
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2017/0080609 A1 

PRANO et al. 

US 20170080609A1 

(43) Pub. Date: Mar. 23, 2017 

(54) 

(71) 

(72) 

(21) 

(22) 

(86) 

(30) 

May 21, 2014 

METHOD FOR FORMING AN ARTICLE 
COMPRISING A PATHWAY OF PARTICLES 
WHEREN A TERMINATION OF THE 
PATHWAY OF PARTICLES IS EXPOSED 

Applicant: Condalign AS, Kjeller (NO) 

Inventors: Robert R. PRAINO, Westwood, MA 
(US); Denise A. RADKOWSKI, 
Medfield, MA (US); Henrik 
HEMMEN, Oslo (NO) 

Appl. No.: 15/312,485 

PCT Fed: May 21, 2015 

PCT No.: 

S 371 (c)(1), 
(2) Date: 

PCT/EP2O15/061244 

Nov. 18, 2016 

Foreign Application Priority Data 

(EP) .................................. 141692O6.1 

Publication Classification 

(51) Int. Cl. 
B29C 4I/00 (2006.01) 
C09J 9/02 (2006.01) 
B29C 4/50 (2006.01) 
C09J 7/02 (2006.01) 
HOB I3/00 (2006.01) 
B29C 4I/02 (2006.01) 

(52) U.S. Cl. 
CPC ....... B29C4I/003 (2013.01); H0IB 13/0036 

(2013.01); B29C4I/02 (2013.01); B29C4I/50 
(2013.01); C09J 7/0278 (2013.01); C09J 9/02 

(2013.01); B29K 2029/04 (2013.01) 
(57) ABSTRACT 
The invention relates to a method for forming an article 
comprising a pathway of particles wherein a termination of 
the pathway of particles is exposed. The method comprises 
arranging the particles by applying an electric field and/or a 
magnetic field at an interface between a water soluble or a 
non-water soluble matrix and a matrix comprising a viscous 
material and particles. After fixating the Viscous material, 
the termination is exposed by dissolving the water soluble or 
non-water soluble matrix. The invention also relates to 
articles obtainable by said method, and to the use of said 
method in various applications. 
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METHOD FOR FORMING AN ARTICLE 
COMPRISING A PATHWAY OF PARTICLES 
WHEREN A TERMINATION OF THE 
PATHWAY OF PARTICLES IS EXPOSED 

TECHNICAL FIELD 

0001. The present invention relates to a method for 
arranging particles at the interface between a soluble matrix 
and a matrix comprising a viscous material and particles. 
The soluble matrix and the matrix comprising a viscous 
material and particles are essentially immiscible with each 
other, and also exhibit different solubilities allowing for 
selective dissolution of the soluble matrix without or essen 
tially without dissolving the matrix comprising a viscous 
material and particles. The invention also relates to articles 
obtainable by said method. 

BACKGROUND OF THE INVENTION 

0002 Anisotropic materials are formed in a wide and 
increasing range of applications. Typically, such materials 
include conductive particles fixated in a non-conductive 
matrix material. The conductive particles are intended to 
form conductive pathways in the matrix material So as to 
enable the anisotropic material to be, at least under certain 
circumstances, electrically conductive. 
0003. Depending on the selection of particles and matrix 
materials, the anisotropic materials may be formed to be 
suitable for various applications, such as for sensors, such as 
stress sensors, in Solar cell applications, printed electronics, 
capacitors, batteries, touch screens, displays, Smart windows 
and membranes. 
0004 Prior art methods for forming anisotropic materials 
often involve providing a viscous mixture including the 
matrix material and conductive particles, applying an elec 
tric field over the viscous mixture so as to cause the 
conductive particles to align to form conductive pathways in 
the mixture, and thereafter curing the Viscous mixture. 
0005. Alternatively, it has been proposed to use the 
magnetic properties of the particles to cause the particles to 
align and to form conductive pathways. WO 2008/153679 is 
Such an example, where a viscoplastic material including a 
plurality of magnetic particles is subject to a magnetic field 
for a time sufficient to at least partly align a portion of the 
magnetic particles to a predetermined position. 
0006. However, the prior art methods generally result in 
the anisotropic materials containing conductive pathways 
embedded within the matrix material so that direct contact 
with the conductive pathways may only take place where the 
terminal points of the conductive pathways are exposed at 
the Surface or edges of the anisotropic material. This expo 
Sure of only a small part the conductive pathways may be a 
drawback in applications requiring access to a larger part of 
the conductive pathways, and may decrease the electrical 
conductivity of the materials, as all electrical current has to 
pass through a very limited number of exposed contact 
points. 
0007 To further increase the versatility of anisotropic 
materials it is therefore desired to allow for exposing the 
conductive pathways entirely or to significantly increase the 
number of exposed nodes to the conductive network. 
Depending on the desired use of the anisotropic material at 
least some of the conductive pathways may be partly or 
entirely exposed using mild removal means. 
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0008 To increase the versatility of the anisotropic mate 
rials formed, and to enable industrial production thereof, 
there is a need for methods for forming materials in this 
field. 
0009. It is an object of the invention to provide a method 
fulfilling said need. 

SUMMARY OF THE INVENTION 

0010. The above-mentioned object is achieved by a 
method for arranging particles at an interface between a 
soluble matrix and a matrix comprising a viscous material 
and particles. 
0011. The method comprises the steps of: 

0012 contacting the soluble matrix and/or the matrix 
comprising a viscous material and particles with a 
Support comprising at least one side, said at least one 
side of the support facing the soluble matrix and/or the 
matrix comprising a viscous material and particles, 

0013 placing the soluble matrix in contact with the 
matrix comprising a viscous material and particles 
thereby providing a structure comprising at least one 
interface between said soluble matrix and said matrix 
comprising a viscous material and particles, 

0.014 subjecting the particles in said structure to an 
electric field and/or a magnetic field thereby forming 
the particles into at least one pathway of particles, said 
at least one pathway of particles comprising a termi 
nation at the at least one interface between the soluble 
matrix and the matrix comprising a viscous material 
and particles, and 

0.015 fixating the viscous materialso as to fixate the at 
least one pathway of particles, characterized in that said 
termination is exposable upon removal of the soluble 
matrix. 

