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A letter from the Editor

Daniel Bohn
Editor-in-Chief

E-mail: danielbohn@jpmtr.org
journal@iarigai.org

Dear Readers,

With this closing issue of Volume 13, we round off a year that has powerfully
demonstrated how print and media technology continues branching into new
functional domains while refining its classical strengths. The three peer-reviewed
articles collected in this issue reflect that dual dynamic of process insight and func-
tion integration.

The first article in this issue, titled “Development of a 3D-Formed and Thin-
Film Back-Lit HMI,” by Gunter Hubner, Katrin Mayer, Wolfgang Kaefer, and Klaus
Schmidt (Hochschule der Medien — IAD; Marquardt; Motherson) charts a dec-
ade-long, tri-project journey. It begins with screen-printed capacitive and piezo
sensors on transparent polycarbonate, moves through thermoforming and over-
moulding, and culminates in the integration of electroluminescent layers and
innovative varnish-suspended micro-LEDs. The review offers both a state-of-
the-art map and a technology roadmap for seamless, lightweight user-interface
surfaces in automotive and consumer devices.

The second paper, “Optimization and forecasting models of the sublimation print-
ing process on textile materials” by Vyacheslav Repeta, Yurii Petriv, and Yurii
Kukura (Lviv Polytechnic National University), applies Taguchi design and fuzzy-
logic modelling to transfer printing. Their analysis reveals temperature and sub-
strate absorbency as the dominant factors for optical density. The authors’ fuzzy
knowledge base then forecasts CMYK density with remarkable accuracy, laying a
data-driven foundation for tighter control of colour in high-throughput textile lines.

The final paper of this issue, by Cecilia Rydefalk, Sofia Thorman, Anton Hagman,
and Artem Kulachenko (KTH Royal Institute of Technology / RISE Research
Institutes of Sweden), is titled “Separating the Effects of Maximum Pressure and
Printing-Nip Length on Flexographic Print Quality” The authors devised the use
of alab printing press to decouple peak pressure from nip length, performing con-
trolled load cases to study their independent effects. Printing was done in solid
tone and halftone, with results evaluated for mottle, density, and dot gain. They
found that increasing the maximum pressure boosts color density. Conversely,
increasing the nip length at a fixed maximum pressure slightly decreases colour
density, a change attributed to an alteration in the ink split point. This nuanced
finding offers direct implications for packaging printers aiming to optimize both
coverage and mottle control.

Together, these studies remind us that scientific rigour — whether carried out with
precision sensors, extended matrices based on Design of Experiments, or rule sets
derived from artificial intelligence — remains the clearest path to reliable industrial
application.
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Our Topicalities pages, expertly compiled by Marketa Drzkova, survey the latest
standards, as well as progress briefs from Fogra’s Print 4.0 research programme.

The Bookshelf highlights, alongside monographs on printed electronics, tex-
tile functionalisation, and immersive-media workflows, three Al-centred vol-
umes — Artificial Intelligence in Manufacturing: Enabling Intelligent, Flexible and
Cost-Effective Production Through Al; Artificial Intelligence in Manufacturing:
Applications and Case Studies; and Intelligent Fractal-Based Image Analysis:
Applications in Pattern Recognition and Machine Vision. Three freshly defended
doctoral theses then round out the panorama of emerging scholarship.

We also mark the passing of Dr. J. Anthony Bristow, honorary member of iarigai
and former Technical Editor of Advances in Printing Science and Technology, who
died on 7 June 2025 at the age of 93. Less than two years ago, in Vol. 12 No. 3 (2023)
in this Journal, Tony contributed the position paper “What about the surphase?”-a
concise but insightful plea for distinguishing a material’s surphase from its mathe-
matically defined surface layer, which powerfully illustrates his unceasing dedica-
tion to precision in paper science and scientific terminology. Tony’s insistence on
meticulous peer review and clear scientific English laid much of the groundwork
on which iarigai publications, including this Journal, still rely. We dedicate the pres-
ent issue to his memory.

Looking ahead, | encourage you to join the iarigai annual conference in Pardubice,
CZech Republic, from 2 to 5 September 2025.

My heartfelt thanks go to our authors, reviewers, and editors — and to you, our
readers — or another year of rigorous exchange. Your curiosity and critical eye
keep the field vibrant.
Wuppertal, June 2025

Daniel Bohn
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Abstract

During three subsequent research projects in co-operation with industrial partners, thin printed touch sensors were
developed and investigated. In the first project the touch sensors employing the capacitive or piezoelectric principle
were screen-printed as thin-film sheets of transparent polycarbonate. In the second project, these thin-film sheets
were 3D-formed through thermoforming and over-moulding process. In the third project, a thin-film light source was
printed onto the backside of the transparent sensors. The backlighting was achieved using either electrolumines-
cence or an innovative technique of micro-LEDs suspended in a printed varnish, a proprietary method developed by
the company NthDegree.

Keywords: screen-printing; micro-LED lighting, touch sensors, Human Machine Interface (HMI), 3D forming

1. Introduction

In recent years, the interior design of cars has under-
gone significant changes. Mechanical switches have
almost completely disappeared, replaced by smart con-
trols with touch-sensitive activation. However, for sim-
plicity, large TV-like touch screens currently dominate
dashboards. To allow designers to return to curved
shapes, touch controls implemented in thin 3D-formed
parts would be desirable. This goal has been pursued
through three consecutive research projects funded by
the Ministry of Science and Culture of the federal state
Baden-Wirttemberg under the “Innovative Projekte”
(innovative projects) program.

Thus, at the Institut fir Innovative Anwendungen der
Drucktechnologien (IAD) in co-operation with indus-

trial partners thin, printed touch sensors were fabri-
cated and thoroughly investigated. In the first project,
touch sensors operating on the capacitive principle,
were produced as thin-films made of transparent poly-
carbonate using a screen-printing process. An attempt
was made to provide haptic feedback to the user upon
switch activation through vibration of a printed piezo
element placed beneath the capacitive touch sensor.
The printed piezo element was found to vibrate opti-
mally at frequencies between 250 and 300 HZ, but the
amplitude proved too be too low for user perception
in a moving vehicle environment. However, the printed
pieZo stack itself demonstrated potential as a sensor,
as it generates a detectable transient signal that can be
detected easily and reliably by the evaluation software
when pressed. This capability proved to be even more
advantageous than that of a capacitive sensor, as the

- — conductive transparent electrode: PEDOT:PSS

S

piezo material, e.g. PVDF-TrFE, 16-20um

vﬁgi’ conductive electrode: layer thickness ~10um

Figure 1: Schematic of the printed piezo-effect touch sensor
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Figure 2: Safety housing around an oven to polarise
the printed piezo-effect touch sensor permanently at
elevated temperature and high electrical voltage

piezo sensor’s force requirement provides protection
against unintentional activation.

The piezo sensor developed in the first two of these three
projects was already reported on at the 2018 iarigai con-
ference (Huebner, et al., 2018). Figure 1 illustrates the
basic concept of the touch sensors based on the piezo-ef-
fect. The challenge was the layer of PVDF-TrFE (poly(vi-
nylidene fluoride-co-trifluoroethylene)material. The
solids content of the paste is very low and several suc-
cessive prints (at least four print passes) were necessary
to achieve a desired layer thickness of 16 to 20 um while
maintaining sufficient electrical dielectric strength.

After printing of the PVDF-TrFE layer (figure 3) with
several print runs the layer must undergo polarization
at elevated temperatures. High voltage (several thousand
volts) is applied to the top and bottom electrodes during
the stay in the oven. The oven therefore is placed in a
safety housing (see Figure 2), with the voltage automati-
cally disconnecting when the housing door is opened.

In the second project, the thin-film sheets were 3D-formed
(thermoforming and subsequently over-moulding). The
challenge is to maintain the function after the forming and
over-moulding process. The result of this second step was

Figure 3: Large sample printed piezo-effect touch sensor

e

slider with capacitive sensors
three piezo sensors

Figure 4: Demonstrator with three piezo sensors, a
slider with capacitive sensors and a conventional
display reflecting sensor input

a demonstrator (Figure 4). The sensors have conventional
LED-lighting from behind. This demonstrator won the
OE-A price at LOPEC 2023.

