TI TLE OF THE | NVENTI ON Pri ntabl e Conpositions Containing Silver
Nanoparticl es, Processes for Producing Electrically Conductive

Coati ngs Using the Same, and Coatings Prepared Thereby BACKGROUND OF
THE | NVENTI ON 5[ 0001] There is a demand in principle for electrically
conductive structures on surfaces of objects with poor surface
conductivity. Wth regard to the conductivity, for exanple, uses in
the integration of electronic circuits into an el ectronic conponent
by inpressing conductive material on the surface of the conponent are
desirable. Costly conposite problens of conponents with separate
circuits could thereby be ma T?# { cular, the printing
of surfaces of flexible naterla S W el ec cal strip conductors is
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conductors is known. These, however, are applicable to surfaces only
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[ 0004] Known processes wth which structures can be applied to
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be used wi [t05]02] The application of copper strip conductors is known. These, however, are
applicable to surfaces only with costly deposition and etching processes. Electrically
15 conductive pastes {e.g., conductive silver) which can be subsequently applied to surfaces
and are used for contacting, are a further development.
[0003} There is particular interest in printing polymer materials. During the
printing process by which the surface is made conductive, the surface of the substrate
O should not be heated above the softening point (e.g., glass transition temperature of a
20  polymer surface} of the surface material. In addition, no solvent that dissolves or
partially dissolves the surface may be used.
[0004] Known processes with which structures can be applied to surfaces
inexpensively and with good throughput, are screen printing or offset printing processes.
These two processes, however, place further requirements on the printing substance used.
25  Thus it is known to the person skilled in the art that inks or dyes that should be used with
these printing processes place minimum requirements on the viscosity of the printing ink.
The viscosity must be in the range above 1 Pa's so that good printing results can be

achieved.



t hese printing processes place m ninmumrequirenments on the viscosity
of -the printing ink. The viscosity nust be in the range above | Pas
so that good printing results can be achieved. [0005]U.S. Pat. No.
5,882,722 and U.S. Pat. No. 6,036,889, the entire contents of each of
whi ch are hereby incorporated herein by reference, describe
conductive fornul ati ons which contain netal particles, a precursor
and an organi c sol vent and which only form conductive structures at a
sintering tenperature from 200C upwards. These 5 known fornul ati ons
have a viscosity of approximtely 10 Pa.s. The formulation can in
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di scl oses a silver paste that is conmposed of an epoxy resin, silver
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typically necessary for the inkjet process provided is approximately 10 mPa-s. The
O formulation is therefore not really feasible for screen or offset printing.

20 [0007] European Pat. Pub. No. EP 1586604, the entire contents of which are
hereby incorporated herein by reference, discloses a silver paste that is composed of an
epoxy resin, silver flakes and silver nanoparticles. This paste forms a conductive film
after printing on or application to the surface of a base material and subsequent heat
treatment. Resistances of less than 5 x 10° ohm/em are achieved at sintering temperatures

25  above 200°C. This high sintering temperature greatly restricts the selection of the
printable polymer substrates.

[0008] International Patent Pub. No. WO 2008/031015, the entire contents of

which are hereby incorporated herein by reference, discloses an aqueous formulation



whi ch are hereby incorporated herein by reference, discloses an
aqueous formul ation which also contains silver flakes.
Conductivities of 0.022 ohm square can be achieved with this

formul ation at 120C. [0009] HARI MA of fers the product line "NP Series
Nano- Paste” which is a nanoparti cl es-based silver conductive ink
with low viscosity. HARI MA, however, gives 5sintering tenperatures of
210- 230C. BRI EF SUMVARY OF THE | NVENTI ON [ 0010] The i nventi on
relates, in general, to inks suitable for the production of

el ectrically conductive printed i mages, which are based on nanoscal e
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surface (e.q.., PVC. ~80C).. [0012] The various. enbqodi nen of .the .
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offset printing and'can be sintered to the surface by thernal
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15 ultimate thermal treatment of the printed surface so that a conductivity or reflective

surface is produced.
[0011] Prior to the present invention, the provision of conductive formulations
which, using elemental silver, make it possible to produce conductive structures on, in
O particular, thermally labile surfaces using offset or screen printing technology had been
20  unknown. Low temperatures in the context of the present invention include, e.g.,
temperatures which are below the glass transition temperature of the polymer surface
(e.g., PVC ~ 80°C).
[0012] The various embodiments of the present invention provide silver-
containing formulations which can be applied to a surface by screen, flexographic,
25  engraved or offset printing and can be sintered to the surface by thermal treatment at

temperatures of < 140°C, possibly less than 100°C, to produce conductive structures.




