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GENERAL 
INTRODUCTION

THe society in which we 
live is a consumer so-

ciety. For the last thir-
ty years, bottle consump-
tion has been increasing 
exponentially. Since the 
arrival of plastic bottles, 
this consumption became 
an even more important 
stake for our environment. 
Indeed, more than 150 bil-
lions of bottles are consu-
med every year on the 
planet, but less than 50% 
of these bottles are re-
cycled. Furthermore, with 
continuous population 
growth, wastes are more 
and more important and 

over 1/10th of wastes are 
rejected in oceans: mas-
sive garbage dumps form 
into the ocean, as shown 
in fi gure 1.
That’s why since few years, 
specialists have been re-
searching news alterna-
tives for polluting bottles. 
They are looking for how 
to develop bottles with 
biobased products, id 
est stemming from re-
newable natural resources 
to avoid damaging the 
environment.
Cellulose is the main 
constituent of vegetables 
and is present in abun-
dance all over the planet. 
It is both a biobased and 

Figure 1 : Five huge discharges in oceans
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This rule stipulates some 
criteria conditions to be 
met by food packagings:
> Materials which are in di-
rect contact must be inert 
as not to present any dan-
ger to human health, mo-
dify composition of food 
or alter their organoleptic 
nature.
> Protect or improve food
>  Resist extreme tempera-

tures without modifying 
food

>  Protect food from out-
side attacks

>  Present hygienic quality 
adapted to food securi-
ty requirements.

3 -  Expected properties 
during production

During packaging produc-
tion (fi gure 3), it’s impor-
tant that the product is 
steady and easy to handle.
Therefore, bottles have to 
verify the following pro-
perties from the transfor-

mation of raw materials to 
the fi nal packaging:
>  Traction and shears re-

sistance: mechanical so-
licitations of machines.

>  Temperature resistance: 
used for deformation or 
collage.

>  Moisture resistance: 
conditions of the room.

>  Vacuum pressure resis-
tance: often bottles are 
fi lled vacuous.

>  Impermeability: printing 
must be easy.

4 -  Expected properties 
during fi lling

When contact is esta-
blished between bottle 
and liquid, the following 

biodegradable material. 
Therefore it represents an 
alternative for glass and 
plastic in the constitution 
of bottles.
In our study, a bottle is de-
fi ned as a container which 
can contain and seal a li-
quid for a volume lower or 
equal to 2L. Here we are 
interested in bottles for 
liquid foods packaging. 
They are called primary 
packaging because they 
are directly in contact with 
the product.

PROPERTIES 
NECESSARY 
TO THE BOTTLE
1 - Expected properties
Bottles must ensure that 
they respond to dif-
ferent properties expec-

ted by manufacturers, lo-
gistic actors, distributors 
and consumers while res-
pecting legislations throu-
ghout the production line.
Indeed, during the pro-
cess of bottle-making it is 
important to set up speci-
fi cations which have to be 
correct to allow the consu-
mer, who is an end custo-
mer and actor for whom 
the product was desig-
ned, to have a good qua-
lity product in compliance 
with its expectations.
2 - Food regulations
Given that products are 
in direct contact with li-
quid foods and customers, 
bottles must be in com-
pliance with European rule 
CE n°1935/2004.

Figure 2 : Bottles in Food Industry

Figure 3: Production of plastic bottles
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has to occur before the ex-
piry date to secure quality 
of the product.

5 -  Expected properties 
during collective  
packaging and storage

Bottles must have some 
properties to secure trans-
port and mobility of pro-
ducts without changing 
their composition or da-
maging the product during 
packaging and storage. So 
bottle should have:
> Mechanical resistance: 
not only must the bottle 
secure non-distortion with 
the liquid’s weight but it 
also has to resist the

weight of bottles stored 
above.
6 -  Properties Expected 

by client
The client is the person for 
whom the bottle was de-
signed. Here are the ex-
pected properties of the 
client:
> Ergonomics: the form of 
the bottle should be adap-
table to consumer uses.
> Liquid’s stability: bottle 
should secure the stabili-
ty of the liquid it contains.
> Easy opening and closing.
> Variable size and vo-
lume: according to the 
client’s need.
> Labeling: bottle should 
inform the client concer-
ning the product that he 
consumes.

properties must be 
respected:
> Liquid impermeabili-
ty: the bottle should not 
be deformed during fi l-
ling and must be able to 
contain the liquid without 
it affecting its properties.
> Greases impermeabi-
lity: in case the liquid is 
fat, bottle should not be 
deformed.
> Gas impermeability: in 
case the liquid is gaseous, 
gas should not cross the 
material.
> Steam impermeability: 
bottle has to play the role 
of barrier for steam.
> Extreme temperatures 
resistance: during the 
contact with extreme tem-
peratures, bottle should 
not be deteriorated or 
modify properties of the 
liquid.

> Humidity resistance: 
bottle should not be de-
formed by humidity.
> Mechanic resistance: 
bottle should maintain its 
form despite the liquid’s 
weight.
> Chemical stability: Li-
quids should not be che-
mically modifi ed during 
contact between bottle 
and liquid.

Remark: the set of these 
properties should insure 
fi lling (fi gure 4) until the 
product is consumed. This 
consumption obviously 

Figure 4: fi lling of glasses bottles

Figure 5: Packaging and storage of bottles
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Glass bottles mainly 
use these following raw 
materials:
> Calcin: calcin is a re-
cycled glass previously 
washed and sorted out.
> Sand
> Sodium carbonate: it is 
used to separate insoluble 
impurities
1.2) Plastic bottles

Plastic bottles appeared 
around 1930 and were in-
dustrialised around 1960 to 
invade the market. These 
bottles have replaced a 
large part of glass bottles 
thanks to their lightness 
and a moderate cost.
Several raw materials are 
used for the fabrication of 
bottles:
> PET: polyethylene te-
rephtalate: it is an amor-
phous and transparent po-
lymer. It is used to make 
plastic bottles because it is 

lighter than PVC and non 
toxic. Furthermore,  it can 
be recycled several times 
and can be reused to ma-
nufacture plastic bottles. 
> PEHD: polyethylene: 
used for bottles of milk. 
It has an important resis-
tance and for the moment 
it was not proved as being 
noxious for health.
> PVC: polyvinyl chloride: 
it has resistance and im-
permeability qualities and 
has more generally a good 
value for money.
Nevertheless, it rejects 
chlorine compounds dan-
gerous during manufactu-
ring and incineration. This 
is why its use is restricted 
and is forbidden in some 
countries.

WHICH MATERIALS 
FOR WHICH 
BOTTLES?

Before Putting on shelf 
a new product, it’s im-

portant to know which raw 
materials and processes 
actually exist for the manu-
facturing of bottles alrea-
dy on the market.
1 -  Bottles available 

on the market
On our everyday life, we 
are meeting quite typi-
cal bottles which are eve-
rywhere and are meant 
for different uses. Here 
we are interested by 
bottles which are aimed to 
contain liquids and which 
are industrialised.
1.1) Glass bottles

Glass bottles (fi gure 7) 
have experienced their 
appearance in Italy du-
ring antiquity. But it was 
starting in the 18th century 

that they have been used 
for packaging and trans-
portation of wine. In 1723 
they have been industria-
lised by the sparkling wine 
and champagne industry 
because these bottles se-
cure conservation, herme-
tic closure and transport of 
these liquids. Glass bottles 
are in continuous evolution 
in particular regarding the 
weights: a bottle of Cham-
pagne which weighted 
1250g at the start of cen-
tury, now weights 900g.
Moreover, glass recycling 
is easy and forms a closed-
loop: a bottle becomes a 
bottle. Glass can be re-
cycled infi nitely.

Figure 7: 
Glass bottles



12 13

2 -  Available bottles on the market
The following Table 1 explains the different bottle manu-
facturing processes

1.3) Food bricks
Food bricks (fi gure 8) appea-
red on the market in 1952.

