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The present invention relates to an ink for printin2 processes, which
i ncl udes netal naropa-ttcles containing Cu and/or Ca0 and/or CuZ20,
and to nmetal nanoparticles used i nDE$ERIPAKONOr printing processes.
More particulariy, the present :invention relates to an ink for
printing processes used for the formation of conductor |ayers and
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formng vagi printing process that is represented by inkjet
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fine |inesckage formed by usSpabé fnkdal drinting freteesehas been di scl osed a net hod
of formng a nmetal thin filmusing a dispersion liquid which has

di spersed therein copper fine particles having a particle size of 1QU
inn or | BACKOGROUATRARTOduUuced according to a gas-nedi ated net al
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at nosphere and in a gas phase where the vapor of a solvent is
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ink, clogging of nozzles occur. Furthermore, when viscosity increases as a result of addition of
particles, the ink cannot be scattered as liquid droplets. Even in other printing processes,
coarse particles are inappropriate for the printing of fine lines.
Specifically, there has been disclosed a method of forming a metal thin film using a
dispersion liquid which has dispersed therein copper fine particles having a particle size of 100
nm or less that are produced according to a gas-mediated metal evaporation method of
evaporating a metal in a low vacuum gas atmosphere and in a gas phase where the vapor of a
solvent is co-present, and thereby obtaining a dispersion liquid (see, for example, Patent
Document 1). However, metal ultrafine particles obtainable by such a gas-mediated metal
evaporation method are in an aggregated state, so that even if dispersion of the ultrafine
particles in the solvent is attempted, it is difficult to bring the particles to a stable state.

Therefore, even when such a dispersion liquid of metal ultrafine particles is used as an inkjet ink,



In the particle-containing inks for printing such as descri bed above,
it is neeessaty to use particles having a small particle size and to
di sperse the particles w thout aggregation. The upper limts of
particle size and viscosity may vary with the design of the
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[ 0007] tent Docunent 1: Japanese Patent No. 2561537

Under such circumstances, there has been a demand for an ink for printing processes
in which particles of Cu and/or Cu oxides having a fine particle size are dispersed without

aggregation, without using any dispersant.



Pat ent Docunent 2: Japanese Patent Application Laid-Qpen (JP-A) No,
2003- 334618 Patent Docunent 3: JP-A No, 2003-311944 Pat ent Docunent
4. Japanese Patent No, 3764349 Patent Docunent .5: W2005/ 025787

Pat ent Docunent 6: JP-A No. 2004-211108 Patent Docunent 7: JP-A No,
2008- 1276700kt ent Docunent 8: JP-A No, 2008-88518 Patent Docunent 9:

W2006/ 019144 Pat ent Docunment 10: .JP-A 2008-.138286 Pat ent .
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SUMVARY G ERAE R CRPSRASE ENTET Bt PVEBY. TRE FRVEIIT o[ 0008]
The pr esetoweny,dot dopper Wakle AA@LarticleMi@wa OiffeichiesoaleevLaddeisiion, biekhs been a
problens of .the related art, and.i.s intended. to achieve the objects
eocr | bed PisbieByrh Thefé Siu FrpnyBR S S uD BEF o P RSl Yo o
i s to prowidiepralbietm R i siq@r dtabilith thapiratEas@socsih ©ha bupeinddess geteddted due
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di sper sant®°" 8t & "RENEPE ti cl es appropriate for the preparation of

t he i nk fQITAMONtLISIY processes, and wiring, a circuit board and a
sem condu formed by using the ink for printing processes.
VEANS Fd?ﬁ‘g%{moﬁlé&%@ﬂ [ 0009] In regard to the problem

t hat when[obbB type of Cu-based nanoparticles is different,
dispersibility and di spersion stahjlit t obtained, the

i nventors of the''Pf S8Bfenf LS’&?W‘FSB a@B‘rﬁ%%ﬁ&éggd that the problemis
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adhesi on of or gdf{t PWF?ﬁgéA‘u&%aZ%ﬁéﬂaﬁ ference in the amunt of
adsor bed noi st Uragsnt Bo€hndkat 4:NepadedeiPefeanee 376u3uhe anount of ionic

inpurities. Thug, the invep ted investigations respectively
On the follow %@“&BPW‘?‘“?W{@@%&E? t of surface oxidation as a
result of heatimgnabodRQe&t 6:NPal No. 2004-a116bgani ng treatnent for the Cu
particle surfaces by an RE plasma treatnent, 3. vacuumdrying, or
drying of Cu- bé??ﬂtﬁ%‘gﬁaﬂ'!%&@%&%%pwg heating and drying under

ni trogen, and ZatgtBidunfehcatiPoNO000RENSI Mpurities using ion

chromat ography The inventors confititned that the factors (1) to (3)

do not affect tRELHPSYELE: BiY PRI spersion stability of the
particles, and faedhdoduhiaht 10her-@ NS 200cRped at i on bet ween t he ot her

factor, that isP, the anount of ionic inpurities, and the
di spersi bi | i ty F2iat Hppersilofrrateaplaisnt Yo #4944 Conpl eting the present:
i nventi on. Patent/D&ubfRMENt 0.3 Npounsh-11kgt3 in addition to a decrease

in the amount of ionic inpurities, when the absol ute value of the
zet a- pot ent i al Fafentlpecugieatylsy &-6/ANq RO 5P& 30 TIN or higher, a netal

nanoparti el e dipgRefSéQmhehd QUi Ahay boe-hogdy di spersibility and
di spersion stabili tg i s obtained.
Patent Document 15: JP-A No. 2007-83288

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0008]
The present invention was made in view of the above-described problems of the

related art, and is intended to achieve the objects described below.



