TI TLE OF THE | NVENTI ON Pri ntabl e Conpositions Containing Silver
Nanoparticles, Processes for Producing Electrically Conductive Coatings
Usi ng the Sanme, and Coati ngs Prepared Thereby BACKGROUND OF THE | NVENTI ON 5
100011 There is a demand in principle for electrically conductive structures
on surfaces of objects wth 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 nmaterial on the
surface of the conponent are desirable. Costly conposite problens of
conponents with separate circuits could thereby be mnimzed. 10 In

particul ar, the printing of f i materials with electrical
strip conductors is parti cﬁiﬁ&ﬁﬁggr@yﬁéa&ﬁhe freedom of design of the
whol e conmpopithbI¥ChpdsifibXEdtfning SNV&Nandpatitlds, PPodeiRd &dr PR6duciHe! uenced by
the circuit provided. [00021 The application of copper strip conductors is

known. Theddecthicallyamductive Caafipgs Usihg the tSems anddioatingaPrgpaced Bherelwst | y
deposition and etching processes. Electrically 15 conductive pastes (e.qg.,

conductive silver) which ied to surfaces and are
used for contacting, areBéiﬁﬁ%@R§$&g§g3ﬁﬂ%h§%€8?P3§031_There is particular

i nterest (4ga1pPri Nt i PRerDRY &/ dBKand B4 F{iﬁc%lé forRictrtglly BSnduBfivd¥uB@rddlocess by

whi ch the surface 1s made conductive, the surface of the substrate should
not be heafads oftubjets with padriserfacegopdichivity.eWith, regardissthe cambsictivipn farenper at ur e

of a 20 pol yner surfacg% of the surface material. In addition, no solvent
that di sS¥AMRIS uses inthe infegration of gleefFQpacCIfoHEs BYlR AhelectiARc 498R8E bY[ 00041 Known

pr ocessesmiict a8 RLTHALI 53 1630-B% AR LBohdual daRag.. cagrPensi vely

and with g , are screen I g or o prin processes.

These t Weomp&ae pelemd ENRMPonendd R sdpdfatd @fculte islild IERIbY De @inindigedpr i Nt i ng
subst ance used. 25 Thus it is known to the person skilled in the art that

i nks 18r dypartierar theipointing pesuneess ofifenibletmaeral pwith eleaigicpl stiireanductpisace
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content should no longer be influenced by the circuit provided.
[0002] 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
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 Pas so that good printing results can be

achieved.



achieved. 1 [0005] U.S. Pat. No. 5,882,722 and U.S. Pat. No. 6,036,889, the
entire contents of each of which are hereby incorporated herein by

ref erence, describe conductive fornulations which contain netal particles,
a precursor and an organi c solvent and which only form conductive
structures at a sintering tenperature from 200C upwards. These 5 known
formul ati ons have a viscosity of approximately 10 Pa-s. The fornul ati on can
in fact be used for the printing technol ogi es descri bed (screen printing,
of fset printing), but because of the high sintering tenperature required,
use for application to surfaces of polyners is restricted. [0006]
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i ncor por %Eﬁpofhﬂ{l@d ite hB¥%bY ?rfc%fﬂ%ﬂﬁ@d hedéif ‘F)B'(Pe?@ref]éhr BedcAibé BiRIu¥fiveh Silver
nanoparticles which are Stabilized intef alia with sodiumcellul ose nethyl

car boxyl| iformadatibns Wheheodmoumetal mariicles aptecusecandiaa orgenic sobedt dngdrwhich

post -treat g,ergt eli'fgl by heat, or floccul ants, but né)é the pro SSI ng

t enper at ©P& fgFm cp CH\S%%!U’&W%HE? Swerwﬁéerﬂwe&%@tfm? GRS JO6%% r om ¢ he

f ormulzat i t i, Qut articles
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used and 'S no the size range is ss t han

100 nm  Fa@ be Qsdderoi theprigiihgy/@Ehrdiddidsdesdibed (sfch:en PHeGh D SEFet phﬁﬁﬁ@)]lmﬂ ons is
not nmore than 1.2 wt.% The viscosity of the r|nt|n fornmulation typically

necessar ypeayse pfibe higkjsisterinedemperayrareneesd, ise fa gatmtt@pgrf@gs ¢fPas. The
formulatiop is Ihertefoe not really feasible for screen or offset printing.
20 [ 0007]PPEMEHEIF LTS Pub. No. EP 1586604, the entire contents of which

are her qbone) ncor PHiehesbrAEPAER PR, NEMWDR06H03 903 Gh@BES Pat. AppVRlb, Past e t hat
is conposed Of an epoxy resin, silver flakes and silver nanoparticles. This

past d0f o 260 700%8UES,itheerftiré contadis afreagh offwhiolyarerheceby anmplpacated bareino t he

surface of a base rra eriial and supsequent heat.  treatnent. Resistances of
| ess t harPyseterenes disg %Fﬁrw@ﬂa%w@h/élbveapa@p%@kﬁ wyicharsHabilizaddarens apove

