2 3FFELD OF THE INVENTION 4 5[0001] This invention relates to
conpositions suitable for use as ink, and nore 6particularly to
conpositions suitable for use as electrically conductive ink. 7
8BACKGROUND OF THE | NVENTI ON 9 10[ 0002] Conpositions for use as

el edtrically cdrldeCTRIGALRY GONDECTIE PRINTABIRGOMPOSITION t s on
the surface of non-conductive materials such as plastics,-glass, some ~ -~
12canposites, etc. Such conpositions typically conprise a solution of
an electrically 13conductive material, such as gold, silver or copper
in ghe formof particles inppepldsatyt IQVENTIORN can be applied

t hrough one of several known printing technologies. 15 These printing
t echnol ogi es i nclude focused aerosol beam technol ogy, sonetines 16
referred to as nmaskl ess nesoscal e material deposition (M3D). M3D may

alsg b din large area printing. 18 . 003]_ Various,ksilver
conduct9dHTivs metRA GRS nliabestip sl i Btk S5 e
printable conpositions suitable for application to non-conductive
subét r &asticularisipemnapsitiopspyitete fosaae plechinadly icandrslive iBht | ssues
have arisen with such 22known silver conpositions, including, for
exaffpl e, inconplete application to the 23substrate, the formation of
pin hole defects, clogging of printing nozzles, difficulties 24with

appi cation to the substBADKGROSIND QP THE NVENTRESN to apply the
conposition. It 3547371

9

10 [0002] Compositions for use as electrically conductive ink are valuable for creating
11  circuits on the surface of non-conductive materials such as plastics, glass, some
12 composites, etc. Such compositions typically comprise a solution of an electrically
13 conductive material, such as gold, silver or copper in the form of particles in the

14  solution, which can be applied through one of several known printing technologies.
15 These printing technologies include focused aerosol beam technology, sometimes
16 referred to as maskless mesoscale material deposition (M3D). M3D may also be
17 used in large area printing.

18

19  [0003] Various silver conductive inks are known, and have enjoyed some success
20  and printable compositions suitable for application to non-conductive substrates,
21  especialiy polymers. However, some intermittent issues have arisen with such

22 known silver compositions, including, for example, incomplete application to the
23 substrate, the formation of pin hole defects, clogging of printing nozzles, difficulties

24  with application to the substrate at startup of a process to apply the composition. It
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1woukd therefore be desirable to provide an electrically conductive
printable 2 conposition where such issues have been reduced. 3
4SUMMARY OF THE I NVENTION 5 6[0004] In accordance with a first
aspect, an electrically conductive printable 7conposition conprises
si | ver veuld itherefore bediegirabis trprayie an elesticaditcondutiivespri@able
surfactant, conprising a hydrocarbon based surfactant, and a second

sur bactoantpostonwhesi s@haisblewhavdbeed redudeact ant . 10 11[ 0005] From
t he foregoing disclosure and the foll owi ng nore detail ed description
of 32various enbodinents it will be apparent to those skilled in the
art that the present 13invention provides a significant advance in

the4jt echnol ogy of electri (‘SetlJ ﬁﬁ?%'lgtﬂ-)@l NLI% bl e conpositions.
Particularly significant |-n—m—rregard—rﬁﬁe—m&entl al the

15i nvention affords for providing electrically conductive printable
con‘gosi tions with 16reduced defects and enhanced resistance to

clogging of printing nozzles. Additional 17 features and advantages
of Qar i[g@J@Jéﬁ@@@owg wiih & fipd aseeck anuleelrisalboepnductive writabigt he

detail ed description provided below. 19 20DETAI LED DESCRI PTI ON OF
CERTAI NoENREDIAVENIrBpridds iR{fcd @ah]cléd, adikpetsingpppanteatsotvent, hmfisst ski | | ed
inthe art, that is, to those who have 23know edge or experience in

thi g arse@faetari essmONiNey atialrodRBYn beeed 3ffademit Whd4 \satbad LOAScARE
possible for the electrically conductive printable conpositions
gﬁjgfﬁ?@%ﬁgﬁ,?é‘é‘g@ﬁgg%& QWhg et ai | ed di scussion of various
10
11 [0005] From the foregoing disclosure and the following more detailed description of
12 various embodiments it will be apparent to those skilled in the art that the present
13 invention provides a significant advance in the technology of electrically conductive
14  printable compositions. Particularly significant in this regard is the potential the
15  invention affords for providing electrically conductive printable compositions with
16 reduced defects and enhanced resistance to clogging of printing nozzles. Additional
17 features and advantages of various embodiments will be better understood in view of
18  the detailed description provided below.