Furthernore, the inventors conducted a detailed investigation on the
defects such as descri bed above, and as a result, they found that
when netal rianoparticles having a volune average particle size of
the primary particles, LI (nin), and a dispersion nediumare
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containing Cu and/or CuC) and/or Cu20, wherein the anount of |/ the
inmpurities is 2600 ppill or less in the total solids content [00121
(3) The i MEANDFORSOONVMG@AOBNMENMT ionic inpurities is 1600 ppm or

| essdr5, %ﬁger of the metal nanciparticles, and the prepared by
dispersin@ tal nanoparticr containing Cu and/or CuO and/or Cu20 in

a di spersi 03 [ OR¥SdardliosResrshlém that when the type of Cu-based nanoparticles is different,
dispersibility and dispersion stability are not obtained, the inventors of the present invention
contemplated that the problem is caused by any one of the following factors: 1. the
oxygen-deprived state of cupric oxide at the surfaces of Cu-based nanoparticles, 2. adhesion of
organic impurities, 3. the difference in the amount of adsorbed moisture, and 4. the difference in
the amount of ionic impurities. Thus, the inventors conducted investigations respectively on
the following factors: 1. the effect of surface oxidation as a result of heating at 200°C in air, 2. a
cleaning treatment for the Cu particle surfaces by an RF plasma treatment, 3. vacuum drying, or
drying of Cu-based nanoparticle powder by heating and drying under nitrogen, and 4.
quantification of ionic impurities using ion chromatography. The inventors confirmed that the
factors (1) to (3) do not affect the dispersibility and dispersion stability of the particles, and
found that there is a correlation between the other factor, that is, the amount of ionic impurities,
and the dispersibility and dispersion stability, thus completing the present invention.

The inventors found that in addition to a decrease in the amount of ionic impurities,
when the absolute value of the zeta-potential of the dispersion liquid is 30 mV or higher, a metal
nanoparticle dispersion liquid having high dispersibility and dispersion stability is obtained.

Furthermore, the inventors conducted a detailed investigation on the defects such as
described above, and as a result, they found that when metal nanoparticles having a volume
average particle size of the primary particles, D (nm), and a dispersion medium are incorporated,
and when the average interparticle distance, L (nm), between the metal nanoparticles satisfies
the relation: 1.6 < L/D < 3.5, an ink for printing processes having excellent dispersibility is
obtained without using a dispersant.

In addition, when this ink for printing processes is used, drawing of wiring by a

printing process that is represented by an inkjet method can be carried out, and desired wiring



(4) The ink for printing processes according to any) to (3), wherein
the 90% particle size of the metal nanoparticles containing Cu andl or
Cud and/or 0.10. is equal to or greater than I 0 am and equal to or
| ess than 500 urn. [00141 (5) The ink for printing processes

accor di Ng pa@erhs WABE Bk Med MRLADES battethintdrbRsfftet filen fozRitRnPOt ential is
30 tn'i or(gr ater 100151 ink for printing processes
according[? 0 ny of (-) ttovolune average particle size of the netal

nanoriarticles iSgeceftdRy, tieQr@Ent SERALRIthak Baes HRSS oBIAAEID eilbb oy 9046]
(7) The Iﬁé for printing processes according to any or ) to (6),
wher ei n t K&l9¥t al nanopartici es containing Cu and/or CuO and/or Cu20

are dispersed i Q)andhisfepsit pmessumdﬁmi@ataeavmn_nmc%m%g #H hdafg a
of less than 1"34s103 Pa, and the viscosity at 25C is 50 iriPa,s or
| ess. [ 00 cargpn 691@ Sprdgnt in tinet?iaé]sohds content of 0.4 mass% or less.

[0011]

(2) The ink for printing processes according to (1), including metal nanoparticles
containing Cu and/or CuO and/or Cu,0, wherein the amount of ionic impurities is 2600 ppm or
less in the total solids content.

[0012]

(3) The ink for printing processes according to (1) or (2), wherein the amount of ionic
impurities is 1600 ppm or less in a dry powder of the metal nanoparticles, and the ink is
prepared by dispersing metal nanoparticles containing Cu and/or CuO and/or Cu,O in a
dispersion medium.

[0013]

(4) The ink for printing processes according to any of (1) to (3), wherein the 90%

dispersion particle size of the metal nanoparticles containing Cu and/or CuO and/or Cu,0O is

equal to or greater than 10 nm and equal to or less than 500 nm.

[0014]

(5) The ink for printing processes according to (2), wherein the absolute value of the

zeta potential is 30 mV or greater.

[0015]
(6) The ink for printing processes according to any of (2) to (5), wherein the volume

average particle size of the metal nanoparticles is equal to or greater than 2 nm and equal to or

less than 500 nm.

[0016]
(7) The ink for printing processes according to any of (1) to (6), wherein the metal

nanoparticles containing Cu and/or CuO and/or Cu,O are dispersed in a dispersion medium

having a vapor pressure at 25°C of less than 1.34x10° Pa, and the viscosity at 25°C is 50 mPa-s

or less.