These have an asset: they 
can be delivered to the 
agribusiness by coils of 2 
tons. This promotes trans-
formation, handling and 
transports’ costs. Recy-
cling of these packagings 
isn’t mastered.
Food bricks are complexes 
formed from 3 different 
raw materials such as illus-
trated on the chart here on 
the side:

> Aluminium: poor metal, 
moldable and of silver co-
lor. In the food brick, the 
aluminium is used as a bar-
rier for oxygen, microor-
ganisms, for light, ultra-
violet, and for steam, oils, 
and greases.
> Polyethylene: simple and 
low cost, hence its impor-
tant use at the industrial 
level. It aims to secure sea-
ling and weldability. It is the 
layer in contact with food. 
Furthermore, it insures li-
quids impermeability.
> Carton: from virgin or 
recycled fi bers. In food 
bricks, carton allows a di-
rect printability and gives a 
stiffness to the packaging.

Figure 8: 
Food bricks

CARTON
75%

PET
21%

ALUMINIUM
4%

Type of 
bottle

Raw 
materials 
used

Manufacturing 
processes

First 
industrialisation

Disadvantages Advantages

Plastic 
bottles

PVC, PET, 
HDPE

Moulding, 
blowing ex-
trusion, ther-
moforming, 
injection

1930 - 1960 Signifi cant 
consequences 
on health and 
biodiversity 
(contains toxic 
materials)

Cheap, no 
oxidation, 
lightness

Glass 
bottles

Cullet, 
sand, so-
dium 
carbonate

Blow moulding 1723 Heavy weight, 
price, transport

Easy recy-
cling, price, 
transport

Cartons PE, alu-
minium, 
cardboard

Laminating and 
coating

1952 Expensive 
recycling

Light-
ness, price, 
transport

Cans Aluminium Deformation 
and bending

1950 The installa-
tion of a recy-
cling collection, 
the use of me-
tal (not many 
ressources)

Strong, light, 
compact, 
waterproof, 
safe, 100% 
recyclable

Table 1: Available bottles on the market
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fety packaging, Innova-
tion Fund Denmark and 
the technical University 
of Denmark is set to last 
for 3 months. Known as 
the “Green Fiber Bottle”, 
this bottle will be exclu-
sively made out of bio-
based and biodegradable 
materials, from wood fi-
bers from sustainably ma-
naged forests, including 
the capsule. EcoXpac has 
not answered our request; 
we will probably have to 
wait the end of its deve-
lopment to discover what 
technical solutions will be 
chosen to make this bottle 
marketable.

b. The “Paperboy bottle” 
The Paperboy bottle is 
a 100% recyclable wine 
bottle which is 80% lighter 
than other wine bottles. 
The bottle has two parts. 
The outer part is made of 
moulded cellulose, while 

the inner part is plastic, 
ensuring a barrier to li-
quids and gases. This type 
of packaging enables easy 
recycling between paper 
and plastic.

c.  The “360 Paper Water 
Bottle”

The “360 Paper Water 
Bottle” is a bottle made 
entirely out of paper, po-
lylactic acid (PLA) and glue 
to put its different compo-
nents together. It is the-
refore 100% made of ma-
terials from renewable 
ressources, as PLA is a bio-
plastic from corn. The cellu-
lose used comes from sus-
tainably managed plants 
like bamboo or palm trees. 
The upper part is remo-
vable and becomes a lid. 
With this bottle, Jim War-
ner, a designer for Brandi-
mage, has won the “INNO-
VIC’s International Next 
Big Thing AwardTM 2009”.

2.1)  Cellulose bottles: the 
future

2.1.1. Cellulose

Cellulose is a polymer 
synthesized by plants at a 
rate of 50 to 100 tons per 
year. It is the most organic 
material on the Earth, re-
presents 50% of biomass 
and is the main constituent 
of paper. The association 
of cellulose macromole-
cules form microfibrils, 
which layer themselves 
and form the walls of plant 
fibers. Wood is made out 
of 50% of cellulose.

2.1.2. Moulded cellulose

Primarily known to protect 
eggs, moulded cellulose 
is a material often used 
in packaging for padding 
products, due to its me-
chanical and environmen-
tal properties. Moulded 
cellulose is a material es-
sentially composed of re-
cycled fibers, made out of 
recycled paper and water. 
Additives can be added to 
confer particular proper-
ties to the final product 
such as imperviousness or 
colour.
2.1.3.  Projects of cellulose 

bottles

a.  The Green “Fiber Bottle” 
[34], [35]

The brewer Carlsberg has 
started the development 
of bio-based and biode-
gradable bottles. The col-
laborative project with 
ecoXpax, specialised in 
moulded cellulose sa-

Advantage  
of cellulose

Disadvantage  
of cellulose

Price,  
lightness,  
environment,  
flexibility

Permeability,  
opacity

Table 2:  Advantages and disadvantages 
of cellulose
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2.2) Proposed bottle

Seeing the different tech-
nical solutions offered to 
improve the weaknesses 
of cellulose, we could ima-
gine a cellulose bottle that 
should meet marketing 
expectations. The base 
would be made out of cel-
lulose, either in the shape 
of a carton or a bottle in 
moulded cellulose.
If we choose to create a 
carton, then it can be sub-
jected to treatments such 
as sulfurization or chroma-
togeny grafting, or even 
cellulose nanocristal coa-
ting, if their price goes 
down. 
In both cartons and 
moulded cellulose cases, 
it is possible to laminate 
the bottle with a pure cel-
lulose base and a grease-
proof paper layer or a na-
nocristal or bioplastic film 
like PLA. This could be 
used for fruit juices, where 

the transparency of the 
bottle isn’t a priority.
Nevertheless, if we choose 
to use cellulose nanocris-
tals, the price of nanocris-
tals could make very ex-
pensive the final product. 
Covering the cellulose 
with a PLA film could be 
interesting because it is 
a bio-based and biode-
gradable film, even if it is 
more expensive than plas-
tics made from petrol.
2.3)  Environmental impact on 

raw materials

A bottle is part of prima-
ry packaging so its role is 
to protect, preserve and 
transport a product until 
it is consumed. However, 
once consumed, the pac-
kaging loses all its value 
and becomes trash. The 
protection of bottles is 
very important, therefore 
it is essential to know how 
to deal with trash. We the-

2.1.4.  Technical solutions

The following table explains the different technical solu-
tions with their advantages and disadvantages.

Solutions Advantages Disadvantages

Paraffin paper Excellent water barrier 
properties

Paraffin from pe-
trochemistry, not 
much recycling

Silicone paper Excellent water barrier 
properties

Uses silicone, not 
much recycling

Film made  
of cellulose 
nanocristals

100% cellulose, can be 
transparent

Expensive 
production

Paper  
grafted by 
chromatogeny

100% cellulose, green 
chemistry, no additives, 
recyclable, good printabi-
lity of aqueous inks

Not yet indus-
trialised, must be 
suitable for food 
contact

Greaseproof  
paper

100% cellulose, recy-
clable, translucid

Average resis-
tance to water

Bio-based film Bio-based, transparent Expensive, it isn’t 
cellulose

Table 3: Technical solutions, advantages and disadvantages
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2.3.2. Analysis of the life cycle 

The analysis of the life 
cycle (ALC) is an effective 
and systematic way of eva-
luating the environmental 
impacts, from the extrac-
tion of raw materials to the 
end of life of products. In 
2008, Tetra Pak published 
a study called “The truth 
on food packaging”.
The study was made by the 
Bio Intelligence Service 
which followed the norma-
lised method ISO 14 044, 
and then validated by a 
critical review committee.
The study compares the 
analyses of the life cycle 
of TetraPak food cartons 
to those of one litre plastic 
and glass bottles (PEHD or 
PET). 
Results show the ecologi-
cal benefit of cardboard 
cartons.

