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Ladies and Gentlemen, 

I would like to begin this letter with a word of thanks. First of all, to 
the students of Grenoble INP - Pagora, the international school of 
paper, print media, and biomaterials, for their work and the results 
they have achieved. I would also like to thank all our sponsors, 
faithful and new, who helped us to finance this trip to Oklahoma 
City in order to participate in the annual Technical Association 
of the Graphic Arts conferences and to present you this booklet. 
Finally, I would like to thank TAGA for their responsiveness, the time 
given to organize these conferences, and their hospitality. 

The TAGA French Chapter is pleased to present its TAGA 2020 
edition booklet. This is the result of the work of 6 engineering 
students from Pagora, involved, dynamic and motivated.  As 
every year, different results from projects carried out by Pagora 
students have been selected and translated to be presented in 
this booklet. 

This year, we are pleased to offer you 4 articles on the 
technological innovation offered by the graphic industry. Today, 
printed electronics is becoming more and more important in the 
graphic industries, which is why this booklet will focus on its future 
and its applications. 

We are fortunate to once again participate in these conferences, 
and hope you enjoy the papers presented and learn more about 
innovations in this sector. 

Enjoy reading! 

Carine Teav 
President of TAGA French Chapter
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In 2020, the TAGA French chapter is 
celebrating its 25th year of existence. 

Apart from the fact that it makes me feel 
old, I sense that our students have come a 
long way during this quarter century.
A long way in terms of technical insight : just 
look at the topics of their articles!
A long way in terms of project management 
: they can create and produce very fine 

material from scratch.
A long way in terms of opportunities : their horizon and perspectives 
keep on widening.

Besides their own driving forces, they have been stimulated all the 
way by what TAGA has brought them : technical insight, support 
and opportunities.

I feel lucky to witness this process and I’m grateful to TAGA for 
facilitating it.

Welcome to the 2020 TAGA French chapter journal! Enjoy it and 
let them know!

All the best,

Bernard Pineaux
Deputy Manager at Grenoble INP-Pagora
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Grenoble INP – Pagora belongs to the Grenoble Institute of Technology, 
the France’s largest leading engineering institute.

Located in the Campus of Grenoble, France, Pagora is the oldest 
school of Grenoble INP. Founded in 1907 in order to form high qualified 
engineers in the fields of paper fabrication, the school has followed all 
the evolutions of technologies, and always sought to give to students 
the best formation.
The skills of Grenoble INP – Pagora graduate students are recognized 

well beyond the French borders 
since 17% of the school’s graduates 
work abroad. A quarter of them hold 
management positions.

Pagora has also a partnership with a 
laboratory, named the LGP2, just next 
to the school. The labo gets three 

sectors of research such as biorefinery (chemistry and eco-processes), 
multiscale biobased materials (paper and cardboard, composites, 
films, nonwovens) and surface functionalization by printing processes. 
Indeed, the LGP2 sets up green processes based on sustainable 
material and energy saving.

To go further in the printing sector, the Funprint group (the third field of the 
LGP2) conducts research from inks formulation to printed materials, via 
printing electronics, printed substrates such as lignocellulosic materials, 
polymers and so on. For instance, the Funprint group focuses on fuel 
cells, photovoltaic cells, lithium-ion batteries but also on conductive 
tracks for communicating objects like RFID.

The school also finds its strength in its training centre for apprentices
who follow courses at the same time as students in standard courses.
Created in 1997, the Agefpi 
Apprenticeship Training Centre offers a 
2 or 3 year apprenticeship engineering 
course and also allows you to prepare a 
professional degree.
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 During the last six months of the third year of engineering school, 
students have to realise a final project. In this one, students must use 
every knowledge aquired the previous three years. Adrien Mozer led 
his project in a company near Grenoble named Azur Adhésifs, and 
his work is based on the development of new label integrating printed 
electronics.



12

 I / INTRODUCTION 

The aim of this project is to develop a new label to give new functions 
to labels that will then allow simple electronic systems to be embedded 
giving rise to many applications. The goal is therefore to develop know-
how in printed electronics in flexography.

 II / MATERIALS AND METHODS

 1) Composition of a label 

The purpose of a label can be multiple; it may have a promotional role 
for a product, especially for luxury products, which makes it a product 
with high added value, but also an information role. The properties that 
a label must have therefore vary greatly according to the desired use 
(strength, durability, aesthetics...) but in general its composition remains 
the same as it is visible below, on Figure 1: 

Figure 1: Composition of a label

Thus, the vast majority of labels will be made with the following 
components: 

 -The back: this part will be removed and discarded when using 
the label and is therefore intended to keep it. It can be made up of many 
different substrates, the only requirement being to apply an additional 
silicone layer so that the adhesive does not adhere completely to it 
and can be easily removed. 
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 -The adhesive: it is an essential layer for the usefulness of an 
adhesive label and can be classified into 3 main uses: permanent, 
removable or semi-permanent (repositionable). But also has additional 
uses (anti-fat, textile, wet surfaces, etc....).
 -The front: this is the part where printing will be done and which 
will be applied to the product with the adhesive. 
 -The Ink: this is the colouring material applied to the front to 
achieve printing.

 2 )Conductive inks

Table 1: Advantages and disadvantages of conductive metals

Thus the 4 most common metals as conductive fillers are silver, gold, 
copper and nickel. These metals are mainly used for this application 
but silver remains the most optimal for the following reasons: 
 -Competitive prices 
 -Optimal electrical performance (except for gold, which is 
excessively expensive for this type of application) 
 -Sintering temperature is below 300°C. In fact, printing a 
conductive ink is not sufficient to make an electrical circuit: a 
sintering operation is necessary. Sintering consists in heating the metal 
nanoparticles (or microparticles) without leading them to fusion in order 
to ensure electrical conductivity. The advantage of silver is therefore its 
low sintering temperature, which is compatible with the drying processes 
of conventional printing presses and has less chance to damage the 
substrate. Indeed, the sintering step is a delicate operation in printed 
electronics because printed substrates are often cellulosic materials 
with poor resistance to high temperatures
 -Good oxidation resistance
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Thus, silver ink represents the best compromise for an industrial application 
of printed electronics, since it does not have a better conductivity than 
gold, but gold is far too expensive for this type of application. 

 3) The flexographic process 

Flexography is a printing process that was inspired by typography. A 
flexible relief printing form (polymer-based and variable thickness) called 
a cliché is used: it is placed between the ink roller and the substrate. The 
plate will therefore be coated with ink to reproduce the desired pattern 
on the substrate as shown in Figure 2 below: 
 

Figure 2: Principle of flexographic printing

Flexography is an interesting process because it is the only one that 
allows printing on specific substrates such as plastic bags or corrugated 
cardboard (possible thanks to the low pressure applied as well as to 
specific configurations for stretch films). Flexography also makes it 
possible to print on a very large number of substrates and thus has a 
wider range of usable ink than for other processes. 
Moreover, flexography is a promising process in the field of printed 
electronics. The thickness of the deposited ink film can reach 6 to 8 μm 
which is essential to guarantee the passage of an electric current, a low 
ink thickness can cause poor conductivity. A disadvantage, however, 
is the profile of the deposited ink film which creates a halo on the 
edges leading to an irregular thickness that can disturb the printing and 
homogeneity of the conductive properties. 
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 4) Test plate used for characterization tests
 
It is composed of several elements first of all lines of different lengths 
and thicknesses in order to make reliable resistance measurements, 
then an RFID antenna was also printed on a classic 34x34 mm² model 
composed of 8 towers for a total length of 84.8 cm with a line thickness 
of 0.5 mm and a line spacing of 0.5 mm. A heating loop was also 
printed to see if this application could be effective or not. Finally, we 
can see at the bottom of the plate a first prototype label for a format of 
9x16cm, label on which 6 LEDs would be placed as well as a 3V button 
battery, this battery would be placed on the bottom of the label and 
the lighting system would then be activated by folding it.