200C. Thi g Ridsodiult &itule hRIRPEAbSRic A8 Th¥se @R fr allGieSEibEHd On Of the

need for post-treatment, e.g. by heat, or flocculants, but not the processing temperature or
the conductivity of the microstructures obtained from the formulation. Furthermore, the

15 accurate distribution of the nanoparticles used and obtained is not disclosed, although the
size range is less than 100 nm. The content of silver particles of the disclosed
formulations is not more than 1.2 wt.%. The viscosity of the printing formulation
typically necessary for the inkjet process provided is approximately 10 mPa-s. The
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/cm 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



printable polynmer substrates. [0008] International Patent Pub. No. WO

2008/ 031015, the entire contents of which are hereby incorporated herein by
ref erence, discloses an aqueous fornulation 2 which also contains silver

fl akes. Conductivities of 0.022 ohnfsquare can be achieved wth this

formul ation at 120C. [0009] HARI MA offers the product line "NP Series

Nano- Paste" which is a nanoparticles-based silver conductive ink with | ow
viscosity. HARI MA, however, gives 5 sintering tenperatures of 210 - 230C.
BRI EF SUMVARY OF THE | NVENTI ON [0010[ The invention relates, in general, to
i nks suitable for the production of electrically conductive printed inmages,
whi ch are hased on nangsca silve articles and 6 at |east e, ,preferably
pol ymeri d’thaT éﬂb?‘g’it%'éf %]déh}t]ﬁieﬁ gﬂn‘g’ﬁgﬁ‘ﬂﬁﬁs" Y nhgy f'%‘ﬁreﬁaiﬁ agieVslocess for

t he ”anuﬂﬁﬁhHEQbﬁﬂﬁ&ﬁﬂﬂn Ygdd ous embodi ments of the present invention can
provi de electrically conéuctlve structures on surfaces by applying such

fornul atijog@]vi a S$TARIBIA offexbgpraptiit tine ENBISaMexNafo-Rstes @thighris at | ng
processes. This can be achieved by an aqueous_ silver-containing fornulation
whi ch, i rhaperfirtiqlesrbasest sjlviereanduetiystink with daw visepsity o HARINH \hgwieverpgivesppl yi ng t o
a surface.hy.screen, fle aph} engraved or offset printing and 15

ul ti n‘gte Sfrﬁé"rgatf’mf’?ra%ffeﬁé’)rﬁggé)fﬁ? tgc’pri nted surface so that a conductivity or

reflective surface is produced. [0011] Prior to the present invention, the

provi si on of conductive SRIENIBUMAISY OFTER. INVENTJORI enent al silver, make it
possi ble to produce conductive structures on, in particular, thermally

| abi | e sUPBEdes usiling infehiet reftessirasaerabtd inks sigtabledbmibt prpduttznd dfeen 20
o D e e O o Bl ABE B st pueption ) nol ude,
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10  process for the manufacture thereof. Various embodiments of the present invention can
provide electrically conductive structures on surfaces by applying such formulations via
screen, flexographic, engraved or offset printing processes. This can be achieved by an
aqueous silver-containing formulation which, in addition to silver, contains at least one
polymer, by applying to a surface by screen, flexographic, engraved or offset printing and
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
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.



containing fornulati ons which can be applied to a surface by screen,

fl exographic, 25 engraved or offset printing and can be sintered to the
surface by thermal treatnment at tenperatures of < 140C, possibly | ess than
100C, to produce conductive structures. 3 [0013] The invention provides a
printable conmposition for the production of electrically conductive
coatings based on silver particles dispersed in water, conprising at |east
a) 5to 40 parts by weight silver netal particles with an effective dianeter
5 of maxi mum 150 nm preferably maxi num 100 nm particularly preferably 20
to 80 nm especially preferably 40 to 80 nm determ ned by |aser

correl ati pectr wherei.n t he ver rt ave in particular a
bi nmodal sl&g]é?dl stri g quW‘%‘)prgﬂd?soa @glt%’l?)%'?%os \f\J%ﬁ ﬁPrQr}]éé{‘Et&}“ d optionally
up to 30 papfcaiy ?f d@ﬁi&mtcoa $ab eI silvEr) palticiek ()tlsg)eljsg’d Mﬁt@r bymp@dight at | east
of an in particular polyner élsper5|ng agent, 5 parts by wei ght
addltlve&tleasﬁteferably 0.5 to 5 parts by wei ght, partl cularly preferably 1