In the third project, which is the focus of this paper, a
thin-film light source was printed onto the backside of
the transparent sensors. In comparison to classical, rigid
SMD-LED placements, the idea was to print light-emit-
ting layers that are extremely thin in the range of a few
microns (excluding substrates).

Two techniques for lighting up from behind were inves-
tigated. First, the well-known electroluminescence (EL)
was employed and second, a proprietary technique of
micro-LEDs suspended in a printed varnish (a method
developed by the company NthDegree, Tempe AZ, USA).

Figure 5 shows sample light sources printed by
NthDegree. Their process accommodates both
screen-printing and flexography.

It can clearly be seen that the micro-LEDs are distrib-
uted randomly. The dimensions of the micro-LEDs are
about 20 um in diameter as can be seen on the SEM-
photo (Figure 6) taken from US Patent 9,425,357 B2
(Lowenthal, et al., 2016).



G. Huebner, et al. - J. Print Media Technol. Res. — Vol. 13 No. 4 (2024), 181-188 183

Figure 5: Printed micro-LED lamps

The micro-LEDs feature electrodes at the top and bottom
and the light is emitted upwards. The patented technol-
ogy somehow makes it possible for the lower electrode
of the LEDs to sink downwards and orientate itself to the
conductive silver layer underneath. The dielectric layers
are necessary so that the transparent top conductor layer
does not get in touch with the bottom conductive layer.
According to NthDegree, approximately 70 % of the LEDs
can be illuminated using this method. The phosphor
layer is applied to make the light of the blue micro-LEDs
appear white (wavelength shifting with the help of YAG,
yttrium-aluminium-garnet). NthDegree’s innovative
approach to printing the micro-LEDs also made it possi-
ble to print in reverse order, i.e. the transparent conduc-
tive electrode first and the Ag electrode last, so that the
light is directed onto the substrate. This project utilized
screen-printing in reverse order.

The visibility of the lighting is determined by the illumi-
nance, which is specified in candelas per square metre
(cd/m?). Automotive applications typically require illu-
minance exceeding 500 cd/m2, with 1000 cd/m? repre-
senting ideal conditions. For night design applications,
around 10 cd/m?2 is sufficient.

2. Research methods

The third step, implementing the light-emitting layer,
utilized the same layout as previous steps due to the

enviromental barrier  »
phosphor >
transparent conductor »

>

dielectric 2

dielectric 1 >

resistve dielectric ink »
botom silver electrode »|
substrate >

Figure 7: Sequence of printed layers with
micro-LEDs (Claypole, 2019)

Figure 6: Micro-LED lamps (Lowenthal, et al., 2016)

existing thermoforming and moulding tools, as creat-
ing new tools would be cost-prohibitive. The key dif-
ference now is that the function, i.e. the touch sensors
and the illumination layers are printed on the same
substrate, the illumination on the top side and the touch
sensors on the bottom side. This substrate is referred
to as the B-surface, i.e. the back of the side facing the
user. Both, the sensors and the lighting, are printed
on the B-surface, with the lighting being printed first.
The decorative surface visible to the end user is called
A-surface. To finalize the part, both foils (A-surface and
B-surface) are placed into an injection moulding device,
where the stiffening plastic is injected between the two
substrates. This setup is depicted in Figure 8.

In this project, piezo sensors were not employed as
capacitive touch sensors offer simpler manufacturing
processes and more reliable functionality. Moreover,
the forming capability of the piezo sensors was already
shown in the second project step.

The investigation covered two thin-film illumination
techniques: electroluminescence and the printed micro-
LED approach.

2.1 Lighting with electroluminescence
This technique is well known, and it has been shown

that the printed sheets can be thermoformed quite
easily (e.g., Chang, 2019). Figure 9 shows the basic struc-

B-surface: functon

molded plastc

A-surface: design

Figure 8: Basic design of the demonstrator with
three buttons and a slider
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protective laquer

upper electrode /
busbar-silver

e dielectric
@
e _ lightemitting layer
- (phosphor)

A

electrode (PEDOT)
polycarbonate
\ substrate
emitted light
Figure 9: Layer sequence of printed electrolu-

minescent lamp. PEDQT is the cationic species of
poly(3,4-ethylenedioxythiophene)

4 e
\ | D \ lower, transparent

ture of the screen-printed EL lamp used in this project,
comprising substrate (polycarbonate, PC), transpar-
ent electrode, emitting layer (commonly referred to as
‘phosphor’, typically doped zinc sulphide), dielectric
(insulating layer), electrode, and protective layer.

During testing, forming process challenges led to crack-
ing of printed layer, compromising lamp functionality.
A protective coating from the ink manufacturer Proll,
which was specially developed for in-mould electronics
(IME), showed better results, particularly when applied
as a double layer, but could not guarantee 100 % yield.
Figure 10 (a) shows such a crack that occurs after ther-
moforming. The cracks occur where the conductor track
merges into the slider. To overcome the cracking issue,
the design was modified by trying to avoid the hump and
thus, some working lamps could be produced. However,
the achieved illuminance was only around 50 cd/m2,
which is not sufficient for the desired application. In
addition to the project partner Dr Schneider GmbH (now
Motherson DRSC Deutschland GmbH), a further indus-
trial partnership was established with Niebling GmbH

during the project. Niebling has developed a forming
method called high pressure forming (HPF), which is
somewhat ‘gentler’ than the classic ‘vacuum forming’
at Dr Schneider, as the preheating temperature of the
film is significantly lower, while the temperature of the
forming tool is quite similar. Ten EL lamp prints were
formed using Niebling’'s HPF process and remained func-
tional but achieved illuminance no higher than 70 cd/
m2, Niebling reported successful EL forming in previous
industrial trials (unpublished).

2.2 Lighting with micro-LEDs

The most challenging part of the research is the 3D
forming and overmoulding of the printed structures,
especially as the suspension of the micro-LEDs in
a printing paste is quite expensive and the risk of
damage during the forming and moulding tests is high.
Preliminary testing of printing ink stretchability and
formability was therefore conducted. Various silver
pastes marketed for in-mould electronics were evalu-
ated using a test moulding tool featuring 0.5 and 1 mm
wide lines with increasing stretch factors (1 to 2.5) and
defined edge radii. Figure 11 shows the printing layout
(a) and the moulded plastic part (b).

Another aim of the test prints was to find out whether
PET could be used instead of PC, as NthDegree had better
experience with PET than PC for its products, but PC is
used almost exclusively in the automotive industry.

As the silver print has direct contact with the moulding
tool, a protective lacquer is also used, which is applied
in a second printing process and is intended to further
support successful forming. For this purpose, both the
varnishes corresponding to the respective paste and two
different varnishes from Proll GmbH were tested, namely
the solvent-based varnishes Noriphan HTR N 093/444
(one-component) and Noriphan N2K (two-component).

93,629um
90

Figure 10: a) Crack after forming; b) enlarged before forming;
c) height profile of the print before forming (ranging from 34.423 to 93.629 ym)
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Figure 11: Printed test pattern (a); formed polycarbonate sheet (b)

Some prints were produced at NthDegree and some at
the HAM in order to subsequently carry out the forming
tests at Niebling (HPF) and also at Dr Schneider (vacuum
thermoforming process). With HPF, it is possible to work
with comparatively low film-forming temperatures.
The results show that there are virtually no differences
between the various silver pastes in terms of electrical
performance and visual inspection before thermoform-
ing, regardless of whether PET or PC was used.

After thermoforming, the picture is different:

e The printed lines on PET are interrupted at sig-
nificantly lower stretch factors and therefore lose
conductivity.

e When comparing the varnishes recommended by
the manufacturer with those from Proll, the Proll
HTR N 093/444 is particularly favourable.

e All silver pastes showed comparable conductivity
when using Proll varnish.

e Visual inspection of the forming with the HPF
technology shows always better results than with
the classical vacuum forming.

As the B-surface is also to be printed with silver paste
on the front and then over-moulded with plastic in the
further course of the project, adhesion to the injection
moulding material is crucial. Peeling tests were carried
out for this purpose. Peeling tests identified the Elantas
silver layer (Bectron CP 6680) with Proll protective
coating (HTR N 093/444) as the best-performing com-
bination, which was adopted for subsequent work.