0016. The soluble matrix may be a water soluble matrix 
or a non-water soluble matrix. The termination may be 
exposed upon removal of the soluble matrix. Removal of the 
soluble matrix may take place by dissolution. Thus, there is 
provided a method for arranging particles at an interface 
between a water soluble or non-water soluble matrix and a 
matrix comprising a viscous material and particles, 
said method comprising the steps of: 

0017 contacting the water soluble or non-water 
Soluble matrix and/or the matrix comprising a viscous 
material and particles with a Support comprising at least 
one side, said at least one side of the Support facing the 
water soluble or non-water soluble matrix and/or the 
matrix comprising a viscous material and particles, 

0.018 placing the water soluble or non-water soluble 
matrix in contact with the matrix comprising a viscous 
material and particles thereby providing a structure 
comprising at least one interface between said water 
soluble or non-water soluble matrix and said matrix 
comprising a viscous material and particles, 

0.019 subjecting the particles in said structure to an 
electric field and/or a magnetic field thereby forming 
the particles into at least one pathway of particles, said 
at least one pathway of particles comprising a termi 
nation at the at least one interface between the water 
soluble or non-water soluble matrix and the matrix 
comprising a viscous material and particles, and 

0020 fixating the viscous materialso as to fixate the at 
least one pathway of particles, characterized in that said 
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termination is exposed upon removal by dissolution of 
the water soluble or non-water soluble matrix. 

0021. The soluble matrix may further comprise particles. 
The particles may be the same or different from those 
contained in the matrix comprising a viscous material and 
particles. Addition of particles to the soluble matrix allows 
for increasing the concentration of particles at the interface 
between the soluble matrix and the matrix comprising 
Viscous material and/or to ensure that particles may protrude 
from the matrix comprising a viscous material into the 
soluble matrix. Upon application of the electric field and/or 
the magnetic field the particles will form at least one 
pathway of particles comprising a termination arranged at 
the interface between the soluble matrix and the matrix 
comprising Viscous material. As long as the Smallest linear 
dimension of said particles is larger than the thickness of the 
soluble matrix, at least some part of said particles will be 
included within the matrix comprising viscous material. 
After fixating the matrix comprising a viscous material, said 
particles will be included and fixated in the matrix compris 
ing viscous material even when the soluble matrix is Sub 
sequently removed. Upon removal of the soluble matrix the 
particles contained solely therein will also be removed. 
0022. The soluble matrix and/or the matrix comprising a 
Viscous material and particles may be contacted with a 
Support. As described above, the Soluble matrix may com 
prise particles. The use of a Support facilitates handling. For 
instance, the soluble matrix may be contacted with a Support 
after which the matrix comprising a viscous material and 
particles is applied to the soluble matrix. The viscous 
material may be contacted with a Support prior to or after 
application onto the soluble matrix. The support used for the 
soluble matrix and the matrix comprising a viscous material 
and particles may be the same or different, and may be 
provided with at least one side facing the soluble matrix 
and/or the Viscous matrix. 

0023 The at least one side of the solid support may be 
Subjected to a surface modification technique in order to 
modify its properties with respect to, for instance, adhesive 
or coating layer application. As an example, the Surface 
modification technique may be corona, plasma or flame 
treatment which is known in the art. By selecting the 
appropriate Surface modification technique, the desired Sur 
face properties for depositing and/or removing the Support 
may be achieved. 
0024. The support may be made of a solid material 
comprising one or more polymers. For instance, the Support 
may include, but is not limited to, a polyester Such as 
polyethylene terephthalate (PET) or polyethylene naphtha 
late (PEN), polypropylene, polycarbonate, or polyimide as 
known to those skilled in the art. The support may also be 
a rigid material Such as glass or metal. 
0025. The soluble matrix applied to the support may 
partially or entirely cover the support. The soluble matrix 
may be applied onto the Support as a coating, layer or film. 
The thickness of the coating, layer or film may vary depend 
ing on the application. For instance, the thickness of the 
coating, layer or film may range from 0.05 micrometers to 
200 micrometers, or from 0.15 micrometers to 20 microm 
eters. 

0026. The expression “interface between the soluble 
matrix and the matrix comprising a viscous material and 
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particles” is understood to be the boundary region between 
the Soluble matrix and the matrix comprising a viscous 
material and particles. 
0027. It will be appreciated that the soluble matrix and 
the matrix comprising a viscous material and particles are 
not miscible with each other, or are miscible to a very 
limited extent with each other. Thus, the soluble matrix and 
the matrix comprising a viscous material and particles may 
be immiscible. Alternatively, the soluble matrix and the 
matrix comprising a viscous material may be miscible to a 
limited extent such as from 1 to 5 weight %. Therefore, 
placing the soluble matrix in contact with the matrix com 
prising viscous material and particles results in the forma 
tion of at least one interface between the soluble matrix and 
the matrix comprising viscous material. No or limited dis 
ruption or diffusion of the soluble matrix takes place when 
it is contacted with a matrix comprising a viscous material, 
and vice versa. The soluble matrix may be contacted with the 
matrix comprising viscous material by depositing the matrix 
comprising Viscous material onto the Soluble matrix. 
0028. It will be appreciated that the termination or a node 
of the at least one pathway of particles being arranged at an 
interface between the soluble matrix and the matrix com 
prising viscous material may be located at and/or adjacent to 
and/or in the vicinity of the boundary region between the 
soluble matrix and the matrix comprising viscous material. 
The particles that are located at the interface may protrude 
from the matrix comprising a viscous material into the 
soluble matrix through the interface formed between the 
soluble matrix and the matrix comprising viscous material. 
Further, the termination of the at least one pathway of 
particles may be at the interface in the plane with the matrix 
comprising a viscous material but without extending into the 
soluble matrix. Additionally or alternatively, if the particles 
are freely able to move from the matrix comprising viscous 
material to the soluble matrix, the individual particle size 
may be larger than the thickness of the soluble matrix so that 
at least a part of the particles remain in the matrix compris 
ing a viscous material. 
0029. As described herein, fixating the viscous material 
of the matrix comprising a viscous material leads to fixating 
the at least one pathway of particles. The overall result is a 
structure in which at least a part of the particles form at least 
one pathway of particles comprising a termination, said 
termination being arranged at the interface between the 
soluble matrix and the matrix comprising a viscous material 
and particles. The at least one pathway of particles may be 
connected to further pathway of particles and/or to further 
particles thereby forming part of a network of particles in the 
matrix comprising a viscous material and/or the soluble 
matrix. Thus, the at least one pathway of particles may form 
part of a network of particles. Upon removal of the soluble 
matrix, the termination of the at least one pathway of 
particles may act as node(s) to connect with a continuous 
network of particles located within the matrix comprising a 
Viscous material. Alternatively, the at least one pathway of 
particles may be a single particle, where removal of the 
soluble matrix exposes part of said single particle at the 
Surface(s) of the matrix comprising a viscous material. 
0030. In case the soluble matrix comprises particles that 
do not protrude into the matrix comprising a viscous mate 
rial, these will be removed together with the soluble matrix. 
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0031 Fixation of the viscous material may be achieved 
by any suitable method, such as, for example, curing, 
ceramisation, cross-linking, gelling, irradiating, drying, 
heating, sintering or firing. 
0032 Curing may take place by actinic radiation such as 
ultraviolet radiation (UV), heat and/or addition of chemical 
additives. 
0033. The at least one pathway of particles in the method 
described herein may be an electrically conducting pathway 
of particles. 
0034. The method described herein may further comprise 
the step of: 

0035 removing the support. The support may be 
removed from the soluble matrix and/or the matrix 
comprising a viscous material and particles. 