 

Figure 3: Plate used in the first tests

 III / MEASUREMENT PROGRAM 

The parameters that can vary during printing in order to perform different 
tests are: 
 -Printing speed
 -Cliché/substrate and anilox/cliché pressure 
 -Anilox configuration 
 -Drying temperature (use of hot air drying in this study) 
 -Tension of the web in the machine

The tests focused on the influence of the substrate, 3 substrates were 
tested: coated paper, polyester and polyethylene. The influence of 
printing speed was also measured. A corona treatment was carried out 
on the synthetic materials to improve ink fixation on them. The drying 
temperature was constant during the tests.
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 1) Anilox study

A list of available anilox rollers is shown in Table 3 below, ranging from 
60 lines/cm to 400 lines/cm and allowing ink deposition from 20 cm3/
m² to 2.5 cm3/m². 
However, on these anilox rollers, the one with a line size of 60 lines/cm 
is not suitable for electronic printing, as its low line size is intended for 
the use of adhesive deposits. Linearities from 80 to 160 lines/cm will 
therefore be preferred depending on the desired performance.

Table 2: Anilox available

However, on these anilox rollers, the one with a line screen of 60 lines/
cm is not suitable for electronic printing, as the low line screen of this 
one is intended for the use of adhesive deposits. Linearities from 80 
to 160 lines/cm will therefore be preferred depending on the desired 
performance.
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 2) Resistivity study according to track width

Figure 4: Resistivity as a function of the support and the measured width of the line

This figure 4 shows that coated paper allows the best conductivity 
regardless of the width of the printed line. It can also be seen that 
resistivity systematically decreases when the width of the printed track 
increases.
This observation matches with the formula R=(ρ*L)/S .
Where ρ = electrical conductivity in Ω.m, L = length in m, S = section 
in m²
However, during this second test, the conductivity results were much 
better than those obtained during the first ones, for a line thickness of 
2mm a conductivity of less than 2 Ohm/cm is obtained for all supports 
whereas the previous samples reached 2 Ohm/cm at best. This difference 
is probably due to the use of plates adapted to printing with aqueous 
ink, which was not the case the previous time. If the conductivity on 
coated paper is very good with a low standard deviation whatever the 
thickness of the line, this is not the case for synthetic materials which 
have high standard deviations for low thicknesses or no measurable 
conductivity at all. However, this is not a problem for this project because 
the minimum printed thickness will be 1mm, so it will be possible to use 
these materials according to the desired application. For these tests 
the actual line widths were also measured and a widening of the lines 
due to the crushing of the plate is indeed observable. Once again, this 
widening is more marked for synthetic materials than for coated paper.
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 3) Study of printing speed on resistivity

Figure 5 shows the influence of printing speed on the conductivity of the 
tracks, three cases had to be tested initially but again, in order to save 
money, only two were tested: a low speed and a higher speed. These 
tests were carried out on coated paper because it was the one that 
had the best performance among the tested substrates. 

Figure 5: Influence of printing speed on resistivity

The results obtained for two different speeds have approximately 
the same profiles but the higher the printing speed, the more the 
conductivity is degraded (the difference in conductivity varies between 
a factor of 1.5 and 2). This difference in conductivity is explained by the 
heating time, which is reduced when the sheet moves faster. Thus, the 
sintering of the ink is less complete.
Indeed, the lower sintering resulting from a higher speed leads to 
a higher track resistivity. This is visible because of a duller ink color 
characteristic of less effective sintering as well as the presence of many 
local defects limiting the current flow. However, this higher speed has 
the advantage of reducing cliché overwriting, so the width gain is lower 
for tracks printed at high speed than for those printed at low speed 
(especially visible for small widths). 
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 For synthetic substrates, the gain in width due to the crushing 
of the plate is slightly higher than for coated paper. It was also found 
that the impressions on the PE, (which are, as seen above, the least 
efficient ones), show local line defects but also large ink gaps on the 
thin lines, which prevents any conductivity, despite the action of the 
corona treatment carried out previously. 

As far as PET is concerned, it does not have the printing defects (no 
lack of ink and fewer local defects) observed on PE, which is why the 
conductivity is comparable to that of coated paper. However, as with 
PE, the crushing of the plate is more important than on coated paper. 
Surface energy measurement tests were performed to see if there is 
a significant difference between coated paper and PET in order to 
separate them. However, both substrates have close surface energies, 
preventing certainty as to the superiority of one over the other. 

In conclusion for these first tests carried out, the resistivities obtained 
are much better than those of the previous tests and the results are 
encouraging. The different substrates used do not have the same 
performances but for the application within the framework of the 
chosen prototype (supply of LEDs on a small label size approximately 
1dm²), these are sufficient. For the use of synthetic materials, PET seems 
much more interesting than PE in terms of conductivity.

As already determined in previous tests, coated paper remains the 
most efficient medium in terms of conductivity and has the advantage 
of being very inexpensive. The next tests will therefore be carried out 
as much as possible with this substrate. They will concern the exclusive 
production of a first functional prototype on which it will be necessary 
to print an electronic circuit but also a predefined visual. It will also be 
necessary to deposit on this prototype the electronic elements.
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 4) Label demonstrator
 

Figure 6: Different layers of the demonstrator

From left to right are shown: the electrical circuit, the electronic 
components, the visual and finally the connection label between the 
two batteries.
The circuit therefore has a resistivity slightly higher than expected, but 
viscosity problems of the ink during printing (little ink in the doctor/inker 
chamber leading to increased drying of the chamber) and the fact 
that part of it was carried out on the glassine may explain this difference. 
After calculations, the current obtained in the circuit is higher than the 
direct current required for LED operation, which will result in a higher 
brightness but a shorter battery life. This data can be adjusted in the 
future by varying the width of the lines, the production speed and the 
anilox used to meet the customer’s expectations.
A simplified electrical diagram is available below:

Figure 7: simplified electrical diagram
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 5) The binding labels 

Finally comes the binding label to connect the two batteries. Its 
development was a real challenge because it was necessary to find 
a way to obtain a conductive line connecting the two batteries while 
hiding them in an aesthetic way. Figure 8 below details this operation 
in more detail.

Figure 8: connection label to close the circuit

This label represents an interesting innovation in this project, relatively 
simple and inexpensive to produce which could have an application 
to link 2 separate electrical points easily. It could be linked to a slightly 
more elegant and easier to install electrical wire.

 IV / THE END OF LIFE

For silver ink, opinions on its rejection differ. Indeed, since the particles 
are melted during the printing process, they are no longer harmful to 
humans, but the rejected silver can have effects on fauna and flora. 
However, the specialists interviewed stated that it was not harmful to 
the environment and did not require any special treatment, so the 
label can be disposed of with common waste like any conventional 
label. However, even if there is currently no organization offering the 
recovery of these inks, it would be a very interesting process to set up 
for this type of product. Indeed, as seen previously this ink has a certain 
price and the silver particles in the component are not damaged in 



22

the printing process. It would be quite possible to separate the ink from 
the substrate in order to recover the silver component. Batteries, like all 
lithium-ion batteries, must be put in specific containers in order to be 
recycled. This label has the advantage of clearly indicating where the 
batteries are located so that the consumer can easily remove them at 
the end of the label’s life. 
Once the batteries are removed from the label, the remaining LEDs on 
the label must also be recycled or better, reused. Indeed, within the 
framework of the product realized during this project, at the end of its 
life are the LEDs still in excellent condition (An LED can function correctly 
for a period of 50,000 hours at best). Thus, some private companies 
propose to recover used LEDs in order to reprocess metals, components 
and reuse those that can be recycled. This solution remains impractical 
for the consumer but more and more solutions are being developed 
for the recycling of LEDs in view of their growing expansion in many 
environments (domestic and professional).
 