2.4) Conclusion

The study of technical cha-
racteristics for each type 
of bottle let us know their 
pros and cons. Glass is 
a cumbersome material. 
Even if it is the easiest sor-
ted material, its shaping 
needs a lot of energy. On 
the contrary plastic, car-
ton composite bottles 
and metallic cans are light 
and deformable. It saves 
money on storage/trans-
port. At the difference 
from bottles, cans can-
not be closed after they 
have been opened. While 
carton composite bottles 
have lots of advantages, 
they are not easy to re-
cycle because of polyethy-
lene and aluminum which 
require a special process 
to separate from card-
board. This last material 
can be recycled but not PE

refore have to control the 
end of life of a product, 
and analyse its life cycle 
to know its environmental 
impact. 
2.3.1. Recycling

If a product is recycled, 
its end of life becomes 
the beginning of another 
product’s life. Recycling 
enables people to deal 
with trash and to save na-
tural resources. It is there-
fore essential to take into 
account if the products we 
make are recyclable.
Recycled cellulose fibers 
form a market of their 
own. Indeed, according to 
figure 41, more materials 
are formed from recycled 
fibers than virgin fibers (fi-
gure 40). On the contrary, 
few plastics are recycled 
(figure 41) (less than 25% 
in 2011), and only 250 000 
tons of plastic recycled 
have been transformed 

in 2012. Even if the recy-
cling rate of glass is good 
enough, as it was of 70% 
in 2011, making a product 
from recycled glass cullet 
is very energy consuming. 
This is why the study of 
the recyclability of pro-
ducts isn’t enough to eva-
luate their real environ-
mental impact. We need 
to look at every step of 
their life cycle and where 
they come from.
Among glass, PET and 
PEHD, steel and cellulose, 
only cellulose is made 
from natural renewable 
resources. Labels like 
FSC (Forest Stewardship 
Council) or PEFC (Pro-
gramme for the Endorse-
ment of Forest Certifica-
tion schemes) exist today 
and ensure that the fi-
bers which are certified 
come from sustainable 
resources. 
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1 - Filtering carafe
Those carafes are equipped 
with a fi lter for water. Thanks 
to it, it is possible to drink 
tap water. When someone 
uses it, he doesn’t need any 
more to buy bottles of wa-
ter. The counter argument 
is that the carafe also fi lters 
minerals useful for our body 
as calcium or magnesium. 
Today, around 5 500 carafes 

are sold every day in France 
and this market is growing.
2 - Soda machine
This apparat allows making 
carbonated water at home. 
This technology again is 
a growing market. Sodas-
tream, the leader, hopes 
to equip 15% of homes in 
France to 2018.

and aluminum in this case. 
However, Jim Warner pro-
poses the “360 Paper Wa-
ter Bottle”, a bottle total-
ly composed of cellulose 
if we neglect a PLA fi lm. 
This type of bottle would 
be light, easy to carry and 
easy to recycle. Those ad-
vantages give it a chance 
to industrialize their pro-
duction and to commer-
cialize them. The market 
survey which follows will 
give us some information 
about this possibility.

ECONOMIC 
ANALYSIS

THe folloWing diagram 
shows the reparti-

tion of materials in bottles 
market. In 2011 there were 
1 401 billions of bottles.

Plastic bottles are made 
of oil derived materials. 
So, oil and plastic bottles 
have their price linked. 
Since 1973 oil price is 
still increasing (2009 and 
2015 are exception to this 
tendency) as shows on the 
fi gure 9. Moreover, oil is 
not a renewable resource 
and its stocks are lowering 
dangerously.
This can make us to think 
that there are market 
shares to take in bottle 
market. 
In order to determine if 
cellulosic bottle could en-
ter the market we have to 
check also alternatives to 
bottles.

Figure 9: Evolution of price’s oil since 1970
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3 - Bag with a cap
It is fl exible bag which are 
easy to carry and store. 
They could be a competi-
tor to cellulosic bottles.
4 - Bag for drink
The difference with the 
previous bags is the cap: 
no cap on those bags. 
They just store liquid in 
a very light and fl exible 
container. The fl exibility 
can be a problem for sto-
rage and when it needs to 
be put in bottle.
A Porter diagram is on 
the next page to see the 
concurrence. We can no-
tice that PLA bottles 
are already entering the 
market.

Figure 10: Porter diagram
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nonrenewable resource. 
It implies that the plas-
tic bottle price is direct-
ly linked to oil price. Glass 
bottles and aluminum cans 
also have bad impact on 
environment even if they 
are recycled. In 1950 the 
idea of creating a bottle 
with biosourced material 
was born with the appa-
rition of composite card-
board bottles. However, 
as the name “composite” 
let us guess, those bottles 
were not totally com-
posed of biosourced ma-
terials. There is a plastic 
film and aluminum to pre-
vent gas and liquids from 
destroying the structure. 
Although, recent progress 
allows us produce 100% 

biosourced materials. For 
example, with nanocellu-
lose and biopolymers we 
can make waterproof ma-
terials. That is why a new 
bottle made of cellulose, 
biodegradable, fitting the 
legislation and respon-
ding to requirement of li-
quid container could enter 
the market. Except the al-
ternative products which 
constitute the main threat 
to the development of cel-
lulosic bottle, the chance 
to have a share of the mar-
ket is good for coming 
years. Biopolymer bottles 
are one example among 
the alternative products 
which could be proble-
matic if the raw materials 
were not so expensive.

PERSPECTIVES OF EVOLUTION

CONCLUSION

Presently, we are all loo-
king for solutions to 

remove products that are 
not friendly for environ-
ment. Since 1930, plastics 
are invading every market 
especially the bottle one. 

Plastic has a lot of quali-
ties: it is light, transparent, 
cheap and easy to shape. 
But, plastics are source of 
pollution and are made of 
oil derived material and 
we all know that oil is a 

Strengths Weaknesses

•  Cellulose biodegradable and 
recyclable

• Cellulose low cost and abundance
• Not brittle
• Easy to produce
•  Treatments exist to make cellulose re-

sistant, transparent and waterproof

•  Cellulosic bottle not 
industrialized for now

•  Cellulose basically not 
waterproof and not 
transparent

• Sensible to humidity
•  Material favorable to 

bacterial development

Opportunities Threats

• Oil price increasing
• “Green movement”
•  New market for enterprise producing 

pulp
• Interest for biomaterials
• Population growth
•  Stricter legislation to come about sus-

tainable development

•  Concurrence of glass 
and plastic materials

• Alternatives products
• Biopolymers
•  Bad reputation be-

cause of moulded 
cellulose
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Copper-based 

conductive inks

INTRODUCTION

Manufacturing elec-
tronic components 

is mainly based on the 
use of the photolithogra-
phic process but the im-
plementation of this pro-
cess is expensive and time 
consuming. Moreover, as a 
subtractive process, a part 
of the raw material is lost. 
The printing processes 
could then meet the chal-
lenge for the reduction of 
the manufacturing costs 
electronic components, by 
creating new opportunities 
as functionalize large areas 
on flexible substrates.
There are two conductive 
ink’s families: inks based 
on organic polymers and 
inks based on metallic par-
ticles. Their conductivi-
ty is the main difference 
between these two types 
of ink. The polymers are 
mainly semiconductors, 

whereas metals have high 
conductivities; about 106 
S/m for silver and cop-
per. However, even if sil-
ver, gold or nickel-based 
conductive ink exist, the 
copper-based ink is rarely 
used. Indeed, copper is 
easily oxidized therefor its 
conductivity is reduce, un-
like silver. But, silver cost 
is too high and some pos-
sible applications of prin-
ted electronics cannot be 
developed on a large scale 
such as the RFID tags.
However, the conductive 
inks market from all appli-
cations should reach two 
billion euros in 2024. What 
are the possible solutions 
to develop the conductive 
copper-based inks mar-
ket? Will these one be de-
signated for certain ap-
plications? Will there be 
other solutions?
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tivity break is observed as 
in the Figure 1.