As the micro-LEDs emit blue light (450nm), but a white
colour is desired, a phosphor layer is “phosphor* is nec-

essary. The term “phosphor” refers to cerium-doped
yttrium aluminium garnet (YAG), which functions as a
wavelength shifter similar to standard white LED pro-
duction. Tests were carried out whether this phosphor
layer is also formable without defects. The phosphor
is supplied as a powder and is stirred into the clear
lacquer HTR N 093/444 from Proll GmbH for printing.
The forming tests showed no cracks, and a homogenous
layer was maintained. Without illumination with blue
light, the print appears yellowish as shown in Figure 12.
NthDegree has some experience and provided empirical
values for the recommended CIE b*-values. They were
measured with a spectrophotometer and showed suffi-
ciently high values.

Based on these preliminary tests the layout of the
B-surface was fixed as shown in Figure 13.

Figure 14 details the layout and specifies screen—print-
ing form mesh counts (threads per cm) in the legend.
The structure resembles that of the electroluminescent
lamp, with the micro-LED-containing layer replacing
the electroluminescent layer.

Figure 12: Test prints with phosphor layer after forming
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substrate
(PET and PC)
N\ o transpaltent
DN conductive layer

emissive layer
(microLED paste -
NthDegree)

dielectric layer
(NthDegree)

o \ (NthDegree)

conductive silver layer

\ ~
N T~ protective layer

Figure 13: Printing of the illumination part
onto the B-surface

Figure 15 depicts how the B-surface is finished by adding
the layer with the capacitive switch pattern and the phos-
phor layer. NthDegree’s special proprietary know-how is
that during and immediately after the printing process,
most of the micro-LEDs align themselves in such a way
that the upper contact of the LEDs points downwards
towards the transparent conductive layer (e.g. PEDOT/
PSS) and the upward-facing opposite pole is not 100 %
covered by the surrounding insulating paste. If the entire
surface is then covered with a conductive layer (not
transparent) applied on top, a sufficiently high percent-
age of the LEDs start to light up, which resembles a kind
of starry sky. Figure 16 shows an example of the glowing
blue background of the slider. To achieve white illumi-
nation with improved homogeneity, the phosphor was
applied at HdM to the film’s front alongside the capacitive
sensor and final transparent protective coating. Figure 17
shows the required printing steps.

electrode: transparent conductive paste (NthDegree) — 140 mesh
emitting layer: LED-paste (NthDegree) — 160 mesh

dielectric (NthDegree) — 165 mesh

electrode: silver paste (NthDegree) —61 mesh

conductive tracks/busbar: silver paste (Elantas) — 61 mesh
protective varnish (Proll) — 110 mesh

Figure 14: Layout (top view) of the B-surface foil
showing which layer is printed by NthDegree and which
by HdM including mesh count specifications. Some
circular spots left open for measurement purposes

N protection layer
o / phosphor layer

N \\

capacitive sensors

inished LED layer
consisting of
transparent
conductive layer,
microLED layer,
dielectric, conductive
silver layer and
protective layer

Figure 15: Adding capacitive switch and phosphor
layer to the B-surface foil

3. Results

In the following the results are shown for both EL and
micro-LED illumination.

3.1 Lighting with electroluminescence

3.2 Figure 18 shows the result with the EL technique.
With the HPF technique from Niebling GmbH it was
possible to thermoform the foil while maintaining the
function.

Beyond the disadvantageous EL driving requirements
(approximately 400 Hz with 100 V AC current), electro-
luminescence’s primary limitation remains its low lumi-

Figure 16: Background illumination of the slider area
printed with micro-LEDs by NthDegree

capacitive sensors — 100 mesh
phosphor layer — 110 mesh
protective coating layer — 120 mesh

Figure 17: Printing steps to finalize the B-surface foil
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Figure 18: Fully functioning 3D-formed EL illumination
and capacitive sensors (6 on slider and 3 buttons)

nous efficacy of approximately 70 cd/mz2. This inadequate
brightness for automotive applications led to discontin-
uing EL investigation within this project, omitting over-
moulding to focus on the more promising micro-LED
technology. While superior EL materials may exist cur-
rently, their investigation fell outside this project’s scope.

3.3 Lighting with Micro-LEDs
Figure 19 shows the result with the micro-LED technique.

Following functional testing of B-surface foil sensors
and micro-LED illumination at Marquardt GmbH, the PC
films (B-surface) were successfully bonded to the dec-
orative film (A-surface) through intermediate injection
moulding at Dr Schneider.

Figure 19: Fully functioning 3D-formed micro-LED
illumination and capacitive sensors (Six sensors on the
slider and three buttons) left: all fields illuminated, right
only slider illuminated. The yellow phosphor can be well
observed

Figure 20: Decorative layout for A-surface

Figure 21: Final result of the injection moulding action

Figure 22: Final demonstrator with
micro-LED illumination

The final goal of the project, however, is a demonstra-
tor showing the fully functioning stiffened part by
intermediate plastic injection and having a nice-look-
ing surface, the A-surface. For the final demonstrator
assembly, the 3D-formed, functional B-Surface has
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been bonded to the decorative film (A-Surface) by Dr
Schneider using intermediate injection moulding. The
decor features a black negative print displaying button
symbols and descending-sized ‘claws’ for the slider
(Figure 20).

The film joining process involves vertical insertion
of both films into the injection moulding machine’s
mould, followed by injection of polycarbonate melted
at approximately 280°C between the films. Figure 21
shows the final injection moulding result.

For the dissemination of the results a demonstrator has
been built by the industrial partners with slightly mod-
ified icons on the A-surface. The final demonstrator is
shown in Figure 22.

References

4. Conclusions

Although the EL technique has some decisive drawbacks
it could be shown that in general the technique works,
and fully functional 3D formed parts can be produced.
The micro-LED system can definitely be considered a
success. The deformation of the micro-LED paste used
had never been tested before, so subsequent functional-
ity was not guaranteed. It is therefore even more pleasing
that sensors with extremely thin-film-like backlighting
are now available for the further process after the injec-
tion moulding process and connection to the A-Surface.
The industrial project partners now have the opportunity
and the challenge of bringing this innovative technology
to the market. However, the stability and longevity of the
system must now be checked in further investigations.

Hibner, G., Fischer, T. and Martinez, R. 2018. Man-machine interfaces using screen-printing. In: Advances in Printing and
Media Technology: Proceedings of the 45th International Research Conference of iarigai. Warsaw, October 2018. Poland:

iarigai, pp. 2-9.

Claypole, J., Holder, A., McCall, C., Winters, A, Ray, W,, Claypole, T. 2019. Inorganic printed LEDs for wearable technology.
In: Advances in Printing and Media Technology: Proceedings of the 45th International Research Conference of iarigai.

Stuttgart, September 2019. Germany: iarigai, pp: 8-15.

Chang, H.X., 2019. Structural analysis of thermoformed electroluminescent printed lighting. PhD, Universiti Sains
Malaysia. Available at: <http://eprints.usm.my/58468/1/Structural%20Analysis%200f%20Thermoformed%20
Electroluminescent%20Printed%20Lighting.pdf> [Accessed: 6 March 2025].

Lowenthal, S., Klink, P, and Rathsack, B. 2015. Diode for a printable composition. US Patent 9,105,812 B2 [Patent].

































C. Rydefalk, et al. —J. Print Media Technol. Res. — Vol. 13 No. 4 (2024), 199-211 199

JPMTR-2415
DOI 10.14622/JPMTR-2415
UDC 677.84:655.39:658.562:519.22:519.87:004.822 (045)

Original scientific paper | 197
Received: 2025-01-08
Accepted: 2025-04-17

Separating the effects of maximum pressure and printing nip
length on flexographic print quality

Cecilia Rydefalk 12, Sofia Thorman 2, Anton Hagman 2 and Artem Kulachenko!

