NANOW RE | NK COMPQCSI TI ONS AND PRI NTI NG OF SAME CROSS- REFERENCE TO RELATED
APPLI CATI ON This application clainms the benefit under 35 U S. C
119(e) ofwO.2812/0Be228i si onal Patent Application Nos. 61/ 406TaB2011/0513eT

Cct ober 22, 2010, and 61/513,983, filed August 1, 2011, which applications
are incorporated herein by reference in its entirety. BACKGROUND Techni cal

Field Thi s disclosure is related to ink conpositions conprising
metal lic conductive nanow res. nk cog$03|t|ons are suited for printed
el ectronics by gr aUéN@W#RFeN“’gPQMPQSQAQN ANRPPRHINTING &Y. SBMri ption of

the Related Art Printed el ectronics represents an alternative
technol ogy to the conventional chip-based manufacture of electrical or

el ectronic c@R@ﬁﬁ?RtEfERESN%TQ BBLAT EFBARRIIE4 TION mat | pri nted el ectronic
Lechnol oay rakes 1t pasal Bl Gcl GAISSRe BARMRL-BLES [0S jog gpoe area

flexi ble substrates. In par ar, conv ng~pr sses such as
cont i nuous r 0l3.-Rrovisiohsl RutemttAppdication Nes. &d CH6eIB 2 ﬁlearomml 22| 2eto,onics to

further reduce uring cost rove t hroughput. I nk
conposi t i onsa'&%g?sﬁlé%% f@ 8%‘?"\%%9&;11%?%%9@'&?\“% Qfgé‘icé’ﬂo%ﬁteg w de range

of rigid andhérlewg,p,leeergH(lg@w,@t&ﬁ,rétp provide transparent conductive thin
films or coatings.” When suitably patterned, nanow re-based transparent

conductors are used as transparent electrodes or thin filmtransistors in

flat panel ebﬁ&krc%@uﬁﬁl c displays such as liquid crystal displays (LCD),
pl asma di spl ays ouch panel s, el ectrol um nescent devices such as organic

light emtting diode (CLED), thlnfllmphotovoltalc cells (PV), and the

i ke. O her %Egl ! CEH igs of the nanow re-based transparent conductors

i ncl ude anti ers and el ectromagnetic wave shi el di ng Iayers

Co- pendi ng and co- ownehidyissiofint KielABPld BRICOAPSASHS dthSdhPriéta
11/ 766, 552, 11/871, 767, 11/871, 721, 12/380, 293, 12/ 773, 734, and 12/ 380, 294

descri be var cmch@nme% fitwe I@lymmecsﬁltzqns@r@@nm;tﬁorpentﬁérﬂmtrpe@S(e g.,
silver nanow.r | ms via a nunber of coating or
L Vel W%gr;e?vurlegfns c?da%%rﬂc %R{PSH&& offftif ¢ .

printing net ese Ications "are Y ncorporated herein by reference
intheir entireties. Dependi ng on the printing nethods,

nanow re ink COﬁ?le &ns a}re ofEen formul ated to address specific

requi renents y and wettability. SUMVARY

Described herein are sigdfelbbtttHich fepfe¥eh@tdroftermaive’ ééHﬁo%W@%\et' ons")
containing silver nanow res and nethods of printing the samé for providing

transpar ent @wub@ma}@h@dmsed@wnm@we of eleciriegboraglectipnes eampanentscD and
pl asma di spl gyg, A%, 'nébagggg%]r@mté@@lb FERik écﬂﬂolggﬁﬂm%ké%@@ééub@”d PV

devi ces. fovi es an onposi tion
conpri sing: & wbdued fobystodlectietinéds dnaanmtareatfwx&ﬁe smmra&rs noparticuae,o0si ty
ifi ous UI d carrier inc vvate[ and one or nore

Nat er - soi bFNEBIAH PRI Paresser suphes Gatkiiops TelGuol soneEay el gh
percent age ofddhed ROMRRES eleb®dhics ©FUFh& reduce manufacturing cost and improve

throughput.

Ink compositions comprising conductive nanowires can be coated

on a wide range of rigid and flexible substrates to provide transparent

conductive thin films or coatings. When suitably patterned, nanowire-based

transparent conductors are used as transparent electrodes or thin film

transistors in flat panel electrochromic displays such as liquid crystal displays

(LCD), plasma displays, touch panels, electroluminescent devices such as

organic light emitting diode (OLED), thin film photovoltaic cells (PV), and the



I n various enbodi nents, the aqueous ink conposition further conprises one
or nore surfactants, or one or nore adhesion pronoters. I n
vari ous ewbadizmset2s8, t he co-sol vent of the aqueous i nk ECEUS201LI0STIOT S

met hanol , et hanol, n-propanol, i-propanol (I1PA), n-butanol, ibutanol,
t-butanol, or propylene glycol nethyl ether. I n various

enbodi nents, the aqueous ink conposition i ncl udes water and the co sol vent
inawwratjo of 1.2, , or in the range from1l1l:2 to

In yet furthée: e@r@@ﬂ?%ﬁ?téonst@féh%?%qw'%ﬁ%%etdrttﬁﬂsﬁﬁ@é‘t Q‘Préjuaciqr%é}‘:“de
nanost ruct ur g&ti k@t Pd}aﬁ‘ssarﬁi‘el@ctﬂdnle@ne%c%a%@sh%{dln#}a%@s or 1-4% by wei ght

percentage of the ink conposition n-ot her enbodi nents, the
viscosity nodifier is Gorpensiyparpgo- nmmamtb&meots%pmsmmms

hydroxypropy S I ' I t han
gum poI yvi nyfgg{lgbgoﬁM??E% ms/ﬁ'eil fe{%&lﬁfﬁs ‘Jﬁbc? kyé/z%ﬁ uI ose,
pol yvi nyl pyr 12880204 dd3vfhe varios acmrduclhas mrsyhimesuemfg conductive

vari ous enbodi nents, the aqrueous i nk conposi tlé)n I\él%?lcom ty in thefrange of

1-1000 cp. Nanowires'(e.q., Shugr RANOMEP) BFRRSHNASARIYSENG filfesvig a

conpri si ng: %&%b%r%ﬂn%fﬁm@lﬁo@guﬁé% bPKica BoMOSb ik QRpGaBRNHetEiRGy @
plurality of metal nanostructures, one or nore viscosity nDdlflers and an
aqueous | i quiedereaee ingheir ghtetiés t he aqueous liquid carrier i ncl udes 40- 60%
of water; and printin phy onto a
printing substrate. Q)etpréﬁdfna%nQRg\Bﬁﬁfur{d@r@thgﬁ% aaah ?'rﬂ{%@r%@&%s%;% organi c

i nk conposi t aenpftebdopnulsieddo addigssspbdifio/reglirombats soanas inkustabilitgandone or
nore vi scosit nDdlflers and a non-aqueous liquid carrier. In
vari ous enbo PH%tHH t he non-aqueous liquid carrier conprises a primry
organic solvent. In further enbodi nents, the primary organic solvent is

nmet hanol , et hanol, n-propanol, i-propanol (IPA), n-butanol, i-butanol,

t but anol , pr 8pPMMARYgl ycol nethyl ether, propyl ene glycol, or ethylene

gl ycol . I gueous liquid
carrier further conpr |%§§ﬁ%%&ﬁ%§[nt?er\g%?%lgﬁﬂ}(§for{5m%t'gﬂgzogoﬁﬁt of nore than

