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Description

[0001] The present invention relates to highly conductive, printable inks for highly stretchable soft electronics, a process
for their manufacture as well as a process for producing highly stretchable soft electronics.
[0002] The development of highly conductive, printable and elastic conductors promises the fabrication of soft electronic
components such as sensors, integrated circuits or antennas and their application in bioelectronics, wearable devices
and soft robotics. Creating the next generation of soft electronics requires distinct features of the ink, including mechanical
flexibility and stretchability, conductivity adjustable to application demands, and printability compatible with established
(screen printing, dispensing, slot die coating, spraying) as well as emerging printing and coating technologies (additive
manufacturing such as direct ink writing).
[0003] One of the major challenges encountered by existing stretchable conductive inks is the trade-off between
electrical and mechanical properties, e.g. addition of a plasticizer in a conducting polymer guaranteeing good stretchability
deteriorates conductivity, high volume fraction of conductive particles embedded in a flexible polymer provides high
conductivity but reduces deformability. Hence, developing highly conductive yet highly stretchable and printable inks
that enable large-area and high throughput production, high printing resolution, easy processing, and cost-effectiveness
is of high demand.
[0004] Although many methods have been proposed to produce conductive electronic materials, few can satisfy the
requirements of mechanical stretchability, electronic conductivity and printability simultaneously. WO 2018/006990 de-
scribes a highly conductive, printable paste resulting from the formation of capillary bridges among conductive particles.
However, the paste is rigid after drying and sintering and not compatible with soft substrates.
[0005] US 9,870,843 B2 shows that the capillary force can be used to reduce particle consumption when making
conductive polymer composites particles since particle self-assembly driven by the capillary force yields a low percolation
threshold. Another report shows that capillary forces can enhance electrical conductivity of silver epoxy adhesives, i.e.
a high conductivity is achieved at low particle loading (Sun, Hongye, Xinfeng Zhang, and Matthew MF Yuen, "Enhanced
conductivity induced by attractive capillary force in ternary conductive adhesive", Composites Science and Technology
137 (2016): 109-117). However, printability and stretchability are not addressed in these publications.
[0006] Matsuhisa, N., et al., ("Printable elastic conductors by in situ formation of silver nanoparticles from silver flakes",
Nature materials, 2017. 16(8), pages 834 ff,) describes an approach to achieve high conductivity as well as high stretch-
ability at low silver content via incorporating a surfactant and in-situ growing nano-sized conductive particles. In US
9,460,824, a stretchable and conductive film is formed through annealed silver nanoparticles deposited on the substrate.
However, usage of nanomaterials in large scale production is restricted by the complicated preparation steps of both
materials and films.
[0007] Araki et al. report highly stretchable wirings made from silver / polyurethane composite with stretchability up to
600% (Araki, Teppei, et al., "Printable and stretchable conductive wirings comprising silver flakes and elastomers", IEEE
Electron Device Letters 32.10 (2011): 1424-1426). However, cyclic durability of the ink is not addressed, which is critical
for applications.
[0008] Various commercial products deliver good conductivity and flexibility, i.e. CI-1036 stretchable silver ink from
Engineered Materials Solutions, Inc. Still, it can only be stretched up to 100%. DuPont released a series of stretchable
electronic inks for garments in 2015, such as PE873 and PE874 silver conductor, which are formulated by suspending
silver flakes in an elastomer. These products exhibit low electrical conductivity (~10-2 S/cm) at low silver loading of 12
vol% - 15 vol%. Besides, no stretchability is specified for these inks.
[0009] Thus, the technical objective underlying the present invention is to provide a simple and economic way to
produce a highly conductive and printable ink providing high deformability and stretchability in the corresponding printed
and cured device for application in soft electronics. The ink fabrication should be compatible with state of the art unit
operations and should allow for large scale production.
[0010] This objective and others which will become apparent from the following disclosure, are achieved by the present
invention which makes use of the capillary suspension phenomenon to design highly conductive and printable inks
providing high deformability and stretchability in the corresponding printed and cured devices for applications in soft
electronics.
[0011] In particular, the present invention relates to a highly conductive and printable ink, comprising a conductive
solid phase and two immiscible fluid phases as defined in claim 1.
[0012] Hydrophobic silver (Ag) particles, 5 to 40 volume percent (vol%), preferably 8 to 20 vol%, are incorporated into
the hydrophobic primary polymer phase. Thus, compatibility between filler and polymer matrix is guaranteed for good
mechanical stability as well as high electrical conductivity of the cured soft electronics.
[0013] The primary liquid phase includes a polymer base and its corresponding cross-linker and catalyst. Cross-
linkable polydimethylsiloxane (PDMS) is used as soft polymer base responsible for stretchability. In order to cure the
liquid PDMS polymer, cross-linker and catalyst according to the state of the art are incorporated. With respect to the
amount of PDMS base, the cross-linker, 1 to 10 vol%, preferably 2 to 5 vol%, and the catalyst solution, 0.01 to 5 vol%,
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preferably 0.05 to 2 vol%, are adopted. The amount of cross-linker determines the crosslink density, which determines
the mechanical strength and the maximum stretchability of the cured materials. The amount of catalyst controls the
curing kinetics during polymerization. Cross-linkers and catalysts for PDMS polymers are well known in the art and
commercially available.
[0014] The secondary fluid phase must be immiscible with the primary phase and should not wet the conductive solid
phase. The amount of secondary fluid is quantified by a parameter ρ, which is defined as the volume ratio between
secondary fluid and conductive solid phase. 

