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"Formulation and process of producing conductive film elements"
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Fleld of the invention

The present invention relates to a- composition and process for
manufaciuring conductive filim elements.

More particularly, the invention relales to a chemical
composition in the form of ink which can be applied by means of
printing, or other similar processes, to a substrate, such as for example
a film or the like.

Following subsequent treatments, a composition according to
the invention can be advantageously used for obtaining conductive
elements in the form of defined drawing areas such as lines, letters,
numbers, symbols, mono- and bi-dimensional barcodes, antennas

intended for example 1o radiofrequency identification (RFID),

geometrical shapes and the like.
Background Art

The so-called conductive ink formulations have been known for
a long fime. These inks include compounds being capable of giving
the required conductivity and a binding resin in order to provide the
characteristics of printability on various substrates and ink film
resistance after it has been printed.

Conduciive inks based on metal particles, such as either silver or
fin/lead provide high-conductivity elements and with resistance values
ranging between about 0,2 and about 50-60 Ohm. Graphite-based
inks having high resistance values, between 102 MOhm and 104
MOhm, and also quaternary ammonium salt-based inks with
resistance values which are even much higher than inks with graphite

are also known.

These compositions are applied with conventional printing

1
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systems such as screen printing and rofogravure printing on various
supports, particularly polyester, in order to obtain printed circuits and
RFID antennas which widely apply to the industrial use.

Known compositions for conductive inks have excellent
conductivity characteristics, but on the other hand they have a series
ot problems relating either to the application or printing systems.

Due to the available granulometry and the high specific weight,
metal-based compositions are suitable to be almost exclusively
prinfed by means of a screen printing system and with frames having
an end count which is somewhat small: this results in a quite coarse
reproduction accuracy of the contours in Image printing, as well as
frack and lead miniaturizations under certain sizes may not be easily
carried out. Moreover, screen prinﬂhg does not allow high production
speeds.

The graphite-base inks can be printed with rotogravure system,
.. quickly and with high reproduction dccuracy. However, in order to
obtain sufficient accuracy, cylinders are required having rather high
rulihgs and with reduced etching depth.

These restrictions result in a reduced thickness deposited on the
substrate and, since the Ohm resistance increases upon the decrease
In the frack section and the graphite-base inks have limited
conductivity, the conductivity results of the thus-obtained circuits are
unsaftisfactory.

EP 1229088 A1l discloses a method for the preparation of an
electrically conductive ink or paint starfing from aniline or an aniline
derivative. After a polymerization step, the obtained polyaniline
polymer is aggregated by removing any liquid component in order to

obtain a solid component which is dispersed in a synthetic resin

solution.
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JP 2004-161842 A discloses a a conductive ink based on a
Polyaniline polymer which is obtained by reacting aniline or an aniline
derivative with an acid. The polyaniline polymer is admixed with o
binder and subjected to separate steps of dehydration for separating

5 water from the ink component. The conductive ink so obtained is used
for manufacturing conductive parts such as a non-contact IC card or
a physical distribution tag for RFID.

In general, it can be asserted that the weakness of the

processes mentioned above is that the chemical products required for

10 the process are developed in order to be applied by means of
fraditional printing techniques which offer good performance only if
fhe inks have specific characteristics of adaptability to the system.

In practice, the adaptability requirement is in conflict with the
need for formulating at the same time an ink containing large

15 amounts of conductive materials; the result is the search for the better

which provide the full-background deposifion of special non-
conductive photoresist films on substrates in the form of about I mm-
20 thick plates, consisting of either phenolic or epoxy resin and covered

with metallic copper, having 35 micron in thickness or more, on either

or both sides.

These resist films are photo-crosslinkable, and after they have
been applied onto the substrate, fhey are dried and then exposed to
25 1he UV light through a photo mask, so that those parts that are hit by

the light polymerize whereas those not exposed remdin in the original

state.

A subsequent alkaline bath dissolves the soluble parts, because

they have not polymerized, thus leaving the original copper selectively

3
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exposed, according to the photographic fransparency, which is then

conductive characteristics.

The process described above uses complicated and expensive
production lines and also requires considerable efforts in order to
reduce possible environmental damage due to the presence of
metals and several aggressive chemical agents that are required for
etching the metals.