180C. | n f ur tdrapostidrst) cortdising tsh&r@ddow:rereeamd;mptmgIoépﬂntgigﬁhelsamesophor one,
benzyl al cohol, terpineol, N-oct rrolldon or di propyl ene col nethyl
ot hot for providiRg RS gastareri o hiy Y ris0at o Lok RESTHIAe RARUEEY ot ur ge

are silver npaPHErdYtadtheaishbRys aaRs! & ofyahichiyht @m&nrfbo/mo@e @O@E@&ﬁar@r 1- 4% by
wei ght percentage of the ink conposition. I n ot her

enbodi nment s, PVitigvigescosity nodifier is hydroxypropyl met hyl cel | ul ose
(HPMO) hydr oxypropyl cel | ul ose,
xant han gum pol yvi nyﬁ%% é‘r%ﬁ&ﬁm%car bV'dgEtahyaﬁu\gg ﬂk%ﬁﬁ?gﬁ%dr oxy et hyl

cel l ul ose, pobmpriising: pwslumlhiyctﬂrmeaetéll?\dﬂ))strmtur@sp@rm:)ombtmnsddsey er@fdnﬂer

A further enbo qd]l ment I‘OVI des a risjin provi ?n aqueous

1N
i nk conposi t PEHaLSRPE ‘§ ljgyid %?%?UP%IP??WV‘@? RN %rPér‘i‘&%rPr"Yﬂi? urr“é9§'b ©ptional Iy

one or nore §&%6I@6ﬁt§”\hﬁereﬁh b SRS 1§ MoHRAUL6®h byadga pRiEndséestuse | i qui d
carrier; coating the non-aqueous ink conposition on a blanket roller;

form ng a pafdvaavediqdidLering- | ayer on the bl anket roller by pressing t he
bl anket roller on a pa F&Eder%d%bﬁ‘@s q@eg&é‘%k%%%&%ﬁ'fd}%etrhe

patterned coating | ayer o a prin
comprises one or more surfactants, or one or more adhesion promoters.

In various embodiments, the co-solvent of the aqueous ink
composition is methanol, ethanol, n-propanol, i-propanol (IPA), n-butanol, /-
butanol, t-butanol, or propylene glycol methyl ether.

In various embodiments, the aqueous ink composition includes
water and the co-solvent in a w/w ratio of 1:2, 1:1, 2:1, or in the range from 1:2
to 2:1.



BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS In the
drawi ngs, identical reference nunbers identify simlar elenents or acts.
The si zesweandivmskasi ve positions of elenents in the draRCmgs2@nes1301
necessarily drawn to scale. For exanple, the shapes of various el enents and
angl es are not drawn to scale, and some of these elenents are arbitrarily
enl arged and positioned to inprove drawing legibility. Further, the
particul ar shapes of the elements as drawn are pot intended to convey any

i nformation regardi ng 't K&t f%?%ﬁm%%'ﬁ@r‘ﬁf ’fhPHB?tﬁb'ﬁrloéHP%tHreél FESHYE, and have
been sel ect efa&l@biird O BRGS &10.1-4908M-44.00 115518 dLAYLYYight o
Figure 1 schematically shows reverse offset printing of an ink conposition
accor di ng t opengeeiabedf therink composition. Figures 2 and 3 denonstrate a

transparent conducti Ve, H*{??]Sﬂn(r%(rggﬁ'g%w nels %gﬁésﬁtg%éd?ﬁé{r% according to an

enbodi nment . OWs~ a structure filmformed by
gravure pri nhydrgxygprogylrsethytcatiulessitHPME), tgaraxgplopgisellulose (HPC), methyFi gures 5
and 6 show, as conmparison, gravure printing of 100% aqueous | nk

conpos: 11 on. cSfoss, Syl colldpsg AR BRI MATAS B Ras A BOR, MERYLUr e pri nti ng
of non- aqueogsuidye, FYIFBRFEthYRRIIulose, polyvinylpyrroliiEHE @V SHOYEombiRatider ned
transparent conductive film formed by reverse offset printing on a gl ass
substrate actereiifng to an enbodi nent . Figure 9 shows a
patterned transpar ent condleting, fibEM-Ome RLBNk Bl LAITERORYisGEYE/Re Of fset
printing of an organi c i nk Cofrpositron’ having 2. 5% Water .

Fi gure 10 shthwesraageaf 1-@00@dPtransparent conductive filmon a bl anket forned

by reverse offset prinin f an organic inpk co si.tion having 2, 5%
hi gh- boi i ng poi nt gda%%?sgt%emﬂ?@' n s ’&f%_od comprising: F_’r%ﬂég‘@ri bed
herein are shabhfahhidBlisdnk 85MBbRidPESMSRAMA! Npieali®) bREtaNanow res and

met hods of making and printing the sanme. Agueous or Sem - Aqueous | nk
In certain endafliveiyres, onaer Meke ¥icaRRIYiNOdRIS aansl magyasusdiabig oariared f or

gravure printing. f ) LNt P60V i f.orm. atterned
conducti ve f%’bﬁ%@%ﬁ%@@%%ﬁ%g%@%wﬁ@? ?%g @e@éﬁﬂﬁgﬂo@sntd uc "825 teh% The i nk
conposi tion ink coatpawitiah &¢ gravups ovila@graphytoath & ipkintig $ubsebtect ri cal
conductivity and opti ca{y tﬁrogﬁ)t i.,es (light transm ssion and haze) that
satisfy the product spe&tf BHEeNbProvidgs 8P Areaic Bk&OMPealieni n’ devi ces
such as LCD, cé?ﬁﬁr%iﬁgj’!% ;ﬁb/raﬂ?'df%etéﬂ%%&r@&%’sfbr@o@nb@ Wb&Rity modlifiers;
conposition,” also referred to as "coating formulations,"” "ink" or "ink

f or nul at i onsand psopraaveats kquid carggd-t o- print by the printing nethods
descri bed herein. . . u ringi A . i nk
fountain cylinder is érﬁé?%%ués'qer?%&%'%rgm%aﬁ%irﬁ)ﬁﬁéyqeﬁgisIrll a{g??@ﬂ ?‘E@B%'%éagl i 0
i mage i s def ampechaby ogahicsobentvelnl fartiedradmetsbdimentst the peiylarydeyansusdhvane. Each

cell is sized to contajn redeternm ned a t of ink. Ink is supplied to
the cel | s byiSnonAROl 8Aed frProRanPhéPERRPPAGLPAY Bibute) ioianebil < ar
flooded w thbbt@hol?ﬁ%p&i&ﬂe?WeB%Sth’?ﬁétH@@'br dre diycon P ethysd ydy. a doctor
bl ade. Ink is discharged fromeach cell and transferred to the snooth

surface of an el ast onet et Gheriebodimenisethetnonaquegns fiewid egirienésiner The
bl anket cont ?%r%@rri]%s’s@ﬁé VBRI BoifMf Hoifforndrs! s Pave. LR sbhdrps er the

i nked i mage ubstrate.
embodiments, the additive is propylene glycol, isophorone, benzyl alcohol,

terpineol, N-octylpyrrolidone, or dipropylene glycol methyl ether.