ρ falls in the range of 0.01 to 0.2, preferably 0.02 to 0.1. The amount of secondary fluid determines the particle network
structure and hence the final conductivity.
[0015] To formulate the ink, silver particles are dispersed in the primary phase by mechanical stirring. After addition
of the liquid secondary phase, a subsequent mixing step is followed to break up the secondary fluid phase into small
droplets which connect silver particles into clusters, which further grow into a sample-spanning conductive network.
[0016] The three-phase system creates a capillary suspension, in which the suspended particles self-assemble into
a percolating sample-spanning network due to the capillary force induced by the immiscible secondary fluid. The uncured
ink remains stable and no sedimentation occurs even within 10 days. It can be printed using standard techniques such
as screen printing, slot die coating or spraying or emerging additive manufacturing methods like direct ink writing which
can be used for rapid prototyping complex 3D objects, e.g. pressure and strain sensors. After printing the desired
electronic structures, the curing is activated either by moisture, thermal treatment (< 200°C) or UV radiation.
[0017] The cured samples exhibit low percolation threshold and high conductivity at low silver volume fraction. The
reduced consumption of silver solids in the flexible polymer guarantees a high, unprecedented stretchability (-1000%
maximum strain). Besides, it delivers a superior cyclic durability and maintains conductivity even after a large number
of cycles (> 1000 cycles at a cycling strain of 100%) exceeding the current state of the art. So far, highest values of
stretchability reported in the literature are around 400% - 500% (Matsuhisa, N., et al., "Printable elastic conductors by
in situ formation of silver nanoparticles from silver flakes", Nature materials, 2017. 16(8), pages 834 ff.). However, the
inks mentioned above show a low cyclic stability, and an abrupt resistance increase occurs after 750 cycles at a cycling
strain of 50%.
[0018] The dispersion of the silver particles in the primary phase and addition of the secondary phase can be achieved
using different state of the art mixing devices such as dissolvers, blenders, ball mills, three roll mills or non-contact
planetary mixers.
[0019] The suspension of silver particles in the primary fluid is preferably achieved via a non-contact planetary mixing
procedure employing rotational speeds in the range of 500 to 3000 rpm, preferably 1000 to 2500 rpm, at room temperature
lasting for e.g. about 10 minutes and subsequent three roll milling at a rotational speed between 30 and 300 min-1,
preferably 30 to 80 min-1 fining the agglomeration size down to about 5 mm. The secondary fluid phase is then added
thereto in a subsequent non-contact planetary mixing step lasting for e.g. about 1 minute.
[0020] Preferably, the conductive silver particles have a medium particle size d50 of 0.1 to 50 mm, determined by laser
diffraction in accordance with DIN EN 725-5, ISO 13320.
[0021] Hydrophobic silver particles are added to guarantee a good dispersibility as well as good compatibility with the
hydrophobic PDMS matrix, which is a key to achieve high stretchability and good cyclic stability, because poor compat-
ibility would cause microscopic ruptures between silver flakes and the matrix deteriorating ink performance with respect
to both mechanical and electrical properties. Hydrophobic silver particles are commercially available.
[0022] To be more specific, the reactive polydimethylsiloxane (PDMS) which is transformed into an elastomer by cross-
linking, preferably has a kinematic viscosity between 100 cSt and 60,000 cSt, as determined by capillary viscometry in
accordance with ISO 3015. These polymers are fluid and non-volatile at room temperature and the secondary fluid can
be easily blended in. Two types of preferred PDMS which are cross-linkable and hydrophobic can be used in accordance
with the present invention. One is vinyldimethylsiloxy-terminated PDMS which can be polymerized by addition cure:
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where n can vary between 50 and 2,000 corresponding to an average molecular weight between 6,000 and 120,000 g/mol.
[0023] The other one is silanol-terminated PDMS which can be polymerized by condensation cure:

where m can vary between 50 and 1,800 corresponding to an average molecular weight between 4,000 and 110,000 g/mol.
[0024] As far as the secondary liquid phase immiscible with PDMS is concerned, basically, any non-wetting secondary
fluid with three phase contact angle θ against the suspended silver particles ranging from 90° to 165.3° can create a
capillary state capillary suspension (cf. Koos Erin and Norbert Willenbacher. Soft Matter 8.14 (2012): 3988-3994). The
exact upper contact angle limit depends on the cluster structure and bridge volume, i.e. for some systems the maximum
contact angle may be lower than the theoretical limit stated above. It should be noted that the three phase contact angle
θ is a material property depending on two liquids as well as the solid phase of the ternary system. Particularly, the three
phase contact angle is determined by the sessile drop method in accordance with ASTM Standard D7334. Ag particles
are pressed into a condense pellet and immersed in the primary polymer phase. A secondary fluid droplet is squeezed
out from a syringe loaded above and settles down on the Ag pellet. The typical droplet size used in contact angle
measurements is between 1 and 10 microliters. Droplet shape is recorded by a camera and the three phase contact
angle is determined by droplet profile fitting. Figure 1 shows a schematic of the three phase contact angle θ of secondary
fluid on particles within a polymer phase, θ should fall in the range between 90° and 165.3° to create a capillary state
capillary suspension.
[0025] In the present invention, preferably, the ionic liquid (IL) may in particular contain a substituted or unsubstituted
imidazolium cation, wherein the imidazolium cation of the salt is preferably in the 1- and 3-position or in the 1-, 2- and
3-position with (C1-C6) alkyl groups. More preferably, the imidazolium cation is the 1-ethyl-3-methylimidazolium, 1,3-
dimethylimidazolium or 1-butyl-3-methylimidazolium cation. The anion of the ionic liquid is usually a halide, perchlorate,
pseudohalide, sulfate, phosphate, alkyl phosphate and/or a C1-C6 carboxylate ion, the halide ion being chloride, bromide
and/or iodide ion, the pseudohalide ion being cyanide, thiocyanate and/or cyanate ion and the C1-C6 carboxylate ion
being formate, acetate, propionate, butyrate, hexanoate, maleate, fumarate, oxalate, lactate and/or pyruvate.
[0026] Most preferably, 1-butyl-3-methylimidazolium iodide can be used:

[0027] For example, the IL, 1-butyl-3-methylimidazolium iodide, inferred as a secondary fluid, exhibits a three-phase
contact angle of 119 °on the hydrophobic silver used in this invention with PDMS as a primary phase. The three-phase
contact angle can be adjusted by adding water or ethanol to the IL, e.g. a binary mixture of ionic liquid and water with
weight ratio of 2:5 shows a three phase contact angle of 126°. Pure water has a high three-phase contact angle of 170°
which is beyond the above mentioned θ range and hence water cannot be used to form a capillary suspension. Figure
2 shows the experimental images of three liquid droplets forming different contact angles on hydrophobic silver within
the PDMS polymer phase. Pure IL and the binary IL/water mixture can form capillary suspensions in PDMS while pure
water cannot.
[0028] As mentioned above, the inks according to the present invention can be used for producing highly stretchable
soft electronics by applying the obtained uncured inks on a soft substrate, preferably by means of dispensing, screen
printing, slot die coating, spraying or direct ink writing, and then curing them. After printing the desired structures, curing
is activated by moisture for condensation cure or by thermal treatment (< 200°C) or UV radiation for addition cure, which
finally results in a stretchable and deformable electrical device.
[0029] The inks of the present invention are usable for the following kind of applications:

(i) Sensors: Biomedical sensors for wearable health monitoring for recording real-time data to reflect the physiological
condition of human beings. The inks of the present invention can be used as the candidate of sensing materials.
(ii) Soft robotics: Artificial skin or E-skin enables the robotics with the ability of sensing the pressure, strain, temper-
ature. Data gloves based on the strain sensing captures the motion of robotic fingers.
(iii) Wireless devices: Wireless and portable communication devices such as mobile phones are rapidly growing
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and the antenna in telecommunication systems must be compatible with the soft electronic packaging. The printable
and conductive inks of the present invention allow for complex antenna design and radio frequency to propagate.
(iv) Flexible Solar cell: Flexible thin-film photovoltaic cells are a low cost means to collect solar energy. The inks of
the present invention material can provide good contacting of cells on flexible substrates at simultaneously low silver
consumption. This is decisive in this future mass market.
(v) Soft electronics: The inks of the present invention can be printed into electric circuits integrated in soft robotics,
electronic paper and flexible displays.

[0030] The invention is described in more details, but not limited to the following examples.

EXAMPLES

[0031] In one example, Ag flakes [SF-01C, Great wall precious metals Co.] are taken as hydrophobic, conductive
particles and polydimethylsiloxane (PDMS) [AB109360, abcr GmbH] along with its cross-linker [Poly(dimethylsiloxane-
co-methylhydrosiloxane), trimethylsilyl terminated, Sigma-Aldrich] and catalyst [Tris(dibutylsulfide) Rhodium trichloride,
Gelest Inc] is used as soft polymer. Ag flakes are uniformly distributed in the PDMS matrix via non-contact planetary
mixing and three roll milling. Then, an aqueous 1-butyl-3-methylimidazolium iodide solution (weight ratio of 2:5 between
IL and water) immiscible with the PDMS matrix is added to the Ag-PDMS suspension as the secondary fluid phase. The
volume ratio ρ between secondary fluid and silver solid phase varies between 0.02 and 0.08, making sure that the ink
is curable and no bubbles remain inside the cured sample during evaporation of the secondary liquid. Another mixing
step follows to break up the secondary fluid into small droplets promoting the formation of silver particle clusters. Clusters
containing small secondary fluid droplets drive the self-organization of Ag flakes into a conductive network at a low
percolation threshold of Φc = 8.5 vol%, which is only half the particle loading compared to the state of the art of Φc = 17
vol% (Valentine, Alexander D., et al. Advanced Materials 29.40 (2017): 1703817.; Guo, Shuang-Zhuang, et al. Advanced
Materials 29.27 (2017): 1701218). Figure 3 shows the percolation curve of cured Ag-PDMS ink with the percolation
threshold of 8.5 vol% determined from fitting the following power law equations to the experimental data: 