0036 Removal of the support may take place using 
mechanical means Such as peeling or pulling apart. Surface 
treatment of the at least one side of the support as described 
herein may facilitate removal of the Support. In case there is 
more than one Support, removal may take place in Such a 
way that one or more Support(s) is/are removed. For 
instance, one, two or all Supports may be removed. After 
removal of the Support, the resulting structure may comprise 
or consist of a soluble matrix, a matrix comprising fixated 
Viscous material, and at least one interface between said 
soluble matrix and said matrix comprising a viscous mate 
rial. The matrix comprising a fixated viscous material com 
prises said at least one pathway of particles. Further, the 
soluble matrix may also comprise particles and/or at least 
one pathway of particles. As described herein, the at least 
one pathway of particles may form a network and/or part of 
a network of connected particles, or be a single particle. The 
at least one pathway of particles comprises a termination or 
node at said interface between the soluble matrix and the 
matrix comprising fixated viscous material, said termination 
being exposable upon removal of the Soluble matrix. 
0037. After removal of the support, there is provided an 
article comprising: 

0038 a soluble matrix, 
0039 a matrix comprising a fixated viscous material, 
0040 at least one interface between said soluble matrix 
and said matrix comprising a viscous material, and 

0041 at least one pathway of particles comprising a 
termination at said interface. 

0042. The article is characterized in that said termination 
is exposable upon removal of said soluble matrix. The 
soluble matrix and/or the matrix comprising fixated Viscous 
material may comprise the at least one pathway of particles 
comprising a termination. The article may be obtainable by 
the method described herein. 
0043. The soluble matrix may serve as a protective body 
for the termination of the at least one pathway of particles 
thereby facilitating handling and transportation. The soluble 
matrix being a protective body may have the shape of a 
coating, layer or film. The protective body may be kept as 
long as the structure needs to be handled, and is then easily 
removed prior to use. 
0044 Accordingly, the method described herein may 
further comprise the step of: 

0045 removing the soluble matrix by chemical means. 
0046. It will be appreciated that the solubility of the 
soluble matrix and the matrix comprising fixated Viscous 
material differ, such that the soluble matrix can be dissolved 
without dissolving or damaging the matrix comprising fix 
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ated viscous material. Advantageously, the soluble matrix 
may be a water soluble matrix. Examples of chemical means 
suitable for removal of a water soluble matrix include 
rinsing with water and/or with an aqueous solution. 
Examples of chemical means suitable for removal of a 
non-water soluble matrix includes rinsing with acids, bases, 
or organic solvents such as alcohols, esters, ketones, alde 
hydes, ethers, or hydrocarbons. Upon removal of the soluble 
matrix the termination of said at least one pathway of 
particles is exposed. As a result, the exposed termination of 
said at least one pathway of particles may conveniently be 
connected to external electrical means. This is a significant 
benefit, since it allows for connecting the at least one 
pathway of particles embedded within the matrix comprising 
Viscous material to external electrical means via said termi 
nation. Further, removal of the soluble matrix by chemical 
means is a mild way of removal, thereby, avoiding or 
minimizing mechanical damage of the fixated Viscous mate 
rial and/or the exposed termination of the at least one 
pathway of particles. Thus, there is no need for etching or 
abrasive procedures that may damage the particles and/or 
disrupt and break the network of particles. 
0047. In contrast, if no soluble matrix is present and an 
electric field is applied to particles in a matrix comprising a 
Viscous material Such as an adhesive or elastomeric matrix, 
the particles will move and arrange within the matrix 
comprising a viscous material. Depending on the nature of 
the matrix comprising a viscous material and its interface 
with a support or the properties of its free surface, the 
particles may be completely embedded within the viscous 
material Such as an adhesive or an elastomeric matrix and 
are rendered inaccessible, i.e. the particles are embedded 
within and/or covered by viscous material and therefore not 
exposed. As a consequence, external electrical means cannot 
be directly connected to the particles arranged within the 
matrix. 

0048. After removal of the soluble matrix the resulting 
structure comprises or consists of a matrix comprising 
fixated viscous material and at least one pathway of par 
ticles. The at least one pathway of particles comprises a 
termination which is exposed at a surface of the fixated 
Viscous material. The structure may further comprise one or 
more Supports. Thus, there is provided an article consisting 
or comprising of a matrix comprising fixated Viscous mate 
rial and at least one pathway of particles, said at least one 
pathway of particles having a termination at a Surface of said 
matrix, characterized in that said termination at said Surface 
is exposed. The at least one pathway of particles may form 
part of a network of particles Such as a continuous network 
of particles. The article may be obtainable by the method 
described herein. 