 V / CONCLUSION

To conclude, the goal of this project was to acquire new know-how on 
printed electronics, and particularly to develop a new product that is 
innovative and original. The final product of this project is thus in line with 
what was initially expected; a light label with an independent power 
source that can be produced in large quantities. This has only been 
possible thanks to the various innovations designed and techniques 
adapted to achieve a viable manufacturing process. Below is an 
overview of the final demonstrator can be observed:

Figure 9: Picture of the final label
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 During the second year of engineering studies at Grenoble INP - 
Pagora, engineering students must carry out a market research project 
on a field of paper, biomaterials or printing. A three students group has 
therefore studied the possibility of replacement ITO with transparent and 
conductive small-scale materials.
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I / INTRODUCTION

 The market for optoelectronic devices is growing in the electronics 
and robotics sectors. This growth is the consequence achieved by the 
progress of research in nanomaterials, the improvement of optical 
technologies in terms of resolution, available power, quality, etc. The 
electronics sector uses optical solutions to produce its components 
[such as semiconductors] or devices such as smartphones and other HD 
cameras. In addition to the technical innovations introduced in recent 
years, manufacturers and customers in the optoelectronics market are 
looking for ever more efficient devices, with low production costs and 
now with a low carbon footprint. In this competition, the development of 
materials is an essential key to the success of companies. One is looking 
for materials that are both transparent and electrically conductive to 
obtain flexible, thin, light, resistant and even foldable devices.

 The market for transparent semiconductors adapted to 
printed electronics is an example where manufacturers are looking 
for alternatives to the production methods of their products, to the 
materials used, etc. Among these materials are metal oxides, of which 
ITO (Indium Tin Oxide) is the best known. ITO is used as an anode layer in 
optoelectronic devices such as photovoltaic panels or OLEDs. However, 
the materials necessary for its manufacture, such as indium, are rare 
and geolocated, which makes ITO an expensive material. Moreover, 
geopolitical tensions, combined with the small number of countries 
holding the largest indium deposits, may not ensure access to this 
material in the future. Finally, although it is currently the most suitable 
material combining electrical conductivity, transparency and variability 
in its operating format, ITO is still classified as a material that generates 
polluting waste.
 Materials such as graphene, carbon nanotubes postulate as 
serious ITO substitutes.
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II / DEFINITION OF ITO

 ITO, or Indium Tin Oxide, is a mixture of indium oxide (In2O3) 
and tin oxide (SnO2). Its main characteristic is to be transparent and 
conductive when it is in the form of thin layers. This makes it a very good 
component to use for applications (photovoltaic or OLED screens) 
where it serves as a semiconductor. The ITO also combines very good 
performance in terms of transparency, mechanical and chemical 
stability, corrosion resistance and uniformity. This is why indium tin oxide 
remains the most widely used material despite serious competitors such 
as metal grids or Graphene. One of its shortcomings, which is currently 
being taken into account, is its lack of flexibility. It is a highly sought-after 
property, on the OLED display market for example, which does not allow 
it to fit into the future of displays desired by manufacturers. The trend is 
to view digital content on foldable or even roll-up screens. In addition, 
indium (atomic element number 49, discovered in Germany in 1863) is 
an important component of ITO that can raise health risks to the heart, 
kidneys and liver. These risks must be taken into account when using it 
for the manufacture and end of life of ITO, for example.

 1) ITO properties

 Electrical conductivity is the ability of a material to let charge 
carriers circulate and thus to conduct an electrical current. This is the 
opposite of electrical resistivity and is expressed in Siemens/m. The 
behavior of materials with respect to conductivity is described according 
to the quantum theory of energy bands. According to this theory, an 
electron in a solid can only be in certain levels (or bands) of energy. 
These «permitted» bands are separated by «prohibited» bands. The 
last energy band completely filled with electrons is called the «valence 
band» and the next energy band is called the «conduction band».

 Thus, materials can be separated into two categories: insulators 
whose valence and conduction bands are too «distant» to allow 
electrons to go through and conductors whose two bands «overlap», 
not preventing electrons to go  through the material.
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Conductors have conductivities well above 1 Siemens/m while insulators 
have conductivities below 1 Siemens/m.
A semiconductor is a crystalline material with an intermediate electrical 
conductivity. According to the band theory, we therefore find in a 
semiconductor that the two bands are separated by a rather thin 
space, called the gap, which allows the current to flow under certain 
conditions.

 1.1) Optical properties

 ITO also presents optical properties. We will first define some 
optical properties. Transmittance is the percentage of energy of a 
beam leaving a material relative to the energy of an incoming beam. 
It represents the ability of a material to let a light wave pass through it. 
Scattering, characterized by a scattering coefficient, characterizes the 
deviation of waves, especially light, in different directions. Transparency 
is related to transmittance : in the case of optics, it represents the ability 
of a material to let light pass through without diffusing it. Haze in the 
case of a transparent solid is defined as the «percentage of incident 
light deviated by more than 2.5° from the angle of incidence». It is 
therefore linked to the diffusion of light. This quantity makes it possible 
to characterize the presence of small particles that deflect light in a 
transparent material, which is the case for ITO or the materials that can 
replace it. This turbidity capacity seems to be an asset for photovoltaics, 
since it will be necessary to diffuse as much light as possible in order to 
collect it rather than reflect it, where it will be much less interesting to 
have it in the field of OLED displays since there is no incoming light. 

 The second important property sought for our material is 
transmittance. In order for the material to be suitable, transmittance 
must be high: 85 to 90% in most cases. It should be noted that the 
higher the transmittance, the lower the turbidity, since if 90% of the light 
is transmitted, only less than 10% can be diffused.
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 Thus, the optical elements are essential for the material to work 
properly. The application of the ITO thin film on a substrate will therefore 
be a step that must be controlled from start to finish, for example by 
applying a cleaning procedure to the substrate to prevent particles 
from disturbing the optical properties of the ITO.

 1.2) Opto-electrical properties 

 Optoelectrical materials require electrical and optical 
properties. As we exploried earlier, ITO is an optoelectrical material due 
to its relative transparency and conductivity. Indeed, these properties 
make it a suitable candidate for objects requiring an electric current 
to pass through without absorbing light. This requirement is necessary 
in case light must be emitted by the electrical object (OLED) or in case 
light must be captured (photovoltaic sensor). However, these properties 
are not obvious to gather: in many examples, conductivity seems to 
increase when transmittance decreases. For example, metals are 
opaque and highly conductive while glass, highly insulating, has an 
almost perfect transparency. There is therefore always a compromise 
to optimize depending on the application. Transparent oxides are 
commonly used as opto-electrical materials and are called TCO 
(Transparent Conductive Oxide): ITO is the most commonly used TCO, 
particularly because it is the most conductive. The TCOs sought have 
a resistivity of a few Ω.cm (semiconductors) and a transmittance over 
80% in the visible range. These necessary conditions are met by the ITO.

 III / ITO APPLICATIONS

 ITO is mainly used as a transparent electrode in various fields. 
Below is a non-exhaustive list of the areas where ITO is used as an 
electrode.

 1) OLED technology

 The most widespread application on the printed electronics 
market for lighting are OLEDs (Organic Light Emitting Diodes). OLEDs are 
light-emitting diodes whose organic compound is able to emit light 
when submitted to a current.
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An OLED cell consists of several organic layers superimposed and 
arranged between a transparent anode composed of ITO to let light 
pass through and a metal cathode : the electric current necessary 
to emit light from the organic compound present in the cell can then 
pass through. To simplify the internal functioning of an OLED, organic 
thin films include a hole transport layer (HTL), an emission layer (EML) 
and an electron carrier layer (ETL). By applying an appropriate electrical 
voltage, electrons and holes are injected into the EML layer from the 
cathode and anode. Electrons and holes combine in the EML layer to 
form excitons and then electroluminescence appears.
 Thus, the fundamental parameters that determine the 
performance and efficiency of the OLED component are charge 
transfer materials, the emission layer and the choice of electrodes. The 
organic compound and the cathode deposits can be carried out by 
gravure or screen printing. The ability to print OLEDs in inkjet is under 
development and promising. OLEDs therefore belong to the family of 
semiconductor light sources, used with organic materials composed of 
carbon and hydrogen for light emission. Durable, ultra-flat, lightweight 
and heat-free, these light sources consume little and open the way 
to a wide range of design possibilities. White OLED solutions for large 
area lighting are becoming more and more efficient. OLEDs have 
photovoltaic characteristics, which allow them to store energy and re-
emit light energy.