The percolation threshold 
depends on the geometry 
of the particles used. In-
deed, this threshold is rea-
ched more quickly if the 
particles dissolved in the 
ink have a long and thin 
form that if there were 
spherical.
1.1) Organic ink 

The organic ink may be 
composed of small mo-
lecules or polymers. Its 
conductivity is lower than 

the ink based on metal-
lic pigments. For some of 
these polymers, it reaches 
from 104 to 105 S/cm, 
which is closed to some 
metals. Nevertheless, 
most polymers are semi-
conductors, in the same 
way that the silicon is a 
conventional electronic 
semiconductor.
The organic ink is not in-
tended to replace silicon 
and conventional electro-
nics in their areas of ex-
cellence: the miniaturiza-
tion of components and 
the areas in which perfor-
mance is desired (eg. com-
puters). However, it is pos-
sible both technologies 
coexist in a cost-cutting 
perspective, increase pro-
ductivity and large surface 
functionalization.
Today, the PEDOT-PSS is 
one of the most used se-
miconducting polymers. 
Good driver and stable in 

CONDUCTIVE INKS AND COPPER
1 - Conductive ink
The organic ink is based on semiconducting polymers 
whereas the inorganic ink is based on metallic pigments. 
Their composition is the same type as a printing ink 
[Table 1].

The composition of a 
conductive ink depends 
on the application for 
which it is designed and 
the surface properties of 
the cellulose-based subs-
trate or polymer fi lm. This 
one latter must be adap-
ted to withstand the tem-
peratures during the sinte-
ring process of the ink after 
printing. The ink concen-
tration in the active ma-
terial must be suffi cient to 

ensure the percolation of 
printed tracks. Indeed, to 
create tracks in which cur-
rent can fl ow, it must meet 
or exceed the percolation 
threshold i.e. that there 
must be at least one conti-
nuous contact between 
the conductive particles 
or conductive polymers 
on the entire length of 
the track. The percolation 
threshold is the concentra-
tion from which a conduc-

Active 
material

Conductive particles 
or polymers

Quantifi ed amount depen-
ding on the application

Vehicle Solvents / diluents Properties compatible with 
application

Additives Dispersants, rheolo-
gical additives

Properties compatible with 
application

Table 1:  Typical composition of a conductive ink

Figure 1 -  Demonstration of a percolation 
threshold [Liang C.] 
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The sintering operation 
requires taking into ac-
count the nature of the 
printing medium. Indeed, 
supports, often based on 
cellulose, polyethylene te-
rephthalate (PET) or po-
lyethylene naphthalene 
(PEN), rapidly degrade un-
der the effect of heat.
Nanoparticles are particles 
whose size is between 
1 and 100 nanometers. 
Their properties are useful 
in the context of the ap-
plications of printed elec-
tronics. They can be easi-
ly printed by inkjet process 
because they do not clog 
the nozzles. Their small 
size makes them different 
properties than the same 
material in a larger scale. 
In particular, the melting 
point of the nanoparticles 
depends on the size of 
them but it is always smal-
ler than the correspon-
ding metal. Thus, the mel-
ting temperature of silver 

is about 961 °C, while it is 
only 350 °C for nanopar-
ticles 30 nm in diameter, 
and only 200 °C for nano-
particles 11 nm . Similar 
results are obtained with 
gold, copper, and nickel.
Although it is not neces-
sary to reach the melting 
temperature of the par-
ticles during sintering, the 
reduction of this tempera-
ture reduces the necessa-
ry coalescence of the par-
ticles. This reduces the 
energy cost of the sinte-
ring step, to use a wider 
range of substrates wit-
hout being damaged and 
reduce the risk for harmful 
oxidation conductivity of 
some metals.
1.3) Carbon base ink

Historically, these are the 
fi rst conductive inks de-
veloped. This was based 
on graphite inks. Howe-
ver, their conductivity is 
mediocre, and now the 

ambient air, it has good 
transparency properties 
which makes it a good 
material for the manufac-
ture of OLED (Organic 
Light Emitting Diode) or 
photodetectors.
1.2) Inorganic ink

The inorganic ink is based 
on conductive metal par-
ticles (silver, gold, nickel or 
platinum). Its conductivi-
ty is higher than the orga-
nic conductors. Metals are 
present in the ink as the 
micro particles or spheri-
cal, tubular and planar na-
noparticles... These para-
meters, which depend on 
the specifi c surface of the 
particles, have infl uence 
on the conductivity perfor-
mance of the ink.
However, even when the 
percolation is achieved, 
the conductivity of the 
printed fi lm with metal 
particles is limited because 
the contact areas between 

the particles are small in 
surface. A sintering step 
increases the conductivity. 
By heating the ink fi lm, the 
particles coalesce and the 
contact surfaces between 
the particles increase, the-
reby reducing the resis-
tance induced by the se-
paration of the particles. 
The sintering also allows 
the homogenization of the 
conductive ink fi lm. The 
Figure 2 below shows the 
effect of sintering at dif-
ferent temperatures on a 
fi lm of silver nanoparticles 
deposited on glass and 
observed with a scanning 
microscope.

Figure 2 -  Effect of sintering 
of silver nanoparticles.

Treatments at 60 °C, 150 °C, 260 °C
and 320 °C [A. Denneulin]
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2 - Applications
Already used in many 
areas, research is still on-
going to expand the 
scope of conductive inks 
and bearing the costs of 
production of certain ma-
terials such as Li-ion bat-
teries and fuel cells. Their 
use in RFID antennas and 
OLED has become com-
monplace. They also are 
used to produce electro-
nic components such as 
capacitors.
2.1) RFID

RFID is widely used: for 
example, in stores, anti-
theft RFID chips that are, 
passing the entrance signs, 
trigger the alarm system. 
The RFID antenna may be 
represented as a RLC cir-
cuit, where R is the resis-
tance of the tracks, the in-
ductance L caused by the 
winding of coils and

 C the capacitance that ge-
nerates two tracks side by 
side in the winding.
An RFID antenna can be 
printed with a conductive 
ink. According to its appli-
cation, it does not neces-
sarily need to have a high 
conductivity.
2.2) OLED

An organic light emit-
ting diode is a succession 
of semiconductor layers 
between two electrodes. 
Printing these different 
layers allows higher pro-
ductivity than the conven-
tional assembly methods. 
A conductive ink compri-
sing metallic particles is 
generally used as one layer 
of the diode that repre-
sents the cathode. Com-
posed of polymer mate-
rials, other layers may also 
be printed although cur-
rently, this process is not

focus is on carbon nano-
tubes that are powerful se-
miconductors. These are 
networks of carbon atoms 
tubular form: single or 
concentric tubes, carbon 
nanotubes are single-wal-
led or multi-walled.
Poly-Ink sells based on car-
bon nanotubes inks. Their 
main advantage is that it 
does not require sintering 
operation. These carbon 
nanotubes may be func-
tionalized: it is thus pos-
sible to their grafting of 
chemical functions giving 
them new properties, such 
as better separation of 
the nanotubes between 
them or better disper-
sed in an aqueous or or-
ganic solvent, which is dif-
ficult to achieve without 
functionalization.
In addition, the use of na-
notubes rather than na-
noparticles in conductive 
inks can achieve the per-

colation threshold more 
quickly, with a much smal-
ler addition of material: 
from 0.1 to 1% (by weight 
concentration) for the car-
bon nanotubes.
In the ink formulation, the 
carbon nanotubes may 
be doped with carbon 
black which is inserted 
into the spaces left by the 
nanotubes.
Finally, other inks, 
graphene-based, are 
under development. 
Graphene is a planar array 
of carbon atoms connec-
ted by covalent bonds, 
comparable to an open, 
flattened tube. Its conduc-
tivity properties are inte-
resting and it is transpa-
rent. It is conceivable to 
replace ITO currently used 
in the manufacture of 
OLED by graphene.
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phic printing, was used as 
an active layer in the fuel 
cell created. Various para-
meters, including the pla-
tinum concentration, al-
lowed to obtain the same 
performance as a conven-
tional method of creating 
fuel cell and that, with less 
weight of platinum de-
posited and therefore re-
duced cost.
2.6) Electronic Components

A capacitor is easily repro-
ducible from printing pro-
cesses. For this, you only 
get two conductive ink 
layers separated by an in-
sulator, such as the print 
media. It is possible to do 
so in the thickness or in the 
direction of advance and 
through the support. So 
there is very often the stray 
capacitances in the prin-
ted electronics elements.
The coil is produced from 
a coil winding. In printed 
electronics, it is obtained 

by printing spiral-like pat-
terns. And the turns are re-
placed by tracks, their in-
ductance remains rather 
low. When creating a para-
sitic capacitance develops 
between all these turns. 
Transistors are modular 
switches, their implemen-
tation is much more com-
plicated than the previous 
two elements.