[ 0013] The i nvention provides a printable conmposition for the
preoduction of electrically conductive coatings based on silver
particles dispersed in water, conprising at least a) 5 to 40 parts by
wei ght silver nmetal particles with an effective diameter 5of nmaxi num
150 nm preferably maxi mrum 100 nm particularly preferably 20 to 80
nm especially preferably 40 to 80 nm determ ned by | aser
correl ati on spectroscopy, wherein the silver particles have in
particul ar a binodal size distribution Ob) 50 to 99.5 parts by wei ght
wat er and optionally up to 30 parts by weight 10solvent, c) 0.01 to
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15f) 0Oto ‘%ggarts by wei ght conductive, optionally water-soluble
pol ymers, ab erably 0.5 to 5 parts by weight, particularly

preferably 1 to 4 parstis 40%aelyoidiaht Qi flefaY SarRQE PR s GRafiRCiSidiged
in that the formul at'ion has d 0.5to 5 parts by

wei ght 5 preferably 1 to of mpaingun b0 wueipgéferably miagkame 100 ma,partendri80 t o

70 parts by wei ght netal rid S.nmMth an.effective di ter of
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viscosity of at least 1 Pass. [0014] The sumof the parts by weight of
th(icorrponents of the fdrHiAeshAEHNPartipyar a bimodal size distribution

b) 50 to 99.5 parts by weight water and optionally up to 30 parts by weight
10 solvent,
c) 0.01 to 15 parts by weight at least of an in particular polymer dispersing
agent,
e) 0 to 5 parts by weight additives, preferably 0.5 to 5 parts by weight,
particularly preferably 1 to 4 parts by weight additives
15 f) 0 to 5 parts by weight conductive, optionally water-soluble polymers,
preferably 0.5 to 5 parts by weight, particularly preferably 1 to 4
parts by weight conductive polymers
characterised in that the formulation has
O d) 0.5 to 5 parts by weight, preferably 1 to 4 parts by weight, thickener,
20 g) and 30 to 70 parts by weight metal particles with an effective diameter
. of maximum 10 pm, in particular 500 nm — 10 pm, preferably
silver particles or copper pasticles which are sheathed in silver,
and a viscosity of at least 1 Pars.
[0014] The sum of the parts by weight of the components of the formulation is in
25 particular 100 parts by weight.
[0015] One embodiment of the present invention includes printable compositions
comprising: (a) 5 to 40 parts by weight of silver nanoparticles having a maximum

effective diameter of 150 nm, as determined by laser correlation spectroscapy; (b) 50 to



25particular 100 parts by weight. [0015] One enbodi nent of the present
I nvention includes printable conpositions conprising: (a) 5 to 40
parts by wei ght of silver nanoparticles having a nmaxi num effective

di ameter of 150 nm as determ ned by |aser correl ati on spectroscopy;
((b) 50 to 99.5 parts by weight of water; (c) 0.01 to 15 parts by

wei ght of a dispersing agent; (d) 0.5 to 5 parts by weight of a film
former; and (g) 30 to 70 parts by weight of netal particles having a
maxi nrum ef fective diameter of 10 pm as determ ned by | aser

correl ation spectroscopy; wherein the printable conposition has a
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printed composition to form a strip conductor.

[0017] Yet another embodiment of the present invention includes substrates

comprising an electrically conductive coating prepared by any of the processes according

to the invention.

15 [0018] The determination of size by laser correlation spectroscopy is known from
the literature, and is described, for example, in T. Allen, Particle Size Measurements, vol.
1, Kluver Academic Publishers, 1999, the entire contents of which are incorporated

herein by reference.