A turther drawback which is common to known systems for
prinfing conductive elements is the absence of prinfing flexibility. In
ract, the use of a master is required, which is reproduced for a varying
number of copies and needs to be removed and replaced with
another master every time the print Images are required to be
replaced. This leads to an increase in the processing lime and costs
when run decreases with the consequent increase in  master
replacements. Furthermore, masters are an additional COst.

Therefore, there is the need for g printing system for conductive
elements with high conductivity characteristics and capable of being
manutactured by high-speed printing and having a high level of
flexibility in order to allow various configurations to be defined auring
the printing, and without stopping the production lines.
summary of the Invention

The object of the present invention is to satisfy the need
meniioned above, by taking into account the required characteristics
of conductivity and need for reproduction accuracy, the need and
possibility to diversify the printed models during the prinﬁng, a reduced

environmental impact, all of them at industrially acceptable rates.

4
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This object is achieved by means of the present invention which
relates to a composition for conductive inks characterized according
fo claim 1.

The invention further relates to o process for manufacturing
prinfed conductive elements characterized according to claim 9.

A further object of the invention is a substrate having at least
one porfion coated with the above-mentioned composition, i.e. @
substrate to which one or more areas of conductive composition have
been applied, without depolymerization treatment of portions of the
conductive areaq.

A turther object of the invention is a substrate having said
portion coated with conductive composition, where some
predetermined zones of the area covered with conductive
composition have been made non—conducﬁve, or partially
conductive, by means of either laser radiation or other
depolymerization treatment.

As mentioned above, the ink composition according fo the
invention comprises at least one resin or similar product having the
function of a binding matrix and one or more conductive materials
dissolved in said binding resin. One of the conductive marterials is o
conductive  (co)polymer which can be at least partially
depolymerizable either by laser radiation or ofher coherent and
focused energy source. Preferably, the conductive (co)polymer is o
polyaniline polymer.

The composition according to the invention further comprises
conductive mineral fillers (such as coated mica) in such amounts as
not to make the composition conductive by themselves. In other

words, the fillers are electrically connected 1o each another by means

of the conductive polymer.
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According to the invention, the circuit (or other desired
“drawing”) is obtained by depolymerising that portion of conductive
coatfing which is not involved in the circuit. That part which has not
been depolymerised is still conductive and forms the required circuit.

The invention has several advantages as compared with the
prior art. First of all, it allows to obtain high accuracy in making the
circult lines. Moreover, manufacture may be carried out af very high
speeds, i.e. at the usual printing speeds of a flexographic machine, for
example.

Another advantage is that the process is totally free of problems
irom the environmental viewpoint: in fact, no material is removed in
order to obtain the tracks of the desired circuit.

Yet another advantage is the possibility of modifying the laser
depolymerization paths on the conductive area in order to obtain
different final products, with no need for the master to be replaced,

..e. the cylinder (or sleeve) applying the composifion according to the

invention to the substrate.

Brief Description of the Drawings

The invention will be now described in greater detail with
reference fo the following drawing, which is given by way of illustrative
and non-limiting example, in which:

- Fig. 1 is a diagram of an equipment for printing elements

according to the invention.

Modes for Carrying Qut the Invention

The binding matrix used in the composition according fo the
Invention-is a chlorinated compound and is preferably the product
deriving either from the chlorination of natural rubber or synthetic
rubbers such as butyl rubber, polybutadiene rubber, polychloroprene

rubber, or even derivatives from the chlorination of polyolefin, or

6
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mixtures of two or more of said chlorinated resins.

The chlorinated resins and rubbers used in the invention are
characterized by a chlorine content which can range between 50%
and 75% by weight, pretferably ranging between 61% and 45% by

> weight. By way of example, the general formula (1) of the chlorinated
compound is
(-CH2-CCl=CH~CHa2-)s | (1)

Irade products that can be used for this purpose are for

example various types of CLORTEX available from CAFFARO,
10  particularly CLORTEX 20.

A polymer conductive per se is used to give conductivity to the
film and create o non-stop conductive film. According to the
invention, the conductive polymer has to be capable of
aepolymerising when it is irradiated with any coherent, mostly single

15  irequency light source, such as g laser light or the like as produced oy
commercially available equipment, or even by laser emission diodes

or the like.