to 4 parts by wei ght addltlves 15 0to parts ght_conducti ve,
optional 'y wat er - s8) il 40 pastspyeyeight %Yeéf‘t?ﬁaélﬁ?‘?ﬂc@s B"ltﬁl@nﬁffﬁgf‘tesdlwt%l ght,
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characCterised in that t ormu par |ght

preferably | to 4 partspRyerdfly 3Q0to 80 RhCpeRally préRrably #0Md §dhnh,0 70 parts by
wei ght nmetal particles vvlth an effective di aeter of maxi mum 10 m in

particular 500 nm - 10 dytepigédhyalober cos’clhimmsmarqsp@yewhomlmtbpplé\rer particles

whi ch are sheathed in silver and a vi sco ast Pa- s.
particles haveqn particular a o¥jal size Jlstrlg tion

b) 50 to 99.5 parts by weight water and optionally up to 30 parts by weight

10 solvent,

¢) 0.01 to 15 parts by weight at least of an in particular polymer dispersing
agent,

e) 0 to § 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 S5 parts by weight conductive, optionally water-soluble polymers,
preferably 0.5 to S parts by weight, particularly preferably 1 to 4
parts by weight conductive polymers

characterised in that the formulation has
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 pum, preferably
silver particles or copper particles which are sheathed in silver,

and a viscosity of at least 1 Pass.
[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 spectroscopy; (b) 50 to



100141 The sum of the parts by weight of the conponents of the fornul ation
isin 25 particular 100 parts by weight. [00151 One enbodi nent of the
present invention includes printable conpositions conprising: (a) 5 to 40
parts by weight of silver nanoparticles having a maxi num effective di aneter
of 150 nm as determ ned by |aser correl ation spectroscopy; (b) 50 to 4 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 filmformer; and (g) 30 to 70
parts by weight of netal particles having a maxi numeffective dianmeter of
10 m as deternined by Iaser correl ation spectroscopy; wherein the printable

conpositi S a v1 |, Pas. . Th f.ectiv ter is

t he aver a?gg f/vg}g g ‘H%%’é?‘h)l(ﬂ@dto% Rags by weight %{ie%?slmfﬁsm%%%e@fr(% ‘@%Ey

(sui tabl g g‘ﬁ@x@%)‘ Woight\SHia fAFERIME:; Snd @) ‘?)QW utts Bl Goedtht BF Hitlal parliB@d.61 Anot her
enbodi nent of the present i nvention incl udes processes conprising: (i)
provi di nghaving alsiximtme effective chnmenenongamu:anmnmnedrbydmocafrehymo any of the
vari ous enbodi nents of, the |nvent| on on the substrate via one or nore of

screen priPRTORPPY1Shareig RfgRTaprhie copRasitiongias R MigPRNB AT BYIRHE 1 RS- Bifd of f set
print '5”9’eff@§l§6(1&ﬁﬁ%{1$g¢] a f:}r%?é i n&gﬁp% de‘?érl@%%%vq?@?&{éh% to forma strip

conduct or the present 1 nvention includes

subst r at @pecti©BPY i(SiitaBle AitadlrBGtifdtfienye. gomldumawumemolmg) prepared by any of
the processes according to the invention. 15 100181 The determ nati on of
size by |[8& corr élnathebﬂnb%h'@?mdﬁéhﬂweﬂest ipmeniian incides prasedses erature, and is

descri bed rticle Size ment s, ., vol . 1,

o ooer adamenbin SR Gtiae 2 bl GDipgnthd h FuRedid AR IR St
i ncor por 8LR6us dxoairRer®Y oM tRE RIVERESR: onlthd Qlbkdee Dﬁ%@glop IHo@bf@EreIﬁ'EnﬁthMENTl ON 20

[00191 As used herein, the singular terns "a" and "the" are synonynous and
used 10i ntt‘f}:xcgrapigepmmgvmngna\iedrpemong, rnd effsa pdntisg; ahd 68} haanageitingthess t he
| anguage and/ or

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.

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.”
[0020] 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, alkyl phenols,



context clearly indicates otherw se. Accordingly, for exanple, reference to
"a dispersing agent" herein or in the appended clains can refer to a single
di spersing agent or nore than one dispersing agent. Additionally, al
nunerical val ues, unless otherw se 25 specifically noted, are understood to
be nodified by the word "about." 100201 D spersing agents suitable for use
in the various enbodinents of the present invention preferably conprise at

| east one agent selected fromthe group: al koxylates, alkylol am des,
esters, am ne oxides, alkyl polyglucosides, alkyl phenols, 5 aryl alkyl
phenol s, wat er-sol ubl e honopol yners, water-soluble statistical copolyners,