O DETAILED DESCRIPTION OF THE INVENTION

20 [0019] As used herein, the singular terms “a” and “the” are synonymous and used
interchangeably with “one or more™ and “at least one,” unless the language and/or
context clearly indicates otherwise. Accordingly, for example, reference to “a dispersing
agent” herein or in the appended claims can refer to a single dispersing agent or more
than one dispersing agent. Additionally, all numerical values, unless otherwise

25  specifically noted, are understood to be modified by the word “about.”
[6020] Dispersing agents suitable for use in the various embodiments of the
present invention preferably comprise at least one agent selected from the group:

alkoxylates, alkylol amides, esters, amine oxides, alkyl polyglucosides, alky! phenols,



20[ 0019] As used herein, the singular terns "a" and "the" are
synonynous and used interchangeably with "one or nore" and "at | east
one," unl ess the | anguage and/or context clearly indicates otherw se.
Accordingly, for exanple, reference to "a dispersing agent” herein or
i'n the appended clains can refer to a single dispersing agent or -nore
t han one di spersing agent. Additionally, all nunerical values, unless
ot herwi se 25specifically noted, are understood to be nodified by the
word "about." [0020] Di spersing agents suitable for use in the various
enbodi ments of the present invention preferably conprise at |east one
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O 7:2 units (e.g. Disperbyk 190 from BYK-Chemie, Wesel).
20 [0022] A solution (b) selected from the series: C, to Csalcohol, in particular C; to
C; alcohol, ethers, in particular dioxalane, glycols, in particular glycerol, ketones, in
particular acetone, is particularly preferably used.
[0023] Suitable film formers {d)} can be preferably selected from the series:
polydimethyl siloxane, polyacrylate, ammonium salts of polyacrylates, siloxanes, wax
25  combinations, copolymers with pigment-active groups, low-molecular polymers,
modified cellulose, in particular hydroxyethyl cellulose or methyl cellulose, carbon

nanotubes and polyvinyl alcohol, preferably hydroxyethyl cellulose, methyl cellulose and

carbon nanotubes, Other preferred film formers (d) are selected from the group of



[0023] Suitable filmfornmers (d) can be preferably selected fromthe
series: polydinethyl siloxane, polyacrylate, amonium salts of

pol yacryl ates, siloxanes, wax 25 conbi nati ons, copolyners wth

pi gnent -active groups, |ow nolecular polyners, nodified cellulose, in
parti cul ar hydroxyethyl cellul ose or nmethyl cellul ose, carbon

nanot ubes and pol yvi nyl al cohol, preferably hydroxyethyl cellul ose,
nmet hyl cel | ul ose and carbon nanotubes. Other preferred filmforners
(d) are selected fromthe group of dispersing agents nanmed above,
here particularly preferably e.g. the dispersing agent BYK 356 from
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preferably pol yéthyl enedioxXythi ophene in conbi'nation wth polystyrene
15sul fiéni dFoapaldehyde tsosrtaiotly prefesably used apadditiveabl y an "ionic |iquid",

in partic sal tsg0 he e; tetraal kyl a iU rd di pium
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15  suifonic acid. A conductive salt is preferably an "ionic liquid", in particular salts of the
type: tetraalkyl ammonium, pyridinium, imidazolium, tetraalkyl phosphonium with
fluorinated anions.
[0026] A particularly preferred formulation is characterised in that the silver
O particles (a} have an effective particle diameter of 10 to 150 nm, preferably 20 to 80 nm,
20  particularly preferably 40 to 80 nm, determined by laser correlation spectroscopy.
[6027]1 The silver particles (a) are preferably contained in the formulation at a
level of 10 to 35 parts by weight, particularly preferably 15 to 30 parts by weight. The
content of dispersing agent (c) is preferably 0.1 to 15 parts by weight, particularly
preferably 5 to 10 parts by weight.
25  [0028] It can also be advantageous if the particles used are able in the final
formulation to form tight packings which, even at low concentrations and processing

temperatures, lead to the desired conductivity of the printed structure. The requirement

of the low concentration thereby has purely economic backgrounds. The lower the level



| evel of 10 to 35 parts by weight, particularly preferably 15 to 30
parts by weight. The content of dispersing agent (c) is preferably
0.1 to 15 parts by weight, particularly preferably 5 to 10 parts by
wei ght. 25[0028]1t can al so be advantageous if the particles used are
able in the final fornmulation to formtight packings which, even at

