial Board, the papers will be edited and published as soon 
as possible.
When preparing a manuscript for JPMTR, please strictly comply with the 
journal guidelines. The Editorial Board retains the right to reject with-
out comment or explanation manuscripts that are not prepared in ac-
cordance with these guidelines and/or if the appropriate level required 
for scientific publishing cannot be attained.
A – General
The text should be cohesive, logically organized, and thus easy to fol-
low by someone with common knowledge in the field. Do not include 
information that is not relevant to your research question(s) stated in 
the introduction.
Only contributions submitted in English will be considered for publica-
tion. If English is not your native language, please arrange for the text 
to be reviewed by a technical editor with skills in English and scientif-
ic communications. Maintain a consistent style with regard to spelling 
(either UK or US English, but never both), punctuation, nomenclature, 
symbols etc. Make sure that you are using proper English scientific 
terms. Literal translations are often wrong. Terms that do not have a 
commonly known English translation should be explicitly defined in the 
manuscript. Acronyms and abbreviations used must also be explicitly 
defined. Generally, sentences should not be very long and their structure 
should be relatively simple, with the subject located close to its verb. Do 
not overuse passive constructions.
Do not copy substantial parts of your previous publications and do 
not submit the same manuscript to more than one journal at a time. 
Clearly distinguish your original results and ideas from those of other 
authors and from your earlier publications – provide citations whenever 
relevant.
For more details on ethics in scientific publication consult Guidelines, 
published by the Committee on Publication Ethics (COPE):
<https://publicationethics.org/resources/guidelines>
If it is necessary to use an illustration, diagram, etc. from an earlier pub-
lication, it is the author’s responsibility to ensure that permission to 
reproduce such an illustration, diagram, etc. is obtained from the copy-
right holder. If a figure is copied, adapted or redrawn, the original source 
must be acknowledged.
Submitting the contribution to JPMTR, the author(s) confirm that it has 
not been published previously, that it is not under consideration for pub-
lication elsewhere and – once accepted and published – it will not be 
published under the same title and in the same form, in English or in any 
other language. The published paper may, however, be republished as 
part of an academic thesis to be defended by the author. The publisher 
retains the right to publish the printed paper online in the electronic 
form and to distribute and market the Journal containing the respective 
paper without any limitations.
B – Structure of the manuscript
Preliminary
Title: Should be concise and unambiguous, and must reflect the con-
tents of the article. Information given in the title does not need to be 
repeated in the abstract (as they are always published jointly), although 
some overlap is unavoidable.
List of authors: I.e. all persons who contributed substantially to study 
planning, experimental work, data collection or interpretation of results 
and wrote or critically revised the manuscript and approved its final ver-
sion. Enter full names (first and last), followed by the present address, 
as well as the E-mail addresses. Separately enter complete details of the 
corresponding author – full mailing address, telephone number, and 
E-mail. Editors will communicate only with the corresponding author.
Abstract: Should not exceed 500 words. Briefly explain why you con-
ducted the research (background), what question(s) you answer (ob-
jectives), how you performed the research (methods), what you found 
(results: major data, relationships), and your interpretation and main 
consequences of your findings (discussion, conclusions). The abstract 
must reflect the content of the article, including all keywords, as for most 
readers it will be the major source of information about your research. 
Make sure that all the information given in the abstract also appears in 
the main body of the article.
Keywords: Include three to five relevant scientific terms that are not 
mentioned in the title. Keep the keywords specific. Avoid more general 
and/or descriptive terms, unless your research has strong interdiscipli-
nary significance.

Scientific content
Introduction and background: Explain why it was necessary to carry 
out the research and the specific research question(s) you will answer. 
Start from more general issues and gradually focus on your research 
question(s). Describe relevant earlier research in the area and how your 
work is related to this.
Methods: Describe in detail how the research was carried out (e.g. study 
area, data collection, criteria, origin of analyzed material, sample size, 
number of measurements, equipment, data analysis, statistical methods 
and software used). All factors that could have affected the results need 
to be considered. Make sure that you comply with the ethical standards, 
with respect to the environmental protection, other authors and their 
published works, etc.
Results: Present the new results of your research (previously published 
data should not be included in this section). All tables and figures must 
be mentioned in the main body of the article, in the order in which they 
appear. Make sure that the statistical analysis is appropriate. Do not fab-
ricate or distort any data, and do not exclude any important data; simi-
larly, do not manipulate images to make a false impression on readers.
Discussion: Answer your research questions (stated at the end of the 
introduction) and compare your new results with published data, as ob-
jectively as possible. Discuss their limitations and highlight your main 
findings. At the end of Discussion or in a separate section, emphasize 
your major conclusions, pointing out scientific contribution and the 
practical significance of your study.
Conclusions: The main conclusions emerging from the study should be 
briefly presented or listed in this section, with the reference to the aims 
of the research and/or questions mentioned in the Introduction and 
elaborated in the Discussion.
Note: Some papers might require different structure of the scientif-
ic content. In such cases, however, it is necessary to clearly name and 
mark the appropriate sections, or to consult the editors. Sections from 
Introduction until the end of Conclusions must be numbered. Number 
the section titles consecutively as 1., 2., 3., ... while subsections should be 
hierarchically numbered as 2.1, 2.3, 3.4 etc. Only Arabic numerals will 
be accepted.
Acknowledgments: Place any acknowledgements at the end of your 
manuscript, after conclusions and before the list of literature references.
References: The list of sources referred to in the text should be collect-
ed in alphabetical order on at the end of the paper. Make sure that you 
have provided sources for all important information extracted from oth-
er publications. References should be given only to documents which 
any reader can reasonably be expected to be able to find in the open 
literature or on the web, and the reference should be complete, so that 
it is possible for the reader to locate the source without difficulty. The 
number of cited works should not be excessive - do not give many sim-
ilar examples.
Responsibility for the accuracy of bibliographic citations lies entire-
ly with the authors. Please use exclusively the Harvard Referencing 
System. For more information consult the Guide to Harvard style of 
Referencing, 6.1.2 Version, 2019, used with consent of Anglia Ruskin 
University, available at: <https://library.aru.ac.uk/referencing/files/
Harvard_referencing_201920.pdf>
C – Technical requirements for text processing
For technical requirement related to your submission, i.e. page layout, 
formatting of the text, as well of graphic objects (images, charts, ta-
bles etc.) please see detailed instructions at:
<http://iarigai.com/publications/journals/guidelines-for-authors/>
D – Submission of the paper and further procedure
Before sending your paper, check once again that it corresponds to the 
requirements explicated above, with special regard to the ethical issues, 
structure of the paper as well as formatting.
Once completed, send your paper as an attachment to:
journal@iarigai.org
If necessary, compress the file before sending it. You will be acknowl-
edged on the receipt within 48 hours, along with the code under which 
your submission will be processed.
The editors will check the manuscript and inform you whether it has to 
be updated regarding the structure and formatting. The corrected man-
uscript is expected within 15 days.
Your paper will be forwarded for anonymous evaluation by two experts 
of international reputation in your specific field. Their comments and 
remarks will be in due time disclosed to the author(s), with the request 
for changes, explanations or corrections (if any) as demanded by the 
referees.
After the updated version is approved by the reviewers, the Editorial 
Board will decide on the publishing of the paper. However, the Board 
retains the right to ask for a third independent opinion, or to definitely 
reject the contribution.
Printing and publishing of papers, once accepted by the Editorial Board, 
will be carried out at the earliest possible convenience.
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