[0017]

(8) The ink for printing processes according to (7), wherein the dispersion medium is

an organic polar solvent in which the polar term in the Hansen solubility parameter is 11 MPa®*



(9) The ink for printing processes acc rding to (1), containxug netal
nanoparficles having a volune average particle size of the primry

particles off) (am and a dispersion nedium wherein when the average
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t he pol ar Qé? in the Hansen solubility paraneter is 11 Mtal).5 or
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met al nangjoper ti el es. [0022] (13) Theg processes according to

any of (9) to (12wherein the scosity at 25C. is 0.1 to 50 231
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[0020]

(11) The ink for printing processes according to (9) or (10), wherein the metal
nanoparticles are formed from one kind, or a mixture of two or more kinds, of at least one or
more element selected from Cu, Ag, Au, Al, Ni, Co, Pd, Sn, Pb, In and Ga, and/or partial or total
oxides thereof.

[0021]

(12) The ink for printing processes according to any of (9) to (11), wherein the ink is
prepared without using a dispersant for the metal nanoparticles.
[0022]

(13) The ink for printing processes according to any of (9) to (12), wherein the
viscosity at 25°C is 0.1 to 50 mPa-s.
[0023]

(14) The ink for printing processes according to any of (1) to (13), wherein the
printing process is plateless printing process.
[0024]

(15) The ink for printing processes according to (14), wherein the printing process is a
plateless printing process using an inkjet printing apparatus or a dispenser apparatus. [0025]

(16) Metal nanoparticles used in an ink for printing processes, containing an amount of
ionic impurities of 1000 ppm or less, a 90% particle size of primary particles of 200 nm or less,
a volume average particle size of 100 nm or less, and a particle surface formed of CuO and/or
Cu,0.

[0026]

(17) A wiring formed on a substrate by a printing process using the ink for printing



[002. 5) The ink "a, printing processes according to), wherein the
p..g process is a plateless printing process using an inkjet printing
apparatus or a dispenser apparatus. [0025] (1 6) Meta
naneparticles used in an ink for printing processes, containing an

amount of pioofikds atddpUfid foia@$ o0fl) LQDO. ppm or less, a 90% particle size
of prinargwg rticles of 200 BM or |ess, a volunme average particle
size of 1 in or less, and a cuticle surface forned of Cur.) and/or

etc. [0026] pr Qsﬂﬁee@iriag 60N o (1) aMered elédinical nbi@AR#Y isGBparttbieat

W ring acggkdln to (117) wherein electrical conductivity is

i mpar t eda beEr Bwveroner . [ 0028] stride forned
by using tdoegwi ring according to |'7; or 80 in a portion or the

entirety of a circuit for electrical conducti [00 '
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) or (1R) pérfoer tROérkik@PofOf cilchi fo? Rick kit ¥oRfictnCi reuit for el ectrical
conducti on.
[0029]
(20) A semiconductor package formed by using the wiring according to (17) or (18) in
a portion or the entirety of a circuit for electrical conduction.
[0030]
The disclosure of the present patent application is related to the subject matter
described in Japanese Patent Application No. 2009-215001 filed in Japan on September 16,
2009; Japanese Patent Application No. 2010-18417 filed in Japan on January 29, 2010; and
Japanese Patent Application No. 2010-25318 filed in Japan on February 8, 2010, the disclosures

of which are incorporated herein by reference.

EFFECT OF THE INVENTION
[0031]

According to the present invention, there can be provided an ink for printing processes
which includes metal nanoparticles containing Cu and/or CuO and/or Cu,O and other metal
nanoparticles, and which exhibits satisfactory dispersibility without using additives such as a
dispersant; metal nanoparticles appropriate for the preparation of the ink for printing processes;
and wiring, a circuit board and a semiconductor package formed by using the ink for printing

processes.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032]
FIG. 1 is a drawing-substituted photograph showing the image of a pattern printed
using the ink for printing processes of Example 1;
FIG. 2 is a schematic diagram of a hot wire type atomic hydrogen treatment apparatus;
FIG. 3 is a cross-sectional diagram of a coated substrate on which an ink for printing
processes according to an Example of the present invention has been applied;

FIG. 4 is a cross-sectional diagram of the wiring, electroless plated layer and/or



[ 0030] The disclosure of e present aeni application is rel ated
to the subject matter descri bed M Japanese Patent Application No.
2009- 215001 filed in japan on Septenber 16, 2009; Japanese Patent
Application No. 20101 8417 filed in Japan on January 29, 2010; and

Japanese RatesplatdAp)er 68tht PRsdNPinvadP-28318 filed in japan on February
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ft:nop:1.:tides containing Cu and/ or Cu and/ nanoparticies, and which

exhi bi ts GRMISMEIBFY A SHREPIHAMY y wi t hout us ak for printing
processes u20 and other netal additives such as a dispersant; netal

nanoparti ropriate for the preparation of the ink for primng
pr ocesses,%ggi&?‘aﬁﬁ ESR GORRYIRN QUE&%%WT::{O%M conduct or package
formed be[assdng the ink for printing processes. .BRI EF DESCRI PTI ON OF
THE DRAWN% 0032] PIG | is a draw ng-suhstitul ed

phot ogr apA P EHOVATHEE Pracsstfage of a pattern printed using the ink for
prthiing processesinRforBExamiy Bodksses of th&prkedt ihSernfiod GREMRIEGdiPGhAM Of
a hot wire type _atom c hydrogen treatnent apparatus; FIG 3 is a
Cross- secf‘?”é%’/i’ PE t85 cAgPRrALPS la%@datebseh@wg&ewaf 5-46‘??5%P’E:‘ﬁssan ink for

printing processes isageMiiongidiag pRcEXaMP IR pefserl A& eRIRSEMardcRYBEE hyPfht

has been a@? 1 %d; I:ItG : It e OSS& tshg(l:li[(el‘, ?11?(? (Iioe(s:I Inglt(‘:]c';>gltzpinoc]:irbz)xrl1 ger\{\f/eléilfﬂ)gri

ei ectrol e tREP2 g BIOteg iy agFnt an ’ B
dispersant, a protective agent and the like. Therefore, the carbon content is very small. In
other words, dispersants, protective agents and the like are usually carbon-containing
compounds, which are organic compounds; however, since the ink for printing processes of the
present invention does not use them, the ink for printing processes has a very small carbon
content. Specifically, the carbon content is 0.4 mass% or less, and the lower limit is usually
0.01 mass%, and ideally 0.00 mass%.