 2) Photovoltaïc

 The market for thin-film photovoltaics in printed electronics 
is growing strongly within the printed electronics sector. Organic 
photovoltaics offers two advantages over the conventional photovoltaic 
market: lower costs and greater flexibility. 

 The operation is similar in both cases. A photovoltaic cell is an 
optoelectronic device that generates an electric current when a photon 
enters it. A cell is composed of several layers: a transparent anode (an 
ITO layer), a cathode (metallic semiconductor layer N). It is the arrival of 
the photon that generates the electric current: its absorption produces 
an electron-hole pair, i.e. a potential difference between the anode 
and the cathode.
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Note that the photon will be absorbed by the P semiconductor if its 
energy is higher than the bandwidth of the P semiconductor’s bandwidth. 
In the context of band theory, this means that when an electron-hole 
pair forms close enough to the middle of the interval between the 
anode and cathode, the hole will be attracted to the anode and the 
electron to the anode. The electron will then have to create a current 
by returning to fill the new hole in the cathode.

Figure 1 : Valence band theory

 

Figure 2 : Solar cell

 The different layers can be laid down using printing processes. 
Indeed, the processes used have the advantage of combining high 
production rate, deposit control and printing register. It is therefore 
possible to print a large number of cells with excellent print quality. 
Printing processes should be adapted to the flexibility of the final 
product by using in-line processes such as flexography or inkjet to avoid 
high pressures that can alter the lower layers. Flexibility is a selling point 
for the organic photovoltaic market : flexible cells enable us to design 
numerous applications, capable of making the most complex objects 
autonomous in energy even under artificial light.
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 IV / ITO RECYCLING

As far as recycling is concerned, several things should be noted. In the 
design of ITO thin films, only 25% to 50% of the indium is deposited, the 
remaining percentages are then recovered and can be recycled, with 
losses, in an industrial process. This recycling is very active in Japan. In 
2012, out of a total of 1,408 metric tons of indium produced, 902 were 
produced from this recycling. As for the end of life, it is rarely covered 
by recycling due to the low quantity of indium in the products and the 
unprofitable nature of the process. However, the process has improved 
technologically and recycling is now possible : Umicore, for example, 
in Belgium, recovers electronic waste in order to extract indium. This 
recycling can be done by mechanical fragmentation of the ITO films 
into millimeter particles and then by dissolving its particles in an acid 
in order to recover the indium (following a complex and still mainly 
secret purification process). The amount of indium recycled in this way 
worldwide is not yet very clear given the novelty of the process.

 V / ALTERNATIVE MATERIALS

 Here is a non-exhaustive list of the main alternative materials 
considered:
Graphene (C(n)) is one of the most popular new materials: it is rightly 
predestined for the manufacture of batteries or computer circuits. This 
crystalline two-dimensional material has a planar shape made up of 
carbon atoms in a hexagonal arrangement
 Graphene is a crystalline allotropic form of carbon. It can be 
synthesized either by mechanical extraction of graphite or by heating 
a silicon carbide crystal. It has a transmittance between 80 and 92% 
for the 550nm wavelength and a thin film electrical resistance between 
50 and 300 Ohm/square, making it an average conductor. However, it 
has a record thermal conductivity: up to 5300 W/(m.K); it has a breaking 
strength 200 times higher than steel; it is gas-impermeable, light and 
flexible. For all these reasons, it could be the most versatile replacement 
for the ITO. However, it has poor chemical compatibility, which makes it 
difficult to implement.
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Carbon nanotubes: these are tubes of nanometric diameter made 
up of carbon atoms, belonging to the fullerene family. A distinction is 
made between single-sheet carbon nanotubes (SWNT or SWCNT) and 
multi-sheet carbon nanotubes (MWNT or MWWCNT). SWNT are tubes 
made of a thin layer of graphene folded on itself. MWNTs are either 
in a so-called «Russian doll» model (sheets with a concentric cylinder 
arrangement) or in a «parchment» model (a sheet rolled up on itself).
 Not all the properties of carbon nanotubes and their 
experimentally obtained values are yet unanimously accepted in the 
scientific community (e. g. Young’s modulus measurement). However, 
orders of magnitude of optical and electrical properties can be noticed: 
a transmittance between 80 and 96% for the 550nm wavelength and 
an electrical resistance for thin film between 1 and 50 Ohm/square. 
Like graphene, carbon nanotubes are transparent and conductive. At 
present, nanotubes are mainly used for their physical properties, in the 
textile industry for example (resistant and waterproof clothing, or bullet-
proof vests). As for graphene, application in photovoltaics or OLED 
displays as compromised due to low chemical compatibility. However, 
this disadvantage can be overcome by mixing it with other materials 
such as PEDOT: PSS or other fullerenes.

Metal grids: these are arrangements of fine metal wires in a plane and 
forming a square paving. The current uses are made from silver, more 
flexible, but the ultimate objective would be to minimize the cost by 
using copper wire. This technology has the disadvantage of not being 
organic.

Silver nanowires: these are fine silver wires randomly arranged until they 
reach the percolation threshold, so that the current can pass through. 
This technology can also be used with copper, which is cheaper but 
also less flexible. Silver nanowires are also non organic. Research 
indicates transmittance values between 80 and 96% at 550nm and a 
thin film electrical resistance between 1 and 50 Ohm/square. Note that 
the haze phenomenon increases as the diameter of the nano wires 
increases. These silver nanowires are already marketed, notably by the 
American company Cambrios.
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Conductive polymers are mainly organic polymers doped in order 
to increase their conductivity by oxidation or reduction of the polymer 
chain. However, the conductivity of these polymers is often lower than 
that of conventional semiconductors, although the gap tends to narrow 
as progress is made in the doping process. The best known of these 
conductive polymers is PEDOT: PSS.
 Unlike other conductive polymers, PEDOT: PSS remains relatively 
transparent with comparable conductivities. However, there are some 
problems to be faced: electrical resistance is at the expense of 
transmittance, and vice versa, compared to the other materials studied 
in this report. Thus, the transmittance varies between 70 and 96% at 
550nm for an electrical resistance for thin film between 70 and 300 
Ohm/square.

 VI / COMPARISON OF ALTERNATIVE MATERIALS

A comparison between potential substituents and ITO can be made by 
studying the transmittance/square resistance ratio.

Figure 3 : Performance comparison of different materials 

 The above measurements are made at ohm/square This unit 
was created to measure and compare the resistances of thin layers 
as in our case for ITO, 24 regardless of their shape or thickness. The 
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advantage of this unit is also that it can easily return to resistivity by 
multiplying these values by the thickness of the material. It is measured 
using a four-point method, which makes it possible to be more accurate 
on the sheet and therefore to measure low resistance values. It can 
be seen that the ITO has a transmittance higher than 80% regardless 
of the square resistance. Silver nanowires, carbon nanotubes, PEDOT: 
PSS have a transmittance that grows with square resistance. Metal grids 
have a transmittance relatively independent of the square resistance. 
Finally, the Graphene has a very variable transmittance/square 
resistance ratio. From this comparison, we can say that graphene is the 
best replacement at ITO: more than 90% transmittance for a square 
resistance range around 100 Ohm/square; followed by PEDOT: PSS 
and carbon nanotubes, for the same square resistance range. The 
two divergent conclusions observed with the two comparative tables 
studied underline the difficulty for researchers to establish a definitive 
pyramid of ITO substituents. This is due to the fact that there is not a 
single, universal, transparent electrode type for all applications currently 
using ITO.