3 -  Copper in conducting ink

3.1)  Advantages and 
inconveniences

Copper has two main ad-
vantages: an excellent 
conductivity and a low 
price. Copper is almost as 
conducting as silver, it is 
the most used metal for 
ink formulation. Moreover, 
his price is lower: a ton of 
copper costs 5000 euros 
as a ton of silver costs ap-
proximately 500 000. The 
conducting ink must not 
be expensive to developp 
low cost applications like 

widespread. The use of 
printing for creating func-
tional and flexible OLED 
displays.
2.3) Photodetector

Two types of equipment 
are used to convert light 
into an electrical signal: 
the photodetector and 
the solar cell. The photo-
detector is used on inte-
ractive surfaces such as 
smart packaging, ticketing 
machines in public trans-
port, interactive posters, 
but also in everything re-
lated to human-computer 
interaction and control pa-
nels. It is also used for spe-
cific goods in specialized 
media such as the medical 
sector.
2.4) Li-ion Battery

To store energy and are 
currently manufactured 
with dangerous products, 
it is difficult or impossible 
to recycle.

The cellulose microfibrils 
(MFC) fall into the formu-
lation of the ink, these ele-
ments allow to convey the 
active ingredient. A rheo-
logical study of the ink ob-
tained indicates that the 
relevant printing method 
is screen printing. Prin-
ting can be used for de-
positing the cathode and 
the anode. The innovation 
lies in the ability to print 
on the front cathode, the 
anode on the back of the 
support and the current 
collectors can be integra-
ted between two layers of 
ink, then all bathed in the 
electrolytic bath.
2.5) Fuel cell

It allows use of the energy 
previously stored, usually 
in the form of hydrogen.
As part of a thesis car-
ried out LGP2 laborato-
ry, a conductive ink based 
on platinum, the multilaye-
red printed by flexogra-
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Oxidation mainly occurs 
during sintering. A pos-
sible solution can be to 
sinter under an inert at-
mosphere or in an adap-
ted oven. A sintering un-
der a nitrogen atmosphere 
imposes restrictive work 
conditions. An annealing 
furnace has a reactive at-
mosphere. The use of H2 
is usually enough to pre-
vent copper oxidation. 
However, the implementa-
tion of this device is heavy 
and expensive.
An other solution can be 
the use of a photonic an-
nealing furnace. The sinte-
ring takes place in a short 
time, minimizing the cop-
per degradation risks. 
Moreover, the place where 
the annealing is made can 
be defined precisely it is 
therefore possible to pre-
vent the substrate from 
heat. The principle of this 
annealing is to deiver 
powerful flashs lasting a 

few milliseconds to warm 
specific zones. The results 
of this experiment are real-
ly encouraging.
To limit copper oxidation, 
one can play on the par-
ticles geometry. The speci-
fic surface which is the sur-
face of substance divided 
by the volume it occupies, 
grows when the diameter 
of the particles decreases. 
An high specific surface is 
obtained with little par-
ticles flake-shaped. Thanks 
to the extended contact 
surface, the conductivity 
of the printed film tends to 
rise. But the sintering tem-
perature risks to provoke a 
deterioration of the subs-
trate and a copper oxida-
tion. Moreover, the exten-
sion of the contact surface 
between particles rises 
the ink viscosity. Viscosi-
ty is a huge factor in ink 
processes.
A low specific surface cor-

printing RFID labels on 
packagings.
Over time, money tends to 
migrate in the other layers 
of the electronic compo-
nent, with more strength 
when the component is hi-
ghly solicited. This harmful 
phenomenon contributes 
to pollute the other layers, 
especially the half-conduc-
ting which lose their boos-
ting capacities (n or p). For 
its part, copper doesn’t 
migrate.
However, copper easi-
ly oxidizes, even as a na-
noparticle. Yet, under his 
oxidized form, he loses 
his conducting proper-
ties. The oxidation can oc-
cur at several steps of the 
electronic compound pro-
duction. First, during the 
particle or nanoparticle 
preparation and the ink 
preparation: it would be 
unadapted to put the cop-
per in a water suspension. 

Then, during the ink sto-
rage when it lasts a long 
time. In general, it is highly 
unrecommanded to store 
a copper ink more than 6 
months.
Moreover, during the prin-
ting process and especial-
ly during sintering: high 
temperatures foster cop-
per oxidation.
As a raw material, Copper 
is usually at a low price. 
But a nanoparticle based 
ink can achieve a price of 
more than 130$ for 100g. 
Concerning the copper 
nanowires, they can cost 
220$ for 5g of ink.
3.2)  Perspective and 

solution
The deposit of a protec-
tor film on the conducting 
film can prevent copper 
from oxidizing effects of 
the atmosphere oxigene 
and preserve his conduc-
ting properties.
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RFID antenna doesn’t re-
quire a high conductivi-
ty, copper ink is increasin-
gly used in this sector. The 
cost of production of RFID 
antennas with copper ink 
decrease drastically, which 
allows them to impose on 
the RFID market.
Probability of occurrence: 
under 5%.
2 - Scénario 2 – 2020, 
laboratories try to develop 
new solutions.
Assumptions:
> Tough legislation on the 
use of nanoparticles
> Production costs of 
nanowire and stable 
nanoparticles
The sanitary dangers of 
nanoparticles are now es-
tablished. Their environ-
mental impact is catas-
trophic. Their use are not 
prohibited, but it is strict-
ly regulated. Undergoing 

the sanitary risk taxes, 
companies synthesizing 
nanoparticles become 
rare. The supply of nano-
particles becomes difficult 
and expensive. So conduc-
tive ink manufacturers pro-
duce ink with copper from 
microparticles. However, 
their physical properties 
are average and their sus-
tainability are low. 
Their use stagnates as the 
research. Because of the 
copper’s oxidation pro-
blem, laboratories turn to 
other solutions.
Copper inks are not used 
in any field of the printed 
electronic industrially.
The invasion predicted by 
RFID chips on packagings 
did not take place.
The industrialists turned 
to other ways, in particu-
lar the organic electro-
nics which quickly deve-
loped, so absorbing a high 

responds to spheric par-
ticles. Even if the conduc-
tivity is reduced, the 
oxidation demands higher 
temperatures and takes 
place more slowly. It is ne-
cessary to find a compro-
mise between the specific 
surface effect on conduc-
tivity and the sintering 
temperature.
An other method exists to 
protect copper. It consists 
of synthetise copper na-
noparticles and then coat 
them with a silver layer 
to avoid oxidation. This 
method is onerous and 
needs an additionnal step 
but it works. 