In yet further embodiments, the metal nanostructures are silver
nanostructures in ranges of 0.1-1%, 0.1-4%, 0.1-1.5%, or 1-4% by weight
percentage of the ink composition.

In other embodiments, the viscosity modifier is hydroxypropyl

methylcellulose (HPMC), hydroxypropylcellulose (HPC), methyl cellulose, ethyl



The fl exographic printing process provides a sinplified ink distribution
system In flexograph printing, an anilox or ink netering cylinder is

et ched nmewbani2ombizg with cells or wells using a knurl edPoadatses11oyi3nonder .
The netering cylinder is flooded with ink at the ink fountain. The cells
are sized uniformy so that each contains a predeterm ned volume of ink. A
netered anount of ink is accurately distributed by the cylinder to a

f | exogr aphi c r| nhg@g@gl ate m)unted on a plate cylinder. The r| nting plate
is made of afi ‘é‘loé§t e 9vmt ROIYYNY! BicohPh GarRRxY Iellulege; BY rO%iccessi ve

f | exographi CoflAidiRSe TR IARRIBORAFE) of SbamBRBiigepER! | S ng a

vignette, or [ine printing, or combi nation of both. Ink i1s deposited on the
printing plate at each\ irtaer embagimentprorides iarmgetopd pﬂm@rl$lngrm0wbl®glamge is

P cor a mont onenaHaeLIahEotbnt orPLibait: B BBy of metel manostnudH

of metal nanoptionaty unes; mopd s fetdnts, @rmswsutyrmoehf@qrafr@lca Aci-aquesd or nore
viscosity nodifiers and an @gueous | i carrie Typi cal |y,

the aqueous I'J4iFRIMERPAIG BaOpAdieg %@?‘&OQHO\?E'HE‘ ofia Rlankegellery or, more
typically, ardfinffy dbaticHbd EOstingYaIe? BhaREBIhRANIBINASre &diy o%iaHKeTO" @

co-sol vent s. co-solvent 1s mscibl'e wth water

(hydr ophi | CDOHQh@h aaoetterrledlnrlhh@g plateriandftransferingethe ivatternsd Coatmalpgerabl y, t he
co-sol vent h{aos éurgg thi nt of no nore than 120C or no nore than 100C to
facilitate dry| e |n‘< ollowng printing. In certain enbodi nents, the

co-solvent is an aI cohol. Suitable al coholic co-solvents include, for

CXaTPL. ™ BB et O0pRl PRy it (LB ke iR

In a nisci bl e sol vent gy @BiddaCioRRiiddl F&erfeﬂbé‘huin%e}sqwrﬁtﬂ QWIthat of each
of the pure solvents. Thus, the aqueous |liquid carrier has a boiling point

of no nore t algmentoa, aoﬁfheTfnﬁ)$lze$1§antﬁlaitvemosw§ﬂepf elgmentsawvtisodiemingspoi nt  of
the m scible_so e t t e of the
co-sol vent co%p%oxﬁﬁﬁe&éﬁfyodv%\flﬁ@géggl?dpgru%| %gp% tﬁ%gﬁ&;eas 6f%{'{%€§ printed film
I n certain eskodintemdandldseansaiot dravoniorscais au@sbmm&ﬁ%esemlémemé%e up to

70% up to up to 60% to 0% 4 40% up
(o 3504 or uFAEBoIRBERERreRoRsd lnThaetedaeinaPably’ FHHERtEn cort ai n
preferred e”Bé%‘ﬂblﬁlBF‘érﬁape%%?tﬁeaél%eﬁ@%std?ﬁwﬁ%réﬁbt"ﬁt‘éhdé’dR)d;dhv@y%y\’ ratio of

1:2, 1:1 and 2:1, or in the range of 1:2 to 2:1 When t he water

content is |wfqrﬁ@tlﬁemr@ﬂgmﬁww@hapﬁefth@mrtlmr@ﬂﬁm@ﬂswmi havgui d
carrier, the f t sem - aqueous.” I n one
enbodi rrent, %&ks&?@?&%@%l@ﬁ{ é?seazgfgg}:@n ] 'R%etgrﬁaﬁh Sght of the liquid
carrier. In a preferréigeeticthematicallylsboagueuse bifspiipdniray ofie@rinkonpri ses
40- 60% of wat er and the c &g sol vent BP% |s?propanol The net al

nanostructur%‘%‘“@%'%a‘iﬁo B9 AEPBPYMEEtt o co- pendi ng, co-owned U. S.

Pat ent Application Noggkdd Q%d@@eméﬁs{tregﬁa ﬁéﬁspé@/mt%%du&% filrdkmed
12/868,511. In certain enbodl nents, the nmetal nanostructures conprise

si | ver nanowby gV mnmtegr@@@@rdmtp@ncﬁmbﬂwr@emhan 10) . In a
given printing settin '

conposition generall yg:a%qrg?'nﬁ%% %%OSL %@ﬁé{ﬁﬁigy gﬁavp%eémmht ed film
Typi cal |y, theemektaéme inlaogapoditidrhe sheet resi stance for opto-electrical
devices (e.qg., i s_abqut 20-200 ohns/s Thus, in cer i

embod ments  { he oi | vEIOHERB s 25 PLSBTRE R E T RETEBB L U at an
anount of 0. Q§ueriistivk ¥shedYitigfl the ink conposition. In various enbodi ments,
the silver content in the ink conposition can be in the range of 0.1-1%
0.1-4% 0.1-1.5% or TFigqye 7 shows, as a compRESGM PraveinepENtindst nealy f urt her

i ncl ude one I at prevent or reduce aggregation or corrosion
of the nanos éu@uﬁ%@wﬁ@ O(Jr?1 facilitate the i mobilization of the
nanostructures on the FgursBrshoes aTﬂm?.teeneagtmnspaeemCorthJomaé fiyn foomed dlyat 1 | e
and include surfact nL viscosity nmodifiers orrosion inhibitors, and the
i ke. oVersB GrReL B e RS prior A (R EBLPRMA nct udes. one
or nore surfactants, which serve to adjust the surface tension and wetting.
Representati ve exanpl es of suitable surfactants include fluorosurfactants
such as ZONYLO surfactants, including ZENYLO FSN, ZONYLO FSO, ZONYLO FSA,
ZONYLO FSH (DuPont Chem cal s, WImngton, DE), and NOVECTM (3M St. Paul,
MN). Qther exenplary surfactants include non-ionic surfactants based on