Meanwhile, the carbon content can be measured by a high frequency induction-heated
combustion-infrared absorption method.  As the measuring apparatus, EMIA-V series
manufactured by Horiba, Ltd. can be used.

[0034]

Since the ink for printing processes of the present invention does not use a dispersant,
a protective agent or the like as described above, there is a concern about whether dispersibility
and dispersion stability can be secured. However, in the first embodiment and second
embodiment described below, which are practical embodiments of the present invention, the
conditions in which dispersibility and dispersion stability become satisfactory have been found.

Now, the first embodiment and the second embodiment of the ink for printing
processes of the present invention will be described below.

[0035]
[Ink for printing processes of first embodiment]

The ink for printing processes of the first embodiment of the present invention is
characterized in that the content of carbon atoms in the total solids content is 0.4 mass% or less,

the ink for printing processes includes metal nanoparticles containing Cu and/or CuO and/or



el ectropl ated | ayer of the present invention; and FIG5 is

dr awi ng- substi tut e phot ographs showi ng the external appearance of art
ink for printing processes-coated substrate before and after a
reduction treatnment by a hot wire type atom c hydrogen treatnent
appar at us.culi3ld MoRESuft ORi eRRRYhMes SAIF00T bz bNVENT 1HOMb1§13088]contdak f or
pri nt r|g rocesses> The ink for printing processes of the present

i nventi onY%%tharacterized n tthe content of the carbon atrins in the

total solids copf@dprebent Qvé'ntl'fmsﬁl%h@ﬁ 1er€f§r§mntmg processe?'fﬂﬁreﬂaﬁed ﬁsli}% rhdik
for printing processes of present invention i characterlzed by

not usi ng "4ORENET CRRNIngC lp?r&(%&u% Qe WHR PIREFITORE] AR éid ot

contai N Canheiiedliisp@sioh MR, SHdPesRANhddid P sMlisttdry ispaeiilitPRdbhied
| i ke. Therefore, the carhbhon content is ve&&lsnall | n, ot her words,

di sper sanf¥n WHPEYEEPAILTS AP 28AdISpHENL | KencE P GSBEEH [syiot used, sintering of

car bon- copgpinianetiE QRPN EIout Wihieihg @-l’a@%egﬁﬁﬁﬁﬂ&" eﬁ@é@@ﬂ%mn@‘iﬂ@&@ﬂasam
since the ipk for printing processes of the present invention does

not use tARMTUTPAECITARIAIGR Ot VIDE Atf b JEERSREPRYFERTFETT Shar NS Hodn

content. SpREittd b Yow bdA€reSi8hRANGRN LR N g'e%f OhAccTBSEYRUDE D€ 85 beaNd
the lower [imt is usually 0;01 mass% ideally 0.00 mass%

Meanwhi | e Vi¢A¥ car bon content can be neasured by a high frequency

i nduct i on- heat egirg arMShh@ArtcnE Ei8MnA0S AP QD AR @R,0 A thd 8Kk for
measuri ng apparatus, EM A-V series manufactured by iloriba, Ltd. can

be used. POE@gprocesses of thegyrpieqt ipyratipmh /el pregartistes H@V”Eﬁ pEBYSeY sypctpgavith

present i fh\é%&U N fees o QhpdS8d %e@he‘il%&?&ﬁfed oﬁcdﬁbé}tcﬁi‘de!; \éﬁdlaﬂﬁzﬁﬁcl&r
the |ike as descrlbed above, there is a concern about whet her

di sper si bfarpedolrpparsigey 3’?11)‘?13 depgidet Pelg¥-can be secured. However, in
the firstgppodi ment and second embodi nent described bel ow, mhlch are
practical enbodi nents of the present invention, the conditions in

whi ch di s[SePRFTlPPReF gxidneprerskedargiclsl st abi | ity becone sati sfactory

have been foundpor the partlcles NOWng b R&rehhdiiStru@iRAAINTEN or@pst foRfedSEToNA: and
enbodi nent of the i nk for prlntlnawprocesses of the present invention

will be d@sehdinat ‘GEICOW POOITFiqer Hier s eprefgiter! iyasy COMEY SWBCTaidei r st

embodi mentdre shell particled ot SR uflchibd RkicRIF 9%@1%@&09&%3 Bf irfe@%Hing raw
enbodi ment or the present invention is characterized in that the

cont ent omalgEd Festnl spEpanintheipase disnesied yoin agegpnicoatvartwiigh ¢peaneigkivi or