where σ is the conductivity of the composites, Φ is the volume fraction of silver particles, Φc is the volume fraction of
silver particles at the percolation threshold, t and s are the critical exponents, and σt and σs are prefactors.
[0032] Notably, the initial conductivity is as high as 1100 S/cm at 15 vol% silver, while the corresponding conventional
ink without capillary bridging is still insulating at this particle loading. Furthermore, the Ag flakes act like platelets that
slide over each other when stretched. This allows the conductive path to be maintained while being stretched.
[0033] Tensile tests were conducted to determine the stretchability of the inks. Dog bone shaped specimen were
printed and then cured at 130°C for 1 hour. After curing, tensile strain at failure as high as 1000% is observed for 8.5
vol% Ag-PDMS. Figure 4 shows stress-strain curves from tensile tests on the dog-bone shaped specimen of cured inks
with three different Ag loadings. The maximum strain is up to 1000% for 8.5 vol% Ag-PDMS. The sensitivity of conductivity
change to strain depends on the Ag loading, as shown in Figure 5a. The PDMS ink including 15 vol% Ag maintains
conductive up to 800% of strain. However, the conductivity retains a most constant level of conductivity up to 100% and
then conductivity decreases by orders of magnitude (see Fig. 5b). This allows for its application either as highly conductive
circuit (as long as strain is < 100%) or as a highly susceptible strain sensor for strain > 100%. The strain range in which
the ink’s conductivity strongly changes with deformation, can be adjusted via its Ag content (see Fig. 5a). Accordingly,
Figure 5(a) shows the electro-mechanical properties of Ag-PDMS with three different Ag loadings. Conductivity change
is more sensitive to strain at low Ag loading. The ink of 15 vol% Ag-PDMS is still conductive after being stretched to
800%. Figure 5(b) shows that conductivity of 15 vol% Ag-PDMS does not drop when stretched up to 100% strain.
[0034] Cyclic tests were conducted to determine the durability of the inks. A pure PDMS film of dog-bone shape was
first prepared. Two electrodes of highly conductive silver paste were printed onto the two ends of the dog-bone shape.
Then the ink was printed in the form of a straight filament between two electrodes and cured at 130°C for 1 hour. Figure
6a shows the cyclic durability of 10 vol% Ag-PDMS during cycling load at 100% strain amplitude and a frequency of
0.012 Hz. The applied strain cycles are shown in blue and the black line represents the recorded electrical resistance
in response to the applied strain. After 1000 cycles, the ink maintains a low resistance of 80 Ohm, i.e. it increased by
only about a factor of 4 compared to the initial state.
[0035] The high cyclic durability is important for applications such as elastic circuits exposed to a large number of
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deformations during usage. Figure 6b shows the cyclic resistance change during the first 30 cycles for the 10vol% Ag-
PDMS sample (zoomed area of the rectangle in Figure 6a). Resistance responds instantaneously to the applied strain
and no phase lag is observed between these variables, as shown by the dashed red lines, which implies a good recov-
erability and endurance of ink properties. Figure 6c shows the resistance change of 10vol% Ag-PDMS at two cycles of
stretching/releasing response. The ink exhibits a fully recoverable electrical resistance with negligible hysteresis upon
stretching and releasing the strain.
[0036] Figure 7 demonstrates the characteristics of the inks of the present invention: namely being printable, flexible
and conductive: a honeycomb structure was 3D printed with an ink of the present invention. It conforms well to a round
bottle (a); a circuit was printed on paper. Even the folded (b) and rolled (c) circuit can still light up a LED; a bandage
printed from an ink of the present invention was twisted with no change in resistance (d).
[0037] The performance of Ag-PDMS ink is further demonstrated by a 3D printed strain sensor. Figure 8 shows a
serpentine design of strain sensor, device scheme (a) and stretchable sensor prototype (b) printed by 3D printer from
an Ag-PDMS ink. Copper foils are used as electrodes. Upon stretching, the gaps between conductive silver particles
change resulting in a resistance change, as demonstrated in Figure 9. Figure 9 shows the electrical response of a strain
sensor printed from 15vol% Ag-PDMS (relative resistance change when the sample is subjected to a triangular strain
of 10% with a stretching speed of 0.3 mm/s). The sensitivity of the sensor is characterized by its gauge factor GF =
(ΔR/R0)/ε, where ΔR/R0 is the normalized change of electrical resistance and ε is the applied strain. From Figure 9, GF
≈ 6.2 is obtained which is comparable to other strain sensors also made from PDMS composites but including higher
filler content (Hu, Y., et al., Nano Research, 2018. 11(4): p. 1938-1955).

Claims

1. A highly conductive and printable ink, comprising:

(i) 5 to 40 vol% of conductive hydrophobic silver particles, with respect to the total volume of ink, as conductive
solid phase,
(ii) a liquid primary phase comprising, as a polymer base, a cross-linkable hydrophobic polydimethylsiloxane
(PDMS) which is capable to become an elastomer by cross-linking, and further including a cross-linker in an
amount of 1 to 10 vol% and a catalyst solution in an amount of 0.01 to 5 vol%, with respect to the PDMS base, and
(iii) a liquid secondary phase based on an ionic liquid, with a volume ratio ρ of 0.01 to 0.2 between liquid
secondary phase and conductive solid phase,

wherein the liquid secondary phase is immiscible with the liquid primary phase and does not wet the conductive
solid phase, so that the three-phase system creates a capillary suspension.

2. The ink according to claim 1, wherein the conductive hydrophobic silver particles have a medium particle size d50
of 0.1 to 50 mm, measured by laser diffraction in accordance with DIN EN 725-5, ISO 13320.

3. The ink according to claim 3, wherein the cross-linkable polydimethylsiloxane (PDMS) has a kinematic viscosity
between 100 mm2/s [100 cSt] and 60,000 mm2/s [60,000 cSt], as determined by capillary viscometer in accordance
with ISO 3015.

4. The ink according to any one of claims 1 to 4, wherein the cross-linkable hydrophobic PDMS is selected from a
vinyldimethylsiloxy-terminated PDMS for addition cure:

wherein n is from 50 to 2,000.
or a silanol-terminated PDMS for condensation cure.
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where m is from 50 and 1,800.