0049. There is also provided an article obtainable by the 
method described herein. 

0050. The water soluble matrix comprises or consists of 
a water soluble material. For instance, the soluble matrix 
may consist of or comprise at least one water soluble 
polymer. Examples of water soluble polymers include of 
polyvinyl alcohol, cellulose ethers, polyethylene oxide, 
starch, polyvinylpyrrolidone, polyacrylamide, polyvinyl 
methylethermaleic anhydride, polymaleic anhydride, Sty 
rene maleic anhydride, hydroxyethyl cellulose, methylcel 
lulose, polyethylene glycols, carboxymethylcellulose, poly 
acrylicacid salts, alginates, acrylamide copolymers, guar 
gum, casein, ethylene-maleic anhydride resin, polyethyl 
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eneimine, ethyl hydroxyethylcellulose, ethyl methylcellu 
lose, and hydroxyetyl methylcellulose. It will be appreciated 
that the soluble matrix may include mixtures of different 
water soluble polymers. Further, the at least one polymer 
may be polyvinyl alcohol. They soluble matrix may include 
one or more cross-linking agent(s) to improve and/or facili 
tate handling during processing. The soluble matrix may 
also include one or more additives to improve layer coating 
quality Such as those materials identified in the industry as 
thickeners or levelling agents, for instance polyethylene 
glycol p-(1,1,3,3-tetramethylbutyl)-phenyl ether (TX-100), 
to improve layer application or levelling. The layer may also 
include colorants or pigments. 
0051. The viscous material of the matrix comprising a 
Viscous material and particles may comprise one or more 
polymers, monomers or oligomers. For instance, the Viscous 
material may be an adhesive and/or an elastomeric material. 
The polymers may be thermoset or thermoplastic polymers 
Such as polyacrylates, polyepoxides, polyurethanes and/or 
polysilicones. As used herein, a viscous matrix will to some 
extent resist movement of an object Such as a particle 
through the matrix material, so that the particles will not 
sediment immediately. For instance, the Viscous material 
may have a viscosity of about 300 cp or more, such as about 
1000 cB, 35000 cB or about 40000 cB. As an example, the 
Viscous matrix may have a viscosity within the range of 
about from 300 cP to about 40000 cP. In this document, cP 
stands for centipoise. As an example, the viscous material 
may comprise or consist of Dymax 3094, which may have 
a viscosity of about 1000 cp. In a further example, the the 
Viscous material may comprise or consist of Norland 
NOA81, which may have a viscosity of about 300 cp. 
0052 To be displaceable by use of a magnetic field, the 
particles may advantageously be paramagnetic or ferromag 
netic, preferably ferromagnetic. 
0053. Further, to be displaceable by use of an electric 
field, the particles may advantageously be electrically con 
ductive and/or be made of one or more materials having a 
relative permittivity that is much smaller or much larger than 
that of the matrix. 
0054 The particles may be homogenous particles, i.e. a 
particle consists of a single material or material mixture 
throughout the particle ranging in size, shape and/or material 
composition. However, the particles may also be heterog 
enous particles, i.e. a particle consisting of several materials. 
For example, the particles may have a core of one material, 
and a sheath of another material. The particles may also 
contain contaminants that enhance performance, Such as 
electrical conductivity or magnetism. 
0055. The particles described herein may comprise only 
one type of particles, but may also be a mixture of different 
types of particles. The particles may be paramagnetic and/or 
ferromagnetic. The particles may also be electrically con 
ductive. 
0056. The particles may be flat and/or have a spherical, 
elongated, tubular, discotic, wirey or irregular shape or a 
combination of shapes. 
0057 The particles may include carbon, metal and/or 
metal alloys. For instance, the particles may consist of or 
comprise silver, iron, graphite, nickel, copper, gold, sink, 
titanium, or aluminum. 
0058 Advantageously, at least some particles may be 
both para- or ferro magnetic, and electrically conductive. 
Alternatively, there may be a mixture of paramagnetic or 
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ferromagnetic particles. Such particles will be displaceable 
by both magnetic and electric fields. 
0059 Advantageously, the amount of particles includes 
particles of metal and/or metal alloys such as nickel or iron 
oxide. The particles may also include carbon allotropes, 
Such as for example graphite, graphene, carbon nanotubes, 
buckminsterfullerenes, amorphous carbon, or carbon black. 
Further, the particles may be selected from the group con 
sisting of silver-iron particles, silver-nickel particles, graph 
ite-nickel particles, nickel particles, carbon-nano particles 
and mixtures thereof. Advantageously, the particles may also 
include core-shell particles with a ceramic, glass or poly 
meric core, and a shell of conductive metal. 
0060. The particle size, i.e. the largest linear dimension of 
the particles, may range from 0.3 500 micrometers, or from 
0.5 to 200 micrometers or from 1 to 100 micrometers, or 
from 3 to 50 micrometers. 
0061 The concentration of the particles in the matrix 
comprising a viscous material and/or in the water soluble 
matrix may be less than the percolation threshold. For 
instance, the concentration of the particles may range from 
0.001 to 10 vol%, or 0.01 to 2 vol%, or 0.01 to 1.5 vol%, 
or 0.1 to 1.5 vol%. 
0062 For conductive mixtures a “percolation threshold' 
is defined as the lowest concentration of conductive particles 
necessary to achieve long-range conductivity in a random 
system. Such a random system is nearly isotropic. In a 
system formed by a method according to the invention the 
concentration of conductive particles necessary for achiev 
ing conductivity in a predefined direction is not determined 
by the percolation threshold and the concentration can be 
lower. For practical reasons the concentration of particles is 
determined by the requirements on the conductive paths, 
there usually being no reason to have excess amounts of 
conductive particles not arranged into conductive paths. 
0063. The method described herein may also comprise 
the step of: 

0.064 drying the soluble matrix after application onto 
the Support. Drying methods include, but are not lim 
ited to, convective heating, infrared heating with or 
without convection, RF drying, freeze drying, etc. 

0065. The field applied to the particles in the structure 
comprising at least one interface between the water soluble 
matrix and the matrix comprising a viscous material and 
particles as described herein may be an electric field, a 
magnetic field or a combination thereof. The electric field 
may be a direct electric field (DC) or an alternating electric 
field (AC). The RMS electric field strength may range from 
1 to 100 kV/cm such as 1 to 50 kV/cm, or 5 to 25 kV/cm. 
The electric field may have a frequency from 10 Hz to 10 
MHz, such as from 0.1 kHz to 200 kHz, or from 0.1 kHz to 
25 kHZ. 
0066. The field may be applied in a direction that is 
perpendicular or essentially perpendicular to the extension 
of the interface(s) between the soluble matrix and the matrix 
comprising a viscous material and particles. When the field 
is applied in a direction that is perpendicular to the extension 
of the interface(s), the field line is perpendicular to the 
extension of the interface(s). When the field is applied in a 
direction that is essentially perpendicular to the interface(s), 
the field line forms an angle of 45° or less with a line being 
perpendicular to the extension of the interface(s). 
0067. The field may also be applied in a direction that is 
parallel or essentially parallel with the extension of the 
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interface(s). When the field is applied in a direction that is 
parallel to the extension of the interface(s), the field line is 
parallel to the extension of the interface(s). When the field 
is applied in a direction that is essentially parallel to the 
extension of the interface(s), the field line forms an angle 
that is 45° or less with the extension of the interface(s). 
0068. If more than one field is applied the first field may 
be applied in a direction that is perpendicular or essentially 
perpendicular to the extension of the interface(s) between 
the Soluble matrix and the matrix comprising a viscous 
material and particles. Alternatively, the first field may be 
applied in a direction that is parallel or essentially parallel 
with the extension of the interface(s). The second and/or 
further field may be applied in a direction that is perpen 
dicular or essentially perpendicular to the extension of the 
interface(s). Alternatively, the second and/or further field 
being applied may have a flux line that is parallel or 
essentially parallel with the extension of the interface(s). It 
will be appreciated that a flux line being essentially parallel 
with the extension of the interface(s) may form an angle of 
45° or less with the extension of the interface. 