 VII / CONCLUSION

 Thus, ITO, is a material now found in all screens and which 
seems essential for the design of photovoltaic cells, which explains the 
sharp increase in its use over the past ten years. This material seems 
very interesting because of its transparent semiconductor properties. 
However, a few years ago, the high price of ITO, its geolocation and its 
exhaustion made many manufacturers think of changing transparent 
and conductive materials. This has led to the development of 
various materials and methods, each with its own advantages and 
disadvantages. Today, ITO no longer seems to be a real problem for 
companies, but its susbtitutes have begun to make their way into the 
market and act as competitors.
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 Like the precedent team, an other group of three students has 
worked about the contribution of printed electronic in the domain 
of building. These research has been done by students which are in 
second year of engineering school.
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 I / INTRODUCTION 

 Smart Building refers to a new generation of buildings that 
integrate digital technologies. These buildings can be equipped with 
several sensors that can measure data such as temperature, brightness, 
humidity or detect movement. An important parameter driving the 
growth of this sector is the ecologic aspect. 
 Smart Building is aimed at optimizing the use of the energy 
resources (lighting and heating in particular) and consequently to 
reduce them. 
 Today, a solution is emerging: intelligent glazing, a form of 
SmartGlass. At the same time, another technology is growing: printed 
electronics. In a context where more and more objects will include 
electronic functionalities, the use of printed electronics, in the area of 
smart building, seems to be amply relevant.
 As the SmartGlass application area is very broad, this report will 
focus on a single application: variable-tint smart windows for buildings. 

 II / FUNCTIONALIZATION OF GLAZING 

 1) Home automation & aesthetics

 Intelligent glazing offers real advantages in terms of aesthetics 
and comfort in a building. In an office, for example, in order to create 
an open space, meeting rooms with glass partitions can be imagined. 
When the meeting room is occupied, the glass becomes opaque. 
 Also, one can imagine glass partitions in luxury suites (hotels or 
villas) separating the bedroom from the bathroom. In order to offer 
privacy to its occupants, these partitions could become opaque as 
desired. 
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Figure 1 : Smart glass partitions in a hotel suite (Source: "Peek-a-boo" Effect - LC SmartGlass for 
Hotel Bathroom Interiors)

 2) Energy aspect (sustainable development)

One of the major issues related to the development of smart windows is 
related to the energy savings they can offer. In a sustainable context, it 
is easy to understand that this is a key factor behind their development. 
Windows have always been considered as a likely to generate energy 
loss. 
What if it is no longer the case?
Tinted glass helps to limit the energy consumption of a building.  
Indeed, it offers the possibility of regulating the quantity of heat entering 
the building. For example, heating can be limited in winter time by 
allowing most of the sun time rays to pass through whereas cooling 
can be limited by blocking heat outside buildings in summer. Energy 
savings can also be made on lighting: intelligent glazing maximizes 
light transmission inside the building and thus limits the use of artificial 
lighting that consumes energy.

 3) Different glazing technologies 

 Nowadays, three techniques exist to manufacture smart windows: 
liquid crystal technology (LC), electrochromism and suspended particle 
devices (SPD).
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Figure 2: Scheme of the liquid crystal technology (Source : Smart Glass International. 
Electronically Switchable Glass Handbook. 2009. 55p)

 

Figure 3: Sheme of the electrochromism technology ((Source : Smart film international. 

Electrochromic glass)

Figure 4: Scheme of the SPD technology (Source : Smart Glass International. Electronically 
Switchable Glass Handbook. 2009. 55p)



42

 III / PRINTED ELECTRONICS 

 Printed electronics is the field of producing electronic 
components such as resistors, circuits, diodes or cells using printing 
processes. Efficiency is based on three main elements: the printing 
process, the substrate and the ink.

 1) Printing Process

 For simple jobs in large quantities, electronic printing is becoming 
competitive. Indeed, this process is less expensive and enables to create 
similar products quickly and in large series. This is why it is interesting to 
use this technology for smart windows.
The advantages of printed electronics are as follows:
 -Possible production on large surfaces 
 -Higher productivity than conventional processes resulting in 
lower production costs 
 -Ability to print flexible electronic components
The combination of these two markets, glazing and printed electronics, 
therefore make sense. Many processes are used to print electronics, 
each with different characteristics that have both advantages and 
drawbacks. These different characteristics are summarized in the 
following table:

Table 1 : Comparison of the different process printing used in printed electronic
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 2) Functional inks

 These inks have different characteristics that give them 
functionalities other than conductivity. There may be sensitive to light 
(photoluminescent, photochromic...), to certain gases or to pressure. 
 In the context of smart windows, functional inks are nowadays 
widely used for windows which change colour according to sunlight, for 
example. Other electronic inks are used to create printed Liquid Crystal 
Display (LCD) screens. Finally, tests are carried out with Transparent 
Conductive Oxides (TCOs) to maintain the transparent properties of the 
glass while adding the desired conductive characteristics.

 3) Substrates

 As glass is a rigid and brittle substrate, not all processes are suitable 
for printing on this substrate. Gravure printing is unlikely to be used for 
this application due to the high printing pressure. Flexography involves 
solvents, which can be problematic in the case of printing electronic 
components. In addition, the phenomenon of dot widening can be 
problematic when printing thin conductive lines. In offset lithography, 
although the resolution is very good (which is desirable in printed 
electronics for printing fine lines), the presence of water is not desirable 
for printed electronics. On the other hand, waterless offset could be an 
alternative but the low ink film thickness remains a limitation for this type 
of application.  Screen printing and inkjet seem to be the most suitable 
processes for printing on glass. Screen printing applies little pressure on 
the substrate and inkjet is a non-contact printing technique. In inkjet, the 
"coffee ring effect" is also a phenomenon to be controlled so that the 
printed lines are uniform. 
 Glass also presents a major obstacle to printing, namely the 
adhesion of the ink to the substrate. Surface treatments (Corona, 
photonic flash, etc.) will be essential to improve ink/glass affinity.
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 IV / SPECIFICATIONS: CONTRIBUTIONS OF PRINTED 
ELECTRONICS IN SMARTGLASS

The specifications for smart glazing contain several criteria indicating 
that the applying of printed electronics for the functionalization of 
glazing is a wise choice: 
 •Large surfaces 
 •High productivity
 •Low cost
 •Printability on glass
However, other constraints imposed by the specifications for smart 
glazing are a real challenge for printing:
 •Transparency of the ink film
 •Very high ink light fastness
 •Long service life (at least 15 years)

 While these constraints do seem to be obstacles to the 
development of printed electronics in this sector, they do not make 
this development impossible. ITO (Indium Tin Oxide) belongs to the 
family of Transparent Conductive Oxides (TCO) and is already used in 
the manufacture of photovoltaic cells. Its use for intelligent glazing is 
therefore possible. Transparency can also be achieved by printing very 
fine lines.
 It is difficult to imagine that printed electronics will become 
a major manufacturing technique in variable-tint glass. On the other 
hand, it is likely that the intelligent glazing of tomorrow will be multi-
functional. 
 One may imagine variable-tint glazing that can also display 
content, for example. Panasonic presented, at the IFA 2016, a 
prototype of its transparent OLED slab. It Is actually a glass slab covered 
with OLED diodes connected by very fine wires. One talks about semi-
transparency because wires and diodes are not invisible, but can only 
be distinguished when you look at the screen very closely. The slab is 
45% transparent and has a resolution of 1080 dpi.
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Figure 5 : The OLED slab of Panasonic (source - www.lesnumeriques.com)

 The product should be available in 2019 at a price of around 
€20,000. The size of this slab is only 55 inches. If we apply this technology 
to windows, it will be necessary to extend it to larger areas. The cost 
of this product would also be a major obstacle to its application to 
smart windows. However, if this technology were to be applied to 
windows, printed electronics could be used in the manufacturing 
process. Panasonic does not communicate on the manufacturing 
process of this product, for obvious reasons. The product presented was 
only a prototype, it looks manufactured using conventional vacuum 
microelectronics processes. If the product were to develop and be 
industrialized, printed electronics would significantly reduce its cost. In 
any case, these are promising venues for research. For instance, it has 
already been demonstrated that OLEDs can be printed on glass using 
a gravure process.
 The “Centre Technique du Papier” (CTP) patented a wallpaper 
called “Métapapier” which acts as a filter on Wifi (2.4 and 5.5 GHz) and 
GSM (0.9, 1.8 and 2.1 GHz) waves. This allows, for example, to secure a 
domestic Wifi network by protecting it from intrusions from the outside, 
or to create rooms in which waves do not penetrate for people suffering 
from electrosensitivity. This wallpaper has specific patterns printed with 
a silver particle ink. This is another functionalization of glass that can be 
considered, since these patterns can be perfectly printed on glass. It Is 
possible to print these patterns with a fine enough line so that they are 
barely visible.
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Figure 6:  The « Métapapier » of the CTP (source – www.futura-sciences.com)