5. The ink according to any one of claims 1 to 5, wherein the ionic liquid contains a substituted or unsubstituted
imidazolium cation, wherein the imidazolium cation of the salt is preferably in the 1- and 3-position or in the 1-, 2-
and 3-position with (C1-C6) alkyl groups, and the anion of the ionic liquid is a halide, perchlorate, pseudohalide,
sulfate, phosphate, alkyl phosphate and/or a C1-C6 carboxylate ion.

6. The ink according to claim 6, wherein the imidazolium cation is selected from the 1-ethyl-3-methylimidazolium, 1,3-
dimethylimidazolium or 1-butyl-3-methylimidazolium cation.

7. The ink according to any one of claims 1 to 7, wherein the ionic liquid contains 1-butyl-3-methylimidazolium iodide,
1-butyl-3-methylimidazolium chloride, 1-butyl-3-methylimidazolium bromide

8. A process for producing a highly conductive and printable ink according to any one of claims 1 to 7, comprising:
mixing of

(i) 5 to 40 vol% of conductive hydrophobic silver particles as conductive solid phase,
(ii) a liquid primary phase comprising, as a polymer base, a cross-linkable hydrophobic polydimethylsiloxane
(PDMS) which is capable to become an elastomer by cross-linking, and further including a cross-linker in an
amount of 1 to 10 vol% and a catalyst solution in an amount of 0.01 to 5 vol%, with respect to the PDMS base, and
(iii) a liquid secondary phase based on an ionic liquid, with a volume ratio ρ of 0.01 to 0.2 between liquid
secondary phase and conductive solid phase,

wherein the liquid secondary phase is immiscible with the liquid primary phase and does not wet the conductive
solid phase, so that the three-phase system creates a capillary suspension.

9. The process according to claim 8, wherein the silver particles are dispersed in the liquid primary phase by mechanical
stirring, followed by adding the liquid secondary phase and a subsequent mixing step to break up the liquid secondary
phase into droplets.

10. A process for producing highly stretchable soft electronics by applying the uncured inks according to any one of
claims 1 to 7 on a soft substrate, preferably by means of dispensing, screen printing, slot die coating, spraying or
direct ink writing, and then curing them, to yield a stretchable and deformable electrical device.

11. The process according to claim 10, wherein, after printing on the desired electronic structures, the curing is activated
either by moisture, thermal treatment or UV radiation.

12. Use of the highly conductive and printable ink according to any one of claims 1 to 7 for creating sensors, soft robotics,
wireless devices, flexible solar cells, or soft electronics.

Patentansprüche

1. Hochleitfähige und druckbare Tinte, umfassend:
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(i) 5 bis 40 Vol.-% leitfähige hydrophobe Silberteilchen, bezogen auf das Gesamtvolumen der Tinte, als leitfähige
Festphase,
(ii) eine flüssige Primärphase, umfassend, als eine Polymerbasis, ein vernetzbares hydrophobes Polydimethyl-
siloxan (PDMS), das befähigt ist, durch Vernetzung ein Elastomer zu werden, und weiter einschließend einen
Vernetzer in einer Menge von 1 bis 10 Vol.-% und eine Katalysatorlösung in einer Menge von 0,01 bis 5 Vol.-
%, bezogen auf die PDMS-Basis, und
(iii) eine flüssige Sekundärphase auf Basis einer ionischen Flüssigkeit, mit einem Volumenverhältnis ρ von 0,01
bis 0,2 zwischen flüssiger Sekundärphase und leitfähiger Festphase,

wobei die flüssige Sekundärphase mit der flüssigen Primärphase nicht mischbar ist und die leitfähige Festphase
nicht benetzt, so dass das Dreiphasensystem eine Kapillarsuspension bildet.

2. Tinte nach Anspruch 1, wobei die leitfähigen hydrophoben Silberteilchen eine mittlere Teilchengröße d50 von 0,1
bis 50 mm, gemessen durch Laserbeugung nach DIN EN 725-5, ISO 13320, aufweisen.

3. Tinte nach Anspruch 3, wobei das vernetzbare Polydimethylsiloxan (PDMS) eine kinematische Viskosität zwischen
100 mm2/s [100cSt] und 60.000 mm2/s [60.000 cSt], bestimmt mit einem Kapillarviskosimeter gemäß ISO 3015,
aufweist.

4. Tinte nach einem der Ansprüche 1 bis 4, wobei das vernetzbare hydrophobe PDMS aus einem Vinyldimethylsiloxy-
terminierten PDMS zur Additionshärtung: worin n 50 bis 2.000 beträgt,

oder einem Silanol-terminierten PDMS zur Kondensationshärtung.

wobei m zwischen 50 und 1.800 liegt, ausgewählt ist.