19

20 DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

21

22 [00086] It will be apparent to those skilled in the art, that is, to those who have
23 knowledge or experience in this area of technology that many uses and design
24  variations are possible for the electrically conductive printable compositions

25 disclosed here. The following detailed discussion of various alternate features and
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3547372 lenbodinments will illustrate the general principles of the
invention with reference to a 2printable conposition suitable for use
in printing portions of circuits onto substrates. 3Qther enbodi ments
suitable for other applications will be apparent to those skilled in
4t hé arampodisrentdhwilbbnstfate tbé gehesal grisciptesusfeahe @& iod AithAreference to a
el ectrically conductive printable conposition is disclosed herein

whi gh Eﬁ@mlé%@Enmltﬁineﬁlﬁa'b‘l‘eafdrws%ﬁ%ﬁﬁ’élhg?oﬁﬁi@of%ﬂ@ﬂlt@énﬁj Sitfftrates.
particles in a di sper5| ng 8agent a sol ven a first surfactant

COMRI | hiRgy @nﬁb‘i’ﬁﬂ& Pe%% OB ?ﬁﬁonsa\ﬂﬁi o %p&a%ﬂ{% @g%fe WehiBBin

conpri si ng a UOI’O ase surfactant. osition ca

10appl i 0.a subs rat | ncl udi n | ass, pI astics, and transparent
congucttﬁ?/5"1()%":(‘1{%@1 fi )f(laﬁ.&sgi Scl”ﬁ% silver particles can be

nangparticl es, each haV| ng a diameter of 10 12 to a maxi mum no
gredter than 150 nm for exanple, preferably 20 to 80 nm and 13 nore
preferably 40 to 80 nm such as 60 nm for exanple, as neasured using
a 14Mal[0ed Al Areclesiricatly basddctive phmabfecdnmpisitiaristdiscibsed hersimirpicds .
10- 60% by wei ght 150f the conposition by may conprise these silver

par i cloesnprivseseaarpsieteicaly YoR@udiNewhettbstieh a< siBQHtied e aslispeating
particles are m xed with the dispersing agent The di spersing 19agent

CangConRaht s 8bWed aWH%&Fé%té’rﬁ%ﬂﬁiiél ok fodareséw b§§e§ dLadhAt TRk a

carry| ng 20the silver particles east one

Sl{ L?%%@%@Q*fﬁéﬂaﬁ ?%%@F%Egeasﬂﬁéfa?%%ﬁ%ﬁgﬁ%%@ﬁﬁw %é%ﬂgilg oanbe
22 nDpo r so e ndom co wat er - so| ubl e 0oC

FOPLod 33 A Dsirats: A aIIge 4SS5 shgsRatont aaribiegie ondes,
copo:zners of pol yvinyl alcoﬁols ;Ea:§w§o| EFny?ychtates ponV|nyI
pydtol |f@libﬁ>é¥npl@eT%@ISd§@ patiglesicandes aanenrartiges agactehaving a diameter of 10

12 to a maximum no greater than 150 nm, for example, preferably 20 to 80 nm, and

13 more preferably 40 to 80 nm, such as 60 nm, for example, as measured using a

14 Malvern zetasizer based on dynamic light scattering techniques. 10-60% by weight
15 of the composition by may comprise these silver particles, more preferably 30-50 wt
16 %.

17

18  [0008] The silver particles are mixed with the dispersing agent. The dispersing

19 agent can comprise any of numerous compositions and mixtures suitable for carrying
20  the silver particles, such as at least one of: alkoxylates, alkylolamides, esters, amine
21  oxides, alkyl poiyélucosides, alkylphenols, arylalkylphenols, water-soluble

22 homopolymers, water-soluble random copolymers, water-soluble block copolymers,
23 water-soluble graft polymers, polyvinyl alcohols, copolymers of polyvinyl alcohols

24  and polyvinyl acetates, polyvinyl pyrrolidones, cellulose, starch, gelatine, gelatine