! Department of Engineering Mechanics,
KTH Royal Institute of Technology, Sweden

2 Department of Sustainable Materials & Packaging,
RISE Research Institutes of Sweden, Sweden

rydefalk@kth.se

Abstract

When adjusting the impression in a printing press both the maximum pressure induced and the contact length
between the print form and the substrate are simultaneously altered. In the present study, lab printing was per-
formed with controlled load cases. The load cases were chosen to achieve varying nip lengths or maximum pressure.
A lab-scale printing press was augmented with a pressure sensor that measures the width of the print over a square area.
By altering the print forms and the force settings in the machine, the print nip pressure pulse was controlled. Printing
was performed in both solid tone and halftone, and the printed result was evaluated for mottle, density, and dot-gain.
By increasing the maximum pressure, the color density increases. By increasing the nip length at a fixed maximum pres-
sure, the color density decreases. The variation within the settings in the present study is small and appears to originate
from the split pattern. The change in the nip exit angle with increased nip length is sufficient to alter the ink split point

and, thereby, the density. A higher maximum pressure can instead enable a higher ink transfer.

Keywords: flexography, lab printing, mottle, print density, ink transfer

1. Introduction

The assessment of print quality ranges from code leg-
ibility thresholds to fine-tuned image rendering aes-
thetics based on human perception. Tools to pinpoint
and evaluate gloss, reflectance variations (mottle), tonal
density, or uncovered areas (UCA) have been devel-
oped to put a number to the defects that disturb the
visual appearance of a printed product. On the other
hand, there are investigations into the mechanisms that
induce wanted or unwanted effects and defects. In flex-
ographic printing, there is a delicate interplay between
the material properties of the substrate, the print plate,
the foam backing, and the ink. Their individual stiff-
nesses, structure, wettability, and rheology add to that
process parameters such as impression and print speed.
The ink transfer from the print plate to the paperboard
involves wetting of two solid surfaces with ink, one by
the other, in a nip between two rolling cylinders. Upon
exiting the nip, the fluid film splits between the plate
and the substrate, whereupon the ink on the paperboard
levels and sets. The visual appearance of the printed
surface will depend on the thickness and uniformity of

the ink layer. The amount of transferred ink depends on
the ink available and where the film split occurs. Due
to instabilities, the menisci at the nip exit will not be
uniform but take on a wavy pattern. The cross machine
direction (CD) wavelength depends on surface rough-
ness, ink viscosity, and print speed (Brumm, Sauer and
Dérsam, 2019). The liquid bridge between the print plate
and the paperboard will stretch and rupture while the
paperboard moves, which can create ink streak patterns
in the machine direction (MD). The MD pattern is influ-
enced by the elasticity of the ink (Morgan,, et al., 2018)
and the asymmetry of the split that determines which
surface will retain the larger amount of the ink. These
finger-like patterns have even been specifically utilized
to print biomimetic networks in a flexographic printer
(Brumm,, et al., 2022). In packaging printing, this pattern
is located in sub-millimetre wavelengths (Gil Barros,
2006) and is barely visible to the naked eye. Larger varie-
ties, more noticeable to the eye, stem largely from struc-
tural variations of the paperboard.

Since contact is a requirement of ink transfer, the
impression is one of the essential process parameters in
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contact printing. If the impression is too low, the contact
between the uneven paperboard and the print plate
becomes insufficient to transfer ink. On the other hand,
in flexography, a high impression can cause defects such
as dot gain due to deformation of the raster dots. Too
high impression in post-printing of corrugated board
can crush the fluting (Holmvall, 2007). Printing with
higher impressions can also cause the print plates to
deteriorate faster.

It has been noted that optical density increases with
impression (Tollenaar and Ernst, 1961) and that there is
a significant improvement in density or tone value from
engagement and during the initial increases in impres-
sion. However, at some point, an optimum impression
is reached where further increasing of the impression
provides none or minor increases in density (Bould, et
al., 2011). Beyond the optimum impression, either the ink
transfer has reached an equilibrium, or the ink transfer is
still increasing, but the ink is forced into the paperboard
coating. Using optical cross-section microscopy, Bohlin,
Johansson and Lestelius (2016) concluded that a higher
print force did not increase the penetration depth of the
ink into the coating to any greater extent.

Several factors impact the liquid film split and the liquid
distribution in meniscus rupture when stretching a
liquid bridge. In the context of printing, this phenom-
enon has been studied most extensively with regard
to gravure printing. It has been observed in studies
regarding pick-out from a gravure cell that both shear
and extension play an important part in the amount of
fluid transferred, especially for non-Newtonian fluids
(Khandavalli and Rothstein, 2017). The influence of ink
elasticity on the split pattern compared to Newtonian ink
was shown to alter the ribbing pattern in flexographic
printing from straight lines to shorter structures in MD
(Morgan, et al., 2018). Additionally, a difference in wetta-
bility between the two separating surfaces will affect the
amount of liquid transferred between them. If the liquid
being transferred is shear thinning, this has been found
to enhance liquid transfer to the more wettable surface
compared to the Newtonian case at the same capillary
number (Wu, Carvalho and Kumar, 2019). Add to that the
structure and surface energy of the paperboard, which
will have its own effect on the ink spreading. A coated
paperboard is often slightly hydrophobic due to the latex
in the coating (Bohlin, Johansson and Lestelius, 2016).
Applying pressure can mitigate the poor wettability (De
Grace and Mangin, 1984). Forced wetting has even been
shown to enable offset printing on a very hydrophobic
Teflon surface (Liu and Shen, 2008).

Since the impression is an important parameter in the
printing process, its isolated effect has been studied
(Bohan, et al., 2003; Borbély and Szentgyorgyvolgyi,
2011). However, the impression is altered by closing the

distance between the print cylinder and the impres-
sion cylinder, whereupon both the maximum pressure
and the nip length will increase. The same applies to
an increase in line load in a force-controlled lab press,
both the maximum pressure and nip length is affected
by the force setting. Additionally, the print plate, plate
mounting sleeve or foam tape backing, and substrate are
a combination of materials with a non-linear compres-
sion response. Additionally, all the materials can vary in
thickness, and the resulting pressure pulse exerted on
the substrate can both be asymmetric and change with
print speed. The shape of the pressure pulse between
two rolling cylinders, with or without deformable cover,
has been extensively studied in the context of print-
ing and other rolling processes (Hannah, 1951; Hunter,
1961; Bentall and Johnson, 1968; Margetson, 1971, 1972;
Kerekes, 1976; Dobbels and Mewis, 1978; Watanabe and
Amari, 1982; Coyle, 1988; Keller, 1992; Wang and Knothe,
1993; Xue, Gethin and Lim, 1994; Lim, et al., 1996; Luong
and Lindem, 1997; Bohan, et al., 1997; Hinge and Maniatty,
1998; Yoneyama, Gotoh and Takashi, 2000; Johnson, 2003;
Ascanio and Ruiz, 2006; Holmvall, 2007; Litvinov and
Farnood, 2010; Austrell and Olsson, 2013; Abdel Rahman,
El-Shafei and Mahmoud, 2014; Ceccato, Kulachenko and
Barbier, 2019). Just to mention a few.

Many studies are numerical, or experiments confined
to lab scale since measuring the pressure pulse in a
full-scale printing press is difficult. However, Johnson,
et al.,, (2004) measured the pressure pulse and ink
transfer in a flexographic central impression print-
ing press and showed that the nip length increased
while the maximum pressure remained stable for an
increased speed. They also measured the ink transfer
in terms of copper content on the printed paperboard,
showing that the amount of transferred ink decreased
with increasing print speed. Something that had been
previously noted in the literature for the optical density
(Tollenaar and Ernst, 1961).

In the present study, we separate the maximum pressure
from the nip length to study their separate effect on the
print quality. The desired pressure pulses were achieved
by altering the soft foam tape between the print plate
and the cylinder and the force settings in the lab printer.

2. Material
2.1 Paperboard

The paperboard used in the present study was a mul-
tiply, coated, commercial liquid packaging paper-
board. The mean local thickness (measured according
to the method described by Schultz-Eklund, Fellers
and Johansson (1992) was approximately 450 um
with a standard deviation of approximately 5pum.
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The grammage was 295 g/m?. The surface roughness of
the coated side (measured with an FRT MicroProf from
Fries Research & Technology) had a standard devia-
tion of approximately 3.3 um around the mean surface
height. The mean out-of-plane stiffness in compression
was 23 MPa. The measurements on the paperboard were
all performed in a climate-controlled laboratory (23 °C,
50 % RH) after conditioning the samples for 24 hours.