I ess, t hereli\EUfngf é&ﬁoxp %t‘ﬁtlés@ﬂhg?ﬁ QE&F S 8ind. NGuHESFoNBE @peMRRPR K idk Ch@Shell
contai ning Cu | or CuO and
particles produced by 1ntroducmg copper raw material into a plasma flame in an inert gas, and

rapidly cooling the copper raw material with an inert gas for cooling, can also be used. The
characteristics of the copper/copper oxide core-shell particles produced by using laser light can
be controlled by appropriately selecting various conditions such as the type of the raw material
copper compound, the particle size of the raw material copper compound, the amount of the raw
material copper compound, the type of the organic solvent, the wavelength of the laser light, the
output power of the laser light, the time of laser light irradiation, temperature, the agitated state
of the copper compound, the type of the bubbling gas introduced into the organic solvent, the
amount of the bubbling gas, and additives.
[0038]

The amount of the ionic impurities included in the copper/copper oxide core-shell
particles is limited to 2600 ppm or less, and preferably to 1500 ppm or less, from the viewpoint

that if the amount of ionic impurities included in the ink for printing processes is large,



Cu20, and the anmount of ionic inpurities is 2600 ppmor less in the
total solids content. [0036] In the present invention, when
an ink for printing processes is prepared using netal nanopartieles
contai ning Cu and/or CuO and/or Cu20 with a predeterm ned anmount of

i oni ¢ | MpUfidpkisRE staBilifll i§ B&ESEQN medi um  and optional |y additives,
satisfactory dispersibility is obtai ned even without using additives
such as a di sperld&inic imPREEes nchidehdrbeopParsoprst otidetpre-gich paiticisg carf be
copper pardnhigled Sy a8kl SitriyhkHQMEr tb @A dobP/cBoeP:98 RPRURL pRtic RIS GY
for renoving the dispersant, and during the formation el a wirin
pattern, tFRURHR tss thpyeahf alfhppasidesisalingdhe pEtye B @p@meppRade of Teflon
subst r at esrddantdadrai i Be alh; &S Bl ARGRe tQRurhdRh of PB°C 898 hQJrS,CAEBAerﬁlg the
for the substrate can be w dened. First, racial

nanopar t i dreisleg Brheairiigagotand subiscii@ShCrronrated senern@iaf tofirchydyeatpgriphiyor
printing peeRssesr BhiciffurRi-ESHMe qllz{h\{i%(/él? Beteriih&d %a%dﬁqyefeﬁlcgt% the
having a core/shell structure with the core part fgrrre of copper an
t he shel | {4kt prevdeusbiorbéfined oppe ealibsatide surveprddused pang standerd splotiomsd  of
copper oxiggs; W |l be described bel ow. [0037] [Copper/copper oxide
core-shel I particles] For the particles having a core/shell
structure with fhe2adiethpaerpef©ppedxidf caepirrpagivles heeddin Bk presamttinvention,
fornmed of b ' r r 0

oxi do. cor repariee BEHOE T AR (gl ot L i nhdte Y S NRPG SR BRRc
parti cl es sBf vdbedgperspd pteteatiiraliciahty erealtnertzesalcakhangd a «0d npolteds lesh gian
are di sper i L I i C Lhid. r i
et on, wi ri T ange IRy LaR0lof Bkt PR Rk BT ot AL B
oxi de cor 6vesedre pisierablcequsl tp pogtea erdhamyl Oinm anddged! tgordesp ren 20@wm.
material igug a plasma flame iti an inert gas, and rapidly cooling
the copper raw material with an inert gas for cooling, can also be
used. ThelCtwazrantdeppsicieels of the copper/copper oxide core-shell
particles produ ' I gh: n :
appropriately séﬁglgw rrﬁ‘gﬁe\k/g’? P%ﬁgﬁ%gééa?@%sﬁ(gé}g@g%&%g e{r &e!oted ?/ p‘g%g?r Otxhdg
raw mat er paiticlesop pese eonpourdommivecigymdridteal moduetsofuck hecoppawonraicer i al

copper copR@uRdeied h 1 -r-aw, at.er.i al C nd, the
Typo of 1t Raohr et IO, | K00 OO LB P o AP RED SETBEHE™ e
out put poweporafion thesh¢da et cdppghxidenmptitintes mhnifagerd by Yissei Engiackrat,i lon,
t enper at upe i conpound, the type of

t he bubbl |{ n"’garégg'gd%%ﬂ’g%ggé‘ﬁ& ?%Iﬁ%gl%tll}é&g]}a gggagerd'sol vent, the anmount of

t he bubbl i%fllgas, and additives. [0038] The anount of the
ionic inpuriti I i o 21/ ¢ r.oxid ore-shel.l .
panicles is |i ﬁ‘lﬁltrlé%%[ égqgeg%&ﬁ%&n}ﬁ%? Bﬁggﬁéurgﬁgg%lrtaé eéirlgbhl%f o?pgf ngf)paﬁmﬁs’
or |ess, fremhetvhevpeingvpoifthe anvant dffthetibvec anpuitits ofluiainh theiinfplor ptinteg

i ncl uded | L for pringting .pr,0cess i.s.|ar di sper si.on .
stabi 11y PesgS B beRich U8 PHRTESEE e SapeBhitRane HsRBS PEME Bui
oxi de corigpsheespbat biedhadsied anthb eavamalesizied limited do260§ pphitar &psiraed wateedblyt 1@
dried cop{g%/ Sr?x%?ﬁe@s oxi de core-shell particles in an anount 10 tines
t he wei gh P he particles, sealing the m xture in a contai ner nade
of Tefl on004Xgi stered trademark), subjecting the m xture to
extraction at QC f.or 24 hours, separating .the rticles :
centri Meati on, 115&? OHUG BRI PG P iR ’Egﬁéf’%{eég’flg%‘ﬂ?ﬁg‘ﬁﬁa?ﬁ fa?a@/z%w adding
chr omat ograghye waltreo ar@luvpp@fcop@nbide apershdlipagickam Heanguantd tiradsitvel y
determ ned. king reference to the results preyjously obtained and
2 a1 br st oFT o RS ACHLEA Har Nl S A ALy CTTEY brtEmaig e g,