25  derivatives, polymers of amino acids, polylysine, polyaspartic acid, polyacrylates,
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25deri vatives, polyners of am no acids, polylysine, polyaspartic
aci d, polyacrylates, 3547373 1polyethylene sulfonates, polystyrene
sul f onat es, pol ynet hacryl ates, condensation 2products of aronmatic

sul foni c acids and formal dehyde, naphthal ene sul fonates, lignin

3sullf ormatlesthyleop dulfoeates ppolgstyyenec suiomates, polynéinachydten] condensation
pol yvi nyl am nes, 4pol yal |yl am nes, pol y(2-vinyl pyridines), block
copol ygirbauists obla@@haﬁ@selfdrﬂb Relds AMd foraflarstHe! ﬁé\ﬁwthbmb%mﬂéws lignin
pol ydi al I yl di met hyl anmoni um chl ori de. Mre particularly,

160 500 B °‘369@9'E®ﬁ% doFISRAERNES. NI boBiBtines, ¢

| | f F| k
cantbe SENGARE Grafetngr 'a&ﬁ?%'%ﬁwé%'ﬁ%pe@osﬁ%% g
pol ystyrene bl ocks with 62 wt yether, 23 wt% Q

10C3- pcﬂ%%‘-’( weneflecksang/op B‘PWB@I'W@UWWH@WPH'%§Bl96'fjet M@neeoaﬁwér Iy,
di spersing agent, 1lwith a ratio of block | engths C2-polyether to
C3- pol wlhémylpwrdlicmmiwiﬁ"l & snacuaar veighitspebbyk 8000 16 MO IKANE(E @,
Wesel ), for exanple. Such a dispersing agent 13hel ps to prevent

f1 ogcul RYIP & Sofrorpi Fj0RAE ancapdlytinglpgtrotigond alithld meseduldr vieightpitalssitor
l4strength of the printable conposition. Flooding and floating are

redycedsg g@@g\e atlfﬁ @@aWFSkgélfﬂdn% ¥ia) (BR Y PR %é&@'@@r%’iﬁdvggbrﬁtsor

|ncrease g and gl oss are 16| nproved, and m || base 03|ty

ai conoltioch elghel il PoRSAtHE Mo L ER Weio e rBhvs e st
-0 G aeetecPRE LI B Pe SbTERR AR RePhAdD FBATBR siprageing agent,
2let hyl ene gl ycol and 2-nethyl -1, 3-propanediol. The sol vent may be
pr ddentwithatratio ebbleslnieraths 6n-nolyetheriGapolyetierai % bynife(sysh af t he
Cor}gOSIEt)ilsggrbyk 190 from BYK-Chemie, Wesel), for example. Such a dispersing agent

13 helps to prevent flocculation of pigments and therefore stabilizes the hue and color

14  strength of the printable composition. Flooding and floating are reduced, and

15  storage stability of the printable composition is increased. Wetting and gloss are

16  improved, and millbase viscosity is reduced.

17

18 [0009] The sclvent can comprise one or more of C4-Cs alcohols, lactams, ureas, and

19  cyclic ureas. In one embodiment, the solvent is a co-solvent comprising both

20 1,2 propanediol and 2-pyrrolidone. Other suitable solvents include, for example,

21  ethylene glycol and 2-methyl-1,3-propanediol. The solvent may be present in the

22 composition in an amount of 5-40% by weight of the composition.

23

24 [0010] An additional additive may be provided in the composition, and can be chosen

25 from the set of: pigments, antifoam agents, light stabilisers, optical brighteners,
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23 24[0010] An additional additive may be provided in the

conposi tion, and can be chosen 25fromthe set of: pignments, antifoam
agents, light stabilisers, optical brighteners, 3547374 1corrosion
i nhibitors, antioxidants, algicides, plasticisers, thickeners,

sur 1 ac eoamsioreinRikstobs taatiorislant, algicides, AHASHISeréf thickeBASE surface-active
Ludwi gshafen), a water soluble triblock 3copol ynmer of C3-polyether,
C2- pol weibBRinceS3 byt PEN 0400 {ForRBASS, B@W@s%i@hbséﬁﬁ/aﬂﬁ%dmﬁlé(mMQck

is nost particularly preferably used as additive e of inorganic

bas So aﬁgﬁ}ﬂnérsof'\@% lg h?ore Bﬂlgtl Onaﬁ%? b&%tﬁéﬁdﬁu@%%%‘bﬁ oftthdH

of bove or gani c such

trieth 7 th d H

aq fst oo P BE ] TRt BRIGH T S PRI cvlep e pasts
HEOSItIOH remai ns electrically conductive. 9 10[0011] In accordance