2.2 Printing plate

The printing plate was a photopolymer plate from XSYS.
The plate was a 1.14 mm thick Xsys Nyloflex ACE with a
hardness according to DIN 53505 of 62 and a Shore A
of 78. The print plate had one solid tone area and one
halftone area. The halftone was 30% on the printing
plate (i.e.,, no dot gain compensation was applied) with
a screen ruling of 48 Ipi. The resulting print had roughly
the same usable area of each.

2.3 Plate mounting foam tape

Three different plate mounting foam tapes were used to
alter the pressure pulse. All three were from Lohmann
and 0.5mm thick. They are denoted 52, 53 and 54 with
increasing stiffness.

2.4 Ink

The ink used was PremoNova WIPP-512N Cyan
(FlintGroup).

3. Method
3.1 Print settings and resulting pulses

To print the samples in this study an IGT Fl1 laboratory
flexographic printer was used. The printing speed was
kept constant at 0.5m/s. The speed is much lower than
afull-scale printer. The lab printer is force-controlled and
to evaluate the pressure pulses during printing a pressure
sensor, Tekscan I-Scan 5040, was utilized. The setup was
previously used and evaluated by Hedstrém (Hedstrom,
2023). The sensor is embedded in the sample holder and
maps an area of 44 x 44 mm as it rolled through the nip
together with a paperboard sample. A mean pulse has
been calculated for each force setting used. The sensor
was not present during printing, i.e. all the pressure
measurements were performed during initial dry runs
to determine the appropriate force settings for printing.

In Hedstrom's study, print plates of different thickness
were used to achieve different pulses, but the conclusion
was that the effect of changing the print plate overshad-
owed any other results. In the present study, only one
print plate was utilized to ensure that the contact con-

ditions between the plate and paperboard remained the
same. The print force setting, and the foam tape were
the only process parameters used to alter the pulse
shape. Therefore, the resulting pulses could not achieve
the large differences possible when using thin and hard
plates and thicker, softer ones. The settings used in the
present study are presented in Table 1 and the resulting
mean pulses are shown in Figure 1. The pulses all have
a unique force setting and will be denoted thereafter. As
is marked in color in Table 1 and seen in Figure 1, some
cases with different force settings achieve either the same
max pressure or the same nip length. The relative change
in nip length and maximum pressure are the same size;
approximately 30 %. The testing was performed in a cli-
mate-controlled lab at standard climate (23 °C, 50 % RH).

In addition to the selected pulses, printing was per-
formed at lower force settings, 20, 30 and 40 N, to eval-
uate if the optimum mottle and UCA had been reached.

3.2 Print evaluation

To evaluate the print quality in terms of mottle, density,
reflectance, and tone value increase (TVI), all printed
samples were scanned together with a reflectance cali-
bration set at 600 dpi, RGB, in a flatbed scanner. One
sample of each set was additionally scanned at 1200 dpi
to evaluate dot reflectance, dot area, and the split

Table 1: Plate, tape, and print settings

Force Max pressure  Nip length

Tape setting [N] [kPa] [mm]
Hard (54) 60 100 7

Medium (53) 70 100 8

Soft (52) 80 100 9

Soft (52) 125 150 10

Hard (54) 150 220 9

Medium (53) 175 220 10

Hard (54) 225 300 10

350.00 1
——%—— 154225 N
300.00 f ——8—— |54 150N
| —=o6—— L5460N
E 25000 444444 L SRR L52 125 N
ﬁ 20000 Y AN - s N EEEEED A L5280N
o X| — - — -1L53175N
2 15000 | -L5370N
8
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50.00
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0 5 10

Nip length [mm]

Figure 1: Pressure pulses during printing
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pattern. The evaluation was performed using the soft-
ware “STFI Mottle Expert” (RISE) (Christiansson, 2019)
and “Dot Stat” (RISE)(described in a degree project of
Kalicinski (2014).

3.2.1 Mean reflection, density and tone value increase

To calculate the mean (relative) density (Eq. [L]) and TVI
(Eq. [2]), the red image channels of printed and unprinted
areas calibrated to reflectance were used. The optical
density presented is the relative density calculated from
the calibrated reflectance of both the unprinted and
printed surfaces. A decrease in reflectance from adding
ink to the surface gives an increase in optical density.

mean Reflynprinted [1]
100

Relative Density = log,

mean Reflyyinged
~ 1oy 100

The TVI is calculated against the relative density and
the nominal tone value of the print plate using the
Murray-Davies equation.

1-— :I_O—ReIDensityhamUne [2]

TVI = - 1
1— 10_Re|DenS|tysolidtune 00

— nominal tone

The TVI does not distinguish between physical and
optical dot gain. The mean TVI information is augmented
by analyzing the dot area and dot reflectance.

3.2.2 Mottle and uncovered areas

The mottle and UCA are calculated from grey-scale
images calibrated to reflection. In the solid tone areas,
the threshold for detecting UCA was 13 % above the
mean reflectance. The feature in STFI-Mottling Expert
called “Remove false UCA” was used. Areas larger than
500 mm? and fiber shaped areas with a reflectance
above thresholds of 13 % above the mean reflectance
were considered false UCA. The areas were replaced
with the mean reflectance of their surroundings. The
mottle is given as the coefficient of variation of the
reflectance. The information is filtered and is divided
into the following wavelength spans: 0.13-0.25, 0.25-0.5,
0,5-1, 1-2, 2-4, 4-8 and 1-8 mm.

4. Results
Several print quality metrics were utiliZzed to evaluate

the effect of the maximum pressure and nip length. All
error bars represent 95 % confidence interval.

4.1 Optimum plateau for uncovered areas and
mottle

Both the UCA and the detected false UCA decrease
with increasing force setting, as shown in Figure 2.
This is expected when the plate-paperboard contact
increases. At the lower end of the settings, the soft-
ware has discovered some false UCA’s, which might
be actual UCA's since they appear more prevalent in
low-pressure cases. However, for the selected range of
settings, both UCA and false UCA have plateaued near
to or at zero.
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Figure 3: Solid tone mottle 1-8 mm.
COV denotes the uncovered areas
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In Figure 3 the 1-8 mm mottle in the solid tone is pre-
sented. For a set combination of plate and paperboard,
the increased impression will improve the 1-8 mm
mottle until it plateaus. As can be seen in Figure 3 the
plateau is reached for the selected settings. However, it
should be noted in Figure 4 that although the 1-8 mm
mottle plateaus, it keeps improving in the 0.13-
0.25 mm wavelengths. Additionally, in 0.25-1 mm there
is a jump between 70 N and 80 N.

4.2 Solid tone reflectance and density

The solid tone reflectance scans are shown Figure
5 and the values are presented in Figure 6. Using
Equation [1] the density is calculated and presented
in Figure 7. Increasing the maximum pressure while
keeping the nip length constant reduces the reflec-
tance and thereby increases the density. However,
increasing the nip length while maintaining the same
maximum pressure increases the reflectance and
decreases the density. The density range for all the
cases presented here is, however, within acceptable
boundaries for a full-scale print run.

4.3 Halftone reflectance and density

The halftone reflectance and density are shown in
Figure 9 and Figure 9. The halftone follows the same
trend was observed in the solid tone in Figure 6 and
Figure 7. The effect is slightly larger in the halftone
compared to the solid tone, especially for the higher
forces, which could be explained by an expanded dot
area at higher impressions. The dots are more easily
deformed than the solid surfaces on the print plate.
Additionally, in the halftone, the line load is distrib-
uted over a surface that is 30 % of the solid tone area.
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Figure 5: Calibrated reflectance patterns 20 x 20 mm
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4.4 Dot area, dot reflectance and tone value increase

The TVI in the halftone is calculated according to
Equation [2] and presented in Figure 10. It follows the
same trend as the density in both the solid and halftone
(Figures 7 and 9, respectively). The TVI is expected to
increase with increased pressure due to the mechanical
deformation of the dots and squeeze out of the ink at
the rim of the dots. However, the fact that the dot gain
decreases with nip length at a fixed maximum is sur-
prising and indicates a different mechanism in the ink
transfer.