t er - sol uhl | ock I t er - sol ubl ft | [ ticul
bol yi nyl 1 aTebRBTEs” BBBIEF LoBrrams: Horsrudh ottty
acet at es,yHRLBUILIVBIIN EdpbiyHRRE watet 8bluble @4t pAIBESIin paflclal Polyviagl atine
derivatives, amno acid polyners, polylysine, 5 polyaspartic acid,

pol yacr ylaidobsls, qppblyetehs/dferoéyvinyl hloniatlesnd godywistl peaates, palylvorygtyeslidone,
pol ynmet hacryl at es, . condensati on products of arom%ti c sulfonic acids with
f or mal delfgtidlose, aishs Sphatwgecdatine drrYatyes, pimig 3¢idRalyBerat RUYYHBGH 0l yner s of

acryl icc I e L1 i 1 yal | yl am nes,
ol y( 3 viPa R o RS B EER polk 1B suihatd, B RO RIorRRLY 2 LY 1

pol yst yr gognidtipeksdatad) doiden oo Gratubiy lof slorRtid vl forioaridswithlSrasldetyidde. [ 00211
The dispersing agent is particularly preferably selected fromthe series:

pol yvi nyIngphthaenedwifenates, ﬁgkin@bﬁmas@x tepplymerdofiscodic neangsleye poletbylgne h

pol ystyrene bl ocks. Pol virf lLpyrrolido wth a nolar ss_of .approxi mately
BO0D amu PUIde o0 2aiRrS R bhumings gob -V Py TAURD, ble ek SarshE it h 2 ol ar
mass of W@&%pél[mhér%%h'ﬂo%ﬁyré& H?éck?yﬁ’d/bﬂ%%d’{mﬁﬂirﬂ&ﬁﬁ afimcHih oxi mat el y
360, 000 amu) from Fluka) ‘ar'e ‘'especially preterably used and particularly

pr ef difablohlomidso bl ock copol yethers with polystyrene blocks, with 62 wt.% C2

pol yet her, 23 wt. % pol yet her and 15 . % pol ystyrene, based, on the dried
di sper si r{gozaléent : \ﬂ%g Hisgerpiggiagens s Vr\?yé?ﬁ@tgf?@}lyc?f}/ E?H)f@t“h@re SEFSC3 pol yet her

of 7:2 %'l)tv?nyq;%m%lldaleé Bﬁ)rchgpojt?thefrg 8{5'@g&'c%gggﬁers%ﬁﬁ&c}lystyrene
blocks. Polyvinylpyrrolidone with a molar mass of approximately 8000 amu to 400,000
amu (e.g. PVP K15, a polyvinylpyrrolidone with a molar mass of 10,000 amu from Fluka

15 or PVP K90 (molar mass of approximately 360,000 amu) from Fluka) are especially
preferably used and particularly preferably also block copolyethers with polystyrene
blocks, with 62 wt.% C, polyether, 23 wt.% C; polyether and 15 wt.% polystyrene, based
on the dried dispersing agent, with a ratio of block lengths C, polyether to C; polyether of
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



20 100221 A solution (b) selected fromthe series: C, to C5 alcohol, in
particular CL to C3 alcohol, ethers, in particular dioxalane, glycols, in
particul ar glycerol, ketones, in particular acetone, is particularly
preferably used. [0023) Suitable filmfornmers (d) can be preferably sel ected
fromthe series: polydinethyl siloxane, polyacrylate, ammoniumsalts of

pol yacryl ates, siloxanes, wax 25 conbinations, copolyners with

pi gnent - active groups, |ow nolecular polyners, nodified cellulose, in
particul ar hydroxyethyl cellul ose or nmethyl cellul ose, carbon nanotubes and
pol yvi nyl al cohol, preferably hydroxyethyl cellul ose, nmethyl cellul ose and

car bon napot ubes. her referred f sel.ected fromthe

Ca D e Stee e LS e p AP EB E) RL BB E b LT om e
Uhe di Spagekngs A9RN VKR ferfROWESer Bk BYRSP: frdn B e ! ate and BYK
154 fromthe sane conpany, the ammoni um salt of an acrylate copol ymer. The
film fornempagy thecammeahisam dak of msam‘ylratc capylymentl reafilmofosmerss {d)i can plseber abl e to

use a conbi nation of hydroxyeth cel lul ose 5 and/or nmethyl cellulose with
car bon nahe? nFey COT@G‘ZE’;Q“SSW% B eéabée@. use § eembigntiongf hygrqxyehukeshilpsesel ect ed

from tshe Safi&sin ﬁ@kaﬁ&%‘%ﬁf&’%ﬁtﬁ es 1 ght stabilisers, optical

bri ght'eners, corrosion ors i oxi dant s, aIgrcrdes pl asti ci sers,

t hi ckener@24qur f ac guaghle Y&diGwdaIE)RA6 B8 preTé}@b@@eibéted/ﬁoin&h@@erries Qigradrty/
preferabtyia reduci ng agent, such as e.g. formal dehyde, glycerol, ascorbic
€