0069. The first field may be an electric field or a magnetic 
field. The second or further field may be an electric field or 
a magnetic field. When more than one field is applied the 
first field may be an electric field and the second or further 
field may be a magnetic field or vice versa. When more than 
one field is applied, the fields may be applied sequentially, 
or at the same time. 

0070 The field applied to the particles may be an electric 
field that is applied in a direction that is perpendicular or 
essentially perpendicular to the extension of the interface(s) 
between the soluble matrix and the matrix comprising a 
Viscous material and particles. 
0071. Upon application of the electric field and/or mag 
netic field at least one pathway of particles will form in the 
matrix comprising a viscous material and particles. In case 
the soluble matrix comprises particles at least one pathway 
of particles may also be formed in said soluble matrix. The 
at least one pathway of particles comprises a termination at 
the interface between the soluble matrix and the matrix 
comprising a viscous material and particles. The movement 
of the particles may be due to electrophoresis, dielectropho 
resis, magnetophoresis, or a combination of the above, 
depending on the type(s) of fields used. While most of the 
particles in the matrix comprising a viscous material move 
so that they are arranged within the Viscous material and/or 
at or in the vicinity of the interface between the soluble 
matrix and the matrix comprising a viscous material. Some 
particles may also diffuse from the matrix comprising a 
viscous material into the soluble matrix. As described 
herein, the at least one pathway of particles may form a 
continuous connected network of particles in the matrix 
comprising a viscous material and particles. Due to the 
presence of the soluble matrix at least a portion of the 
particles may protrude out from the matrix comprising a 
Viscous material and particles and into the Soluble matrix 
and/or arrange at the interface between the soluble matrix 
and the matrix comprising a viscous material. 
0072 The at least one pathway of particles described 
herein may form connected, conductive pathways or net 
works which are continuous or partially continuous. The 
pathway of particles being part of a network may be com 
prised in the matrix comprising a viscous material and, 
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optionally, also in the soluble matrix. However, as described 
herein removal of the soluble matrix leads to concomitant 
removal of particles therein. 
0073. The application of the field may be interrupted 
when the particles stop or essentially stop moving as seen by 
the naked eye or with the aid of an instrument. Typically the 
process is complete within seconds to a few minutes, making 
it possible to use the method described herein in an industrial 
process. 
0074 The method described herein may comprise the 
steps of 

0075 providing a support comprising at least one side, 
0.076 depositing a soluble matrix onto said at least one 
side of said Support, 

0077 depositing a matrix comprising a viscous mate 
rial and particles onto said soluble matrix thereby 
providing a structure comprising an interface between 
the soluble matrix and the matrix comprising a viscous 
material and particles, 

0078 subjecting the particles in said structure to an 
electric field and/or a magnetic field thereby forming 
the particles into at least one pathway of particles 
comprising a termination at said interface, and 

0079 fixating said viscous material so as to fixate the 
at least one pathway of particles, characterized in that 
said termination is exposable upon removal of said 
soluble matrix. 

0080 Further, the method described herein may comprise 
the steps of: 

0081 providing a Support comprising at least one side, 
0082 depositing a soluble matrix onto said at least one 
side of the Support, 

0083 depositing a matrix comprising viscous material 
and particles onto said soluble matrix thereby providing 
a structure comprising an interface between said 
Soluble matrix and said matrix comprising a viscous 
material and particles, 

0084 contacting a further soluble matrix with a further 
Support, 

0085 depositing said further soluble matrix being con 
tacted with said further Support onto said matrix com 
prising a viscous material and particles, thereby form 
ing a second interface between said matrix comprising 
viscous material and said further soluble matrix, 

I0086) subjecting the particles in said structure to an 
electric field and/or a magnetic field thereby forming 
the particles into at least one pathway of particles 
comprising a termination at said interface and/or at said 
second interface or at both said interfaces, and 

0.087 fixating said viscous material so as to fixate the 
at least one pathway of particles, characterized in that 
said termination is exposable upon removal of said 
water soluble matrix. 