The TVI presents a value for the entire printed surface
but does not account for if the TVI is caused by larger
and/or darker dots. Therefore, the reflectance of the
individual dots was analyzed from the higher resolution
scans and were presented in Figure 11. The reflectance
of the individual dots follows the same pattern as the
solid tone reflectance. However, the results show that
the area of the dots are also affected. A longer nip at the
same maximum pressure produces smaller and slightly
lighter dots. An increased maximum pressure with
maintained nip width creates larger, darker dots. This
indicates that the halftone density of the whole area in
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Figure 6: Solid tone reflectance versus maximum pressure (a) and nip lengt (b)
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Figure 9 and the TVI in Figure 10 are due to a change
in both the area and reflectance of the individual dots.
Less ink appears to have been transferred when the nip
length is extended at the same maximum pressure in
the dots as well as in the solid tone.

4.5 Print mottle and ink splitting pattern

The solid tone mottle is presented (one wavelength span
per subplot) in Figure 12 (plotted against the maximum

pressure) and in Figure 13 (plotted against the nip
length). There is a very slight improvement in 1-8 mm
when the maximum pressure is increased. The shortest
wavelength, 0.13-0.25 mm, displays the most noticeable
improvement in mottle when the maximum pressure is
increased. However, when increasing the nip length at the
same pressure the mottle increases. The same trend as
seen in the reflectance in Figure 6 is seen here in Figure 13
in the reflectance variation (mottle) in 0.13-0.25 mm. This
wavelength is where the split pattern can be found (Gil
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Barros, 2006). Even if the split pattern is similar for the
different settings, the variation in the smallest wave-
length could indicate how much ink is in the liquid bridge
on the paperboard side when it ruptures.

The split patterns are visible in the plots of the calibrated
reflectance in Figure 5. A closer look at the local ink
density is visualized in Figure 14 where the data has been
interpolated in MATLAB to make the gradients smoother.
The split pattern is formed by the ribbing instability of
the moving contact line and the liquid filament or bridge
between the plate and paperboard that breaks and leaves

Split pattern 60 N

Split pattern 70N

small-scale dots or streaks in the machine direction on
the substrate. The patterns show no obvious differences,
but there are reflectance variations in 0.125-0.3 mm
shown in Figures 12 and 13. The mottle trend in this wave-
length span follows the reflectance difference between
the settings. A decrease in reflectance means an increase
in density, thus indicating that there is a small change in
the split point. On one hand, increasing the density and
reducing the variation in the shortest wavelength with
increasing maximum pressure, and on the other hand,
decreasing the density and slightly increasing the varia-
tion when the nip length is extended were observed.

Split pattern 80N Split pattern 125N

\ .\0.

Figure 14: Visualization of the local ink density showing the split pattern
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The halftone mottle is presented in Figures 15 and 16. The
wavelength 0.13-0.25 mm is heavily influenced by the dot
pattern due to the dot size in the halftone. The largest
variation between the cases occurs in the shortest wave-
lengths, 0.25-0.5mm. In the middle span, 1-4 mm, only
the lowest force setting sticks out with a lower value. At
the longest wavelengths, 4-8 mm, there is a large var-
iation in all force settings but no significant difference
between the settings.

5. Discussion

The result that the UCA's decreased with print force
was expected, as well as the stabilization of print mottle
in the higher wavelengths. However, the reduced solid
tone density with nip length was one unexpected result.
Another unexpected result was that the density of the
dots as well as their area also decreased with a longer
nip length at the same maximum pressure.

The optical density alone cannot completely rule out the
possibility of another mechanism that could “hide” the
ink, making the surface appear lighter compared to how
much ink was transferred. However, Bohlin, Johansson
and Lestelius (2016) concluded using optical cross-sec-
tion microscopy that an increased force did not make the
ink penetrate deeper into the substrate to any greater
extent. Additionally, the halftone density can be affected
by effects such as optical dot gain. As the substrate was
the same in all cases, we assume that the optical dot gain
remains on a similar level and that the halftone density
differences are mostly a result of the actual differences in
ink transfer. Another way to measure the ink transfer is

to measure the copper content on the paperboard using
Atomic Absorption Spectroscopy, AAS. This will provide
an amount of g/m? of dry ink, regardless of the optical
qualities of the print. A study of the pressure pulse and
ink transfer at different speeds has been performed by
Johnson, et al. (2004). In the paper, they show that for
the hard flexographic print plate (comparable to the
one used in the present study), the increase in speed
resulted in a longer nip, unchanged maximum pressure,
and a decrease in g/m? of ink transferred. With con-
sistent maximum pressure and increasing nip length,
we observe a decrease in density just as they observe a
decrease in ink transfer. We therefore assume that the
decrease in optical density is due to less ink transferred.
In Johnson'’s study, the speed was increased (and the ink
transfer decreased), while in this study, the print speed
in the IGT F1 was kept constant. In their study they could
not rule out that the shortened duration (time) in the nip
was the cause of the decrease in ink transfer. However, in
both studies, the nip length was increased with a main-
tained maximum pressure.

An increase in nip length (for the same print cylinder)
will result in a more acute exit angle and a larger vertical
velocity component. It had previously been observed that
an increase in print speed in the lab printer affected the
split pattern, therefore the print speed was held constant
in this study. The same print plate was used to ensure
that the paperboard-print plate contact remained the
same. The paperboard samples came from the same reel,
and although the wettability of the paperboard and print
plate are unknown, their relationship should remain
unchanged within the present print run. However, the
nip exit will change with the nip length.
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At the nip exit the split point of the filaments between
paperboard and print plate will influence the amount of
ink transferred. And a pair of results that followed each
other was the solid tone reflectance and the mottle in the
shortest wavelength. The mottle that corresponds to the
split pattern. The nip exit exhibits a complex load case.
The fluid is both extended with the lifting print plate,
but it is also sheared due to the moving paperboard. The
extension also includes a rotation and acceleration of the
print plate. It is therefore not necessarily sufficient to
only consider the extensional rheology or shear of ink.
Dodds, Carvalho and Kumar (2012) studied the behav-
ior of a bridge of Newtonian fluid stretched under both
extension and rotation in the context of gravure printing.
The study concluded that the acceleration of one plate
relative to the other has a significant effect on the bridge
dynamics and the transfer of liquid. They commented
that the implication is that by producing a difference in
rotation of one surface against the other, the amount of
liquid transferred can be slightly altered. In gravure print-
ing, they noted, this could be performed by a mismatch
in the size of the two rolls. In our case, by altering the
angle at the split, the amount of ink transferred is slightly
altered. This mechanism could explain why the density
decreases with increasing nip length. The other mecha-
nism working in the opposite direction is the maximum
pressure. With an increase in maximum at the same nip
length (and therefore exit angle conditions), more ink
was transferred to the paperboard. At lower impressions
or force settings the print is improved by increasing
the pressure, establishing better contact, and reducing
UCA and mottle towards their optimum. However, the
printing was performed after reaching the plateau. The
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tracks their evolution and influence,
as well as the interests and attitudes
of various parties involved, and
documents the networks formed
around the awards in different
periods, discussing the benefits and
risks implied by closing the loop.
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Emerging Battery Technologies
to Boost the Clean Energy
Transition

Cost, Sustainability, and
Performance Analysis

Editors: Stefano Passerini,
Linda Barelli, Manuel Baumann,
Jens Peters, Marcel Weil

Publisher: Springer

1st ed., February 2024

ISBN: 978-3031483585 Ui
353 pages, 53 images

Hardcover

Also as an eBook

0 Boost the Clean
Energy Transition

In this book, over 50 contributors
provide an interdisciplinary view on
the topic. The chapters in the first
three parts address mobility and
future trends, circular economy for
batteries, system perspective for a
clean energy transition, projected
global demand for energy storage,
other energy storage technologies,
advantages and importance of
batteries in the energy transition,
segmentation of battery market and
its outlook. Two parts focus on the
performance and cost of present
batteries, raw materials and recycling
of lithium-ion batteries, and emerging
battery chemistries for closed and
open battery systems. The last part
deals with prospective assessments
of emerging batteries, methodological
challenges, life-cycle assessments,
techno-economics analyses, social
implications and approaches, and a
multicriteria decision analysis.

Smart Textiles from
Natural Resources

Editor: Ibrahim H. Mondal

Publisher:

Woodhead Publishing
1st ed., April 2024
ISBN: 978-0443154713
926 pages, Softcover
Also as an eBook % s

This extensive book covers various
types of smart textiles, e.g. stimuli-
responsive or electrically conducting,
materials and technologies for their
production, including printing, and
their applications in different areas.