PERSPECTIVE  
1 - Scenario 1 – 2020, RFID 
adopts the copper 
Assumptions:
> Drastic decrease of the 
production costs of the na-

nosons (nanothreads) and  
the nanoparticles (10%).
> Outcome of the re-
searches about control 
of the copper’s oxidation 
(40%).
RFID chip invaded our 
lives. Present on packa-
gings, they improve the 
traceability of products 
and afford not to print in-
formation. Antennas are 
printed on-line, directly af-
ter the printing of packa-
gings. Many enterprises 
have been developed, in 
order to mass-produce na-
noparticles. The access to 
nanoparticles is easier for 
the ink manufacturers. The 
copper being cheaper, 
conductive inks with cop-
per are more accessible. 
The control of the cop-
per’s oxidation allows the 
printers to deposit this ink 
by preserving its physical 
properties, in particular its 
conductivity.
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sive to developp low cost 
applications.
But the prix of nanopar-
ticles could decrease in 
the future and their use 
is in expansion, especial-
ly because of the appari-
tion of photonic annealing 
furnace. Nevertheless, the 
copper based ink market 
share will probably stay 
low in short term in op-
position to the silver base 
dinks.
Nanowire of copper based 
inks could distinguished it-
self and conquer impor-
tant market shares dans 
the transparent inks field.

part of subsidies at the 
expense antennas RFID 
development.
Probability of occurrence: 
35%
3 - Scénario 3 – 2030, 
copper ink found his place
Assumptions: 
>  RFID antenna market 

increase
>  Solutions  for oxida-

tion’s copper are found
The request of RFID ex-
plodes. There is on packa-
gings but also in mobiles or 
clothes for children (a solu-
tion to don’t lose them).
This explosion of the 
request allows the deve-
lopment of the printed 
electronic in RFID anten-
na . Still young in regard 
to the classic processes of 
removal of antenna, but 
based on a mature pro-
cess (printing process) and 
having a high productivity, 

the printed electronics is 
imperative in the creation 
of RFID antennas.
The main advantages of 
the printed electronics are 
its high productivity and 
its moderate cost.
Besides, researches on the 
copper improve conduc-
tive ink and reduce their 
prize to democratize more 
the RFID technology. The 
phenomenon of degrada-
tion due to oxidation is 
strongly decrease, which 
allows to formulate viable 
copper ink.
Probability of occurrence: 
52%

CONCLUSION
Copper owns excellent 
conduction properties, it 
is also available at a low 
price. However, its trend 
to oxidize makes his use 
difficult? The nanopar-
ticles are still too expen-



Th e intaglio 

printing process

Today, at school, the in-
taglio process is no 

longer presented. Cur-
rently many methods exist 
for depositing ink on pa-
per and other supports; 
however the intaglio pro-
cess was one of the fi rst 
methods to reproduce 
patterns in quantity. At the 
beginning, intaglio prin-
ting was used only for art. 
Then, with the industriali-
zation era, the process was 
adapted to print in large 
quantities. 
In this article, the high va-
lue of the intaglio process 
due to the artistic process 
will be presented. Second-
ly, the industrial process 
will be described to hi-
ghlight security elements.

PROCESS 
PRESENTATION

In tHe intaglio process, 
the printing form is 

made in a steel plate. The 
artist engraves the plate 
by using sharp instruments 
or acid, thereby making 
the visual appear. To re-
produce the image in the 
right direction, the engra-
ver has to incise the plate 
by replicating the pattern 
in reverse. 
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Figure 1:  Metallic engraved plate
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So, books were illustrated 
with pictures in one color 
(most of the time in black) 
and other colors were ad-
ded by hand. This step 
needed concentration, di-
ligence and precision. 
In France, the fi rst book il-
lustrated in intaglio was 
printed in 1488 by Miche-
let Topie de Pymont. 
A few centuries later, in 
1840, the intaglio pro-
cess was chosen to print 
stamps. The United 
Kingdom was the fi rst 
to use and print stamps. 
Stamps were created to 
control and limit the trans-
portation of letters. The 
shipper had to pay instead 
of the receiver, costs of ex-
pedition were less expen-
sive and the distribution 
was more effi cient. The 
fi rst stamp was called “the 
Penny Black”.

The same system was ini-
tiated in France in 1848, 
but stamps were printed in 
typography. Intaglio star-
ted being used in 1928, 
to produce a stamp called 
“Le Travail”. Since this day, 
many stamps are made in 
intaglio, to preserve the 
artistic style.

The different printing 
steps are the following:
> To moisten paper : sup-
port will be more fl exible, 
it is able to follow plate’s 
engraving 
> To coat the plate with ink
> To clean the plate to 
take off all ink outside in-
cised parts
> To print paper by pres-
sing it against inked plates
> To let the paper dry
The most important part 
of the engraving is the ar-
tistic part. The intaglio 
made product is unique, 
because two gravures are 
never identical.  For little 
quantities, ink is directly 
deposited on the plate to 
print paper, but in indus-
tries the printing form is 
reproduced on a cylinder, 
on an intaglio press. The 
specifi city of this printing 

method is the raise of the 
ink on the paper.
In the following part, dif-
ferent methods to en-
grave the plate will be 
presented.

A LITTLE PART 
OF HISTORY

THe engraVing in inta-
glio was created du-

ring the 15th century, in 
Italy by Florentine golds-
miths. It came about be-
cause of the emergence of 
printing processes and pa-
per making. 
The intaglio process was 
fi rstly used to illustrate 
books. Before, they were 
decorated with handmade 
pictures. With this new 
technology, one printing 
form is engraved and then 
the pattern can be copied 
many times. 

Figure 2: Stamp 
“The Penny Black”

Figure 3:  Stamp "Le Travail"
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ting spaces where ink can-
not be held back. 
After that, the engraved 
plate is deposited in a so-
lution composed of acid. 
This chemical step is ne-
cessary to hollow out non-
varnished areas. Parame-
ters to respect are the 
time to leave the plate in 
the solution and the acid 
concentration. 
Finally, after the plate has 
been acid cleaned, varnish 
or wax is removed from 
the plate’s surface with a 
solvent. Then, the support 
is ready to be used for 
printing.
Ink is deposited on the 
plate, with acid-bitten 
lines holding the ink. The 
excess ink is taken out. 
Finally, the paper can be 
printed. The plate will be 
pressed on the paper to 
allow the ink transfer. Only 
one color can be printed 

on the paper; it is impos-
sible to print two colors 
without mixing them.
Etching was used by Rem-
brandt, in the middle of 
the seventeenth century, 
and he has glorifi ed this 
artistic process.

2 - Engraving
Engraving is a direct 
method to attach the pic-
ture on the plate.
The artist uses different 
tools to engrave:  a dry 
point and a burin, in dif-
ferent sizes. 

Moreover, intaglio is used 
in art. Many artists, like 
Rembrandt, Degas, and 
Picasso created pain-
tings with this process. 
They used the etching 
technique, which is one 
method for engraving the 
plate. 
Today, this process is 
still used in the graphic 
industries.

TWO COMMON 
METHODS TO 
ENGRAVE 

Intaglio is the name of 
the process which al-

lows patterns to be engra-
ved on a metallic plate. To 
do this, different methods 
exist:  engraving with a 
chemical attack or solely 
by engraving. 
The fi rst method is cal-
led indirect intaglio and 
the second is called direct 
intaglio.

Both methods can be 
used in the industry. It is 
the printing step which 
permits a large pattern’s 
reproduction.
1 - Etching 
Etching is an indirect 
method to attach the 
image on the plate.  The 
plate can be in zinc or 
copper. 
The fi rst step is to cover 
the metallic plate with a 
wax or varnish, which is 
able to resist an acid at-
tack. The varnish can be 
hard or soft. 
Then, with a metallic poin-
ted tool, the artist will en-
grave the illustration in 
reverse, with an etching 
needle. The picture is in-
cised in the varnish or the 
wax. The resin is removed 
to let the metal appear. In-
cisions have to be thin and 
precise, to prevent crea

Rembrandt, Rembrandt with wild eyes 
(dtail), 1630, etching, 42x42 mm, Mu-
seum Jenisch Vevey 
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A METHOD 
TO FIGHT 
COUNTERFEITING: 
INDUSTRIAL 
PROCESS

THe intaglio process is 
commonly known as 

an artistic way to print. 
The printing step was 
made with a hand press:  it 
is a slow physical process, 
which allows only one prin-
ting at a time.