aci d et c.defqnroy, hehtcs@awl@era ept@gb'ecghaﬂnless, mrersenamlblms,@dtlagdmw tive. [00251
Sui t abl e canduct r.ef er abl llected fromthe

seri es: pag$ 9‘3 lﬁ’fgtw'%& yﬂnﬁf"lnF'%egur% @“?P(F ‘Pféaﬂées é%re?gﬂ‘é!ﬁ?r SHREAUR Y ene,

pol ypar a I ol yacetyl ene,
parti cul ?@ 52559%% %%%¥§§ Iene P%geﬁ gﬂgygﬁgggﬁgﬁggﬁron W th

pol ystoyr d?temilﬂelsydefns)eupecnalq‘.y pkefe@abctpmédet; adcﬁtlml t is preferably an "ionic

liquid, in artlcular salts of the %’FE tetraal kyl amoni um pyridi ni um
i mi dazol i 10835)t et r adUKgle sorsuIsHRALYMEEs {1 cart beiseferablietelastrddFam the

series: polypyrrol, polyaniline, polythiophene, polyphenylenevinylene,
polyparaphenylene, polyethylenedioxythiophene, polyfluorene, polyacetylene,
particularly preferably polyethylenedioxythiophene in combination with polystyrene

15  sulfonic 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
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.
[0027] 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



[0026] A particularly preferred fornulation is characterised in that the
silver particles (a) have an effective particle dianmeter of 10 to 150 nm
preferably 20 to 80 nm 20 particularly preferably 40 to 80 nm determ ned
by | aser correl ation spectroscopy. [0027] The silver particles (a) are
preferably contained in the fornulation at a level of 10 to 35 parts by

wei ght, particularly preferably 15 to 30 parts by weight. The content of

di spersing agent (c) is preferably 0.1 to 15 parts by weight, particularly
preferably 5 to 10 parts by weight. 25 100281 It can al so be advantageous if
the particles used are able in the final fornulation to formtight packings

whi ch, even at | ow concentrati.gns and processing .tenmperatures, lead to the
desired CBREFEIES 631 §F BRGNS YRG0t §r SR RrEonausEvIL At PRREME theof ¢ he | ow

concent 1 ai i LI! 6Rike RRSIANTSINGREAN AT bRk O5 CNERe cTEmd BWREiGhNe | evel 7

of particles can be malntai th the same or sim/lar cond Ity, the
| ower ar exfipheiclesas prssible osthe mdteridieis tiesefbiel degirdbbe.mul ati on. A repl acenent of
as large contents by weight of particles as possible by other nmaterials is
t her ef or 40029 r abl dhe jryepign fprbermepeproyigas the ushel the pemprs#iongeeordng use of

t he cenpqsi,ti.on cordin 5.10 the i.nvention for t pI iLon . of

el ect B bbby BARERI Bod¥itif of HRrHBHB it ot s W BRI [ 00s0)
The i nvenRbh@Rtges SO provides a process for the production of strip
conductors which is characterised in that the new fornulation is printed on
a subst r d0@30] sur f adbe irvienigorealscprewidesa pnacésn dor the prodestmplel stripr i nt i ng,

oat et B oMt Bhd b e iy riebion Sooc, o
i i . t I | . .sint
i1 ver papired Htes SRRl ORAUhCHINRR, ShaPREy BIRGALT drkel @indle N 1T o

char aot ermeakst and Hebtagreatdd it pagicalal Mer temperaturcofanadinua f40eC giefesbre. |1t was
surprisingly found that a distribution of this type is 15 advantageous for a
f or mat i ormaimeQ0e.ito eemaveyatenresidusy and aptianglhiesolvants androptignallye si| ver

sinter silver particles present.
[0031] A particularly preferable formulation is characterised in that it uses silver
particles of different size. It was surprisingly found that a distribution of this type is

15 advantageous for a formation of conductive structures even at lower contents of the silver
nanoparticles. It must be assumed that this is caused by filling the intermeshing volumes
produced between the larger particles with smaller ones. This produces larger,
continuous contact areas in the thermal post-treatment of the ink. The resulting
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 —



nanoparticles. It nust be assuned that this is caused by filling the

i nternmeshi ng volunmes produced between the |arger particles with smaller
ones. This produces | arger, continuous contact areas in the thernal
post-treatnment of the ink. The resulting fornulation consequently achieves,
at |l ower mass content, the sanme conductivity of an 20 ink with approxi mately
nonodi sperse distribution at approxinmately the sane effective dianeter, or
a higher one at the same content by nass and the sane effective dianeter.