a S s Nakrker KQEbEaN makesilker fdnba@rﬁcq;wd@uve at PErAfS.Q8d ehayed

in the conposition. It has been found that the conbination of
sur pactlaersfone| qudionady gnidrgarinttagerstighes triathanel smenappNi dadireathyb
the substrate, the formation of pin hole 13defects, clogging of

pri nti rghaveszingse maiybaliddd avbtple adistdr, appéeéstiid oA df thd bempubisibhait@
14 at startup. The first surfactant can be a hydrocarbon based

SurEaCtlé\Félwh%ﬂé*ihé‘%omb%s%ﬂrreméﬁﬁs @Efecﬁffca% kenyli@hed decyn-diol, an
al kyl di phenyl oxi de di'sul fonate, and a 16dioctyl sodium

sul fosucccinate. Suitable first surfactants conprise, Surfynol 465,
17whi ch contains ethoxylated 2, 4, 7, 9-tetranethyl 5 decyn-4,7-diol,

as wel | t her 18rel at.ed |cha cont ai.n ecndlols
o dhC 08T Aebostanss Vel s P 558*’%@8% ey AN ST ATy
Alr Product.s and Chem cal s, Dowf ax 8390 and Dowfax 20 2Al, supplied
by 1The used itearreaiposiinpanthasheeninmd thet Hieeepmbivatipe of surfactants helps

12 significantly reduce incomplete application to the substrate, the formation of pin hole
13 defects, clogging of printing nozzles, and difficulties with application to the substrate
14  at startup. The first surfactant can be a hydrocarbon based surfactant, such as one
15 or more of an ethoxylated decyn-diol, an alkyl diphenyloxide disulfonate, and a

16  dioctyl sodium sulfosucccinate. Suitable first surfactants comprise, Surfynol 465,

17  which contains ethoxylated 2, 4, 7, 9-tetramethyl 5 decyn-4,7-diol, as well as other
18  related mixtures which also contain decyn-diols such as Surfynol 2502, Surfynol 485,
19 and Surfynol TG, supplied by Air Products and Chemicals; Dowfax 8390 and Dowfax
20 2A1, supplied by The Dow Chemical Company, and other related mixtures

21  containing alkyl diphenyloxide disulfonates; and Aerosol OT-75, supplied by Cytec
22 Industries, Inc., and other mixtures containing dioctyl sodium sulfosucccinate.

23 Generally, ethoxylated/propoxylated acetylenic-based materials can be used as the
24  first surfactant.

25
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21cont ai ni ng al kyl di phenyl oxi de di sul fonates; and Aerosol OI-75,
supplied by Cytec 22l ndustries, Inc., and other m xtures containing
di octyl sodi um sul fosuccci nate. 23General ly, ethoxyl ated/ propoxyl ated
acetyl eni c-based materials can be used as the 24first surfactant. 25
35473753001 2|07 sddundseaatauiarstus baetcamoresofanBuanc-rased safrfaztant such as a
fl uoro-based surfactant such as a 2fluori nated pol yoxetane or a

f1 uor ogluopRatd CodPbXTRAL Or 8hRIroalphatia Rlof/midid Hsep. Serabaimixides
fluorinated pol yoxet anes, can conprise, for exanple, Polyfox 151N and

4 Pql yf ; S roYalW| j ; e 4

Novac. R 1LBRBle o RO At bOSE foRBarBIeT Poo ! T3 et
cont ai i flugrpaliphatic ol I,C_ester Th [ syrf act
ana e nd ot 1446 3 5BIEHbY cinBRV olErEeA% BiouBBTiC 1430 ABYNSVE
conposition in an amunt by weight of | ess than 1% of . the ) ,
BCoﬁpoﬁ%ﬁPp%ﬂﬁﬂ pthe emaBny: arekgthen axixigressemtainied Wé‘i’@ﬁl'pmth he
conposition. 9 10 [0013] The renuai nder of the conposition can

conpri golymers estess el hediystisariactard mndihe sechad sorfpolsint combinedamay be
amount of at |east 30% depending on the application. In 12 addition

t o vhe méssseitié eoposiivanh agesnoGrmoskight b lcekenaedyhef ®ecan have
13hi gher percentage bul k conductivity than many known el ectrically

conguctdoehaitidt anddhBkSprefdiablyBYs Bearfe8o4 Bf B Welght bP#ie®rhpoHttidiP
apply su\(':ﬁﬁp conpositions ?mre 1§ﬂlgi?or y a/{ﬁg cons?@?entfﬁy. b 8
El egtrically conductive printable conpositions as 16 descri bed herein
can”advant ageously be applied to a surface of a substrate such as