With the Industrial revolu-
tion, rotary presses were 
developed. Big produc-
tions were made possible, 
thanks to a mechanical re-

production of the gravure 
on a cylinder. 
1 - Mechanical engraving
Engraving of the printing 
cylinder is used for mul-
tiple reproductions.
The fi rst step is the plate 
engraving by the artist. 
Then, a picture is taken off 
the plate, and transformed 
into a digital fi le which can 
be modifi ed with graphic 
software. Black areas re-
present zones to engrave:  
the depth of lines cannot 
be taken into considera-
tion, large lines are deep, 
but thin lines are not. 
These characteristics de-
pend on the mechanical 
system which reproduces 
the pattern. 
Once the digital fi le is rea-
dy and validated, the me-
chanical reproduction 
of the picture can start. 
In fact, copper-wrapped 
steel cylinder will be en-

The burin is a small steel 
rod that has been shar-
pened and sculpted to 
have a 45° angle. It helps 
to remove metal shavings, 
which can cause many 
printing defects.
Then, the gravure is made 
life size. In order to repro-
duce a small pattern, the 
artist uses a magnifying 
glass, to increase the size 
of the view. This method is 
still used by artists today. 
Gravure is also made with 
lines, which are cut into 
the metal. It is the diversity 
of these lines, their place-
ment and depth which will 
recreate shadows, forms, 
and color intensity. 

After having incised lines 
on the plate, the ink is de-
posited on the entire sur-
face. Then the plate is 
cleaned, and the ink stays 
only in the lines. The plate 
is pressed with paper and 
the ink remaining in the 
lines will be transferred 
onto the paper.
The material used to 
create these plates has 
evolved over the centu-
ries. At the beginning, it 
was in copper, but it was 
a long process to learn the 
method to engrave the 
plate. The inconvenience 
with copper is the limited 
number of printing repro-
ductions. Then wood was 
used, but the same pro-
blem was detected. Fi-
nally, in 1822, steel plates 
were made, and they al-
low an unlimited number 
of impressions. 

Figure 4: Artist tools

Figure 5:  Hand press illustration
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Even if there are three co-
lors, to prevent color su-
perposition, they cannot 
be mixed during printing. 
So, each inking roller inks 
an intermediate roll which 
is cut in such a way that it 
deposits ink only on cor-
responding areas.

The paper is dried and 
humidifi ed before being 
printed one more time. 
It helps paper to keep its 
size, be more fl exible and 
prevent printing defects.

The second printing group 
is not carried out in the 
same way. 
It is a direct printing: the 
plate cylinder is inked 
exactly in the same man-
ner as the precedent step.  
One area has one color, 
there is no color superpo-
sition. Then, the cylinder is 
wiped in order to leave ink 
only in the lines. This cy-
linder is directly in contact 
with the paper and there-
fore the ink in the lines will 
be transferred onto the 
paper due to the pressure 
applied by the pressure 
cylinder.

graved to represent many 
reproductions of the initial 
image, thanks to the fi le. 
Lines and points are crea-
ted with a diamond point. 
This process does not re-
produce exactly the initial 
artist’s work.
2 - Press presentation
Two kinds of rotary press 
exist: one allows three co-
lors and the other one six 
colors:
> Three colors: the ma-
chine has only three ink 
cylinders, with ink directly 
transferred on paper. 
> Six colors: there are two 
printing groups. The fi rst 
group prints background 
colors without details or 
lines; it only applies fl at 
colors. Ink transfer is in-
direct. The second group 
adds lines and the picture 
which was engraved.  It is

the same process as the 
three-color rotary press. 
A six-color press will now 
be described.
The fi rst group is similar to 
offset printing:  the plate 
cylinder wears the pattern.  
It is inked and brushes re-
move the unnecessary ink.  
The ink is then transfer-
red on the report cylinder 
which deposits ink onto 
the paper.

Figure 6:  First printing group
1 - inking roll

2 - intermediate roll
3 - plate cylinder 

4 - ink doctor roller
5 - pressure roll

6 - report cylinder

Figure 7:  Inking process
A - ink roll, B - intermediate roll
C - result on paper

Figure 8:  Inking roller and intermediate 
cylinder

cylinder.

Figure 9:  Second printing group
1 - inking roll, 2 - intermediate roll, 

3: - plate cylinder , 4 - ink doctor roller
5: pressure roll
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In the stamp industry, in-
taglio is a security, and 
also an artistic work. Phi-
latelists reclaim intaglio’s 
stamps for the beauty of 
gravure and technique. 
4 - Technical innovation
Even if new engineers and 
printers do not know a lot 
about intaglio, because of 
its few uses, this process 
has innovations.
The first one is the possi-
bility to scan the engraved 
plate: a picture of the to-
pography can be made to 
have a real representation 
of lines, points and their 
depth. 
The second is laser en-
graving: the plate repro-
duction will be similar and 
perfect, due to the com-
bination of the two tech-
nologies. Each line will 
be represented with its 
real depth, no matter the 
width. 

Special inks are also made 
to avoid photocopying, 
due to an optical reflection 
with specific colors. 

CONCLUSION

Intaglio is an old prin-
ting process, which 

was created to print artis-
tic pictures. 
Two methods were deve-
loped to engrave onto a 
metallic plate, one is che-
mical and the other one is 
mechanical. The process 
to learn the engraving 
method is rigorous and 
methodical.
For the industrial deve-
lopment, this process was 
adapted to answer the 
needs for increased pro-
duction. Rotary presses 
appeared in France around 
1930 to print stamps. The 
machines have the parti-
cularity to print in 6 colors 
maximum. 

At the exit of the prin-
ting group, the paper is 
dried. The ink is not pres-
sed against a roll: this par-
ticularity represents the in-
taglio specificity. After the 
drying, the printing relief 
can be felt with the hand, 
due to the high ink quanti-
ty deposited.
Other machine elements 
can be present on the ro-
tary; it depends on the in-
dustrial utilization.
3 -  Security and industrial 

applications
Even if this process is not 
recent, it presents dif-
ferent security elements.
Firstly, the engraving is 
unique. Copying an artis-
tic work is difficult as each 
artist has their own style of 
cutting into the plate.
Moreover, the paper is 
slightly embossed after 
the printing step and this

characteristic is difficult to 
reproduce.
Additionally, the ink relief 
protects it from fraudulent 
photocopying. 
A few processes can add 
a thick layer of ink, but it 
is impossible to have all 
these characteristics.
Three security fields use 
the intaglio printing pro-
cess:  stamps, identity do-
cuments and banknotes 
industries. These sectors 
need high security be-
cause of the value of these 
products. Counterfeiting 
is present, so fiduciary 
products must be secured. 
Many technologies are 
used, and intaglio is one of 
them. This process is diffi-
cult to copy, that is why it 
is present on banknotes 
for example. Moreover, if 
patterns are created with 
mathematical algorithms, 
the security inreases. 
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Colors cannot be super-
posed; otherwise it will 
cause printing defects.
Printers have a real trea-
sure, because they know 
how to use presses. Rota-
ry machines are mechani-
cal; there is no electrical 
system to make it work, 
only for the spotting. This 
know-how must be pres-
erved and transmitted to 
new generations. 

Moreover, intaglio is es-
sential to keep first le-
vel security on banknotes 
for examples, because of 
the gravure and ink relief. 
This process still evolves 
with time, thanks to inno-
vations in plate reproduc-
tion, to be closer to the 
original gravure. 



PSO: standard  

ISO 12647-2

How to standardize your process according to ISO 12647-2 ?
This article is about the 
method to standardize a 
printing process according 
to ISO 12647-2. All values 
can be found in the stan-
dard (paper, ink, lab value 
and tone-value increase)
Process Standard Offset is 
a color management cer-
tification that aim to help 
printers managing proper-
ly the color. This standar-
dization is about 4-color 
processes in traditional ink 
(non-UV).
This kind of certification 
is very important. Indeed, 
nowadays customers want 
to see their logos on seve-
ral kinds of substrate and 
to do so deal with seve-
ral printers. It reassures 
the customer to know that 
wherever he will print his 
products, the color will be 
the same.