[ 0032] The invention furthernore provides a substrate, in particular
transparent plastic substrate having an electrically conductive coating

obt ai nabl e froma conposition according to the invention. A substrate in
whi ch t heubdtafifally CbhYinGaAngeetvodat@at 4170 1230 GRNPrelaasy 30 fd §0 gardihct ors with
a conductivity of minimnumb5.105 S/mis preferred. [0033] The

above- degdnmbéed distrifnition e a tencanteation of hée AdWs %, preferabled Sy 3@ wt.ferthel at i on

whi ch co SSI|V articl artic film
formers, ?}&“s“laﬂ eé@\gﬁ:ﬁ Eecff’tpf’l)' 0?35 &e&‘t?eaﬁpégi%ﬁ‘tegﬁgmsnall

si | ver n%@@é?ﬁﬁﬁlhﬁﬂega it ooé %ﬂgﬁga&ﬂesﬁuar ctrofi B PLIBRIRIlBabicY 6 O anet er
of 20 to 80 rim preferably 40 t O nmwt bimodal distribution in a
conceist r avittomsurfacodagpdicdi@onybptitallp Irﬁ’feenmg)llayerﬂ,&otlowﬂﬁ) high.aéhesidrao f or nul ati on
can be applied for exanple to polycarbonate, then dried and heat-treated for
several rAohisabenale, a5 thepgbiaingdC. Hi ghl y adhesi ve, electronically conducti ve

SUructur SRRl Wt M EASEBRRLLER D mARELF B Plodil] Rl avers.

both wt dhesi on ona are en o al ne

silver sof &eclﬂcﬂf)ﬁ"v\@th'ayrem%d mtdiyeh APaquEdRifH Mkl @he dPsaPetitnaE Al b AR A920 by
reducti on vvlth a reduci ng agent such as aqueous formal dehyde sol ution (FA)

after prreevioussaddidion of adispérsmgdgenteFsi thig, g selsmare prpduced hatchyi2O sol s are
produced bat ch e 10. for ex le b ra idm silver. nitrate solution
b ©h T HOR By @PidRreing ety nitet SiaSornyidh P iy e Shsagr B5 L he as
yet Unputllslr%*&%c%ﬁ&@ﬂ hcB&h gtto RS ElaJr%Qﬂlsze& Gerrhdr! té?l‘t' Aitcatidh »8@06 017 696
in a continuous process. Ag20 nanoparticles are then reduced with FA in
excess i rilantaberi 0R006 6$3 69mi1|1 dddntinmdue pyocpsst iThie Adz, O nan@aitialdsuage thgn or

reduced with FA in excess in a batch process and ultimately purified by centrifuging or

by membrane filtration, preferably by membrane filtration. This mode of production is

15 particularly advantageous because the quantity of organic auxiliary substances bonded to

the surface of the nanoparticles can thereby be kept low and furthermore a bimodal size

distribution can be obtained. In particular, no pre-treatment steps, such as e.g. a

prereduction in the presence of polymers, or other post-treatment steps apart from energy

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: BYK Chemie)
(1 g/l) 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



by nmenbrane filtration, preferably by nenbrane filtration. This node of
production is 15 particul arly advantageous because the quantity of organic
auxi liary substances bonded to the surface of the nanoparticles can thereby
be kept low and furthernore a binodal size distribution can be obtained. In
particular, no pre-treatnment steps, such as e.g. a prereduction in the
presence of polyners, or other post-treatnent steps apart from energy

i nput, such as e.g. activation of a precursor system or flocculation, are
requi red. 20 [00351 The invention will now be described in further detai
with reference to the followi ng non-limting exanples. EXAMPLES Exanple 1:

haded & o 2 tem BBt ol Shiaslesasd singoofd, 53'? BaciEles Vel paRaORbE] ng. agont
Di sper bylgnd9Qed E@faféflﬁlﬁtfﬁ%t%fe é?%a@@f@ﬁﬁltraﬁén H{d]t)le §d1 véhs fdnl O by VO' umre of

1:1 and stirred for m nu An aqueous 4.6 nolar aqueous formal dehyde
sol ution cmnmﬂdﬂdort\ohlbllnamemmmemﬂa 36,600uDtoni was used. rA icolipid-otabkabl the ratio
of Ag+ to _reducing agent is S mxture was heated to 60C,_ mai ntai ned

9 at thi $ithaselid spntedt of gP “3<% (ﬁllﬁm@@%&néﬁ@aeré@s@gaﬁ) warprgdvaedclBe wer e
G ot ot ¢ St RetdRISH GRS bRlcHuaf dral s R ERe MEn AT Rian, o v 1