| n regar dubjectingeh-cORPRE (0CRRRARIon AKi WeC EQNAHeNE] depRaidgited RStidkg®¢ i n the
present invention, since coarse particles mae/ cause cl oggi ng of pipes
or i nkj etcHEGEaton pl YOEiedpeteeraivd pareranelodpy ehrprmatpgiaphyi s plsaseaynt
state i s PiiEhpliNesRANBE qlati@livay 8RErBfinel B MakiheTBRNL B @tabsuto OF
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[ 0040] [ Copper oxide particles] As the particles fornmed of
copper oxides (hereinafter, referred to as "copper oxide particles"),
t hose available as comercially marketed products, such as copper

oxi de nanoparticles manufactured by C. Kasei Co., Ltd,, that are

produced hyeveouggsbRias endVaDBIa8sd Qv PREANE&H usR dta6 QR lutdxs. de
nanopartlﬁ@ﬁaﬂnanufactured by Ni ssei Engi neering, that are produced

by a pl as | ame nethod, may be used.. [00411 In regard to
t he anount of t NereRarditd thie ABPet &dl&spaﬁﬁl& aédﬂfi‘ldthle Breb &R irORPAS i coafe
particles. mthe e V|e wpoi nt t hat anount of the ionic

i mpuriti egaf“ﬁ P OBBERFFCIpERilE HIPEDPT lﬁkJFtdF?qﬁgtth%é§g%r§°? Barfigf gee in the

di sper si orahspérasm dtdté ¥ pte$erﬁiﬂ52 EQABBGr glehter thot mmﬁmeq@m td 6Y8esd MAHNE0D B
all ionic kﬁ? g{ at are included in %@? raw materials is M nted

to 2600 prt CAU R O e & 281 ) IS0 ST 19 Briest Be’ 30 a4y evpremore
i oni ci ncl Lpdae}am;aeqdaetow@netrermﬁ tenpakd doGlies oCiadd the 280akyzed by addi ng
ul trapure @gﬁfr to dried copper/copper oxide core-shell particles in
an amount | imes the weight of the particles, sealing the m xture

ina Teflon (r egvr&heﬁeerﬂetmrrﬁﬁl@ﬁmcm c&Rntiad oeanw&tmimﬁwongu;@@cmaiﬁg%@he
to extraction at 20C for, 24 hours, separating the partlcles

centri f ug&fSHh! mva'mfnéa Brsedradagoteres dasardinddiwasion fdamt th BT

chr omat ogidaphyed bERSy, BFOor Bintin Pideess &R FHetpk@ent Wanm,caﬁl vamsthingd 1 Vigky
deternlnegﬁpéfpakln reference to the results preV|ous y obt ai ned

and a cal PRORCEEMECPHIBE (PBTPIEE G vt ahyar Ry d55 b pdrAY

in regard the C@«mammwwﬂal tB@fnk'f&lpﬁﬁtlhgslﬁchlsd&s Ishﬁepﬁfeﬁ%?ﬂkﬁérﬁﬁgmetxﬁaal
si nce coar se ?artl Ies cause cl ogg es or heads

the 90% dP&pEFEFish caffbcefi& wedy %@Sl?fi'is‘?”d@“g‘i%ﬁé?% “¥}taé¥5ép‘?“édebpéméﬁahbl y

equal to @inoghiBaker dlsB&EEdetHe'd’iEp@r@ﬂn afttah, 4 (B ath&SoftibAD iR itlcd M the
nor e prefapgbly equal to or %reater t han 0 r|n1and equal to_ or |ess

than 300 GPFOVERC &AM nFroPE ipEEE SFABIYY 8PS I5p. r@t}réa&eéerabﬂm &40ppm or
310n and egdahd &v@n@lord §ERrabRAV0 %u% ok [b@s HR4 e term "dry &ode"&T}n&tﬂe

nmet al nangfart|0|es cont ai ni ng /or CuO and/ or accordlng to
th present®CRYERES W&%mﬁé’s‘tﬁfli’ﬂﬁ‘g&ﬂe&b‘b\?@ statedhadfhegisparaign mediymds apler si on
Medi UM t hatcluakd,! be described bel ow, the ink for printing processes
of the present invention can be obtained. 'The dispersion nmedi um
accordingﬁmﬁﬁ the present invention will be described bel ow

Meanwhi | e Dihesod AeaihAK for printing processes is prepared by
dlsperS|ng the metal nanoparticies described above in a dispersion

medi um speci fi éarh%ﬁlsp@r%a JepRdE?t dsperpesttha mefalrapenartickss égntpiging Cu and/or

di sper sedchd ahlysr ch mﬁ&ﬁﬂn% iR & Ui BG etsBEL 1B fenOhvdn@B4, Gt is referable
inpurities in the dry powder of metal nanoparticles is pref erag

600 p], ||W%¢a|désﬁs«r810wp@umrheweg alshRer DRG0 A 61 oflless ghan A 3d> KV a. n’BNCé)a
pref erabl y; 000 Piufa sgliﬁﬁresshﬁ &r%afs@@ tﬁeemlsgasxgt‘?evm%ﬁaﬂzagﬁ}é B the

nanoparti el es” means met nanopar es 1nt ate t
di sper si ofispredénumedismnot i ncl uded.