al kyl phenol ethoxylates. Preferred surfactants include, for exanple,

octyl phenol ethoxyl ates such as TRI TONTm (x100, x114, x45), and secondary
al cohol ethoxyl ates such as TERG@ TOLTm 15-S series (Dow Chenical Conpany,
M dl and M) Furt her exerrpl ary non- ionic surfactants i ncI ude

o .. o A\ ZR 170 7~ 7 7/~ 7\ A P~ N\ 1 i I |



In certain enbodi nents, the ink conmposition includes one or nore viscosity

nodi fiers, which serve as a binder material that imobilizes the

nanost r ucwonrer/em28 substrate. Exanpl es of suitabl e vi seasiusgouosizdi ers

i ncl ude hydr oxypropyl nethyl cellul ose (HPMC), hydroxypropyl cel | ul ose (HPC),
met hyl cellul ose, ethyl cellul ose, xanthan gum polyvinyl al cohol,

pol yvi nyl pyrrolidone (PVP), carboxy nethyl cellul ose, and hydroxy et hyl

cel | ul ose. The anmount of the viscosity nodifier may be adjusted

to achieve a final inKIiQH8EkPH% %Qﬁtieérﬂﬁdetr?rbﬁpaéf”ﬁmwcﬁﬁ A A% et hod. For
gravure pri ”bl‘aﬂﬂet fér'ﬂ?‘e%ﬁe‘%éfs%%ﬂébﬁﬁrﬁﬁu‘nbbf%ﬁ%%rﬁ@uhktcﬁﬁ]pbgulﬁoﬁﬂﬁﬂﬁé' tion is
in the range of - cP. In certain enbodinents, the viscosity is |less

t han 100 cP. 2f5f0 Wtateer errbodl ments, the ink conmposition has a viscosity in

t he range of 500-1000 0 VESC |ty isin

t he range of 650 - &?{%810%%% 6att% @%TP%%%M;%\&U%%?“E}S t he ink
conposi tion blaykét&mene&i Wt ®vessetoffseesrintinh aif af Qbgdhic mnd;opfpeémomhhvingl ess than
30cP. o ,Ln [;i articul ar._enbodi nents, the ratio of the surfactant to
the vi scosi t §-2BoNHingPopi @Pdii¥® v in the range of about 80 to about

0.01; the ratio of the viscosity nodifier to the netal nanowires is
preferably in the range of about 5 to about 0.000625; and the ratio of the
net al nanow PESAIER RESSRIPAKMNt is preferably in the range of about 560
to about 5. The ratio n nDdlfled
dependi ng on the substre%t rét%;dgﬁ’dé)r?% érgrsl?gnbtlél ﬂ‘g“ %W%%%Ré%ﬁtgm nréaéllvgre
preferred enbathwiesstandirhethpds ntmbkleglanhi peiatipthietdaaie. conpri ses 0. 4% SI I ver
nanow res, 0.2% of HPMC, and 125ppm of surfactant, in a water and

i sopropanol (1:1) mscible solvent system The ink conposition has a

viscosity of aghaills &@‘e?ni-Agueous Ink A further enbodi ment provides a nethod

of printing an aqueous Tnk conposition, as described herein. The printing

met hod may be gravur e Iveettaieeomodpphends, the ink compositions argeartigilarhenbodi nent s,

a sem - aqueo I . S r flexographic
U3 tedr%r ﬁr%UBr% anlt ﬁg ghﬁ?ﬁgﬁ'é;ﬁc é%ﬂt%ﬁqofp c{ @ﬁ on of

printing than an n oSl or solely
or gani ¢ sol vpatterhas eshductive films formed demMSntemmanea:tmgdhmhmarmswctdm a met hod

conpri si ng: ovi din sem - aque i nk osi t in a plurality of
retal | nangst F O IcogPoSSON Gl Y SR oGO 1ids BNagH A PUREECTE) sCos! ty

modi fi er; aneomcﬁﬂw@odubgﬂdrapméé I@ht tré\'ﬁk‘?ﬁl%ﬂn bRE hassiaratSsakisgunsl carrier
i ncl udes 40-60% of wat er printing the ink conposition by gravure or

f1 exography piedgckspeeif ﬁ@t_iqm@ feliiparnspatent elestreddsintdesicee sbetiasrend, OLRE

DL 1O COMBRA BG%RE. BhleRd sAEG A RGNS A-RALhHoBiiol SRR ekl 10 a5

Conposi tions ositronis
non- aqueous amdtm:g)fqmmhmsn@h‘énldrorl“nnk&)rmlMDns saqumtilsor #&aﬁlﬁtomguht bhe

organi c formyl at]j are 0 suitable for gravure or flexographic
printing, th Wgn%aﬁth%%%}swb%%h? €W -for reverse offset printing.

In reverse offset pringRgutsSHMhgl 8 cbbSBHRatdd inkifBEnthitkcyiRMRGsi tion is
first coated on a bl anket Poll 8 Ct%‘?%upga ams it dley1(}110) for formng a
uni f or m coat emja(lqcm)fomﬂae ineae irhlgtaggo allhewaglioomegets defingddmceliepieen

aout 0,10 CRREERALT nid 1 BhARISLhoL! MM 4 LBFR o aRSPd a0al nst 2

clich (130) SO re erre as a rin e printing plate
i ncl udes a pb@tdete(rrhnr{é)j amhdunt painkenrned sbpaltemirteshe sdizviay mlnemllmmé\pt hs

1504, 150b, 150 The depth is s than 1 70 or | ess,
020 por Gy AP e sais o Pordtiydin BR np DX suresioedan Elsor ar o
gl ass, or pOlsMMBéd:l €leBR 1§ dctor bifde NBK B A8dREkgdPlrdm €hBRkell &nddr essed agai nst

t he cI ich (130), unwanted ink (160) adheres to the clich, whereas ink that
remmi ns on tH@nsjerammth@ﬁéméssqquy‘atqf@ﬂrelqsi@nanc hizokst sw'@r@}i to@hi ch

corres p_ond t ? 'tgl{%er ea ar ,h%te[%]erlf%;t E&*ﬁa k grﬂ?&%@ggt}sttja@guchlessog film so as

respectively Ianke I'S pressed agal nst
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Thus, according to these embodiments, the ink composition
comprises a plurality of metal nanostructures, optionally one or more
surfactants, one or more viscosity modifiers and an aqueous liquid carrier.

Typically, the aqueous liquid carrier can be a single solvent (i.e.,
water) or, more typically, a miscible solvent system comprising water and one
or more co-solvents.

The co-solvent is miscible with water (hydrophilic) and has a
boiling point of no more than 150°C. Preferably, the co-solvent has a boiling
point of no more than 120°C or no more than 100°C to facilitate drying the ink
following printing. In certain embodiments, the co-solvent is an alcohol.
Suitable alcoholic co-solvents include, for example, methanol, ethanol, n-
propanol, i-propanol (IPA), n-butanol, i-butanol, t-butanol, propylene glycol
methyl ether and the like.