| ow concentrations and processing tenperatures, lead to the desired
conductivity of the printed structure. The requirenent of the | ow
concentration thereby has purely econom c backgrounds. The |ower the
| evel of particles can be maintained with the sane or simlar
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i nvention al so provides a process for the production of strip
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printed on a,substrate surface using a screen printing, flexographic
printing, S $¥§W%d printing or offset printing 10 nethod and
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di strilgut imehefant heg-tieypé in martidnid wantapaaus of araxaniho 408C] oefembly

conductive structures even at |ower contents of the si|ver
nanopart i dpamu 1 0035 fo ‘B@O‘é”sg’ﬁfﬁﬁ&“f“r‘i’atﬂ“‘{ ?ﬂt@n?@se g anptiepalittg ¢ he

i nt er meshigfge aldtpesicRE pditped between the larger particles with
smal | er ones. Thi S produces |arger, continuous contact areas in the

t her mal pd883Hr eat mAmpartishilatli ercfankble fokraulatémuit tharagtetioednin ithet it ases silver

of an 20 1T ChEEER L Riavdt U o RDeD S o UF AR pREDEN

appr oxisratsntddssusyanefonhitRmids ¢ehddiipBidtureDive af b @BEIonRAR obdhe biler
same content by mass and the sanme effective diameter. [0032] The

i nvent i on eneRaRisaTo a5 byasgusedthal s iscaysed by Rlligatheiiefaimeshing ¥olumer ent
R i SN
in whi ch tdeatimloectantacadrkys ic drduthalMesteaatneangof the ink. The resulting
O formulation consequently achieves, at lower mass content, the same conductivity of an
20  ink with approximately monodisperse distribution at approximately the same effective
diameter, or a higher one at the same content by mass and the same effective diameter.
[0032] The invention furthermore provides a substrate, in particular transparent
plastic substrate having an electrically conductive coating obtainable from a composition
according to the invention. A substrate in which the electrically conductive coating
25  comprises strip conductors with a conductivity of minimum 5¢10° S/m is preferred.
[0033] The above-described requirements are furthermore fulfilled by a
formulation which contains silver nanoparticles, silver particles, solvents, film formers,

dispersing agents and additives. It preferably contains small silver nanoparticles which —



25 conprises strip conductors with a conductivity of mninmm 5105 S/ m
is-preferred. [0033] The above-described requirenents are furthernore
fulfilled by a fornulation which contains silver nanoparticles,

silver particles, solvents, filmforners, dispersing agents and
additives. It preferably contains small silver nanoparticles which -
substantially - contain an effective dianmeter of 20 to 80 urn,
preferably 40 to 80 nmwith a binodal distribution in a concentration
of 5to 40 w.% preferably 15 to 30 wt.% The fornul ati on can be
applied for exanple to polycarbonate, then dried and heat-treated for
sever al e I e | ect peal l
conduct i vgﬁl%%a‘r%ﬁ%@t r %’gmm gr?%ﬁ*'%ﬁ}% %ﬂéﬁ%oﬁ%@%ﬁs '1“}{ gg?ffg(a)ﬁ],y 4(@8‘?#@2 ! I“%th

refl ecti ng Hiaydl Sistriboidh iwiatcbndeh@hioadhe s 4nwit%, frefesabBr 30030 e1.%aITet hen
obt ai ned. [0034] The silver sols prefer ablé) used in_the formulatjon

are pr oducf%‘@“l’a}*’BﬁF%‘?’(P Wdr@EIE@F}PWO\RPWP?f neledtien dripdge Reat-digeted 208
aqueous T QLyER ARG SOk 6P, (ﬁgin adkeBle, RILEY AUy O R Rl s or

di spersing agent. For this, % sol s are pro uced bat chw se 10
for exanp Ivethtwsurfacm aﬂpknammgnpbéalls|r¢ﬂzeiungda3terrab€h sothuhi ghoad hesiidnito NaOH by
rapid stirr crom xer according to the as yet
unpubl i shé’alyép %rgt 0%5?6"519][ cation with file nunber 10 2006 017
696 in a q@eEs| NUOUSTHY HGESIIs pTéf@rahﬁQ%&dﬂ@ﬂa@ﬂ&ﬂuﬂa@tbﬁ*&mﬁi&iu&&ﬂfhrﬁ ﬁ@}@ed
with FA in excess in a batch process and ultinmately purifi

c e nt ri f ugibiigedyetigwiteatnduciag agent sugh ssaqueqyp Exrmpldphygde wuwﬁéﬁ%ar
(Jrati OR% evidlls %Elﬂ?&eof%f i RAHGEL N R rstm}ﬁﬁe%gzscfs% A i!;g §§§5t?*99?