179l as astic .or, another material or conbinatio f materials
used aio@% %]ﬁ%qqlnqgg%rangke compos?tgon can comprrtlge water. Water may be present

11 in the composition in an amount of at least 30%, depending on the application. In
12 addition to the aforementioned advantages, compositions created here can have
13 higher percentage bulk conductivity than many known electrically conductive silver
14 inks. This may be due in part to the ability to apply such compositions more

15 uniformly and consistently. Electrically conductive printable compositions as

16 described herein can advantageously be applied to a surface of a substrate such as
17 glass or plastic or another material or combination of materials used as a circuit

18  board.

19

20 Examples

21

22 [0014] Example 1. A composition comprising 16 wt% 1,2 propane diol, 12 wt%

23 2-pyrrolidone, 35 wi% of a Silver — dispersing agent solution of Ag Disperbyk 190,
24 0.12 wt% pluronic PE 10400, 0.5% hydrocarbon surfactant Surfynol 485, 0.12 wt%

25 fluoro-based surfactant Novec FC 4432, and 36.32 wt% water were mixed together.
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19 20Exanpl es 21 22[0014] Exanple 1. A conposition conprising 16 w %
1,2 propane diol, 12 wt % 232-pyrrolidone, 35 wt%of a Silver -

di spersi ng agent solution of Ag D sperbyk 190, 24 0.12 wt % pluronic
PE 10400, 0.5% hydrocarbon surfactant Surfynol 485, 0.12 wt % 25

f 1 uor o-Trasesmpoisifias hadta fNa\ES. F8C FAS Zonmuditidm. Bas whplisvhices Dieatix m xed
together. 3547376 The conposition had a pH of 5.58. The conposition

vas ap i iefalsoPdnteh P 2 83WVelRlidldwith M ®pI fAthe83 1 AesliHaBREG M dehwis
10 pl printhead. A suitable voltage was 3applied and the conposition

compoo PR sy disBimeRinerl Bae RERE) B LR BUVIREREA e, " 0

vent ed oven., Resi st an nmeasur epent s wer e, perforned usin o

St | FAGRTRN A o NES BPPY oY SRH A DR R P GhE NS Y 200 TG one
profilometer. The 7 percentage bul k conductivity of the conposition
on fhe U ay@@t%@vm@&espgawagéu@mw%m@@ﬁrf@rmdi@lm ratio
of conductivity to a pure netal x 100. 9Were the netal is silver,

t he6uninlittissetenoreshéat rpsisteiyt age sty keight veing sarfdoe profilometerO Thiee
conposition exhibited good optical characteristics, and is

essent ipdréanthg@ ®uld corkRichivio) ef thef &thSogitore BAfthé BBPsthite SPANIBNY
el ectron m croscope (SEM mcrographs. 12 13[0015] Exanple 2. A

conposigd s} 9 Q) 9
SRy PR AR € by SPbRdthy S8 Mt 108,
Di sper 190, 0.12.15 wt % pl ur.oni c PE 10400, 0.5 %, hy.dr ocar bon. .
sur Paciliereenal sstysh s e drs Rorestided billr R RBh Ry,
151N, and 36.26 wt % water were m xed together. . ,

100 The composition exhibited good optical characteristics, and is essentially free of

11 pinhole defects as confirmed by scanning electron microscope (SEM) micrographs.
12

13 [0015] Example 2. A composition comprising 16 wi% 1,2 propane diol, 12 wt%

14  2-pyrrolidone, 35 wt% of a silver/dispersing agent solution of Ag Disperbyk 190, 0.12
15 wt% pluronic PE 10400, 0.5 wi% hydrocarbon surfactant Surfynol 2502, 0.12 wt%

16  fluoro-based surfactant Polyfox 151N, and 36.26 wt% water were mixed together.

17  The composition had a pH of 5.6. The compositicn was applied to a substrate in the
18 same manner as Example 1. The percentage bulk conductivity of the composition
19 onthe substrate was 36%. The composition exhibited good optical characteristics,
20  essentially free of pinhole defects, as confirmed by SEM micrographs.