For example, if there is only a dispersion medium having a vapor pressure at 25°C of
1.34x10° or higher, the increase in the ink viscosity due to volatilization of the dispersion
medium is significant, and for example, in an inkjet printing method, it becomes difficult to
discharge liquid droplets from the nozzles of an inkjet head, while there is a tendency that
clogging of the inkjet head is prone to occur.  Furthermore, in an offset printing method,
cob-webbing occurs in the step of removing unnecessary parts of a pattern from an ink-applied
surface applied on a plate cylinder, or in the step of transferring ink from the plate cylinder onto

a print-receiving object, and inconveniences are caused, as satisfactory pattern formation cannot
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[ 0045] [ Dispersion mediun] As the dispersiondisperses the

mencont ai ning Cu and/ or CuO and/or Cu20 used in the printing present
inmet referable to use a dispersion nedium having a vapor pressure at
2,5C of less than 1, 34x103 Pa, Such a dispersion nedium can suppress
an increaseathevkde i nk viscosity due to volatilization of the Inn For
eKanple, if there is. onl X a di spersion medi um having_a vapor_ pressure
at 25C of .34/ I qddftiongg dippegppaymediyipbavifigragase mressirpal [psikhap! PtXa and
due to VO'aQﬁs‘p_Er’si%@-He@iﬂm&IavﬁE@vgﬁo'f PRESIAR ﬁﬁggld;%'olsgr%ét%%:lffé??%% ]o?&geor.

for exanple, in art inkjet printing nethod, it becCones
di schar ge Howguardn hab pisettse firomrativeof tiszelvers he¥inga varion kijesstiretpd & B 4xWii Haer

there is i f I k] ol 0 to
ocour . FurtRa aararabip b HOARAb: B bk raoE PO TR B b e
in the st epfaibly € Tk srdessnpledess theyotpanassofghe dispratdnenalifm. onMamwhile,
i nkapplic r | ed : i [ ; t of .
transr er r PO L SEr e ARY T P e B s aE By aflhey el EpdiFBs L i
obj ect, atle dencdmyenikehceslisarree galisdds inadatsigréssfsact ory pattern
formation capnot he achieved. In addition, a dispersion

medi um ha\;l ngfa vapor pressure of less than 1.34x103 Pa and a

di sper si on nedi Bpecifavixmgplas ofaxodispersemshd@inofiaving3daph@r&laure at IA°Cal ks
may be used e r. wever, in that case, the mxing, ratio of the
Sol vent hﬁvpﬁégéﬁ{??w}cﬁﬁﬁ Bl fihsgrocarban ¥hnis i os g diecne: dodecan, aind
pref er abl yetig@carte0arati®Baocaiboh &S Gants KOs RIG [RARRE, YinBfle, HRBHUOT

| ess, and epgﬁlglermre preferably 40 mass% or less, relative to the

total mas& R cYy sy o prgRn e iginyivrnzmrea A lagetonicile penyicryiehaprs

medi um  VaEizenEild Rl RehiBltnbesteSRW RS shdBRg isaButyINeMatd A& A pHdRMMate, ethyl
pressure in the desired range and can di sperse or dissolve |nsufat|ng

di s
resins. [ BOABPate T-butyrolagars glyeol xlbiptts lastate, Ard dod frstass aliolpb aplipts such
having a X@pgﬁta&ﬁ,%ga%&aﬁél, cxz-&giﬁgol, laﬁtgglyéebiﬂﬂ(c}on%%glé%gﬁ %cfl gsg%)dg)?lexanone,

al i phati c hydrocarbon sol vents such nenari e, : ecane, and
t et r adec ahdexaapsnatiegatopdrioedanbon | Selivehn-swcindas et hyl henzene,

Shenyl acetOnnt PrpERTpRRB R il UGt U RDE R R e PR TR
ester sol vietysnsglgdv! dsthysahet ybpydae ghre, mametkihlyl ghapiromédne glyevhy |
Bty 1 acrapictivbthe BpRGLRIB ot Blorstbuld i op Bl bFBLEY A,

ader pi neopropderd.ghoymendmethyk etherreetsio] digintlsielichl @bylcthet ohescadicbmiene

2- hexanon - t - n ., 3-di | an-.2-
L 5. 511 ngie PREDI BAE IGee ELRAERRor ol Ry Bs My Al yeqou
di et hyl i nehglaygat, dettipéneadvelt;butil ethbrydcetnie, tgkthgiohe glyetl mgthybttheragetate,

I : I ti.oethyl
Gt hor, pr BEpYERe R0 S e o 08 e R QRO 60 b0 OB Bt
et her, progybehethel acctale, mpthpletd g@idvy butel diter acced, atahylddetghyblarbatyjleteol

eAl ayi ether, acetate i et hyl en | ycal,. propyl ether acetate,.
G et by erieiesiioRY e Hutd IHRE ALY R RO oRC BB BE R Bl s
et her acedoatests swhihet kiteetlictheg bytwbphetylbtiey bereylipdenydedt@amethotytoleedeydndne

| ycol t hyl, et acetate, triethydene glycol ethyl er acetate,
SHer iyt o okl e BT R palb e S B S Rk ERp B i Gl BESH R
et her aceinstiesoltenisatithydsens-dinytapiforbainide, MNdimeawbtat@idetandet hyl ene

|l ycol 1-butyl ether acetate, djpro ene glycol di hyl et her.,, and
o T onyi el oty b BRS R fome B iRt o it bt iR o
et her, budyhplehemyt diefdigsn mpamh YhehiRheMpor plefiare, at DBIEXYIQl iPaRy gRINE:

benzyl ethyl ether; carbonate solvents such as propyl ene carbonate,
and et hyligredeasbd idveketens eethelgrapam keteisetplugae, isopropyl alcohol, and the like.