Vat Photopolymerization Additive Manufacturing
3D Printing Processes, Materials, and Applications

This book focuses on recent progress in 3D printing technologies based
on vat photopolymerisation and their applications in various areas. Three
chapters introduce the fundamental principles and components, the clas-
sification according to the type of light source and geometric configuration,
the specifics of two-photon polymerisation and techniques using multiple
beams, materials or wavelengths, including the strengths and weaknesses of
the individual options, the photopolymerisation mechanism and composi-
tion of UV-curable resins, the relationship between structure and mechani-
cal properties, and the possibility of optimising the process and output by
controlling the involved interfaces. The following chapters deal with the
manufacturing of various plastics, hydrogels, stimuli-responsive polymers,
ceramics, electronics, metamaterials and bio-inspired structures, the advan-
tages of surface functionalisation and relevant surface engineering meth-
ods, the impact of vat photopolymerisation 3D printing in the fields of engi-
neering and bioengineering, and a brief outline of the trends and prospects.

Editor: Xiaolong Wang

Publisher: Elsevier

1st ed., April 2024

ISBN: 978-0-443-15487-4
518 pages

Softcover

Available also as an eBook

Transition Metal Carbides and Nitrides (MXenes) Handbook
Synthesis, Processing, Properties and Applications

With almost 80 contributors from across the globe, this handbook brings a
comprehensive account of the MXene family of 2D materials. After the intro-
duction, one part provides the guidelines on synthesising MXene precursors,
use of fluorine, molten salt etching, intercalation of ions and molecules, and
MXenes with multiple M elements. Further, it discusses MXene thermal and
chemical stability, degradation mechanism, handling and storage, structural
confirmation and morphological investigation, surface terminations, delami-
nation and surface functionalisation. Finally, it deals with MXene dispersion
stability, rheology and ink formulation for printing and wet coating, as well
as 3D printing of MXenes and their assembling from liquid to solid. The fol-
lowing part focuses on the optical, optoelectronic and mechanical properties
of MXenes and their prediction, while the last presents MXene applications
in supercapacitor devices, batteries, electromagnetic interference shielding,
electronics, sensors, environmental treatments and healthcare.

Transition Metal
Carbides and Nitrides
(MXenes) Handbook

Editors: Chuanfang Zhang, Michael Naguib

Publisher: Wiley

1st ed., June 2024

ISBN: 978-1-119-86949-8
784 pages

Hardcover

Available also as an eBook

WILEY
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Academic dissertations

3D Printing and Stretchable Electronics

The research within this thesis focused on stretchable electronics com-
prising rigid module islands and their stretchable interconnections on de-
formable substrates, particularly the possibilities to improve their electrical
performance and applicability by reducing the mechanical differences of the
three main components. In order to achieve more robust systems, the work
employed 3D printing and explored joining rigid module islands on a deform-
able substrate with different adhesives, designing protective structures, re-
inforcing screen-printed stretchable interconnections, and integrating car-
bon-based fibre cloth into composite matrices of electronics components.

After introducing the thesis and its aims, one chapter of the dissertation
describes rigid, flexible, stretchable and textile substrates, module islands,
their adhesion, bonding methods and the impact of stress concentration,
rigid shaped copper foil interconnections, rigid and deformable printed in-
terconnections, fibre-based interconnections and stretchable interconnec-
tions failure mechanisms. Also, it presents fused-filament fabrication for 3D
printing of stretchable electronics, structure and stretchability of 3D-print-
ed objects, as well as electronics and stretchable electronics prepared by
this and other 3D-printing techniques. The following two chapters present
and discuss the results. A nonstructural adhesive provided the best results
when testing different non-conductive adhesives to fix common reinforced
epoxy laminate and 3D-printed polylactic acid boards on thermoplastic pol-
yurethane film. Further, the stress concentration around the rigid islands
could be controlled by using suitable protective structures. Similarly, the
support structures 3D-printed with thermoplastic polyurethane filament
improved the stretchability of meander-shaped interconnections. Finally, it
was shown that stretchable 3D-printed structures for wearable electronics
could be produced by inserting permeable carbon fibre cloth plies inside a
thermoplastic polyurethane matrix during 3D printing, and the use of these
samples as a 3D-printed strain sensor was demonstrated.

Advances in Additive Manufacturing
of Organic Electrochemical Transistors

This work contributes to the progress in printed organic electrochemical
transistors towards better performance and higher sustainability, facilitating
their broader use in bioelectronic and logic circuit applications. In particu-
lar, the research comprised optimising printing strategies and device archi-
tectures, using novel channel materials and ink formulations, and integrat-
ing organic electrochemical transistors into all-printed sensor platforms.

Four chapters of the dissertation provide the background on relevant mate-
rials and printing technologies for additive manufacturing of organic elec-
tronics, especially organic electrochemical transistors, various aspects of
these devices, and characterisation methods employed in the work. The text
describes the structure and properties of organic semiconducting materials,
charge transport in both polymeric and molecular organic semiconductors,
and channel materials for organic electrochemical transistors, including the

Doctoral thesis — Summary

Author:
Teemu Salo

Speciality field:
Electrical Engineering

Supervisor:
Jukka Vanhala

Defended:

28 March 2024, Tampere University,
Faculty of Information Technology
and Communication Sciences
Tampere, Finland

Contact:
teemu.salo91@hotmail fi

Further reading:
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Doctoral thesis — Summary

Author:
Anatolii Makhinia

Speciality field:
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Supervisors:

Peter Andersson Ersman
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Contact:
anatolii.makhinia@ri.se

Further reading:
DOI: 10.3384/9789180756167

Doctoral thesis — Summary

Author:
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Speciality field:
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Contact:
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pPgBTTT polymer, i.e. poly([4,4-bis(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)-
2,2'-bithiophene-5,5-diyl]-alt-[thieno[3,2-b]thiophene-2,5-diyl]). Among
additive manufacturing technologies, screen printing, inkjet printing and
aerosol-jet printing are presented, together with their advantages and limi-
tations with respect to printed electronics. The chapter dedicated to organic
electrochemical transistors introduces their history, working principle and
mode of operation, performance metrics, device architectures, channel ge-
ometries, gate electrode materials and electrolytes. Also, it discusses the ef-
fect of solvent substitution on device performance and describes the example
applications in logic circuits and ion-selective sensors. Finally, one chapter
summarises the published studies. Combining the screen printing and aer-
osol-jet printing for the fabrication of organic electrochemical transistors
enabled a significant decrease in the channel width and thus improved the
switching response, demonstrated by the operational frequency of inverters
beyond 100 Hz and self-oscillation frequency of the five-stage ring oscillator
of about 60 Hz. By integrating transistors with other printed components,
it was possible to develop two types of sensor platforms; one combined
the transistor with a screen-printed piezoelectric sensor for monitoring
electrophysiological signals, and the other integrated the transistor into a
3D-printed microfluidic circuit. The pgBTTT-based ink formulation with
a biodegradable and non-toxic dihydrolevoglucosenone solvent was suc-
cessfully used for a novel all-printed accumulation-mode vertically stacked
organic electrochemical transistor.

The Optimization of Sustainable Procedures for the Designing
and Recycling of Pharmaceutical Cardboard Packaging

This thesis explored the possibilities of increasing the sustainability of phar-
maceutical packaging by optimising its design in terms of better recyclabil-
ity and circularity without deterioration in packaging quality. It involved
analysing the processes of packaging manufacturing and recycling to identi-
fy the key factors affecting the relevant properties of recycled paper. The ex-
perimental work comprised preparing samples corresponding to the main
stages of cardboard packaging production and the presence of lamination,
their recycling with three different flotation methods, producing laboratory
sheets of paper and flotation foam, and evaluating their optical properties
and metal traces in samples. The research also dealt with a conceptual solu-
tion for a sustainable pharmaceutical product. The approach was based on
defining the requirements and specifications and developing a calculation
model for optimising the use of adhesive and lamination when considering
different design concepts.