21

22 [0016] Example 3. A composition comprising 16 wi% 1,2 propane diol, 12 wt%

23 2-pyrrolidone, 35 wt% of a silver/dispersing agent solution of Ag Disperbyk 190, 0.12
24 wt% pluronic PE 10400, 0.5 wt% hydrocarbon surfactant Surfynol 465, 0.06 wt%

25  fluoro-based surfactant Novec FC 4432, and 36.32 wt% water were mixed together.
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17 The conposition had a pH of 5.6. The conposition was applied to a
Substrate in the 18 sane manner as Exanple 1. The percentage bul k
conductivity of the conposition 190on the substrate was 36% The
conposition exhibited good optical characteristics, 20essentially

free ofTHy durapesitieh BallS pEf 6EBY.i THE dompoSiidnnivas appiii®: a 8dbaP4teGd 6]
Exanple 3. A conposition conprising 16 wt% 1,2 propane diol, 12 wt%

5o 23Ry ih@SaaRRander 46 Bainche T MR elesheRB A BIRMoRAY W iRD OF A0

Di sper by uroni ¢ PE 10400, 0.5 w rocar bon

sur f act ant rfynol, 46 .06 wt9%.25 f1 uor 0- based surfactan vV FC
2433 shosStioe G In< ot et 1ok st Gl RaPaRgE 388 B0 JiKar
conposition had,a pH of 5.57. The conposition was applied to a

subst r &f‘é"&?Qﬁe'?s’(t%ee§%ﬁ%'ﬁ%%ﬁ§r0fﬁn@éﬁﬁ&?%m§a asreRNTFEEdt gé&" bul k
conductivity of the 3conposition on the substrate was 31% The
composimicergraghs.bi t ed good optical 4 characteristics, essentially
free of pinhole defects, as confirmed by SEM 5m crographs. 6 7 [0017]
Exagpl e 4. A conposition conprising 16 wt% 1,2 propane diol, 12 wt%
82-pyrrolidone, 35 w% of a silver/dispersing agent solution of Ag

and7D 3061 AYExd$Ble 2_% éf?m%éé’(?i&# Hbﬁ’iﬂ#rigir@ﬁ 6040 erépé{ﬁé’/?jmdlf?&%bgg

2
surfactant ‘Surfynol TG 0.06 wt % 10 fl| uoro-based surfactant Novec

a'p ’ﬁ%@@@%ﬁé‘%‘%?f?Yé@‘k&a%‘%ﬁ%%m‘)%éﬁéﬁ‘%E&ﬂioﬂ@%gi?@@%%%Egﬁ,
EX I i V]

13c8mpanl 1 T e UL E.S A% s caman e FES G S Bbhf s DL we

good optical 14characteristics, essentiallg free of pinhole defects,

as l8onfflupre-bapgd spnNeatent Meyge §h4432, and 36.32 wt% water were mixed together.

11 The composition had a pH of 5.55. The composition was applied to a substrate in
12 the same manner as Example 1. The percentage bulk conductivity of the

13 composition on the substrate was 35%. The composition exhibited good optical
14  characteristics, essentially free of pinhole defects, as confirmed by SEM

15  micrographs.

16

17 [0018] Example 5. A composition comprising 16 wt% 1,2 propane diol, 12 wt%
18  2-pyrrolidone, 35 wt% of a silver/dispersing agent solution of Ag and Disperbyk 190,
19  0.12 wit% pluronic PE 10400, 0.5 wt% hydrocarbon surfactant Surfynol 465, 0.12
20 wit%

21  fluoro-based surfactant Polyfox 154N, and 36.26 wi% water were mixed together.
22  The composition had a pH of 5.48. The composition was applied to a substrate in
23  the same manner as Example 1. The percentage bulk conductivity of the

24 composition on the substrate was 33%. The composition exhibited good optical
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16 17[0018] Example 5. A conposition conprising 16 wt% 1,2 propane
diol, 12 wt % 182-pyrrolidone, 35 w% of a silver/dispersing agent

sol ution of Ag and Disperbyk 190, 19 0.12 wt % pl uronic PE 10400, 0.5
wt % hydr ocar bon surfactant Surfynol 465, 0.12 20 wt % 21f| uor o- based

sur flactgharadtelisticyx esbdmiialigricbe36f @Ahvkdafadier asves Bfifiedeidy BEagt her . 22
The conposition had a pH of 5.48. The conposition was applied to a

sub trar}]ﬁ;d) gﬁ sl he same manner as Exanple 1. The percentage bul k
con uctl Vi t@' the 24 conposition on the substrate was 33% The
conposition exhibited good optical 3547378 characteristics,
esséntially free of pinhole defects as confirmed by SEM