 V / CONCLUSION 

 Like most objects, glass is nowadays also evolving and taking 
the turn of digital technology. 
 The functionalities offered by these intelligent glazing are mainly 
variable-tint windows, allowing more or less solar radiation to pass 
through. While this is for home automation purposes, the purpose also 
concerns the environmental aspect of this glazing because it allows 
optimization of the use of energy (particularly for heating and lighting) 
in buildings.
 In addition, the use of printing processes for the manufacture 
of electronic components is experiencing a phenomenal growth. One 
of its notable advantages is its ability to handle large printing surfaces. 
Combining printed electronics with the manufacture of intelligent 
glazing would therefore be relevant. Nevertheless, printed electronics 
products will still have to prove their worth in terms of performance and 
durability before they can reach such a sector. 
 The issue raised by this report was to know if printed electronics 
were the solution for the widespread development of intelligent glazing. 
It seems that if the latter is important, it will be supported by the use of 
printed electronics within a few years.
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 During the last year of engineering school a big project is 
organized by team. Named «DEEP Project», every team has to do a big 
work about a challenge given by a manager. The team of Tree Plug has 
done his work for Grenoble INP - Pagora, and it regroups every tecnology 
promoved by the school.
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 I / INTRODUCTION

 The «Treeplug» project was initiated with the aim of promoting 
the technical and scientific knowledge of the LGP2 laboratory, which 
specializes in converting and adding value to plant biomass by 
developing biobased materials (paper, cardboard, composites, films or 
nonwovens) as well as printing processes for the surface functionalization.
It is a luminous decorative object that has two electrical sockets (Figure 
1). This tree shape reminds of the cellulose and therefore highlights the 
biobased materials used to make the object. The Tree-Plug is composed 
of several parts:
 -The printed tracks, connected to a battery and a switch, are 
used to bring power to the LEDs on the branches.
 -These printed tracks are laminated with cardboard and 18% 
nanocellulose so that they are hidden .
 -The trunk is made of molded cellulose using a 3D printed mold.
 -The roots are 3D printed and the electrical outlets are fixed on 
the inside of the roots.

Figure 1 : Tree-Plug demonstrator

In this article, we will focus only on the printed electronics part and 3D 
printing of the base.
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 II / PRINTED ELECTRONICS
 1) Context 
 The printed electronics part is intended to connect LEDs from 
the Tree-Plug branches to a power source via printed tracks (Figure 2).

Figure 2 : Printed circuit diagram

 2 ) Equipment and methods 
 Inkjet printing on the various media is carried out using a Dimatix 
laboratory piezoelectric inkjet printer (Figure 3) DMP 2800. (Figure 3)

 

Figure 3. Dimatix inkjet printer

In addition, the tracks are printed with silver ink.
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The LEDs used are white, manufactured by Osram and their reference 
is: GW JCLMS1.EC-GUHQ-5H7I-1. The LEDs are glued with conductive 
glue (Polytec PU 1000) at the ends of the branches (Figure 4)

Figure 4. Diagram of integration of LEDs in the assembly process

 In addition, it is necessary to perform some tests to optimize the 
way conductive tracks are printed.

 3 ) Experimental Part

 On the coated side of the semi-chemical 440 g/m² flat board, 
inkjet printing tests were carried out, varying some parameters.
Some resistance measurements are not very reliable (coefficient of 
variation higher than 15%).
Different parameters have to be defined:
 -l = track length (mm)
 -L = track width (mm)
 -n = number of layers
 -d = drop spacing (μm)
 -Tsintering = Sintering temperature (°C)
 -tsintering = Sintering time (min)

 Figure 5 shows the track resistances as a function of their lengths. 
The resistances obtained for l=110 mm (coefficient of variation over 
50%) are not to be taken into account. It should be noted that if the 
length of the tracks increases, the resistance increases. This result is 
consistent because the resistance varies with the length
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Figure 5 : Influence of the length l of the tracks on the resistance (n=1, d=20μm, L=1mm, 
Tsintering = 120°C, tsintering = 20 min)

 Figure 6 shows a decrease in resistance as drop spacing 
decreases. By reducing drop spacings, printing is more homogeneous 
and the current flows better. However, this increases the amount of ink 
consumed, the printing time and the spreading of the track, which 
can lead to false contacts (Which is the case for the test with d=30 
micrometers). This parameter should therefore be chosen with care.

Figure 6: Influence of the drop spacing d of the tracks on the resistance (n=1, L = 1mm, l 

=75mm, Tsintering = 120°C, tsintering = 20 min)

 It is also observed that if the number of layers deposited 
increases, the resistance of the tracks decreases (Figure 7). Indeed, 
increasing the ink thickness of the tracks reduces imperfections and 
facilitates the current flow.
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Figure 7 : Influence du number of layers of the tracks on the resistance (d=20, L= 1mm, l= 75 
mm, Tsintering = 120 °C, tsintering = 20 min)

 Despite variations in resistance for L=0.5mm, if the width of 
the tracks increases, the resistance decreases (Figure 8). This result is 
coherent since the resistance is inversely proportional to the section.

Figure 8 : Influence of the width L of the tracks on the resistance (n=1, d=20, l =75mm, Tsintering 

= 120°C, tsintering = 20 min)
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Some inkjet impressions were observed under the microscope to better 
interpret the results obtained (Figure 9):

Figure 9. Optical microscope observations of inkjet printed tracks at Tsintering = 120 °C, tsintering 
= 20 min, l=100mm et n=1 according to the following parameters(A) d= 20, L= 1mm, coated 
side; (B) d=20, L=1.5 mm, coated side; (C) d=15, L=1mm, coated side, (D) d= 20, L= 1mm, 

uncoated side ; (E) d= 20, L= 1mm, with primer

 Figure 9A shows two inkjet printed tracks with the following 
parameters: L=100mm, n= 1, d= 20, L= 1mm, Tsintering = 120 °C, 
tsintering = 20 min. The impression obtained is quite regular.

If the width of the tracks is increased to 1.5 mm while keeping all other 
parameters fixed, irregular tracks and speckling appears (Figure 9B).
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Similarly, if the drop spacing is changed to 15 while keeping all other 
parameters fixed, there is a lot of speckling. (Figure 9 C).

A printing test was also carried out on the uncoated side of the cardboard 
box (Figure 9 D.): the ink is completely absorbed by the paper because 
the letter is very porous and therefore no resistance measurements can 
be made.

In order to improve the above results, a primer was applied on the 
uncoated side of the cardboard to be able to print in inkjet. Despite 
the primer, no resistance could be measured after printing the tracks 
because there was still absorption and spreading of silver ink (Figure 9 
E).

 4 ) Conclusion

 For the rest of the project, it was decided to work without primer 
and to print on the coated side of the flat cardboard.
 The resistance of the printed tracks must be between 100 and 
500 Ohm in order to obtain a sufficient intensity to light the LEDs but 
not too high in order not to burn them. A resistance of 100 to 500 Ohm 
per track allows a current of 7mA to 30mA to be obtained, which is the 
reference interval for the project to have acceptable luminosity (night 
light type).
To obtain this resistance value on the final object, it is necessary to work 
with the following parameters:
 -L = track length (mm): between 10 and 15 cm
 -L = track width (mm): 1 mm
 -n = number of layers: 2
 -d = drop spacing (μm): 20 μm
 -Tsintering = Sintering temperature (°C) : 120°C
 -tsintering = Sintering time (min): 20 min
 -Droping spacing: 20 μm
 -Number of nozzles used: 8/16
In addition, for the realization of the tree branch, it is necessary to 
choose a relatively light material, capable of undergoing operations of 
cutting, printing the conductive tracks in ink jet and laminating the two 
boxes with nanocellulose to hide the printed tracks allowing to connect 
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the LEDs (at the end of the branches) to the stack. The table below 
allows you to choose the best compromise:

Table 1 : Summary of the characteristics of the supports studied

 Although 440 g/m² flat board does not have the best mechanical 
properties, it is the board that meets the most criteria. In addition, 
printability is a very important criterion for this project because if it is not 
possible to print then it will not be possible to turn on the LEDs.
It is therefore the 440g/m² flat cardboard that is used for the rest of the 
project.