Two chapters of the dissertation provide an overview of paper production
and properties in general, the use of additives, adhesives, coatings and mul-
tilayer structures with their impact on paper recycling, paper packaging,
specific requirements in the case of food and pharmaceutical packaging, and
other considerations related to the latter one. The following five discuss the
concerns regarding heavy metals and other contaminants in food packaging
materials, their migration and assessment, various stages and aspects of
paper recycling, waste management, circular economy, sustainability, life-
cycle assessment, eco-design and sustainable packaging, as well as current
packaging trends, design optimisation and strategies for optimised use of
adhesives and laminates in packaging. The remaining three chapters present
methods, materials and obtained results. It was shown that understanding
how the choice of materials affects recyclability helps to design a more sus-
tainable product while achieving its required quality.
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LOPEC 2025

@ LOPEC Munich, Germany

RN, & SRS 25-27 February 2025

For the 2025 edition of this established event for flexible, organic and printed
electronics, the topics of the plenary lectures include the benefits of integrat-
ing design principles with printed electronics, digital organic light-emitting
diodes and displays in automotive exterior lighting, microscopic LED technol-
ogy for flexible and stretchable displays, and different healthcare solutions,
namely the printed electronics technology platform advancing diagnostic
imaging, stretchable multifunctional platform with integrated microfluidics,
photonics and electronics, and wearable devices based on hybrid printed
electronics, sensors and artificial intelligence. The scientific lectures deal
with power nanoelectronics, 3D kirigami lighting, organic artificial neurons,
advancements in recyclable components, energy-saving production tech-
niques and life-cycle extension strategies, printed sensors as part of a smart
sensing skin for real-time monitoring of drones and planes, sensing platform
for heavy metal ions monitoring, aerosol-jet printed MXene sensor arrays,
high-precision capillary printing for microscale patterning of transparent
conductive oxides, and more.

TAGA NextGen Conference

Boulder, Colorado USA
.................................... 25-28 March 2025

The Technical Association of the Graphic Arts has become part of What-
TheyThink. In 2025, the annual conference, renamed to stress the increasing
focus on students as the future of the graphic arts industry, traditionally
covers a wide range of topics, from examining the variation in colour gamut
volume estimation and determining the optimal range of scannability and
verification of 2D barcodes to developing bio-based adhesives for bookbind-
ing applications, up to studying the impact of commercial laundering on
brand colour durability on printed textiles.

10th Conference on Information and Graphic Arts Technology

Ljubljana, Slovenia

’ CROSSING BOUNDARIES
29-30 May 2025

10™ Conference on Information and Graphic Arts Technology

The anniversary edition of this event for the graphic communications in-
dustry offers three keynotes dealing with sustainable solutions in different
applications and settings. Sustainability is also dealt with in other contribu-
tions, such as the one presenting paper bags made from annual plants or
those discussing the printed packaging future and packaging waste regula-
tion. Other topics include, for example, the bibliometric analysis of typog-
raphy research, properties of mixed leuco-dye thermochromic systems, and
colour reproduction on 3D printed flat and low-relief surfaces.

INGEDE Symposium 2025

Munich, Germany
25-26 February 2025

Z
INGEDE

Association of the
Deinking Industry

The focus of this event,
held in a hybrid format,
is on paper recycling, especially in
terms of packaging. The topics cover
various aspects, including properties
and combinations of materials, waste
treatment, value chain redesign and
developments of technologies for
papermaking, printing and recycling,
as well as methods for measurement
and characterisation. The keynote
deals with the carbon footprint of
printed products.

Packaging, Labelling and
Printing Events by EasyFairs

EASYFAIRS Besides several
Visi the future Empack events,
held in UK,

Spain, The Netherlands, Portugal,
and Germany from February to June
2025 and co-located with Packaging
Innovations or other fairs, Paris
Packaging Week is organised in
France (28-29 January), Visualize
Expo, formerly Sign & Print Expo,
takes place in Gorinchem, The
Netherlands (25-27 March), and
Packaging Premiére and PCD are co-
located in Milan, Italy (13-15 May).

FESPA Events

The series of
events dedicated
to speciality
printing, sign-making and visual
communications can be attended
around the world again in 2025. After
FESPA Middle East in Dubai, UAE
(20-22 January) and FESPA Brasil

in Sdo Paulo (17-20 March), three
events are co-located on 6-9 May in
Berlin, Germany: FESPA Global Print
Expo, including the ceremony of
FESPA Awards 2025, Personalisation
Experience and European Sign Expo.

B FESPA
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Screen Print Innovations 2025

Essen, Germany
3-5June 2025  ssRsnnanT
This new ESMA trade show includes

the Innovation Theatre forum with
keynotes presenting the latest screen-
printing applications, e.g. for smart
textiles, next-generation antennas
and security features, sustainable
screen-printing inks based on
polysaccharides, and also the value

of the outcome-based approach to
innovations.

FLEPS 2025

IEEE International Conference on
Flexible, Printable Sensors and
Systems

Singapore IEEE

22-25 June 2025 =FLEPS 2025

This edition offers plenary talks by
Joshua Yang on memristive devices for
neuromorphic computing, Ajay Virkar
on nanoscale silver for flexible and
transparent electronics, and Xiaodong
Chen on materials chemistry in bio-
interfaced electronics, parallel lecture
sessions, workshops on the Internet-
of-Things kit, laser-induced graphene
and flexible electronics standards, and
tutorials on soft and sensor systems.

High-Performance
Graphics 2025

Copenhagen, Denmark np

23-25June 2025 m

In 2025, this graphics and imaging
systems research event is co-located
with EGSR, the 36th Eurographics
Symposium on Rendering.

Droplets 2025

@ DROPLETS 2025
LIEGE, 1-3 JULY

The 6th International Conference on
Droplets features a dozen keynotes
and six plenary talks, presenting
spontaneous charging of sliding water
drops, droplet microfluidics, dynamics
of complex interfaces, and more.

Liege, Belgium
1-3 July 2025

Color Impact 2025

Rochester, New York, USA
16-18 June 2025

This event is dedicated to various facets of colour re-
search, including colour naming, using and characteris-
ing, colour-vision deficiency, and special colourants. The keynote speakers
are Dimitris Mylonas, presenting research on facilitating colour communica-
tion within and across languages, Cynthia Brewer, discussing the schemes
matching the perceptual dimensions of colour with conceptual structures in
geographic data, and Mark Fairchild, reviewing the evolution of specifying
colour and directions towards future colorimetric systems. The main pro-
gramme is preceded by the pre-conference workshops, offered on 15 June;
in addition, short courses are scheduled for three afternoon sessions.

NANOTEXNOLOGY 2025

Thessaloniki, Greece
fexnology  5-12 July 2025

The rich programme of this event again offers five working days filled with
conference sessions on nanosciences and nanotechnologies, artificial intel-
ligence, 3D (bio)printing, intelligent manufacturing and automation, and
flexible organic electronics, accompanied by the exhibition and various net-
working opportunities, and complemented by summer schools scheduled
for the weekend days. The announced plenary talks are 'Physics approaches
to organic light source enhancements' by Donal Bradley and ‘MXenes and
assembled 2D nanosheets redefine what materials can do' by Yury Gogotsi.

CIE 2025 Scientific Conference

% ~ Vienna, Austria
1> 7-9uly 2025

The three-day conference is organised during the CIE Midterm Meeting, tak-
ing place on 4-11 July. The programme features, for example, the keynote
on advances in artificial intelligence for the colour industry by Stephen
Westland, the workshop 'Personal colour management for display devices
and consumer products', and presentations dealing with the measurement
accuracy in microscope-based reflectometry for thin film optical charac-
terisation, mathematical framework for comparing photometric observers,
corneal spectral sensitivities modelling, perceived white point of wide col-
our gamut display, validity of CIE colour matching functions for OLED-LCD
mixed technology matches, broadband light source based on light-emitting
diodes for radiometric calibrations in the UV region, and influence of level
of details of 3D objects on realism in virtual reality.

In conjunction with the CIE event, ICC is holding a free-to-attend Expert Day
on Individual Colour Matching Functions in Vienna on 8 July in the after-
noon. Attendance is free, and remote participation is also possible. The an-
nounced presentations deal with individual differences of cone spectral sen-
sitivities, possibilities to implement individual colour-matching functions
in ICC.1 and ICC.2 profiles, display colour management and soft-proofing,
transform the functions using a filter method, and more.
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