2m cro I\/BDa i cation ition
cor’rﬁrl 39%5@5%@%9148 &%—baﬁg‘% §CWBF@ '%?WBPF%JBE? W&é 1\/\%? pqRNg
si |l ver/di spersing agent sol ution of Ag and 6Di sperbyk 190, 0.24 wm %
hy dBocatiblod wis Raerealidosar 4§ ma%e ofssilver/disparsingfagesk solution of ég and
surfactant Novec FC 4432, and 39.75 wt % water were m xed together.

The 68 doigpediyki1@0, bad wt%l-hy«zifro@rlﬁén slifacizoiBosiyhol@602a9 . Gophdecfldro- a
substrate as a 9 focused aerosol beam usi ng M3D aerosol jet

t echnol medadurzé@int N cRT aanbaged 20, WA%@H%?é’hityedeoIdeﬂ%r The

conposition on the substrate was 25.33% The conposition 1Texhi bited

i e
be. SppabEnted peiPsoLpra T Mot affhshLiet Sielay e bt raie percontdge
10 bulk conductivity of the composition on the substrate was 25.33%. The composition
11 exhibited good optical characteristics, essentially free of pinhole defects, as
12 confirmed by SEM micrographs.
13
14 [00207 From the foregoing disclosure and detailed description of certain
15 embodiments, it will be apparent that various modifications, additions and other
16  alternative embodiments are possible without departing from the true scope and
17  spirit of the invention. The embodiments discussed were chosen and described to
18  provide the best illustration of the principles of the invention and its practical
19 application to thereby enable one of ordinary skill in the art to use the invention in
20  various embodiments and with various modifications as are suited to the particular
21  use contemplated. All such modifications and variations are within the scope of the
22  invention as determined by the appended claims when interpreted in accordance

23 with the breadth to which they are fairly, legally, and equitably entitled.
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16 alternative enbodi nents are possible w thout departing fromthe
true scope and 17 spirit of the invention. The enbodi nents di scussed
were chosen and described to 18provide the best illustration of the
principles of the invention and its practical 19application to

t hereby enabl e one of ordinary skilCLAMS$he art to use the invention
in 20 various enbodinents and with various nodifications as are

sui y ed WRattif@Idpselijgul ar 2luse contenplated. All such nodifications
and variations are within the scope of the 22 invention as determ ned
by the appended clains when interpreted in accordance 23with the
breadth to which they are fairly, legally, and equitably entitled.
35473 1CLAI NS 2 41. An el ectrica

contuctl ve. A RIEGRE I oApIA P o EhIE o BRI IaM S BRBR G e SR
particles; 6a dispersing agent; 7a solvent; 8a first surfactant,
corrfz)rl si ng &llygrhastielebon based surfactant; and 9a second surfactant,
conprising a fluoro-based surfactant. 10 112. The electrically
conflucti ve prdispensing agsrgpsition of Caim1l further conprising

12wat er. 13 143.The electrically conductive printable conmposition of
G aym 2 furthaflvenpri sing 15an additional additive, wherein the
additional additive is a water soluble block 16 copol yner.

8 a first surfactant, comprising a hydrocarbon based surfactant; and
9 a second surfactant, comprising a fluoro-based surfactant.
10
11 2. The electrically conductive printable composition of Claim 1 further comprising
12 water.
13
14 3. The electrically conductive printable composition of Claim 2 further comprising

15  an additional additive, wherein the additional additive is a water soluble block

16  copolymer.

17

18 4. The electrically conductive printable composition of Claim 3 wherein the

19 copolymer is a tri-block copolymer.

20

21 5. The electrically conductive printable composition of Claim 1 further comprising
22  asubstrate, wherein the composition is applied to a surface of the substrate.