In a miscible solvent system, the boiling point is lower than that of
each of the pure solvents. Thus, the aqueous liquid carrier has a boiling point
of no more than 100°C, the boiling point of water. The low boiling point of the
miscible solvent system, and/or the faster evaporation rate of the co-solvent
component, allow for rapid curing or drying of the printed film.

In certain embodiments, the water comprises up to 80%, up to
75%, up to 70%, up to 65%, up to 60%, up to 55%, up to 50%, up to 45%, up to
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40%, up to 35%, or up to 30% (by weight) of the aqueous solvent system. In
certain preferred embodiments, the water and the co-solvent are in a w/w ratio
of 1:2, 1:1 and 2:1, or in the range of 1:2 to 2:1.

When the water content is in the range of 40-60% of the total
weight of the liquid carrier, the ink composition is also referred to as “semi-
aqueous.” In one embodiment, the water content is 50% of the total weight of
the liquid carrier. In a preferred embodiment, the aqueous liquid carrier
comprises 40-60% of water and the co-solvent is isopropanol.

The metal nanostructures can be prepared according to co-
pending, co-owned U.S. Patent Application Nos. 11/504,822, 11/766,552,
12/862, 664, and 12/868,511. In certain embodiments, the metal
nanostructures comprise silver nanowires (with aspect ratio of more than 10).

In a given printing setting, the amount of the nanostructures in the
ink composition generally determines the sheet resistance of the printed film.
Typically, the workable range of the sheet resistance for opto-electrical devices
(e.g., OLED, PV) is about 20-200 ohms/sq. Thus, in certain embodiments, the
silver nanowires are present in the ink composition at an amount of 0.05-5% by
weight of the ink composition. In various embodiments, the silver content in the
ink composition can be in the range of 0.1-1%, 0.1-4%, 0.1-1.5%, or 1-4%.

The ink composition may further include one or more agents that
prevent or reduce aggregation or corrosion of the nanostructures, and/or
facilitate the immobilization of the nanostructures on the substrate. These
agents are typically non-volatile and include surfactants, viscosity modifiers,
corrosion inhibitors, and the like.

In certain embodiments, the ink composition includes one or more
surfactants, which serve to adjust the surface tension and wetting.
Representative examples of suitable surfactants include fluorosurfactants such
as ZONYL® surfactants, including ZONYL® FSN, ZONYL® FSO, ZONYL®
FSA, ZONYL® FSH (DuPont Chemicals, Wilmington, DE), and NOVEC™ (3M,
St. Paul, MN). Other exemplary surfactants include non-ionic surfactants based

on alkylphenol ethoxylates. Preferred surfactants include, for example,
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octylphenol ethoxylates such as TRITON™ (x100, x114, x45), and secondary
alcohol ethoxylates such as TERGITOL™ 15-S series (Dow Chemical
Company, Midland MI). Further exemplary non-ionic surfactants include
acetylenic-based surfactants such as DYNOL® (604, 607) (Air Products and
Chemicals, Inc., Allentown, PA) and n-dodecyl 3-D-maltoside.

In certain embodiments, the ink composition may further include
one or more additives that improve the overall performance and stability of the
ink composition. For instance, the additives may include adhesion promoters
such as organosilanes, including 3-glycidoxypropyltrimethoxysilane, sold as Z-
6040 (Dow Corning); antioxidants such as citric acid, gallate esters,
tocopherols, and other phenolic antioxidants; UV absorbers such as Uvinul®
3000 (BASF), used alone or in combination with HALS (hindered amines light
stabilizers); corrosion inhibitors to protect the metallic nanostructures from
corrosion, or a combination thereof. Examples of specific corrosion inhibitors
are described in co-pending U.S. Application No. 11/504,822.

In certain embodiments, the ink composition includes one or more
viscosity modifiers, which serve as a binder material that immobilizes the
nanostructures on a substrate. Examples of suitable viscosity modifiers include
hydroxypropyl methylcellulose (HPMC), hydroxypropylcellulose (HPC), methyl
cellulose, ethyl cellulose, xanthan gum, polyvinyl alcohol, polyvinylpyrrolidone
(PVP), carboxy methyl cellulose, and hydroxy ethyl cellulose.

The amount of the viscosity modifier may be adjusted to achieve a
final ink viscosity suitable for a given printing method. For gravure printing, the
preferred viscosity range for the ink composition is in the range of 1 -1000 cP.
In certain embodiments, the viscosity is less than 100 cP. In other
embodiments, the ink composition has a viscosity in the range of 500-1000 cP.
I n yet other embodiments, the viscosity is in the range of 650 — 750 cP.

For flexographic printing, the ink composition may have a
viscosity less than 100cP, and preferably, less than 30cP.

In particular embodiments, the ratio of the surfactant to the

viscosity modifier is preferably in the range of about 80 to about 0.01; the ratio
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Thus, one embodiment provides a method comprising: providing a
semi-aqueous ink composition having: a plurality of metal nanostructures,
optionally one or more surfactants, a viscosity modifier; and an aqueous liquid
carrier, wherein the aqueous liquid carrier includes 40-60% of water; and
printing the ink composition by gravure or flexography onto a printing substrate.
In a further embodiment, the printing comprises printing according

to a pattern.

Organic Ink Compositions

In other embodiments, the ink composition is non-aqueous and
comprises one or more organic solvents. Although the organic formulations are
also suitable for gravure or flexographic printing, they are particularly suited for
reverse offset printing.

In reverse offset printing (shown in Figure 1), the ink composition
is first coated on a blanket roll (100) through a slit die (110) for forming a

uniform coating (120). The coating is allowed to partially dry between about 0
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to 60 seconds. The blanket roll (100) is then pressed against a cliché (130),
also referred to as a “printing plate.” The printing plate includes a plate (140)
with patterned features, shown as etched depths (150a, 150b, 150c). The
depth is generally less than 100 pm, 70 um or less, or 20 um or less. Typically,
the printing plate is made of metal, ceramic, glass, or polymeric materials. As
the blanket roll (100) is pressed against the cliché (130), unwanted ink (160)
adheres to the cliché, whereas ink that remains on the blanket creates a pattern
(170a, 170b, 170c), which correspond to the pattern set by the cliché (150a,
150b, 150c, respectively). Thereafter, the blanket roll (100) is pressed against
a printing substrate (180) to transfer the desired pattern (170a, 170b, 170c) to
the printing substrate.

According to these embodiments, the ink composition suitable for
reverse offset printing comprises a plurality of metal nanostructures, optionally
one or more surfactants, one or more viscosity modifiers, and a non-aqueous
liquid carrier.