because t guan ganicc “auxi I'i'ar’y substance
surfac® offodt éxem]a}arbgp@ﬁd m@:he@oﬂsanermlitwtmw:bﬁmamd}bw apid stitsiht hebymr e
a binodal sjze distribution can be obtained. In particular, no

D o- £ 1 cat HERE SSTDRLINGE HARARE 18 e 15 o BH I ahA Go5FeR FAte| GPRICRABIER of
POlymers, ¢ nihiteflo BAS 01776985 EniRiSR BroBRRI Tnd ARD %ggﬁag%lés%ﬁ) Sl

as e.g. activation of a precursor system or flocculation, are
requi red. rétifc@D8E) FAdn exvesiit iabatchplobess end tﬂmn@teky@mrlbaﬂby qenfrifugitgeor
detail wth refere eto I n xappl es.. .
EXAVPLES. VARG oD BTG WA, TGP ThGRE At BOBRHOMS! ar
si | verisni tpaaicBlad P hatah@Beol@ seatdtare din@y BF dttieaddiliady Shbarced Borlded Rr
caustic soda and the dispersing agent Di sperbyk 190 (manuf acturer:

BYK Cheni élye qutfagy ofthq nangpariiglesap fhegeby bﬁiéepéfwlanx_i farprgere rbimodabsize] 0
m nut es. a Spof QL l.Qn, was added
o thi s r QPSR b bl B e L TR S 100 T
reduci ng ggaeduciien ih:tHdpresbhtesofipokinerseonamiser pesadtestnicat HPCaparaiarh anened
3 input, such as e.g. activation of a precursor system, or flocculation, are required.
20  [0035] The invention will now be described in further detail with reference to the

following non-limiting examples.

EXAMPLES

Example 1: (Production of nanosilver)

[0036] A 0.054 molar silver nitrate solution was added to a mixture of a 0.054

25 molar caustic soda and the dispersing agent Disperbyk 190 (manufacturer: BYXK Chemie)
(1 g/1) in a ratio by volume of 1:1 and stirred for 10 minutes. An aqueous 4.6 molar
aqueous formaldehyde solution was added to this reaction mixture with stirring so that

the ratio of Ag" to reducing agent is 1:10, This mixture was heated to 60°C, maintained



at this tenperature for 30 mnutes and then cool ed. The particles

were separated fromthe unreacted educts in a first step by neans of

diafiltration and the sol was then concentrated, for which a nenbrane

wi th 30,000 Dalton was used. A coll oid-stable sol with a solid

content of 20 wt.% (silver particles and di spersing agent) was

produced. The 5content of D sperbyk 190, according to elenentary

anal ysis after the nenbrane filtration, was 6 wt. % based on the

silver content. An exam nation by neans of |aser correl ation

spectroscopy (Brookhaven BI C-90 Plus) gave an effective particle

di aneter gf th%&erﬂ;i@rat@é@m{ﬁm%utes LQORLA éboﬁd ITRMBAHAQ el @;ﬁa @?l’n

and 1.5 Disperbyk 190 (Altana, 10 Byk-Additives) are di ved 1n 15

m  20% nanorsidigdegdugisfin aﬁtsmt@(bbmpb@s of diafitreficpi dndéne spbwmsgher( Met al or

K 1332 P) are then.in duced into. t ure b of oni c
ngors | CERHIER R RERuRE Y A h Sl AR altblesice

of 30% of wifhe: sORK boTeHE @mdm%&ﬂﬁer pamsraa& Uipersing 41Rht) SRR broBkcel OTRe

pol ycar bonate fil m (Mkrol on(r er Mat er 1 al Sci ence AG by neans

of scr den Pt Of Rigperhpk ke pcoopds egentprypealyss aftes thegnemlprane filtration,
conducti v 'VLX F% #bﬁéeé‘%@m@/sm& %orﬂg‘xﬂ' ﬁ}{ %gaml{lé%%ﬁg;/ %'}ea?ﬁ@ #Ias@reco?@f?l{i&% iated
e e mde to the

by those I'ed art that changes cou

enbodi mentspecttesopy (Brooldboane [¥W-20hiR ug) gdermreffeﬂgrefpammadimammﬁm nm.
inventive concegg thereof. It is understood, therefore, that this