I0088. The articles described herein may be used in vari 
ous applications such as printed electronics, RF shielding, 
transistors, strain sensors, membrane Switches, capacitors, 
batteries, displays, touch screens, lightning strike protection, 
anisotropic conductive films, Smart windows, and active 
displays 
I0089. There is also provided the use of a method as 
described herein for creating printed electronics. 
0090 There is also provided the use of a method as 
described herein for creating RF shielding, i.e. radio fre 
quency shielding. 
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0091. There is also provided the use of a method as 
described herein for creating transistors. 
0092. There is also provided the use of a method as 
described herein for creating strain sensors. 
0093. There is also provided the use of a method as 
described herein for creating medical sensing devices or 
medical stimulation devices. 
0094. There is also provided the use of a method as 
described herein for creating three dimensional geometries 
of conductive pathways. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0095. The invention will now be further described with 
reference to exemplary embodiments, with reference to the 
enclosed drawings, wherein: 
0096 FIG. 1 shows a structure comprising a support 1, a 
soluble matrix 2 and a matrix 3 comprising a viscous 
material, particles 4, and an interface 5 between the matrix 
2 and the matrix 3. 
0097 FIG. 2 shows a structure comprising a support 1, a 
soluble matrix 2, a matrix 3 comprising a viscous material, 
particles 4 being Subjected to an electric field, and an 
interface 5 between the matrix 2 and the matrix 3. 
0098 FIG. 3 shows a structure comprising a support 1, a 
soluble matrix 2 and a matrix 3 comprising a fixated Viscous 
material, and particles 4 at least some of which are in the 
form of at least one pathway of particles comprising a 
termination at an interface 5 between the soluble matrix 2 
and the matrix 3. 
0099 FIG. 4 shows a structure comprising a soluble 
matrix 2 and a matrix 3 comprising a fixated Viscous 
material, and particles 4 at least some of which are in the 
form of at least one pathway of particles comprising a 
termination at an interface 5 between the soluble matrix 2 
and the matrix 3. 
0100 FIG. 5 shows a structure comprising a matrix 3 
comprising a viscous material and particles 4 at least some 
of which are in the form of at least one pathway of particles 
comprising a termination at a surface 6. 
0101 FIG. 6 shows a structure comprising a support 1, a 
matrix 3 comprising a fixated Viscous material, particles 4 at 
least some of which are in the form of at least one pathway 
of particles comprising a termination and a soluble matrix 2. 
The termination of said at least one pathway of particles is 
arranged at the interface 5 between the soluble matrix 2 and 
the matrix 3. 
0102 FIG. 7 shows a structure comprising a support 1, a 
matrix 3 comprising a fixated viscous material and particles 
4 at least some of which are in the form of at least one 
pathway of particles comprising a termination arranged at a 
surface 6. 
0103 FIG. 8 shows a structure comprising a support 1, a 
soluble matrix 2, a matrix 3 comprising a viscous material, 
particles 4, at least some of which as in the form of at least 
one pathway of particles comprising a termination at inter 
faces 5 and 6, respectively, a further soluble matrix 7, and a 
further support 8. 
0104 FIG. 9 shows a structure comprising a support 1, a 
soluble matrix 2, a matrix 3 comprising a viscous material, 
particles 4, a further soluble matrix 7, and a further support 
8. At least some of the particles 4 that are contained within 
the matrix 3 have a linear dimension that is larger than the 
thickness 9 of the matrix 3. 
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0105 FIG. 10 shows a structure comprising a support 1, 
a soluble matrix 2, a matrix 3 comprising a viscous material, 
particles 4, at least some of which as in the form of at least 
one pathway of particles comprising a termination at both 
interfaces 5 and 6, wherein said at least one pathway of 
particles is a single particle that has been arranged by the 
electric field, a further soluble matrix 7, and a further support 
8. 
0106. It should be noted that the drawings have not been 
drawn to Scale and that the dimensions of certain features 
have been exaggerated for the sake of clarity. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0107 FIG. 1 shows a structure comprising a support 1, a 
soluble matrix 2, a matrix 3 comprising a viscous material 
and particles 4. The soluble matrix 2, the matrix 3 compris 
ing a viscous material and the particles 4 may be as 
described herein. The particles 4 are contained within the 
matrix 3. Due to immiscibility or very limited miscibility of 
the soluble matrix 2 and the matrix 3 an interface 5 is formed 
between the soluble matrix 2 and the matrix 3. The structure 
may be formed by coating the support 1 with the soluble 
matrix 2, optionally followed by drying. Thereafter the 
matrix 3 containing the particles 4 and a viscous material is 
deposited onto the soluble matrix 2. 
0.108 FIG. 2 shows the application of an electric field to 
the structure illustrated in FIG. 1. Upon application of the 
electric field the particles 4 will form at least one pathway 
of particles comprising a termination, wherein the termina 
tion is arranged at the interface 5 between the soluble matrix 
2 and the matrix 3. At least part of the pathway of particles 
may form a network of particles. The termination of the at 
least one pathway of particles may be arranged in the plane 
of the interface and/or may protrude from the matrix 3 into 
the soluble matrix 2 through the interface 5. Advanta 
geously, the electric field is applied until no visible move 
ment of the particles is observed. In cases where the align 
ment is either too fast or too slow to be easily observed, or 
where the nature of the particles makes in situ observation 
of alignment difficult, response of the particles to the electric 
field can be verified by other means, or verified by obser 
vation after the electric field is removed. 
0109 Subsequent to application of an electric field the 
viscous material of the matrix 3 is fixated so as to fixate said 
at least one pathway of particles comprising a termination at 
the interface 5. FIG. 3 shows the resulting structure com 
prising a Support 1, a soluble matrix 2, a matrix 3 comprising 
a fixated viscous material, the particles 4 at least some of 
which are in the form of at least one pathway of particles 
comprising a termination, and the interface 5. At least part 
of the particles and/or the at least one pathway of particles 
may form a network of particles. The termination of said at 
least one pathway of particles is located in the plane of the 
interface 5 between the matrix 3 without being embedded 
within or covered by the viscous material of the matrix 3 
thereby allowing them to be exposed upon Subsequent 
removal of the soluble matrix 2. Moreover, some of the 
particles and/or the termination of said at least one pathway 
of particles and/or network of particles may protrude from 
the matrix 3 into the soluble matrix 2. 
0110 FIG. 4 shows a structure resulting from removal of 
the support 1 from the structure shown in FIG. 3. The 
resulting structure comprises the soluble matrix 2, the matrix 
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3, the particles 4 at least some of which are in the form of 
at least one pathway of particles comprising a termination, 
and the interface 5. The termination of said at least one 
pathway of particles is arranged at the interface 5. The 
termination may be located in the plane of the interface 5 
and/or protrude from the matrix 3 into the soluble matrix 3. 
0111 Exposure of the soluble matrix 2 to appropriate 
chemical means, such as rinsing or washing with a solvent, 
makes it dissolve thereby exposing the termination of said at 
least one pathway of particles at a Surface 6. The termination 
may be in the plane of the surface 6 and/or protrude from the 
surface 6. The resulting structure is shown in FIG. 5. 
External electrical means may be connected to the network 
of particles within the matrix 3 via connection with the 
exposed termination of said at least one pathway of particles. 
0112 A support 1 may be deposited on the matrix 3 of the 
structure illustrated in FIG. 4. The support 1 may be depos 
ited on the side of the matrix 3 opposite to the side facing the 
soluble matrix 2. The resulting structure is shown in FIG. 6. 
0113. The soluble matrix 2 may then be removed from 
the structure illustrated in FIG. 6. The removal may take 
place by chemical means such as rinsing or washing with a 
Solvent thereby exposing the termination of the at least one 
pathway of particles at the Surface 6 and/or protruding from 
the matrix 3. The resulting structure is shown in FIG. 7. 
0114 FIG. 8 shows a structure comprising a support 1, a 
soluble matrix 2, a matrix 3 comprising a viscous material, 
particles 4, at least some of which are in the form of at least 
one pathway of particles comprising a termination at inter 
faces 5 and 6, respectively, a further soluble matrix 7, and a 
further support 8. The particles 4 have been exposed to an 
electric field, causing them to arrange into at least one 
pathway of particles extending from interface 5 to interface 
6. The terminations of the at least one pathway of particles 
may be arranged in the plane of said interfaces and/or may 
protrude from the matrix 3 into the soluble matrices 2 and 7 
through the interfaces 5 and 6. This structure allows for 
removal of the soluble matrices 2 and 7 and external 
electrical means may be connected to said terminations 
allowing electrical current to be passed through said at least 
one pathway of particles. 
0115 FIG. 9 shows a structure comprising a support 1, a 
soluble matrix 2, a matrix 3 comprising a viscous material, 
particles 4, a further soluble matrix 7, and a further support 
8. At least some of the particles 4 that are contained within 
the matrix 3 have a linear dimension that is larger than the 
thickness 9 of the matrix 3. 
0116 FIG. 10 shows the application of an electric field to 
the structure illustrated in FIG. 9. Upon application of the 
electric field the particles 4 will be arranged and/or rotated 
by the electric field and form at least one pathway of 
particles comprising terminations at interfaces 5 and 6. 
respectively. It will be appreciated that in this embodiment, 
said at least one pathway of particles comprises a single 
particle. The terminations of the at least one pathway of 
particles protrude from the matrix 3 into the soluble matrices 
2 and 7 through the interfaces 5 and 6. Alternatively, the at 
least one pathway of particles may be arranged in the planes 
of said interfaces. This structure allows for removal of the 
soluble matrices 2 and 7 and external electrical means may 
be connected to said terminations allowing electrical current 
to be passed through said at least one pathway of particles. 
0117 The invention is further illustrated by the following 
non-limitative examples. 
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EXAMPLES 