20 (2) as set forth herein below and include o repetition of y reduced and

(2)

In order to increase the conductivity of the above-mentioned
25 form, recourse can be made to reaction products between

polyaniline and doping compositions such as in the case discussed

7
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oelow and mentioned only by way of example.

H | g H
O O e Y S ey SAY EE

Further informa’ﬁon and the characteristics of polyanilines can

be easily obtained, for example from: "Polyaniline, a novel class of
> conductive polymers" by Alan G. MacDiarmid, Department of
Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania
19104-6323, USA and by Arthur J.Epsein, Department of Physic and
Chemistry, The Ohio State University, Columbus, Ohio 43210-1106, USA..
The amount of polyaniline used in the composition according to
10 the invention ranges between 0.9% and 2.1% by weight on the finished
product and, preferably, ranges between 1.1% and 1.8%.

In the case of products according to formula (3), which are
obtained by freating polyaniline with acids, the preferred amounts of
polyaniline range between 1.2% and 1.4%, more preferably around

15  1.25%.

Acids adapted to freat the polyanilines are the derivatives of
fhe sulfonic acid, in amounts ranging between 2% and 10%, preferably
3.1% - 4.5% by weight on the finished product. A preferred acid is the
alkylbenzen-sulfonic acid, which is preterably used in the range

20 between 3.4% - 3.8% by weight and, more preferably around 3.65% by
weight on the finished product.

As regards the conductive polymers, trade products that can
be used in the composition according to the invention are for
example the PANIPOL classes, parficularly PANIPOL T, which are

25 manutactured by PANIPOL Qy, a Finnish company.

According to a preferred aspect of the invention inorganic

fillers, in particular conductive mineral fillers. are also porovided in order

8
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1o improve the conductivity of the film obtained by applying the
composition to a substrate.

The combination of these fillers with the organic conductive
polymer  provides a continuous surface  with conductivity
characteristics due both to the filler particles and the polymer which,
In furn, envelops the particles and connects them to each other in an
Infimate and continuous manner. "

Preferred conductive mineral fillers for use with the compaosifion
according fo the invention consist of micas, i.e. complex aluminium
and potassium silicates which sometimes also  include variable
proportions of magnesium, iron, lithium, fluorine and nhydroxyls. Either
natural or synthetic mica can be used, the selection within the class
being dictated by the required conductivity requirements.

By way of example, a general formula for mica is as follows:

KAI2[{OH,F)2AlSizO10] (4)

In the present case, a mica having scales coated with tin and
anfimony oxide is preferably used.

Mica scale coating is a process known per se and is not the
object of the present invention: commerclally available products
belonging to the class of the transparent conductive micas coated
with fin and antimony oxide are for example MINATEC 31 produced by
MERCK.

The weight amount of coated mica provided on polyaniline
ranges between 5% and 50%, and more preferably 18%-27%.

As menfioned above, the process according to the present
invention preferably provides o full-background coating of the
composition described above followed by quick drying and, both in
ine and at the line speed and subsequently, image printing by means

of exposure to light radiation, such as porovided by a laser beam that

9
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reproduces a desired image by inhibiting the conductivity of those
areas outside the drawings to be carried out.

This is possible because the composition dpplied to the support
flm reacts in split seconds to the energy emitted by the laser,
particularly the energetic level is such that the conductive polymer is
at least partially depolymerised with subsequent conductivity loss,
which is not only due to the polymer fraction, but also of the Mica
particles which are no longer interconnected with one another. By
suitably modulating the power irradiated by the light source and/or
the exposure time of the composition, areas with desired resistivity
values can be obtained.

It is particularly significant and advantageous that those areas
that have been hit by the laser do not “lose” material by physical
ablation, because it is the conductive polymer, and namely the
polyaniline, which is inhibited in conduction due to the demolition of
the above-mentioned polymer chains.

The process may be also defined “clean”, since image printing,
unlike with photoresists, does not require development baths; in fact,
all what has been deposited during the printing step remains on the
base support because the image is generated by a change of state
of the conductive film without removal of the material.