In a further embodiment, the non-aqueous liquid carrier comprises
a primary organic solvent, including, for example, methanol, ethanol, n-
propanol, i-propanol, n-butanol, i~butanol, t-butanol, propylene glycol
monomethyl ether (PGME), and polyols such as ethylene glycol. Typically, the
primary organic solvent has a boiling point of no more than 170°C, or more
typically, no more than 150°C, or even more typically, no more than 100°C. A
preferred primary organic solvent is isopropanol. Another preferred primary
organic solvent is ethanol.

In certain embodiments, the non-aqueous liquid carrier may
further comprise one or more organic, high boiling point additive. The additive
typically has a boiling point of more than 170°C, or more typically, more than
180°C, or more than 200°C. The high-boiling point additive, although present in
a small amount (less than 5%, or more typically, less than 2%), may play a
significant role in controlling the drying or curing speed, which in turn affects the
final film quality. Examples of the primary organic solvent and additives, as well

as their boiling points, are listed in Table 1.
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In preferred embodiments, the high boiling point additives include,

propylene glycol (PG), isophorone, benzyl alcohol, terpineol, N-octylpyrrolidone,

or dipropylene glycol methyl ether (DPM).

Table 1

Solvent Boiling Point

(°C)
Acetone 56
Methanol 65
Ethanol 78
Isopropanol 82
Propylene glycol methyl ether 115
Butanol 118
Methyl 3-methoxypropionate 142
Propylene glycol methyl ether acetate 146
Ethyl lactate 154
Ethyl ethoxy propionate 166
Diacetone alcohol 166
Butoxyethanol 168
Propylene glycol 188
Dipropylene glycol methyl ether 190
N-methyl-2-pyrrolidone 202
y-Butyrolactone 204
Benzyl alcohol 205
Terpineol 219
Isophorone 215

As in the aqueous ink composition, the non-aqueous ink

composition may optionally comprise one or more surfactants. Examples of

surfactants are described herein.

As in the aqueous ink composition, the non-aqueous ink

composition may optionally comprise additional additives, include adhesion

promoters such as organosilanes, e.g., 3-glycidoxypropyltrimethoxysilane, sold

as Z-6040 (Dow Corning); antioxidants such as citric acid, gallate esters,

tocopherols, and other phenolic antioxidants; UV absorbers such as Uvinul®
3000 (BASF), used alone or in combination with HALS (hindered amines light

11
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stabilizers); corrosion inhibitors to protect the metallic nanostructures from
corrosion, or a combination thereof.

In addition, one or more viscosity modifiers are present in the non-
aqueous ink composition, according to one embodiment. Examples of viscosity
modifiers are described herein. In a preferred embodiment, the viscosity
modifier is hydroxypropylcellulose (HPC). In another embodiment, the viscosity
modifier is polyvinylpyrrolidone (PVP).

The viscosity of the non-aqueous ink composition for reverse
offset printing is typically 50cP or less. More typically, the viscosity of the non-
aqueous ink composition is less than 20 cP, or more typically, less than 10cP.
In certain embodiments, the viscosity is in the range of 5-10 cP. In other
embodiments, the viscosity is in the range of 1-5 cP.

In certain embodiments, the silver nanowires are present in the
non-aqueous ink composition at an amount of 0.05-5% by weight of the ink
composition. In various embodiments, the silver content in the ink composition
can be in the range of 0.1-1%, 0.1-4%, 0.1-1.5%, or 1-4%.

Table 2 shows, according to various embodiments, organic ink
compositions suitable for reverse offset printing to provide a transparent
conductive film. Each component is shown in respective weight percentage of
the total weight of the ink composition. The viscosity modifier is

polyvinylpyrrolidone (PVP).

Table 2

Silver Viscosity High Boiling Point | Primary

Ink | Nanostructures | Modifier (PVP) Additive Organic

(%) (%) (1.0%) Solvent
1 0.5 0.5 none IPA
2 0.5 1.0 none IPA
3 0.5 1.0 Isophorone IPA
4 0.5 1.0 Benzyl alcohol IPA
5 0.5 1.0 terpineol IPA
6 0.5 1.0 N-octylpyrrolidone IPA
7 0.5 1.0 DPM IPA
8 0.5 1.0 PG IPA

12
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9 0.4 0.8 PG IPA
10 0.25 0.5 PG IPA
11 0.5 1.0 Benzyl alcohol Ethanol
12 0.5 1.0 terpineol Ethanol
13 0.5 1.0 DPM Ethanol
14 0.5 1.0 PG Ethanol

A further embodiment provides a method of printing a non-
aqueous ink composition, as described herein. The printing method may be
gravure, flexographic, or offset printing.

A preferred embodiment provides a method of reverse offset
printing using the non-aqueous ink composition described herein. More
specifically, the method includes providing a non-aqueous ink composition
comprising: a plurality of metal nanostructures, optionally one or more
surfactants, a viscosity modifier, and a non-aqueous liquid carrier; coating the
non-aqueous ink composition on a blanket roller; forming a patterned coating
layer on the blanket roller by pressing the blanket roller on a patterned printing

plate; and transferring the patterned coating layer to a printing substrate.

Printing Substrate

The printing substrate can be rigid or flexible. Preferably, the
substrate is also optically clear, i.e., light transmission of the material is at least
80% in the visible region (400nm — 700nm).

Examples of flexible substrates include, but are not limited to:
polyesters (e.g., polyethylene terephthalate (PET), polyester naphthalate, and
polycarbonate), polyolefins (e.g., linear, branched, and cyclic polyolefins),
polyvinyls (e.g., polyvinyl chloride, polyvinylidene chloride, polyvinyl acetals,
polystyrene, polyacrylates, and the like), cellulose ester bases (e.g., cellulose
triacetate, and cellulose acetate), polysulphones such as polyethersulphone,
polyimides, silicones, and other conventional polymeric films.

Examples of rigid substrates include glass, polycarbonates,
acrylics, and the like. In particular, specialty glass such as alkali-free glass

(e.g., borosilicate), low alkali glass, and zero-expansion glass-ceramic can be
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The various embodiments described herein are further illustrated

by the following non-limiting examples.

EXAMPLE 1

A semi-aqueous formulation was prepared by combining a silver
nanostructures suspension in water, a stock solution of a water-soluble
viscosity modifier (e.g., HPMC), a non-ionic surfactant Triton X100, and a
water-miscible organic solvent isopropanol at the following respective weight
percentages:

0.4% silver nanostructures

0.2% HPMC

125ppm TRITON X100

50% Water

50% IPA

This formulation was coated on a flexible PET film with a tabletop
gravure printing machine (K Printing Proofer available from RK Print-Coat
Instruments Ltd. in Herts, United Kingdom). The printed film had a conductivity
of about 20 ohms/sq, a transmission of about 97%, a haze of about 2%, and
showed good uniformity, as shown in Figure 2 (5X magnification) and Figure 3

(100X magnification).

EXAMPLE 2
The same semi-aqueous formulation of Example 1 was coated on
a flexible PET film with a tabletop gravure printing machine. A patterned cliché
having small features was used. The printed features were not conductive but
showed good printability, as shown in Figure 4. This demonstrates that the

semi-aqueous formulation is adequate for gravure printing.
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like features shown in Figure 5 (at 5x magnification).