Example 1 
0118. A polyethylene terephthalate (PET) substrate pur 
chased from Dupont Teijin Melinex 453 was subjected to 
corona treatment on one of its sides. Then, polyvinylalcohol 
(PVA) in the form of a 1% by weight aqueous solution of 
50/40 Elvanol, PVA, with 0.2% (by weight) polyethylene 
glycol p-(1,1,3,3-tetramethylbutyl)-phenyl ether, (Triton 
X100) purchased from Du Pont was applied as a thin film 
onto the side of the PET substrate having been subjected to 
corona treatment using a metered coating rod applicator. The 
coated film was dried in a convection oven in order to 
remove the water and harden the film resulting in a PVA 
coating thickness from 0.15 micrometers to 0.60 microm 
eters on the PET substrate. 
0119 Silver particles having a size from 2 to 3.5 microm 
eters and at a concentration of 0.5% by volume purchased 
from Sigma-Aldrich were mixed with the UV curable adhe 
sive Dymax 3094 purchased from Dymax Corporation. The 
resulting adhesive mixture was coated as a film onto the 
PVA coating using a rod applicator. Due to the incompat 
ibility of the matrix polymers and their relative viscosities 
the materials did not intermix. The layers were discrete with 
a defined interface between the layers. The particle-rich 
adhesive layer had a thickness of about 80 micrometers. 
I0120) The PET substrate with the PVA coating and the 
particle-adhesive coating was placed over an electrode with 
the PVA and adhesive facing away from the electrode. An 
electric field was created using an interdigitated electrode 
design with a voltage of 350 volts and a frequency of 10 
kHz. The electric field induces electrical dipoles in the silver 
particles causing them to move towards the regions with 
highest electrical field gradient, i.e. through the adhesive 
layer toward the PVA-adhesive interface. Furthermore the 
silver particles interact with each other through dipole 
dipole interactions, thus forming a connective, continuous 
network with the highest network density being near the 
adhesive-PVA interface. Some of the connected particles 
remained at the Surface of the adhesive and Some connected 
particles penetrated the interface. For both circumstances, 
the adhesive polymer does not cover or shield the silver 
particles. When the particles did not appear to move under 
magnification and appeared to be connected the network of 
particles were fixed to prevent further movement which 
ensures the continuity of the particle connected network. 
Particle immobilization for network connectivity was 
accomplished by exposing (crosslinking) the adhesive to a 
UV light source which cures the adhesive and increases the 
viscosity of the matrix, thereby rendering the particles 
immobile, inhibiting particle movement or drift which could 
otherwise break the particle network. The adhesive matrix 
with the assembled conductive particles was UV cured using 
an Omnicure S2000 with a 200-watt mercury short arc lamp 
delivering an UV spectral output of 350-600 nm. 
I0121 The film was separated by manually peeling the 
PET from the PVA and aligned particle-rich adhesive struc 
ture. Thereby, providing a two layer structure comprising of 
a PVA layer, and an adhesive layer with a continuous, 
connected network of silver particles in which the highest 
organized network density occurred at the interface. 
I0122) A second PET support film was attached to the 
exposed adhesive layer of the two layer structure (opposite 
to the side facing the PVA coating). Thereafter, the PVA 
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coating was rinsed with water to expose a portion of the 
network of particles and network nodes at the interfacial 
surface of the adhesive coating. Once the PVA was com 
pletely removed, the film was dried using a forced hot air 
hand-held heater. 
0123. After washing and drying as described above, the 
resulting structure was subjected to analysis using a Scan 
ning Electron Microscope (SEM) and X-ray elemental 
analysis. SEM analysis was completed at a magnification of 
1500x using a field voltage of 20 kV and the X-ray elemental 
analysis used an electron beam volume which created a 
penetrating Surface of approximately 0.5-1.0 Lum. The results 
confirmed the formation of a network of silver particles and 
its exposure at the polymer Surface. 