Thereby, image printing with excellent characteristics is ensured.
Moreover, the absence of combustion residues which could deposit
on the processed film has been noticed.

As mentioned above, in order to obtain a printed product by
using a composition of the type described above, the present
Invention proposes a process in which the mentioned composition is

applied to a substrate, and then the substrate and/or composition

deposited thereon is dried.

10
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The composition can be either full-background applied to the
substrate or on predetermined portions of the latter, in the form of a
layer having predetermined thickness such that an infermed’iofe
product is obtained which is intended for subsequent use, for example

5 winding of the printed film in the form of a reel for later processing.

The application can ‘be carried out either on a plastic or paper
substrate, such as for example a film or the like, which may also be
dlready printed with conventional inks. Alternatively, the application
can be carried on output from the printing machine, and hence in line

10 with the printing process.

In order to obtain a final printed product, there is provided the
radiation of selected portions of the composition layer applied to the
substrate with light beams produced by a coherent light source. The
radiation allows to at least partially depolymerise the conductive

15 polymerin the selected portions and inhibit the conductivity thereof.

Particularly, the change in surface state occurs because the
composition is exposed to the light beam, which is preferably
produced by a focalized laser line source. The energy induced onto
the surface of the composition applied to the substrate causes the

20 change of state thereof and the movement of the source and/or the
marterial causes the geometry of the change of state.

The laser source emission is focused on the composition surface
by means of one or more static or dynamic, fixed- or changeable-
focal lens systems (or groups), in order to allow different focusing

25 diameters and/or the focusing on surfaces with different thickness,
however changeable or cémplex, of which the surface definition is
Known.

The laser source may be either a solid-state (e.g. semiconductor,

and the like), sealed gas discharge or open Qas discharge: the type

11
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of light emission and mode of use will be characterized by the
consfruction typology, whereas the emission power Wwill take part in
determining the energy delivered to the composition during the
surface changing step.

The light emission may be either of the contfinuous or pulsed
type. In the latter case, the pulsation can be either natural, i.e.
generated by the physical structure of the source, or of an Induced
fype by means of intracavity modulators and/or external to the
source.

In brief, the surface change of state is hence caused by the
Interaction between the composition and the energy delivered by the
laser source and focused on the surface. The characteristics of the
source, particularly the wavelength(s), source power, focal diameter
and exposure rate (which determine together the energy of surface
change of state) are characteristic parameters based on which the
compatibility is established between the "composition” system and o
“laser” system capable of either causing the change of state or not.

The geometry of the change of state of the composition is
obtained through the relative movement of the material relative o
the focused coherent light source. The relative shiffing can be
provided by different techniques, such as for example:

. galvanometric scanning of the surface by means of theta lens
focusing (X/Y-axes moved by galvanometers or similar
electromechanical actuators and optical [-QXis);

2. galvanometric scanning of the surface by means of dynamic
focusing (dynamic X/Y/Z-axes moved by galvanometric system
or similar electromechanical actuators);

3. surface scanning by means of rotrating polygonal mirror and

focusing theta lens (X-axis scanned with polygonal mirror, Y-axis

12
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material movement, Z-axis theta lens);

4. surface scanning either by means of X/Y or X/Y/Z movement of
the laser source;

S. surface scanning either by means of X/Y or X/Y/Z movement of
fhe surface onto which the composition is applied or onto the
composition itself, either in the solid or liquid form:

or however based on the combination of one or more of these
fechniques.

The geometry of the change of state is constructed, for
example, from electronic information defining the action areas of the
laser source. This information can be either in scalable vectorial- (as o
sequence of the movements to be made) or raster form, i.e. in “pixel”

graphic form. In both cases the scanning unit will make the

" movements required fo form the images of the change of state on the

composition.

With reference to Fig. 1, a substrate 1 consisting of a film made
of a plastic material, such as selected from PVC, PET, PETG and PES, in
fhe form of reel (even thousands of metres long) with thickness ranging
between 20 and 30 microns and more, is mounted upstream of a
flexographic printing machine 2, in a known manner.

The film 1 is supplied to the machine 2 and passed through one
or more printing unifs 3 arranged around a central drum 6, each

carrying a master 5 picking up from an ink tank 4, each of them

applying a different colour to the film 1.