5. Tinte nach einem der Ansprüche 1 bis 5, wobei die ionische Flüssigkeit ein substituiertes oder unsubstituiertes
Imidazoliumkation enthält, wobei das Imidazoliumkation des Salzes vorzugsweise in 1- und 3-Stellung oder in 1-,
2- und 3-Stellung mit (C1-C6)-Alkylgruppen ist, und das Anion der ionischen Flüssigkeit ein Halogenid, Perchlorat,
Pseudohalogenid, Sulfat, Phosphat, Alkylphosphat und/oder ein C1-C6-Carboxylat-Ion ist.

6. Tinte nach Anspruch 6, wobei das Imidazoliumkation aus dem 1-Ethyl-3-methylimidazolium-, 1,3-Dimethylimidazo-
lium- oder 1-Butyl-3-methylimidazolium-Kation ausgewählt ist.

7. Tinte nach einem der Ansprüche 1 bis 7, wobei die ionische Flüssigkeit 1-Butyl-3-methylimidazoliumiodid, 1-Butyl-
3-methylimidazoliumchlorid, 1-Butyl-3-methylimidazoliumbromid enthält
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8. Verfahren zur Herstellung einer hochleitfähigen und druckbaren Tinte nach einem der Ansprüche 1 bis 7, umfassend:
Mischen von

(i) 5 bis 40 Vol.-% leitfähigen hydrophoben Silberteilchen als leitfähige Festphase,
(ii) einer flüssigen Primärphase, umfassend, als eine Polymerbasis, ein vernetzbares hydrophobes Polydime-
thylsiloxan (PDMS), das befähigt ist, durch Vernetzung ein Elastomer zu werden, und weiter einschließend
einen Vernetzer in einer Menge von 1 bis 10 Vol.-% und eine Katalysatorlösung in einer Menge von 0,01 bis 5
Vol.-%, bezogen auf die PDMS-Basis, und
(iii) einer flüssigen Sekundärphase auf Basis einer ionischen Flüssigkeit, mit einem Volumenverhältnis ρ von
0,01 bis 0,2 zwischen flüssiger Sekundärphase und leitfähiger Festphase,

wobei die flüssige Sekundärphase mit der flüssigen Primärphase nicht mischbar ist und die leitfähige Festphase
nicht benetzt, so dass das Dreiphasensystem eine Kapillarsuspension bildet.

9. Verfahren nach Anspruch 8, wobei die Silberteilchen in der flüssigen Primärphase durch mechanisches Rühren
dispergiert werden, gefolgt von der Zugabe der flüssigen Sekundärphase und einem anschließenden Mischschritt
zum Aufbrechen der flüssigen Sekundärphase in Tröpfchen.

10. Verfahren zur Herstellung hochdehnbarer weicher Elektronik durch Aufbringen der ungehärteten Tinten nach einem
der Ansprüche 1 bis 7 auf ein weiches Substrat, vorzugsweise mittels Dosieren, Siebdruck, Schlitzdüsenbeschich-
tung, Sprühen oder direktem Tintenschreiben, und dann Aushärten derselben, um eine dehnbare und verformbare
elektrische Vorrichtung zu ergeben.

11. Verfahren nach Anspruch 10, wobei nach dem Bedrucken auf die gewünschten elektronischen Strukturen die Aus-
härtung entweder durch Feuchtigkeit, thermische Behandlung oder UV-Strahlung aktiviert wird.

12. Verwendung der hochleitfähigen und druckbaren Tinte nach einem der Ansprüche 1 bis 7 zur Herstellung von
Sensoren, weicher Robotik, drahtlosen Geräten, flexiblen Solarzellen oder weicher Elektronik.

Revendications

1. Encre hautement conductrice et imprimable, comprenant :

(i) 5 à 40 % en vol. de particules d’argent hydrophobes conductrices, par rapport au volume total d’encre, en
tant que phase solide conductrice,
(ii) une phase primaire liquide comprenant, en tant que base polymère, un polydiméthylsiloxane (PDMS) hy-
drophobe réticulable qui est capable de devenir un élastomère par réticulation, et incluant en outre un agent
de réticulation en une quantité de 1 à 10 % en vol. et une solution de catalyseur en une quantité de 0,01 à 5
% en vol., par rapport à la base de PDMS, et
(iii) une phase secondaire liquide basée sur un liquide ionique, avec un rapport volumique ρ de 0,01 à 0,2 entre
phase secondaire liquide et phase solide conductrice,

dans laquelle la phase secondaire liquide est immiscible avec la phase primaire liquide et ne mouille pas la phase
solide conductrice de sorte que le système triphasique crée une suspension capillaire.