i i limted to the particul ar enbodi ments discl osed, but

ention
' % s intg GF[Q@F to cpygpviadid dsg@liaQAB DRI d%dtl%@&%tﬁykr 15 (ﬂﬁﬂ;ascope

of the present inventiron as defined by the appended cl ai ns.
1.A pr1i0nt @o'keﬁdﬁdrvps)wq dispolvsd mrplrﬁ wl 246 nanpsijvesdl GoaGxpapled. 69 gwéveg ht of

sil ver nan KQ e ive di neter
and b moRr LT KT o R bt PEF O BRI on
spect r oscamyers (B)Hdhtbnian, 9(91:;155@@1%3 Lavorisetingihytat f aniy@ingte,of 66% o111 t o 15
parts by weight of a dispersin ent; (d) 0.5 to 5 parts by wejg
of a fil mMasiaE pergm@ance The paste 1s en applied to a polycarbonate film {Makroion

Bayer MaterialScience AG) by means of screen printing and heat-treated at 130°C. A

15  specific conductivity of 2 x 10° S/m is achieved.

[0038] It will be appreciated by those skilled in the art that changes could be

made to the embodiments described above without departing from the broad inventive

concept thereof. It is understood, therefore, that this invention is not limited to the

O particular embodiments disclosed, but it is intended to cover modifications within the

20  spirit and scope of the present invention as defined by the appended claims.
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(g) 30 to 70 parts by weight of netal particles having a maxi num
effective dianeter of 10 urn, as determ ned by |aser correl ation
spectroscopy; wherein the printable conposition has a viscosity of at
| east 1Pas. 2. The printable conmposition according to claim1l, further
conpekise:ng (€) an additive present in an anmount of up to 5 parts by
wei ght. 3. The printable conposition according to claim1, further
conpki si Agrftble gmpesifgueriPUdEpol ymer present in an anount of up to 5
aﬁr ts by (a\r;]\@itgmpms BNARshpEfisiveaRh®a GQE0G g reimatebedtdventprizer afl ai m 1,
erein the_di spersjng_agent.Conpri s i i agent.
The print aBF%““&%’ﬁﬂgg']" ?'5‘% dﬁé“é’%*%”&i ?\%éet %m%lbgﬁéﬁy%?&\?\ﬂdgr%%?ﬁ% ‘g pol yner
di sper si It sapeAs potropweigdsf wates or nore sel ected fromthe group
consi sti ng oo «DisQes of QR ¥EL ABESng sldngCk copol yethers having
pol ystyrene bl ocks an%ﬁm é\t ur es thereof. The printable conposition
accor di n§ %5 =¥ B PrveRtheP SPHOFIRE “Het al  particl es conprise one or
nore sel ggtzedh fopems theeight Fuptt pnislesbavingg B affestivpdisneatred, copper

parti C! es ﬁﬂf’?stogégnililéa by ilaLeV@Jrqua@Jn s%éﬂﬁ@(ﬂﬁ&ﬂ&h& bﬁ&&@fcemﬁﬁ_kl&npri ntabl e
conpesition according to claim1, wherein the netal particles have an

ef fective dPERMSESE BFIESGIATt 0 10 pm The printabl e conmposition
according to ctaim1, further conprising a solvent present in an

amougt OfThf%";R’inEaﬁie %%%ﬁ%%cégeém | A, {%ni@?s‘mraﬁésﬁt@laﬁ SsR WA i On
accoftling'to clarm erein the solvent conprises one or nore
conpound$n 8pustal deitofS et B W&Er oup consi sting of C1-5 al cohol s,

et herzs, ohys@laSle ciaeiotii@Siccoring tdllzidt 1 Rsertcherrisiad (f) a téwidve plvinart abl e
conposition.  accordi ' owherein the filmforner conprises
one or moTE SEred oé'a&?ru%t(rzﬁ#h%bg}"éﬁlhﬁ"consi sting of polyacryl ates,
anmort umTea printabig feompsisiercacyirdingetd claimgly Wskeiag disnsEng aaeply PBAEF ycol s,
waxes, mghéRMnsdlsken@ses, carbon nanotubes, polyvinyl al cohols, and

combignations thereof. 11. The printaple composifti g to
i a L, RETLR e AT aTRG CRo e il T b B RRRO W, (O
cel | ul osesagridescame lvo morsassettethfsem the group consisting of blotk copolyethers, block

copolyethers having polystyrene blocks, and mixtures thereof.