The printing speed usually ranges between 50 and 400 meires
per minute; drying stations (not shown), for example either IR or
rorced-air hot ventilation stations, cause the various steps to dry before
the very next colour is applied.

An additional station is arranged in line with the printing

13
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machine, which comprises at least one prinfing unit 7 for applying the
composition being the object of this patent on predetermined areds
of the film 1, which has been previously decorated with graphic inks,
drying means 9 being included.

Downstream of the printing assembly applying the conducting-
Ink composition according to the invention, there is arranged at least
one laser 8 marking those areas carrying the conductive composition
prinfing by selective depolymerization of the composition, thus
creating the predetermined codes. The film 1, being provided with the
required codes and the depositions of the predetermined number of
colours, is then rewound downstream of the machine.

Alternatively, the film printed with the colours and adlready
provided with the conductive composition areas is only subsequently
rewound and freated with the laser, upon Mmanufacturing of the final
packaging.

Therefore, the printing ossembly for applying the conductive
composition, a laser equipment for selectively depolymerising a part
of the area coated with said composition, as well as the printing
machines and the packaging machines comprising  said
depolymerization assembly are also an object of the present
invention.

The present invention further allows obtaining selectively
depolymerised areas, either by in-line or offiine operation, on tri-
dimensional objects such as bottles, containers. and the like; in this
case, the object to be freated will be moved with respect 1o the laser
ight source.

Another very interesting feature is that the areas o be
depolymerised can be selectively processed not only by site location

but also quantitatively, by suitably calibrating the power, frequency,

14



10

15

20

25

WO 2007/072148

CA 02633187 2008-06-13
PCT/IB2006/003631

speed and/or etching time of the selected area.

This means that adjacent or faraway areds can be either fully

processed to full depolymerization.

The invention will be now further illustrated with reference to the
following examples.
txample 1 = Preparation of a conductive polymer composition

185.5g of a resin of the chlorinated rubber family, such as
CLORTEX 20, is added to 344.5g of toluene under stirring and left stirring
fo complete solution.

2279 of a coated mica, such as MINATEC 31, is added to the
above-mentioned solution and left in dispersion for 20 minutes at 1200
rom under a Cowless stirrer.

Affer this dispersion time, 243g of o sulfonated-salt-polyaniline

solution is added, such as PANIPOL T, and the dispersion is continued

for 10 minutes at the same conditions mentioned above.

The dispersed product is then placed in a TURBOMILL or SUBMILL
grinding mill; the granulometry of the product being ground s
conirolled by means of grindometer untii 2 micron size or less s
obtained. During the grinding process the product is maintained at a
femperature lower than 50°C.

The finished product corresponds to q poroduct performing as

mentioned in this document, and claimed herein.

Example 2 - Creation of mono- or bi-dimensional barcodes on flexible-
film packaging.

A 30 micron-thick PET film is printed in a four-colour flexographic

15
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machine, at 100 m/min speed to provide a base for manufacturing o
packaging.

A 1 cm?2 area of a conductive composition according to the
Example 1 is applied evenly spaced on the film such as fo obtain one

5 Of said areas on each final product.

After drying, the area is partially depolymerised by treatment
with YAG laser line. The characteristics of the code obtained are the
following:

® NO processing residue
10 e clear separation between the conducilive areqs and the
Insulating areas
e good geometry definition
e unchanged conductivity
Example 3 - Full-background printing with _high thickness of the
15 composition and creation of the graphic symbols in-line

_m—

with the printing machine.

The conductive composition s uniformly coated at high

thickness by means of a roller coater, i.e. with 10 or more microns in
thickness, all over the surface of a substrate consisting of a plastic film
20 and dried in a manner known per se.

On output from the machine, a laser with power that can be
adjusted up to 20W, YAG source, draws the required element,
continuously and in negative, by means of selective depolymerization
of the polyaniline in the composition on those areqs that will define the

25 desired drawings. The non-radiated portions will providé the required
conductive element.

Subsequent processing will exploit the printed area by means of
cutiing operations, embossing, transfer applications or film insertion in

other plastic or paper supports.