23
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17 184. The electrically conductive printable conposition of Caim3
wherein the 19copolyner is a tri-block copolyner. 20 215. The

el ectrically conductive printable conposition of Claim1 further
conprising 22a substrate, wherein the conposition is applied to a

surface.of tTe skbiicaly eond@iktivepfditdlfle chmpsitiorl efallaine al Wiyereimthect i ve
printable corrposi tion of Claim1 wherein the 2di spersing agent is one

or Bor &jisderdinBlgant VoMY bF Rldrd @R, p&yﬁh@@%’r@lﬁf&?ﬂe}’ﬁtm@ék cGitlyéthab | prka

copol yet her wi t poI ystyrene bl ocks The electrically conductive

prigta ein t he 6solvent is a co-solvent
corrgrl ?’.“ﬁ%“c‘f@q@éﬁhég‘ﬁ’%@. oﬁsgﬁg}'g b%r rolidone. 7 88.The electrically

conductive printable conposition of claim6 wherein the 9solvent is
one?of et hyl ene glycol and 2-nethyl -1, 3-propanediol. 10 119. The
el ectrically conductive printable conposition of Claim7 wherein the

si | Ver 712par'|fh€t$|§§trl§ﬁ5y sondegtivaanitsiiap e icomnositian oid-laimdaheieinihenet er
of 150 nm 13 1410. The electrically conductive printable conposition
of @l aismlveniieea ebrsdivent compeisirkh p2rpropbesdiat end bl 2+pyrroladoogar t i cl es
havi ng a nean di ameter of 40-80 nm 16 1711. The electrically
conguctive printable conposition of Aaim9 wherein the first

g 8. The electrically conductive printable composition of claim 6 wherein the
9 solvent is one of ethylene glycol and 2-methyl-1,3-propanediol.
10
11 9. The electrically conductive printable composition of Claim 7 wherein the silver
12 particles are silver nanoparticles having a maximum diameter of 150 nm.
13
14 10. The electrically conductive printable composition of Claim 7 wherein the silver
15 particles are silver nanoparticles having a mean diameter of 40-80 nm.
16
17 11.  The electrically conductive printable composition of Claim 9 wherein the first
18  surfactant is one or more of an ethoxylated decyn-diol, an alkyl diphenyloxide
19  disulfonate, and a dioctyl sodium sulfosucccinate.
20
21 12. The electrically conductive printable composition of Claim 11 wherein the
22 second surfactant is one or more of a fluorinated polyoxetane and a fluoroaliphatic
23 polymeric ester.
24

25 13. The electrically conductive printable composition of Claim 1 wherein:
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18surfactant is one or nore of an ethoxyl ated decyn-diol, an alkyl

di phenyl oxi de 19di sul fonate, and a dioctyl sodium sul fosucccinate. 20
2112. The el ectrically conductive printable conposition of Oaim11
wherein the 22second surfactant is one or nore of a fluorinated

pol yoxet ane thafirst slifaotamtis piabr moz2@pd Synfynoc2 532, Surfyné| 283,35 dinol TG,
el ectrically conductive printable conposition of Caim1 wherein:

354337&1%613465 rDbwhK $300, @Bwﬂa& TN ABRGSH T-281 Aol 2502,
Surfynol 485, Surfynol TG 2 Surfynol 465, Dowfax 8390, Dowfax 2Al

and; Aer osol eGn

Pol §f ox 151|\flg 55?0'?%9?%%& vecgrﬁééé A O’J ﬁ@@i‘i’@&@%’%ﬂ‘? Movec
614. Th ri cond ive printable corrp05|t|on of Caiml
whef ei %éﬂggé r@ﬁﬂ@&p 6@ lg‘ﬁ? of the conposition are the silver
particles; 80.1 to 15 wt % by wei ght of the conposition is the

di spersing agent; 95-40 wt % by wei ght of the conposition is the
solvent; and 10the first surfactant and the second surfactant

conbi ndd. ar e'Heeglectrically tonddstive printdide wengiusitoh efHelagoripekétsiron. 12
1315. The el ectrically conductive printable conposition of Caim1l4

gzzg;gzat l1eRs0 W% BPweldht by tetanbositioh ee enpinertiapiciés water. 15

8 0.1 to 15 wt% by weight of the composition is the dispersing agent;
9 5-40 wt% by weight of the composition is the solvent; and
10 the first surfactant and the second surfactant combined are less than 1 wi% of

11 the weight of the composition.

12

13 15. The electrically conductive printable composition of Claim 14 wherein at least
14 30 wt% by weight of the composition is water.

15
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