30, 000 Da{ak @RwtWa Baded @ the'sikef ¢ontdit. SAﬁlezﬁ‘mﬁQﬂionWﬁl&n@oﬁﬁkérd:oﬁ@laﬁ&m of 20
wt. % (silver particles and dispersing agent) was produced. The 5 content of

Di sper by lspecg0scopy Bnodkimayer 81&198Pdush gave aaredfeytsvepastidediamkier apEMrrane
filtrati 23 ﬁ$ 6 w.% based on the silver content. An exam nation by neans
of | aser tion spectroscopy (Brookhaven BI C-90 Plus) gave an

effect vogay!) c! o114 Rl ?ﬁlgrﬁAlA%DﬁgtgﬁJgel Fhisplh 21?]19(1(,@1t591aPVP K40

(SI GVA- ALDRI and D sper Addltlves) are
di ssabvedykmdditives) a0 Yestsinesinl \anl 2004 nsfrfo@nllneemﬂrfﬂinee)&amp'i@l 036 pkiet powder
(Metal or K-1332 P) are then introduced into the m xture by means of
ul t r asonipe@wder (Metalor K-1332 P) are then introduced into the mixture by means of ultrasonic
fingers (G. Heinemann, Ultraschal und Labortechnik) at an amplitude of 30% of the
maximum performance. The paste is then applied to a polycarbonate film (Makrolon®,
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

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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fingers (G Heinemann, Utraschal and Labortechni k) at an anplitude of 30%
of the nmaxi num perfornmance. The paste is then applied to a pol ycarbonate
film (Makrolon(r), Bayer Material Science AG by nmeans of screen printing
and heat-treated at 130C. A 15 specific conductivity of 2 x 106 S/mis
achieved. [0038] It will be appreciated by those skilled in the art that
changes could be nade to the enbodi nents descri bed above w thout departing
fromthe broad inventive concept thereof. It is understood, therefore, that
this invention is not limted to the particular enbodinments disclosed, but
it is intended to cover nodifications within the 20 spirit and scope of the
present invention as defined by the ended clains. 10 CLAIMS What is
claimed is: 1. A printable conpositpggﬁg nprising: (a) 5 to 40 parts by
wei ght of i oparticles having a maxi nrum effective dianeter of 150
nm as dé?%??%%@ﬁmﬁﬁg | aser correl ation spectroscopy; (b) 50 to 99.5 parts
by weight of water; (c) 0.01 to 15 parts by weight of a dispersing agent;
(d) 0.5 to 5 parts lby we\ piitaldé cempasitionfoompeisinga@ayls (@30 phts Hyoveightpéirt s by
wei ght of nmetal particles having a maxinum effective dianmeter of 10 pm as
e

det er ni nedlveRnanapasticledhaving parMypeeitact e dippetenpll it i deisrminediby
compost 1180 B85 RGRRLI: B 9% R85 3! el ey IR ERRITITR P e

conposi tion accor ver  hanopar

bi nodal sw\@eigin&;fraid%bisﬁfgjagam; 0. PbisHarth be weNpesd filnd fordet ahdig)got o claim
1, further conprising e) an additive present in an anount of up to 5 parts
by wei ghtto 78 paithby peight efohetalommindesi having aseaxandmnredfectivecdiameterlof HOymp,her

conprisin f).a,conductive polyner present .in an anpunt of. up,.to 5 parts
by et ght deterbinda B Taspcior B SRR o B teer b prio O CAOBIOR AR &1 n ¢ he
dlsper5|ngﬁggﬁygfﬁqgggfpg§ a pol ynmer dispersing agent.

2. The printable composition according to claim 1, wherein the silver

nanoparticles have a bimodal size distribution.

3. The printable composition according to claim 1, further comprising

(e) an additive present in an amount of up to S parts by weight.

4, The printable composition according to claim 1, further comprising

(f) a conductive polymer present in an amount of up to S parts by weight.

5. The printable composition according to claim 1, wherein the

dispersing agent comprises a polymer dispersing agent.

6. The printable composition according to claim 8, wherein the
polymer dispersing agent comprises one or more selected from the group consisting of

block copolyethers, block copolyethers having polystyrene blocks, and mixtures thereof.

7. The printable composition according to claim 1, wherein the metal
particles comprise one or more selected from the group consisting of silver particles,

copper particles sheathed in silver, or combinations thereof.