Example 2 
0.124 PVA in the form of a 2% by weight aqueous 
solution of 50/40 Elvanol PVA purchased from Du Pont was 
applied using a metered coating rod applicator as a 50 um 
thick film onto a PET substrate purchased from Goodfellow. 
The coated film was dried in a convection oven in order to 
remove the water and harden the film resulting in a PVA 
coating thickness of about 1 micrometer on the PET sub 
strate. The PET substrate with the PVA coating was then cut 
into Smaller pieces and two pieces of the Substrate was 
placed on two separate flat transparent electrodes with the 
PVA facing away from the electrode. 
0.125 Nickel Graphite particles having a size from 25 to 
90 micrometers and at a concentration of 0.5% by volume 
purchased from Sultzer Metco were mixed with the UV 
curable adhesive Norland NOA81 purchased from Edmund 
Optics. The resulting adhesive mixture was deposited with a 
wooden applicator stick as a drop onto the PVA coated 
substrate on top of one of the electrodes. Spacers with a 
defined thickness of 150 um were placed on top of said 
electrode, separated from the adhesive mixture. The other 
electrode was then pressed on top of the mixture, with the 
PVA coating facing the adhesive, compressing the mixture 
drop into a circular film with a controlled thickness equal to 
the thickness of the spacers. 
0126. Due to the incompatibility of the PVA and the 
adhesive and their relative viscosities the materials did not 
intermix. The resulting sandwich consisted of a series of 
layers, comprising from one end to another: electrode, 
substrate, PVA, particle rich adhesive mixture, PVA, sub 
strate, electrode. All layers were discrete with a defined 
interface between the layers. 
0127. An electric field was set up between the electrodes 
by applying a voltage of 350 volts and a frequency of 10 
kHz. The electric field induces electrical dipoles in the silver 
particles causing them to align into assembled and con 
nected chains. The particle chains extend perpendicular to 
the plane of the adhesive mixture, creating stacked particle 
columns which span the gap between the PVA-adhesive 
interfaces on either side of the mixture. Because of the finite 
size of the electrodes the electric field is somewhat stronger 
closer to the electrode than in the center of the gap between 
them. This causes a dielectrophoretic force on the nickel 
graphite particles that attracts the ends of the particle chains 
to the adhesive-PVA interfaces. Some of the connected 
particles remained at the Surface of the adhesive and some 
connected particles penetrated the interface. For both cir 
cumstances, the adhesive polymer does not cover or shield 
the nickel graphite particles at the PVA-adhesive interface. 
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I0128. After 1 minute, when the particles showed no 
further movement, as viewed under magnification, the net 
work of particles were fixed to prevent further movement 
and to ensure the continuity of the particle connected 
network by curing (crosslinking) the adhesive using a UV 
light source. The UV-light is directed through the transpar 
ent electrodes. Substrate and PVA, penetrating and curing the 
adhesive in the center of the sandwich. Exposing the adhe 
sive with the aligned conductive particles to the UV light 
cures the adhesive and increases the viscosity of the matrix, 
thereby, inhibiting the particle movement. The matrix (adhe 
sive) with the aligned and connected particle chains was UV 
cured using a Dymax BlueWave200 spot light system. 
I0129. The film was separated by first manually separating 
the electrodes from the PET, and then peeling the PET from 
the PVA and aligned particle-rich adhesive structure. 
Thereby, providing a three layer structure comprising of a 
PVA layer, an adhesive layer with a continuous, connected 
network of nickel graphite particles aligned parallel to the 
layer normal, and a PVA layer on the opposite side of the 
first PVA layer. 
0.130. Thereafter, the PVA coating was rinsed with water 
to expose the network nodes at the interfacial Surfaces on 
both sides of the adhesive layer. Once the PVA was com 
pletely removed, the film was air dried in ambient conditions 
for 15 minutes. 

I0131. After washing and drying as described above, the 
conductive nature of the adhesive layer was confirmed by 
sandwiching the layer between two pieces of copper, each 
with a Surface area of approximately 1 square centimetre, 
and measuring the resistance between the copper pieces with 
a multimeter. The measured resistance was on the order of 
10 Ohm. 

1. A method for arranging particles at an interface 
between at least one from the group consisting of a water 
soluble matrix and a non-water soluble matrix and a matrix 
comprising a viscous material and particles, said method 
comprising the steps of: 

contacting at least one from the group consisting of the 
water soluble matrix and the non-water soluble matrix 
and the matrix comprising a viscous material and 
particles with a Support comprising at least one side, 
said at least one side of the Support facing at least one 
from the group consisting of the water Soluble and the 
non-water soluble matrix and the matrix comprising a 
viscous material and particles; 

placing at least one from the group consisting of the water 
soluble matrix and the non-water soluble matrix in 
contact with the matrix comprising a viscous material 
and particles thereby providing a structure comprising 
at least one interface between at least one from the 
group consisting of the water soluble matrix and the 
non-water soluble matrix and said matrix comprising a 
viscous material and particles; 

Subjecting the particles in the structure to at least one from 
the group consisting of an electric field and a magnetic 
field thereby forming the particles into at least one 
pathway of particles, said at least one pathway of 
particles comprising a termination at the at least one 
interface between at least one from the group consisting 
of the water soluble matrix and the non-water soluble 
matrix and the matrix comprising a viscous material 
and particles; and 
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fixating the viscous material So as to fixate the at least one 
pathway of particles, said termination being exposed 
upon removal by dissolution of at least one from the 
group consisting of the water soluble matrix and the 
non-water soluble matrix. 

2. The method of claim 1, wherein the water soluble 
matrix comprises a water soluble material. 

3. The method of claim 1, wherein at least one from the 
group consisting of the water Soluble matrix and the non 
water Soluble matrix comprises particles. 

4. The method of claim 1, wherein said at least one 
pathway of particles forms part of a network of particles. 

5. The method according to claim 1, further comprising 
the step of Subjecting the at least one side of the Support to 
a surface modification technique selected from corona, 
plasma or flame treatment. 

6. The method according to claim 1, further comprising 
the step of removing the Support from at least one from the 
group consisting of the water Soluble matrix and the non 
water Soluble matrix and the matrix comprising a viscous 
material and particles. 

7. The method according to claim 1, wherein the water 
soluble matrix is removed by rinsing with at least one from 
the group consisting of water and an aqueous Solution. 

8. The method according to claim 1, wherein the non 
water soluble matrix is removed by rinsing with at least one 
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from the group consisting of acids, bases, and organic 
Solvents such as alcohols, esters, ketones, aldehydes, ethers, 
and hydrocarbons. 

9. The method according to claim 1, wherein the water 
soluble matrix comprises at least one from the group con 
sisting of water Soluble polymer selected from the group 
consisting of polyvinyl alcohol, cellulose ethers, polyethyl 
ene oxide, starch, polyvinylpyrrolidone, polyacrylamide, 
polyvinyl methylether-maleic anhydride, polymaleic anhy 
dride, styrene maleic anhydride, hydroxyethyl cellulose, 
methylcellulose, polyethylene glycols, carboxymethylcellu 
lose, polyacrylicacid salts, alginates, acrylamide copoly 
mers, guar gum, casein, ethylene-maleic anhydride resin, 
polyethyleneimine, ethylhydroxyethylcellulose, ethyl meth 
ylcellulose, and hydroxyetyl methylcellulose. 

10. The method according to claim 1, wherein the viscous 
material of the matrix comprising a viscous material and 
particles comprises at least one from the group consisting of 
an adhesive and an elastomeric material. 

11. The method according to claim 1, wherein the par 
ticles comprise conductive particles such as particles of at 
least one from the group consisting of carbon, metal and 
metal alloys. 

12. The method according to claim 1, wherein the at least 
one pathway of particles is an electrically conducting path 
way of particles. 

13. The particle according to the method of claim 1. 
k k k k k 