 III / 3D PRINTING OF THE BASE
 1) Context 
In order to support the Tree-plug, it was decided to print roots in 3D 
(Figure 10):

 

Figure 10 : Isometric view of the base
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 2 ) Equipment and methods 
  2.1 ) The drawing of the parts on Autodesk Fusion 360
 
 The creation of the mold for the molded cellulose and the base 
to be printed in 3D is done on the Autodesk Fusion 360 CAD software. A 
2D drawing composed of vectors and simple shapes is then extruded 
to form a three-dimensional part.
 The software allows the export of files in various formats and thus 
offers a specific module for parts intended for 3D printing. It is therefore 
possible to generate files in STL (STereo-Lithography) format supported 
by the 3D printer used. It is important to note that .stl files only contain 
surface information and the part must therefore be designed as an 
object with closed contours.

  2.2 ) The setting up of the 3D printer Leapfrog CreatorHS 

 The Leapfrog CreatorHS 3D printer was used to manufacture 
the 3D parts. This one is equipped with two extrusion nozzles offering 
the possibility of printing in two materials. For the production of the 
necessary parts, only a 1.75 mm diameter brass nozzle is used with a 
PLA (polylactic acid) wire of the same diameter.

The printing conditions are set via Simplify 3D software. It is possible to vary:
 -Printing speed
 -Extrusion speed
 -The number of walls under, above and outside
 -The type and percentage of filling (from 1 to 100%)

There are different types of filling that can influence the printing speed 
of the part and its strength, so it is essential to find a balance between 
these two points. There are six different types of filling:
 -wiggle (Figure 11A)
 -grid (Figure 11B)
 -triangular (Figure 11C)
 -rectilinear (Figure 11D), printing 45° one layer / -45° next layer...
 -fast honeycomb (Figure 11E), vertical printing one layer / 
horizontal next layer…
 -full honeycomb (Figure 11F), printing of the complete 
honeycomb on one layer
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Figure 11 : different types of filling available: wiggle (A), grid (B), triangular (C), rectilinear (D), fast 
honeycomb (E) and full honeycomb (F)

  2.3 The PLA yarn

 The parts manufactured in 3D printing are formed from an 
extruded PLA wire 1.75 mm in diameter. Three main types of PLA can 
be used without fillers, coloured and with simple fillers, and complex 
fillers (fluorescence, wood, thermochrome, phosphorescent...).

  2.4 The method for characterizing the filling rate and 
type of filling:

 In order to optimize the adjustment of the type and filling rate 
according to the need, it is necessary to characterize the resistance 
according to these two aspects.
 Three-point bending tests are therefore carried out on different 
specimens using an Instron 5965 traction machine (Figure 12 on the 
left) on which a specific bending tool is mounted. The boom will then 
descend at a constant speed and cause the specimen to bend, the 
force exerted during this stress being measured by the load cell (Figure 
12 on the right).
 As the device is connected to a computer, it is possible to 
directly retrieve the desired values via the dedicated BlueHill software, 
namely here the load of the boom (in Newton) and its displacement (in 
mm).
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Figure 12 : Traction device converted into 3 points bending measurement and measuring 
principle

  2.5 The method for characterizing wear resistance

 To characterize the wear resistance of parts manufactured with 
the 3D printer, a method using the Instron traction machine converted 
to bending was developed. The purpose here is to repeatedly subject 
a specimen whose average strength has been established beforehand 
to minor deformation and then to test its «new» strength. The difference 
between the before and after resistance will thus determine the wear 
resistance expressed as a rate of resistance loss.

 3 ) Experimental part

 In order to optimize the printing and the strength of the base, 
bending tests were carried out on printed specimens and tested 
according to the following criteria:
 -dimensions: length = 80 mm, width = 10 mm, thickness = 4 mm
 -type of filling: rectilinear and fast honeycomb
 -filling rate: 10%, 30%, 50%, 70%, 100%
 -quantity per sample: 3 samples
 -bending boom lowering speed: 2 mm/min
 Only the «fast honeycomb» and «rectilinear» fillings were 
selected as they are the most commonly used modes but also the 
most appropriate for the object to be printed. It should be noted that 
the tests are carried out with a view to compare both the different 
filling rates and the two types of filling tested. Only three specimens 
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per sample were tested since it was found that adding tests would 
not reduce the standard deviation obtained. Indeed, the molten wire 
deposition process is still moderately repeatable, especially with the 
equipment made available.
Based on the results in Figure 13 and Figure 14 and taking into account 
the standard deviations, the specimens are relatively heterogeneous 
for a given sample. This is certainly due to the process and cannot be 
avoided.
Nevertheless, the standard deviation at the time of failure, i.e. at the 
top of the curves, generally tends to decrease, which implies that we 
characterize the resistance of the PLA itself more than, that of the bonds 
formed by the filling.
When comparing the two types of filling, it is impossible to consider that 
one type is better than another. It should be noted that not all the initial 
measured load values are equal to zero and not all are identical. This 
is due to the slight deformations that the specimens may undergo : 
these deformations are generated because of the retraction of the PLA 
during its cooling after extrusion.

Figure 13 : Strength comparison - Fast honeycomb filling at different filling rates

Figure 14. Comparison of resistance - «Rectilinear» filling at different filling rates
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 Also, since the aim here is to find a compromise between the 
resistance of the final object and the printing speed, a comparison of 
the maximum load as a function of printing time is of particular interest. 
As shows the table below, the «fast honeycomb» filling shows a slight 
advantage because of a very slightly faster printing speed. However, 
the calculation time required to achieve printing with this type of filling is 
more important, which is to be taken into account. Also, the movements 
required by the nozzle to form the «fast honeycomb» pattern make 
it easier for imperfections in the filling to appear than in the case of 
«rectilinear» filling.

Table 2: Comparison of average resistances and printing speed according to type and filling 
rate

 As it was therefore impossible to decide between one or the 
other type of filling, it was decided to choose a filling rate of 30%. In 
both cases (“rectilinear” or “fast honeycomb”) this filling rate enables to 
reach at least 65 % of the maximum possible resistance corresponding 
to a 100 % filling, a value considered appropriate. Also, the printing time 
required by a 30% filling corresponds to the time amplitudes available 
to produce the volume of the base.
In order to finally separate the two types of filling, wear tests were carried 
out on printed specimens and tested according to the following criteria:
 -dimensions: length = 80 mm, width = 10 mm, thickness = 4 mm
 -type of filling: rectilinear and fast honeycomb
 -filling rate: 30%.
 -quantity per sample: 3 samples
 -number of lowering of the wear boom: 100



63

 -lowering distance of the wear boom: 2 mm beyond the plane
 -bending boom lowering speed: 2 mm/min
The strength results obtained after the applied wear stress are grouped 
together in Figure 15, showing a loss of bending strength after an 
average wear of about 17 N for the fast honeycomb filling and an 
average of 8 N for the rectilinear filling. Therefore, the 30% «rectilinear» 
type is chosen to print the base, thus guaranteeing a mechanical 
resistance considered suitable for the connection and disconnection 
induced by the use of the sockets.
 

Figure 15: Comparison of resistance before and after wear - «Fast honeycomb» filling at 30% 
filling (left); «Rectilinear» filling at 30% filling (right)

 4 ) Printing of the base

 Once the optimal parameters had been defined, the base was 
printed according to the settings in the table below. A white PLA yarn 
was used to match the overall aesthetics of the final object.