COMPARATIVE EXAMPLE 2

An aqueous formulation was made by combining a silver

nanowires suspension in water and additional water so that the final ink
composition comprised 2.5% silver nanowires.

This formulation was coated on a flexible PET film with a tabletop
gravure printing machine. The printed film was conductive, but showed dot-like

features shown in Figure 6 (at 5x magnification)

COMPARATIVE EXAMPLE 3

An organic formulation was made by suspending silver nanowires

in propylene glycol so that the final composition comprised 3% silver nanowires.
This formulation was coated on a flexible PET film with a tabletop
gravure printing machine. The printed film was not conductive and showed

non-uniformities, see, Figure 7 (at 5x magnification).
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Sx magni fi Cabbl%ﬂnet%ﬁﬁ% PrVEYIIRG bfankets. The coated fifh @&81€0US

formul ati on waS nmade by ining a silver nanow res suspension in water

and addi t i onegasppalkly uslfprtrh@ut shpwed isprie demiettingrfpalsiras emceraipgiasiedf2. 5%

silver nanow This fornul ati on was coated on a flexible PET
. . ﬁ et material, ; .

filmwith a etop ‘gravure printing machine. The printed filmwas

conductive, but showed dot-like features shown in Figure 6 (at 5x

magni fi cati on) COMPARATI VE EXAMPLE An organic formnul ation

was made by suspendi ng sil ver nanovﬁ%ép ropyl ene glycol so that the

final conposition comphesRehe3dthahdMRkedMMMALBR -of Example 3 was rod
coated on a PDMS blanket. The wet film dried in about 1 minute. Before the
drying was completed, the film was patterned by pressing the blanket roller on a
patterned printing plate. Thereafter, the patterned film was mechanically
transferred from the blanket to a glass substrate by applying moderate
pressure, manually. The glass substrate showed the transferred silver

nanostructures in a pattern (Figure 8).

EXAMPLE 5

To the same ethanol-based formulation of Example 3 was added
about 2-3% of additives, including, water, PGME or a higher boiling point
solvent such as PG, in order to control the drying speed of the initial coating on
the blanket. Figure 9 shows a patterned film formed from an ink composition of
Example 3 with 2.5% water added. Figure 10 shows a patterned film formed
from an ink composition of Example 3 with 2.5% PGME added. Both Figures
are at 5x magnification and are showing the patterned film on the PDMS
blanket. As shown, depending on the nature and boiling point of the additives,
the drying speed may vary.

All of the above U.S. patents, U.S. patent application publications,

U.S. patent applications, foreign patents, foreign patent applications and non-
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This fornulation was coated on a flexible PET filmw th a tabletop gravure
printing machine. The printed filmwas not conductive and showed

non- uni f owoi20i282228ee, Figure 7 (at 5x magnification). BXANBRE1857307

A non-aqueous, organic fornul ation was prepared by conbining a suspension
of silver nanostructures in ethanol with a stock solution of

hydr oxypr opyl cel l ul ose (HPC) in ethanol, so that the final conposition
conprised: 0.2% silver nanostructures and_0. 4

Thi s
fornul ation %@”Mﬁ?q%ﬁsﬁﬁ@”@gé’t’ Ebth&ﬁpfel"@'ﬁ?tm”ea%‘?v@ GE0RYE si | oxane ( PDVB)
printing bl ankpicariod DatLIREAarkiihdBrHSBIART ARAN! Kol kO ThBN bnfiagred some
dewetting features on certain grade of blanket material .
The sane et hanol - basedFrcDr@rth@cheq‘;@ng tiwilEke aphrec@tagibat; eﬂh@mw@ctﬁn a PDVB

bl anket. The £ was

compl et ed, ¢ ALDPTRE e fefidifals dhell Btk bed OB ol TP &F on s

pat t e][ ned gr :cllustrat@rr:pt/atrgcltoe:s kanitﬁﬂtmbt@maytbleenﬁ@é tv&masmdiefnetm@ fhas theegia'ni cal ly
transferre romthe bl anket to Ss substrate by a npder at e
pressure, naAtAPFIPe offle fvgrtons u‘tfscgﬁg"t‘%y éh%v@&”?%‘stﬂoéﬁfgfté PEEPyver
nanostructur§§tmgb5%egaé@g@nn§Flgure 8). EXAMPLE 5 To the sane
et hanol - based formul ati on of Exanple 3 was added about 2-3% of additives,

i ncluding, water, PGQVE or a higher boiling point solvent such as PG in
order to control the drying speed of the initial coating on the bl anket.
Figure 9 shows a patterned filmforned froman ink conposition of Exanple 3
with 2.5% water added. Figure 10 shows a patterned filmformed froman ink
conposition of Exanple 3 with 2.5% PGVE added. Both Figures are at 5x

magni ficati on and are showi ng the patterned filmon the PDVS bl anket. As
shown, depending on the nature and boiling point of the additives, the
dryi ng speed may vary. Al of the above U S. patents, U S

pat ent application publications, U S. patent applications, foreign patents,
foreign patent applications and non- patent publications referred to in
this specification and/or listed in the Application Data Sheet, are

i ncorporated herein by reference, in their entirety. From t he
foregoing it will be appreciated that, although specific enbodi nents of the
i nventi on have been described herein for purposes of illustration, various

nodi fications may be made wi thout deviating fromthe spirit and scope of
the invention. Accordingly, the invention is not limted except as by the
appended clains. WD 2012/082228PCT/ US2011/ 057307 CLAI M5 1. An
i nk conposition conprising:
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a plurality of netal nanostructures, one or nore viscosity nodifier; and
an aqueous liquid carrier including water and one or nore water-m scible
co-sol venwe,201msee28n t he water is about 40-60% by wei ghtrcparse@niarye’ of t he

aqueous liquid carrier. 2. The ink composition of claim1l
further conprising one or nore surfactants. 3. The ink
conposition of any one of clains 1-2 further conprising an adhesi on

pr onot er. 4. The ink conposition of claim3 wherein the
adhesi on pronoter is a organosil aneCcAamgund. 5. The ink
conposition of any one of clains 1-3 wherein the co-solvent is nethanol,
et hanol , n-propanol, i-propanol (IPA), n-butanol, i-butanol, tbutanol,

propyl ene glycol,, pr ,ﬁ@& Iher, or ethylene glycol.