11



6. The printable conposition according to claim38, wherein the polyner

di spersing agent conprises one or nore selected fromthe group consisting of
bl ock copol yet hers, bl ock copol yet hers havi ng pol ystyrene bl ocks, and

m xtures thereof. 7. The printable conposition according to claim1, wherein
the metal particles conprise one or nore selected fromthe group consisting
of silver particles, copper particles sheathed in silver, or conbinations
thereof. 11 8. The printable conposition according to claim1, wherein the
metal particles have an effective dianmeter of 500 nmto 10 pm 9. The
printabl e conposition according to claiml, further conprising a sol vent

present in an anmou t of parts b 0. Th tabl
conposi ti on accordl ng t(ﬁ‘gp lfgomﬂﬂ%? ‘H’C?rlq gtggil %E‘§ta ne or

nor e CO”H%HQ%%}&@%&%E @gggﬁkﬂ;oggggﬁn@pn§h§;|ng of C1 5 alcohols et hers,

gl ycol s, ‘ket ones m xtures ther The prlntable conposi tion
according to claiml1l, wherein the film fornmer conprises one or nore

sel ected fromthe @ oup Thepsan@ablercgmpbytidryacondimtte slaimdfvthetcongalsing of

pol yacryl ates, sil oxanes, polyethylene glycols, waxes, nodified celluloses,
carbon nahl\ERERrEseHbINAR AMAUNEPIUBI3E Parinky Weight nat i ons t hereof. 12. The

printable conposition according to claim1l, wherein the film forrrer

compr i ses a m xturgeof_anpdihbRLoREbLILPRSANE AR nARGkYRS: 13 The

printable conp05|t|on acco con Uctive pol ymer

conpri sessobft winpméseor&eirafdrcdorﬁ dUd$ Seecliddttdm RSO donsisrig off@lsypyrrol s,
pol yani |l i nes, pol ythi ophenes, phenyl ene vinyl enes, polyparaphenylenes
pol yet hy|aksbolsi ehers, mlm&ﬁeh@tgnespmﬂgmlxatsﬁeth@@ f.pol yacetyl enes, and mi xtures
thereof. 14. The printable conposition according to claim1, wherein the

conductive pol ymer qompukses, ol vehiNLiRNe. dha BARRANGHaR REkKT! yT ene

former comprises one or more selected from the group consisting of polyacrylates,
ammonium salts of polyacrylates, siloxanes, polyethylene glycols, waxes, modified

celluloses, carbon nanotubes, polyvinyl alcohols, and combinations thereof.

12.  The printable composition according to claim 1, wherein the film

former comprises a mixture of a modified cellulose and carbon nanotubes.

13.  The printable composition according to claim 1, wherein the
conductive polymer comprises one or more selected from the group consisting of
polypyrrols, polyanilines, polythiophenes, polyphenylene vinylenes, polyparaphenylenes,

polyethylene dioxythiophenes, polyfluorenes, polyacetylenes, and mixtures thereof.

14.  The printable composition according to claim 1, wherein the
conductive polymer comprises polyethylene dioxythiophene and polystyrene sulfonic

acid.

15.  The printable composition according to claim 1, wherein the silver
nanoparticles are present in an amount of 10 to 35 parts by weight and the dispersing

agent is present in an amount of 0.1 to 15 parts by weight.

12



15. The printabl e conposition according to claim1, wherein the silver
nanoparticles are present in an anount of 10 to 35 parts by weight and the
di spersing agent is present in an anount of 0.1 to 15 parts by weight. 12
16. The printabl e conposition according to claim1, wherein the silver
nanoparticles are present in an anount of 15 to 30 parts by weight and the
di spersing agent is present in an anount of 5 to 10 parts by weight. 17. A
process conprising: (i) providing a substrate; (ii) printing a conposition
according to claim1 on the substrate via one or nore of screen printing,

f | exographic printing, engraved printing, and offset printing; and (iii)
heat-treating the printed conposition.to forma strip conductor, 18. The
process according ti§ cl é‘ﬁﬁqpi“?tg'g\ﬂ?eF‘@Pﬂt‘?%%“ﬂ‘@éﬁgtPtc ilnyhprein &5ileEd out at

a maxi ”“\r}lghglgggﬁélé’stét‘é ﬁre?éntjnf'gp%n;&tﬂﬁ of 1 SHPRS gaRts %zggggmk Lk he dfsgf:ﬁn ctrically

conduct i ting prepared e process ac ng to ¢ 7. 20. The

subst r at eagaftdo ptsdid it £n AhQ@intoll 910 VherBiby vidightel ectrically conductive
coating has a conductivity of at least 5.104 S/m 13

17. A process comprising: (i) providing a substrate; (ii) printing a
composition according to claim 1 on the substrate via one or more of screen printing,
flexographic printing, engraved printing, and offset printing; and (iii) heat-treating the

printed composition to form a strip conductor.

18.  The process according to claim 17, wherein the heat-treating is

carried out at a maximum temperature of 140°C.

19. A substrate comprising an electrically conductive coating prepared

by the process according to claim 17.

20.  The substrate according to claim 19, wherein the electrically

conductive coating has a conductivity of at least 5-10* S/m.
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