Table 3. Printing parameters of the base



64

 IV / CONCLUSION

 These two parts represent just a step in the conception of the 
Tree Plug. It highlights the various process and product innovations 
developed by the LGP2, such as the molded cellulose process via 
a 3D PLA-printed mold, the lamination of the branching with 20% 
nanocelluloses obtained by twin-screw extrusion or jet printing of ink on 
cardboard.
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Antoine IGLESIAS - Deputy Manager
I am currently a work-study engineer at 
ArjoWiggins in the R&D department. My 
main missions are to design new products 
in printed electronics such as screens and 
photovoltaic panels, while integrating the 
notion of sustainable development and eco-
design within my company. My training at 
Grenoble Institute of Technology, based on 
graphic arts and printed electronics with a 
minor in environmental management in an industrial context, 
has provided me with solid knowledge that allows me to develop my 
desire to innovate in my professional life.  
Being a member of the TAGA association represents for me the 
opportunity to work in a concrete way for the graphic industry, which 
is particularly close to my heart as a descendant of 3 generations of 
printers. It is also an opportunity to meet and exchange ideas with our 
colleagues from across the Atlantic during the conference, which I am 
sure will be personally very enriching. 

Carine TEAV - President
I am currently an apprentice engineer in 
3rd grade in Pagora and I am doing my 
apprenticeship at the Atomic energy 
and alternatives energies commission 
in Grenoble, a research laboratory. My 
projects focus on the improvement of the 
silk-screen printing process for the active 
layers of fuel cells. 
Being president and representing the 

French chapter of TAGA is a great privilege for me. The field of 
graphic industries is in constant evolution and this is what attracts 
me the most. Participating in these conferences offered by TAGA 
would therefore be a most rewarding experience. 
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Hippolyte CHOQUET - Partner manager
I currently am a work-study engineer at Bank 
of France, the first euro banknotes producer in 
Europe. I work in LEAN Management sector and 
my job is to set up technical and managerial 
tools to increase the performance and drop the 
waste. This adds skills to my basic background 
which is paper, print media and biomaterials.
Being a member of Taga French Chapter is a 
great opportunity for me to have an international 
experience and improve my knowledge about the graphic arts, 
especially printed electronics. Moreover, it’s a way for me to be part of 
a project where we start from scratch and to develop new capacities, 
in particular by being responsible for the sponsor relationship. Finally, I 
look forward to exchanging with other universities not only on technical 
content but also on their way of life.

Erwan TROUSSEL - Treasurer
apprentice at Grenoble INP-Pagora 
Graduate school of paper, print media 
and biomaterials following a Two-year 
technical degree specialized in Physical 
Measurements. I work at the CEA and I do 
research in stretch printed electronics. In the 
TAGA French Chapter, I am treasurer. And 
I am also partly in charge of all the travel 
arrangements: booking planes, hotels, 

... What interests me in the graphic industries is the integration 
of printed electronics in existing designs to make them more 
dynamic and interactive.
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Cédric DUMONT - Design manager
I am currently in my first year of engineering 
studies at Grenoble INP-Pagora. I previously 
worked in three different companies in 
the graphic industries. I was thus able to 
discover many aspects of this world that I am 
passionate about. From printing processes, 
to the multiple stages of the graphic 
chain, to new technologies, I am eager 
to learn and to enrich my range of skills. 
 Being part of the TAGA association was a natural step for me. 
The diversity that graphic arts offers us has pushed me to look beyond 
our borders. The annual conference is a unique opportunity for us to 
enrich ourselves, and to discover a different vision of our art. Moreover, 
with my four years of experience as a graphic designer, bringing my 
experience and creativity to the association was a real pleasure. 
Working with the TAGA team was a very enriching experience, both 
humanly and professionally.

Maxence VIAL - Communication 
manager
As an apprentice at LGR Packaging, one of 
the European leader in the manufacture of 
pharmaceutical packaging, I’m working on 
continuous improvement, my missions are 
to reduce quality problem linked to printing 
processes and find solution to improve 
productivity. Grenoble INP – Pagora gave 

me knowledges and skills about printing to perform in my 
company. 
I have chosen to be a member of the TAGA French Chapter 
because it allows me to gain experience into graphic art processes 
and innovation but also in order to developed my network and 
discus about interesting subject with students and industrials.
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 This brochure is the result of a lot of hard work and we are 
proud to have been able to produce it. Every year, Taga’s annual 
conference is a great opportunity for the association and his 
members

 The realisation of the brooklet would not have been possible 
without the help of our sponsors. Many thanks to our industrial 
partners, who support us and have allowed us to present the best 
of ourselves to you.  They are major players in the field of graphic 
industries and we are proud to have them on our side.

 Also a big thank to TAGA who help the French Chapter to 
across the Atlantic Ocean to join them.
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 L ’ i m p r i m e r i e 
Courand et Associés 
is an offset and digital 
commercial printing 
company. Family-
owned and solidly 
anchored in the Nord-

Isère region, the company has evolved over the years. Four 
generations have succeeded one another, while maintaining an 
attachment to their local roots and a deep love of their trade.

http://www.imprimerie-ica.com

 The Manufacture d’Histoires Deux-Ponts, an exceptional 
printing company since 1935, accompanies you in the 
printing and creation of printed matter on paris, grenoble and 
geneva. French printer, grouping together 34 professions of the 
graphic chain, manufacture accompanies you in the creative 
manufacturing of your printings

http://www.deux-ponts.fr

 Oberthur Fiduciaire is one of the world’s leading private 
security printers specialised in the design and production of 
banknotes, cheques and other security documents.

https://www.oberthur-fiduciaire.com
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 With 16 factories spread out 
over five countries, CPI is one of the 
major players in the printing market 
in Europe. They produce books 
and printed documents for major 
publishing houses, large industrial 
groups and service companies, 
and administrative bodies.
 With an impressive heritage 
– a rich industrial past, featuring 

prestigious printers such as Firmin-Didot in France (1713), Ebner 
& Spiegel in Germany (1817) or Mackays in the United Kingdom 
(1857) – CPI is the first European printer to have invested in digital 
inkjet printing. 

http://www.cpi-print.com

  DS Smith is one of leading 
provider of corrugated 
packaging solutions. 
They operate across 37 
countries and employ 
over 31,000 people.

  Their story can be traced 
back to the box-making 
businesses started in the 
1940s by the Smith family 

in East London. DS Smith originally listed on the London Stock 
exchange in the late 1950s. 

https://www.dssmith.com
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 Located in the Campus 
of Grenoble, France, 
Pagora is the oldest school 
of Grenoble INP. Founded 
in 1907 in order to form 
high qualified engineers 
in the fields of paper 
fabrication, the school has 
followed all the evolutions 

of technologies, and always sought to give to students the best 
formation.

http://pagora.grenoble-inp.fr

  Created in March 
2015 by Agefpi 
- an association 
in charge of 
promoting Grenoble 
INP-Pagora - and 
La Cellulose, the 
Endowment Fund 

aims to provide new resources for its missions of general interest 
and its support for the training provided at the engineering school 
in the following fields :
 -Valorization of plant biomass 
 -Paper and cardboard 
 -Packaging 
 -Printed Communication 
 -Biomaterials and biocomposites 
 -Functional printing and packaging 
 -Printed Electronics 

http://pagora.grenoble-inp.fr
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This book was realized by Pagora’s students in association 
with CPI Print company, one of our partners.

The layout was made with graphic softwares at Grenoble 
INP-Pagora. Adobe Photoshop CC was used to design 
some photos, Adobe Illustrator CC was used to design de 
background of the booklet, and finally, Adobe Indesign CC 

was utilisated to realize all of the layout.

In this booklet, we used two main typefaces which are 
AvantGarde BK BT and Stoehr Numbers.

For the printing, we worked with our partner CPI Print. The paper 
used for the interior is Condat Gloss 135g/m² by Papeterie 
Condat, and the for the cover page is Performa Brillance 

230g/m² by Stora Enso Board.

This book was printed on a sheet-fed digital printing press, 
the Ricoh Pro c9200 with Ricoh inks (CMYK).

The glued square spine binding was made on a stitcher 
Horizon BQ 470.

Last, the packaging of the booklet was made with a thick 
cardboard 400g/m² and cut with a flatbed cutting table 

Esko Konsberg XL22.
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If you want to learn more about our school, our French 
TAGA Team, or consult our publication online, you can 

use SnapPress application.

Download it on PlayStore or AppStore, and use the 
application to scan the Taga’s logo on the cover page !