16



CA 02633187 2008-06-13
WO 2007/072148 PCT/IB2006/003631

The coating step may be also carried out with machines which

are different from the one mentioned above, for example either with

a roller coater carrying raster cylinders or with a multipoint etching,
and either on paper supports or other materials.

17
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CLAIMS
l. A composition for conductive inks, comprising a resin with the
function of a binding matrix and one or more conductive materials
dispersed in said binding resin, wherein said conductive materials
5 include a polyaniline polymer, characterized in that said conductive
materials further include a conductive mineral filler comprising at least
one complex silicate selected from micas, either natural or synthetic, or

mixtures thereof, and in that said polyaniline polymer can be at least
partially depolymerised by radiation by means of light beams produced
1¢ by a coherent hght source.

2. The composition according to claim 1, wherein said polyamlme
polymer has the general formula

O+ {% +6C%~=C>h H

1-y x

3. The composition according to claim 1, wherein said polyaniline
15 polymer is reacted with doping compositions to provide compounds with
general formula

KOO0+ O 91

20 4. The composition according to one of the preceding claims, wherein
said binding resin is selected from chlorinated natural rubbers,
chlorinated synthetic rubbers, chlorinated polyolefins and mixtures

1fed at the EPO on Oct 17, 2007 11:04:55. Pa o \ieENDED SHEET 17/1 012007
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thereof.
5. The composition according to claim 4, wherein said chlorinated
resin has a chlorine content ranging between 50% and 75% by weight.
6. The composition according to claim 1, wherein said mica is a mica
5 coated with tin and antimony oxide and is present between 5% and 50%
by weight. |
7. A process for manufacturing conductive elements by printing,
characterized by applying a layer of the composition according to one of
the preceding claims to a substrate, drying said substrate and irradiating
10 selected portions of said composition layer with light beams produced by
a coherent light source m order to at least partially depolymerise said
conductive polymer and in.hibit the conductivity thereof in said selected
portions., . |
8. The process according to claim 7, wherein said coherent light
15 sourée is a focused laser light source.
9. The process according to _clairn 7, wherein said coherent light
source emits light having a wavelength included in the neighbourhood of
at least one predetermined wavelength.
10. The process according to claim 7, wherein said coherent light
20 source is a laser source selected between solid-state and gas-discharge
laser.
11. The process according to claim 7, wherein said coherent light
source produces a light emission selected between continuous and
pulsed.
25 12, The process according to claim 11, wherein said pulsed light

emission i$ obtained by means of natural pulses of said coherent light

AL
CEN
. %

,/ed at the EPO on Oct 17, 2007 11:04:55. Pa T e
2 AMENDED SHEET - 17/10/2007;

.

.
cirmest
T
.




CA 02633187 2008-06-13

CLMSPAMD 182006003631

4 - .-'\"":'P Con L Lar L 4

(N ‘o4 MSTHPATENTS
Printed: 02/1 1/2007

- e
."J »
¢

source.
13. The process aécording to claim 7, wherein the light emission of said
coherent light source is adjusted by changing at least one of the
parameters comprising the emission power, emission pulse frequency,
S speed and/or time of composition exposure in order to obtain areas with
conductivities intermediate between the specific conductivity of the non-
processed areas and that of those areas that have been processed to full
depolymerization.
14. A printed substrate, characterized by comprising at least one portion

{0 coated with a composition according to one of claims 1 to 6.

15. The printed substrate according to claim 14, wherein selected
portions of said portion printed with said composition are non-
conductive and depolymerized. ' _

16. A pﬁnted product cbtained by means of a process according to any

15 ofclaims 7 to 13.

17. An apparatus for manufacturing conductive elements according to
the process of one of claims 7 to 13, characterized by comprising a
depolymerization unit including a coherent light source in order to
irradiate a composition layer according to one of claims 1 to 6.

20 18. A printing machine, charactenized by comprising at least one
apparatus according to claim 17 and at least a printing unit for applying a
composition layer according to one of claims 1 to 6 ona substrate.

19. A conductive element obtained from a composition according to

one of claims 1 to 6, comprising one or more non-conductive

25 depolymerized portions arranged adjacent to said conductive element.

4 ved at the EPO on Oct 17, 2007 11:04:55. Pa AMENDED SHEET 17/10/2007
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