2. Encre selon la revendication 1, dans laquelle les particules d’argent hydrophobes conductrices ont une taille parti-
culaire moyenne d50 de 0,1 à 50 mm, mesurée par diffraction laser conformément à DIN EN 725-5, ISO 13320.

3. Encre selon la revendication 3, dans laquelle le polydiméthylsiloxane (PDMS) réticulable a une viscosité cinématique
comprise entre 100 mm2/s [100 cSt] et 60 000 mm2/s [60 000 cSt], telle que déterminée par viscosimètre capillaire
conformément à ISO 3015.

4. Encre selon l’une quelconque des revendications 1 à 4, dans laquelle le PDMS hydrophobe réticulable est sélectionné
parmi un PDMS à terminaison vinyldiméthylsiloxy pour vulcanisation par addition :
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dans laquelle n va de 50 à 2000,
ou un PDMS à terminaison silanol pour vulcanisation par condensation :

où m va de 50 à 1800.

5. Encre selon l’une quelconque des revendications 1 à 5, dans laquelle le liquide ionique contient un cation d’imida-
zolium substitué ou non substitué, dans laquelle le cation d’imidazolium du sel est de préférence dans la position
1 et 3 ou dans la position 1, 2 et 3 avec des groupes alkyle en (C1-C6), et l’anion du liquide ionique est un halogénure,
perchlorate, pseudohalogénure, sulfate, phosphate, alkylphosphate et/ou un ion carboxylate en C1-C6.

6. Encre selon la revendication 6, dans laquelle le cation d’imidazolium est sélectionné parmi le cation 1-éthyl-3-
méthylimidazolium, 1,3-diméthylimidazolium ou 1-butyl-3-méthylimidazolium.

7. Encre selon l’une quelconque des revendications 1 à 7, dans laquelle le liquide ionique contient de l’iodure de 1-
butyl-3-méthylimidazolium, du chlorure de 1-butyl-3-méthylimidazolium, du bromure de 1-butyl-3-méthylimidazolium
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8. Procédé de production d’une encre hautement conductrice et imprimable selon l’une quelconque des revendications
1 à 7, comprenant :
le mélange de

(i) 5 à 40 % en vol. de particules d’argent hydrophobes conductrices en tant que phase solide conductrice,
(ii) une phase primaire liquide comprenant, en tant que base polymère, un polydiméthylsiloxane (PDMS) hy-
drophobe réticulable qui est capable de devenir un élastomère par réticulation, et incluant en outre un agent
de réticulation en une quantité de 1 à 10 % en vol. et une solution de catalyseur en une quantité de 0,01 à 5
% en vol., par rapport à la base de PDMS, et
(iii) une phase secondaire liquide basée sur un liquide ionique, avec un rapport volumique ρ de 0,01 à 0,2 entre
phase secondaire liquide et phase solide conductrice,

dans lequel la phase secondaire liquide est immiscible avec la phase primaire liquide et ne mouille pas la phase
solide conductrice de sorte que le système triphasique crée une suspension capillaire.

9. Procédé selon la revendication 8, dans lequel les particules d’argent sont dispersées dans la phase primaire liquide
par agitation mécanique, suivie de l’addition de la phase secondaire liquide et d’une étape de mélange subséquente
pour désintégrer la phase secondaire liquide en gouttelettes.

10. Procédé de production d’électronique souple hautement étirable en appliquant les encres non durcies selon l’une
quelconque des revendications 1 à 7 sur un substrat souple, de préférence au moyen de distribution, sérigraphie,
revêtement par filière à fente, pulvérisation ou écriture à l’encre directe, puis les durcissant, pour donner un dispositif
électrique étirable et déformable.

11. Procédé selon la revendication 10, dans lequel, après impression sur les structures électroniques souhaitées, le
durcissement est activé soit par humidité, traitement thermique, soit rayonnement UV.

12. Utilisation de l’encre hautement conductrice et imprimable selon l’une quelconque des revendications 1 à 7 pour
créer des capteurs, de la robotique souple, des dispositifs sans fil, des cellules solaires flexibles ou de l’électronique
souple.
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