6. The ink corrpo1$| ti fg%%g) éolsitgd &)E,%B}‘ 2-4 wherein the water and the
co-sol vent are '@plérém_[y\bf@bté? réhodfrdetutesl, 2:1, or in the range from1:2 to
2: 1. 7. The ink conposition of any one of clains 1-6 wherein

t he net al nanostom(nrune@ wiseosityledifigeremskt r uct ures in ranges of 0.1-1%

0.1-4% 0.1-1.5% or % ht rcen fthelnkc 0Si t.i

2012] 0 2228PCT/ BEAPLES JabrR carre? Mol ThG St on OF RS TP B B PNy one
of cl %‘oﬂfo \;‘?r?ts%ﬁér%lrﬁ‘tﬁé‘\ﬁa Ir$€ 98b G4 ‘IVJ b}f(/ve'lg‘ht Ehtdl é%PWea eous

met hyl cel | ul ose (HPMC), hy roxyprop ose (HPO), t hyl ul ose,

et hyl ligeld ecdraee, xant han gum pol yvi nyI al cohol , car boxy met hyI cel l ul ose,
hydr oxy ethyl cellul ose, polyvinylpyrrolidone (PVP), or a conbi nation
t her eof . 9. The ink conposition of any one of clains 1-8

having a viscosijy i HI'r'Fehiﬂk c@ﬂ'gﬁ)sﬂ fonls P8 Rurther co mprisin oné &r rorget hod,

conpri si ng: ng a sem -aqueous 1 nk conmposition

conpr issirfagtands.pl ural ity of metal nanostructures, one or nore viscosity
nodi fi ers, and an aqueous liquid carrier, mherein t he aqueous liquid
carrier includes 40-60% of water; and

3. The ink composition of any one of claims 1-2 further comprising an

adhesion promoter.

4. The ink composition of claim 3 wherein the adhesion promoter is a

organosilane compound.

5. The ink composition of any one of claims 1-3 wherein the co-
solvent is methanol, ethanol, n-propanol, i-propanol (IPA), n-butanol, i-butanol, t-

butanol, propylene glycol, propylene glycol methyl ether, or ethylene glycol.

6. The ink composition of any one of claims 2-4 wherein the water and

the co-solvent are in a w/w ratio of 1:2, 1:1, 2:1, or in the range from 1:2 to 2:1.
7. The ink composition of any one of claims 1-6 wherein the metal

nanostructures are silver nanostructures in ranges of 0.1-1%, 0.1-4%, 0.1-1.5%, or 1-

4% by weight percentage of the ink composition.
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printing the ink conposition by gravure or flexography onto a printing
substrate. 11. The method of claim 10 wherein printing

conpri seswproraserzsaccording to a pattern. 12. An ink ®owps301iosTs)7
conprising: a plurality of netal nanostructures; one or nore viscosity
nodi fiers; and a non-aqueous |iquid carrier. 13. The ink
conposition of claim 12 wherein the non-aqueous liquid carrier conprises a
pri mary organi c sol vent. 14. The ink conposition of claim13

wherein the prirgary GT‘r@aiﬂk@oﬁtﬂds&min cbfserfyecbmomames hlé?hwherdh ﬂ’fe)@léﬁéélty
i -propanal (I PA), n-butanol but anol , t but anol, |o yl ene ¥)co| met hyl
et her MG ifigy IS WaTreHypERDY/ rraﬁthwpﬁw@ﬁ%(ldi’vm hydoxypropylceliuiose (H

of ol SRS 8 S Re(eBE arershan.au. PPy BB BRI Pl ot "an

addi t icegulbau] ﬁ%réx@@t IBQIILﬂ@sé‘tp vifRpRréRRMeIBUR), or a comblnatlon]tﬁer%e i nk
conposi ti on of clalm I5 wherein e additive is propyl ene gl ycol

i sophor one, benzyl al cohol , terpl neoI N-octyl pyrrolidone, or di propyl ene
gl ycol methyl et ' ositjon .of an

oy Ior L 'S Thedncomposibetiab e SR 1 ARviRd Aoty if s i

rangeqhgﬁargqelofl?/mogojepél% 0.1-1.5% or 1- 4% by weight percentage of the
i nk conposition 18. The ink conposition of any one of clains

12-17 wherein the viscosity nodifier is hydroxypropyl nethylcellul ose
(HPMO), hydr oxypr opyI cel IM ré H PC), nethyl cellulose, ethyl cellulose,
xant han gum poI Rrig )xy met hyl cellul ose, hydroxy ethyl

cel lul ose, poly r | RVR) , i Lon. ;
19, A method ?r&%ﬁ%nég:gér'nggaﬁeéus Rk coMpdsitfi B ABHSIRG: WALERLY of metal
nanostructures, one or more viscosity modifiers, and an aqueous liquid carrier, wherein
the aqueous liquid carrier includes 40-60% of water; and
printing the ink composition by gravure or flexography onto a printing

substrate.

11.  The method of claim 10 wherein printing comprises printing

according to a pattern.

12.  Anink composition, comprising:
a plurality of metal nanostructures;
one or more viscosity modifiers; and

a non-aqueous liquid carrier.

13.  The ink composition of claim 12 wherein the non-aqueous liquid

carrier comprises a primary organic solvent.
14.  The ink composition of claim 13 wherein the primary organic

solvent is methanol, ethanol, n-propanol, i-propanol (IPA), n-butanol, i-butanol, t-

butanol, propylene glycol methyl ether, propylene glycol, or ethylene glycol.
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provi di ng a non-aqueous i nk conposition conprising: a plurality of netal
nanostructures, optionally one or nore surfactants, a viscosity nodifier,
and a norwequeos228i qui d carrier; coating the non-aqueoRETIUSZ01CORT30Bi t i ONn
on a bl anket roller; formng a patterned coating |ayer on the
bl anket roller by pressing the blanket roller on a patterned printing

pl ate; and transferring the patterned coating layer to a printing
substrat e. 20. The nethod of claim 19 wherein the non-aqueous

i Nk conposi ti on 1&NITieeiak ZopTPoskion ¢frggorme shtigin 131d @heritditd ven-havi ng
a boiling point of nore than 180C. N . . .
aqueous liquid carrier further comprises an additive having a boiling point of more than

180°C.

16.  The ink composition of claim 15 wherein the additive is propylene
glycol, isophorone, benzyl alcohol, terpineol, N-octylpyrrolidone, or dipropylene glycol

methyl ether.

17.  The ink composition of any one of claims 12-16 wherein the metal
nanostructures are silver nanostructures in ranges of 0.1-1%, 0.1-4%, 0.1-1.5%, or 1-

4% by weight percentage of the ink composition.

18.  The ink composition of any one of claims 12-17 wherein the
viscosity modifier is hydroxypropyl methylcellulose (HPMC), hydroxypropylcellulose
(HPC), methyl cellulose, ethyl cellulose, xanthan gum, polyvinyl alcohol, carboxy methyl

cellulose, hydroxy ethyl cellulose, polyvinylpyrrolidone (PVP), or a combination thereof.

19. A method, comprising:

providing a non-aqueous ink composition comprising: a plurality of metal
nanostructures, optionally one or more surfactants, a viscosity modifier, and a non-
aqueous liquid carrier;

coating the non-aqueous ink composition on a blanket roller;

forming a patterned coating layer on the blanket roller by pressing the
blanket roller on a patterned printing plate; and

transferring the patterned coating layer to a printing substrate.
20. The method of claim 19 wherein the non-aqueous ink composition
comprises a primary organic solvent and an additive having a boiling point of more than

180°C.
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