Historically, this color ma-
nagement idea was evo-
ked by the Bundesver-
band Druck und Medien 
(BVDM) when a famous car 
designer was asking why 
the color were different 
in each printing compa-
ny, even if it was printed 
from the same file. Indeed 
he said that in every ma-
nufacture of his brand, the 
car were the same color 
and wondered why it was 
not the case in printing 
company!
Today, there are several 
benefits of working with 
such standard. Indeed, it is 
proven that it helps saving 
raw materials (paper and 
ink), improving process 
stability and consistency. It 
also allow a better match 
between softproofing, 
proofing and printing.
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PDF/X-4 enables files in 
RGB, CMYK, Spot Color 
and CIELAB color and sup-
port transparency and op-
tional content.
> ISO 12646: This stan-
dard is about softproofing 
and screens
> ISO 15076: This stan-
dard is about color 
management
> ISO 3664: This stan-
dard is about standard 
illuminants
> ISO 9001: This stan-
dard is about quality 
management

METHOD

To standardize the prin-
ting process accor-

ding to 12647-2, several 
phases are to be realized: 
configuration of the pre-
press Workflow, looks for 
optimal Solid ink density 
value and creation of the 
curves

for a proper tone-value in-
crease for each color.
1 - Pre-press 
At first, it is important to 
parametrize correctly the 
pre-press Workflow ac-
cording to the used pdf/X 
version. It is an important 
stage and that, if not cor-
rectly realized, can bring 
non-compliances in quality 
terms, in particular during 
the management of the 
transparencies of the PDF. 
To test the workflow, it is 
possible to use the PDFX-
ready Output Test form.
To realize corresponding 
files, it is necessary to work 
in an adapted colorimetric 
space. 
The working profile ICC is 
chosen according to the fi-
nal use: type of medium, 
printing process... 
IsoCoatedv2 (Fogra 39) 
is the ICC profile used 
for the printing of a coa-

PSO is composed of dif-
ferent ISO Standards:
> ISO 12647: This stan-
dard has eight parts and 
deals with the printing 
specifications 
 - ISO 12647-1: Parame-
ters and measurement 
methods 
 - ISO 12647-2: Offset li-
thographic processes
 - ISO 12647-3: Cold-
set offset lithography on 
newsprint
 - ISO 12647-4: Publication 
gravure printing
 - ISO 12647-5: Screen 
printing
 - ISO 12647-6: Flexogra-
phic printing
 - ISO 12647-7: Proofing 
processes working direct-
ly from digital data
 - ISO 12647-8: Validation 
print processes working 
directly from digital data

> ISO 15930: This stan-
dard explains the file 
exchange. 
PDF that are used are 
PDF/X. The X stands for 
“blind eXchange”. This 
kind of files contain an 
identification of the version 
(PDF/X-14, PDF/X-3…) 
and the output intend (ICC 
profiles). 
Various boxes are defined: 
The MediaBox which de-
fines the size of the entire 
document, the TrimBox 
that define the printable 
area, the Bleedbox where 
the bleed are.
There are three main 
PDF/X that are used in this 
kind of blind exchange.
PDF/X-1a enables blind 
exchange in CMYK and 
spot colors. It cannot sup-
port transparency.
PDF/X-3 enables files in 
RGB, CMYK, Spot Color 
and CIELAB color.
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2 - Printing Process
Before starting any inter-
vention on the printing 
process, it is necessary to 
verify that the press is in its 
best functional state. If ne-
cessary, get in touch with 
the supplier to make sure 
of the running of the va-
rious printing group (blan-
ket, inking, pressure…)
There are printing forms 
allowing to realize a com-
plete diagnostic of the 
press (Serge Haslé for 
example).
Once press restoration is 
done, it is possible to look 
for the optimal densities.
Looking for optimal densi-
ty is an essential stage. In-
deed, in the standard ISO 
12647, there are Lab tar-
get value for every prima-
ry color (cyan, magenta, 
yellow and black). Indeed, 
the universal value of the 
color is indicated in Lab: 

the values CMJN are dif-
ferent regarding the type 
of used ink or the print 
substrate.
Yet, the printers refer more 
easily to the solid ink den-
sity than its Lab value.
The target values of op-
timal density are defined 
for a printing sequence, a 
press, a substrate AND a 
range of particular ink.
To do so, we have to refer 
to the target values Lab 
which are indicated in the 
standard ISO function of 
the printing conditions.
For example, for the last 
version of the standard, 
on paper type PS1 (coa-
ted paper from 80 to 250 
g/m²), the value Lab on a 
black background is for 
the black 16/0/0; for the 
cyan 55/-35/-51; for the 
yellow 87/-4/91; for the 
magenta 47/73/-4.

ted substrate, PSOUncoa-
ted (Fogra 47) is used for 
the printing of an uncoa-
ted substrate. It exists va-
rious profiles, all are down-
loadable from the ECI 
website. 
Since September 2015, 
new profiles went out: 
PSO Coated v3 (Fogra 51) 
and PSO Uncoated v3 (Fo-
gra 52).
There are two big diffe-
rences between these two 
versions: the measure-
ment system and the tone-
value increase. Indeed, in 
the Fogra 39 and 47 ver-
sion, M0 geometry is used 
while M1 is used for the 
last version. Concerning 
tone-value increase, for 
the last version, curves are 
identical whatever the co-
lor, which was not the case 

in the former version.
Once the file is correctly 
created, we print a proof 
on a printer which will 
have beforehand been 
calibrated. It is possible 
also to calibrate a screen 
to be able to work with 
softproofing. 
It is possible then to com-
pare the depiction on the 
screen with the proof, 
which will be conside-
red under D50 illuminant. 
Every proof must be cer-
tified, either by the pres-
ence of a label, or by the 
printing on this one of one 
cartridge giving evidence 
that the proof is in accor-
dance to ISO 12647. On 
each proof, we shall see a 
mediawedge v3 (Figure1) 
and the ICC profile for the 
output intend.

Figure 1: Mediawedge v3  
Source: UGRA / FOGRA



66 67

When curves realized in 
the CTP workflow, it is 
possible to print different 
forms to verify that the 
standards are respected 
well.
From now on, if you use 
the defined optimal den-
sities and the adapted 
curve, you print accor-
ding to the standard ISO 
12647-2! You are ready for 
the certification (or at least 
got the basis!)

To find the optimal density 
there is various shape, as 
the one of GMG (Figure2)

On the middle line, it is ne-
cessary to be in the opti-
mal density advised by ink 
and machine manufactu-
rer. Then, to the right of the 
line, the inking is increased 
gradually for every spot. 
To the left of the line the 
inking is decreased gra-
dually for every spot. We 
look then for the square 
where the Lab value is the 
closest to the standard’s 
target. Then, the density 
is measured there: it is the 
optimal density.

This approach is realized 
for every color.
Once the target density 
for every color is known, a 
charter allowing the mea-
sure of the tonal-value in-
crease is printed in order to 
realize an engraving curve 
for the CTP (Figure3).

Tonal-value increase (TVI) 
have to correspond to that 
indicated in the standard. 
In the case of a printing on 
coated paper, all TVI curve 
(whatever the color) has to 
correspond to the curve A 
on the scheme (figure 4). 
(That means 15.3% TVI at 
40% of cover and 11% TVI 
at 80%)

Figure 2: Optimum solid-ink density value 
Source: GMG

Figure 3: tone-value increase 
Source: UGRA/FOGRA

Figure 4: Tone-Value Increase 
Source: ISO
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How to get  

more information?

Ours publication uses the Auras-
ma app to better engage the lea-
der and share augmented reality 
experiences. In fact, it’s the only 
mobile app that lets you create 
and share your own! 
Scan the QR code with your 
phone and download the Auras-
ma app!

Google play

App Store

Link under 
construction

Link under 
construction
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Contact

Join us!

Email:  taga_fr@pagora.grenoble-inp.fr
Phone: +33 (0) 4 76 82 69 00
Website: http://cerclepagora.fr/TAGA
Facebook: Taga Pagora

Association TAGA 
Grenoble INP - Pagora
461, rue de la papeterie 
38402 Saint-Martin-d’Hères 
CS 10065, France