6. The printable composition according to ¢laim 1, wherein the metal particles comprise one ot
more selected from the group consisting of silver particles, copper particles sheathed in
silver, or combinations thereof.

T The printable composition according to claim 1, wherein the metal particles have an
effective diameter of 500 nm 10 10 pm,

8!  ‘the printable composition according to claim 1, further comprising a solvent present in an
amount of up to 30 parts by weight.

Q. The printable composition according to claim 8, wherein the solvent comprises one or more
compounds selected from the group consisting of Cys aicohols, ethers, glycols, ketones, and
mixtures thereof.

&, The printable composition according to claim 1, wherein the filin fdTmer comprises one or

more selected from the group cansisting of polyacrylates, ammaonium salts of polyacrylates,

W



12. The printabl e conposition according to clainB, wherein the
conductive polynmer conprises one or nore selected fromthe group
consi sting of polypyrrols, poiyanilines,‘polythlophenes,

pol yphenyl ene vi nyl enes, pol yparaphenyl enes, pol yet hyl ene

di oxyt hi Opher&g anePan%itL}l%E &ﬁg, wBRb YAGELY L l??é%?s agﬁaq Vﬁk&iﬁb‘éi %%H&@Fr eof .

13. The printa according to c erern
conduct i ve pdicpharang enmpinpassthpispfy et hyI ene di oxyt hi ophene and

pol ystyrene sté heHtuk &ﬁnpdsnaoaéhc&hﬁngna lcmmblu&e@ﬁﬁwsam fofHfhr a66@EAiNg tO

claim1l, V\hern%xtnreggm% RALLI icl 88..ar e present in an amount of

10 to 35 par 'S By R ﬁiFCY a"s?ﬁ“%“d. “6@’“’% fg agent is present in an
anount oft2Q. Trhe armnaglepwnosmwcwed'r@m claim S PHhere’p theneraibites womposinpisen
accor di ng t o0 ot infbrelseleMBFRH e LB csﬂsiseﬁﬁegﬂa%ﬁa@&&waa#.&s pa-lt}fﬁiuﬂ{eﬁ‘e%ent in

t of 15 to 30 d
o ccont i n afMHBLIEES of 784 Lo BATTR =B el GH-"HE A pPOrBgEes

conpri si ng: prigivwepssgpoliasiyigsdsrant mixufes tppefi Nting a conposition
accor di ngs.t 0 164 Ainfhid cMholifie aﬁééhﬁ-k ke 2B ﬁ«e%nd@@ﬁ{}eepoﬂffner comprises

screen printing, flexographic printing, engraved printing, and offset
printing; and’“”(‘?tﬁ’*’fe)’%@%i?‘thPPi&éf ?"ﬂ@“‘i’%“bﬂf‘?ﬂcéﬂd conposition to forma
strip conductros printsle Tdaeotiiod@&ssingbabildl, Woprdirotheditad mndfrticlelhias gedant he

heat - {1 eatl N JSBk 4165 Qb AplTaN) UL SIREHAL HEE 0 k000 oS, A

substrate conprising an electrica ctive coati ng prepared by
t he process &ICOFIPRPYEEET ai m 16, 19 The substrate according to
claim: 18 whey@inabit Renpediea bfcb@Rg toytalkOn) ehiedii tesiiao BdnbiagiclRede presant

conductivity irpafn a%&unlt gf‘?ﬁ ]io Sg'pg'rgsﬂby %eigﬂt and the dispersing agent is present in an amount of

5 1o 10 parts by weight.

1G. A process comprising:
{1 providing a substrats;
(3} printing 2 compesition according to claim 1 on the substrate via one or more of

screen printing, flexopraphic printing, engravad printing, and offset printing: and

(i) heat-treating the printed composition to fotm a strip conductor,

V7. The process according to claim 16, wherein the heat4reating is carried out at a maximum
temperature of 140°C,

18, A substrate comprising an electrically conductive coating prepared by the process according
to claim 16,

161_ The substrate according to claim A8, wherain the electrically conductive coating has a
conductivity of at least 5:10*5/m.
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