N, N- di metipebd QEprRtdN H&ia HnMe didatsiglnd! iaeohgimhdlg, of AR8lor more kinds.

N-net hyl pyrrolidone; and nitrile solvents such as inalonoriltrile.
[¥O47]
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The content proportlon of the dispersion nediumin the ink for
printing processes is not partieularly limted, and the content
proportion is appropriately adjusted such that the viscosity at 25C
and the surface tension of the ink are in the ranges that will be

descri bed bel owThEewMesepropbSibibi te dikpetsfonhdfuek AhEink Gor pelhtitst prob&@ses is
cont ent proportl on to 40 to 99 mass% o the mass of the ink. 481

00
Fur t her mor8t Pagculapls ligyites apd he SomE PIORPTEARL B8PSR AR adpigd such frat the
copper / COpR@ssitG A B8 AR the BFick EhQ6n Sth&RARPRN BX kG aditWil b@ﬁeé&%ﬁéﬁ in
the ink for printing processes of the present invention, di spersion
medi um i n MRRPchHpweepgpusily ttey preferrblere adih S8 §o% et BEIPPTHOY t%@ﬂ%@ss%s
| MPal | oregedd 8k madSordigsigki bed in JP-A No. 2009- 215501, is used,
and it i s referable, in view of dispersibility, to use a dispersion

medi um i n[%KBEh the hydrogen bonding termin the Hansen solubility
paraneter is 8 Wﬁheﬁﬂ&e,t Q%&Héﬁf&&l%&ﬁluhf‘thﬁthﬁ’sptﬁ&stﬁé“co%%r%@bﬂér lo¥ide
par anet er is Il MPa' He he Hansen sol ubility paraneter

is one of cméh%namféeg of mppareqmﬁmgldeﬁéseém Uik fonpripiipg e epesil the present
SOI vent, aRdnddiea &I\iﬁﬁe?éxérﬁn&ﬁlﬁﬁ ?rp\fvhléﬁ @ua Qlﬁlct%fnpf?AQhé ﬁans&pgohﬁ%lﬁfrﬁhﬁmeter is 11
"] NDUSTRI AL SOLVE Mar cel nc
publ i shed MPr"r‘ 1ggEpter ApANSEN IS BIN_Q ?@MM@H&R@ any USER{S 2 PSNDREOKT!
( pp. 1t 41d13£3§b1?f}ﬁ§)5lmse g-g@&;rsmn Qle&ﬁgl%c%eﬁglrygé}l I[)%ndl(lgﬂarm%?th%%ansen
" Macki e Academ ¢ “& Prof essi onal ublished in and ik
The Hanse#selanliiRIameyr 5 MRet eind |ﬂse ralap terra prethe Hapsse ﬁ@lh@lltd p@@mf«ter IS 11
subst ancep i ch has been introduced to estimate the affinity of a
sol vent and a solute, and the question of whether, when a certain

sol vent and a sHFrigt &e Hpesepseupjhty rarpmstee sionaet the mrdody fepdedingeghe sfubilie

system “Dyéngm&%c&f%%éﬁeﬂradd'?ﬁé KBS tHeRo1B LesBXE &N, forC@AmPR ﬁﬂé‘t}ﬁﬁﬁﬁﬁ
fromthis paraneter. Tha a sol vent capabl e 'of dissolvin

certai n s8b5VENES W%@Kﬁﬂ%ﬁé 68, Matcd Exeklgar.Anc. Tblished ent39p)s HﬁNtSﬁéT
present i B¥eBIARYIPIQUANETERS A U@ER‘%%I@]?@bK@?p Q.4 herehal i '1@@9

bet ween the netal parti cFe surfaces and the di spersion nedi um
i's, the i INEHGIORSUESEEVENTEN G- Whéh BiaskiglAcedearie Spkpiciseines pabmhql in

di sper si 0@9%5%%31 [He%'k@ bﬂfé‘i%&en sgfugﬂmﬁﬁéter id DoRLH8L: mnﬁa aJoa %dbztgmte he
SySt emin terrrs ener I SPersion di um has a sol

par amet er whigh éaSc@m alitrndlrcaﬁ tpecstip@i@4igiaffinity of a solvepy ardot %%utefanéthe questlon of
di sper si Oagaﬁgl \Vﬁﬁgn"éﬁveﬁﬁiﬁ@&éxﬁ faﬁc?§sothnga1@l8fb\(lgﬁtqﬁ§95&qu&9%an8%§ the

i ncl ude y-butyrol acton I netityl pyrrolidone ene carbponat e,
et hyl ene eatchoneat édecerbryiremseagt (pouliat siitrficerbe m@ﬂ@iml frpmltles paAdietethe That

l'i ke, Anmopg, { , ca nat e,
and et hyl Srs bl ear Ay File gk Sl i AShE B AR FRBETTRP

di sper si omVﬁéQts gf’rhhh prekens awvigfondlgought] that e sabo veplidewdhd tsatior betdedn thns

of vapor pressy p r.

y- but yr ol acgzt[a?rl elg %&s?ﬁ@ﬁq@%sﬁ% gg%‘lghﬁl}é’r ogg/l gﬁtg%c“é#egg%%?lgpwgfi ﬂi/ vtheen
car bonat emetahahnggayioadds asdmfdlqusxotl 0B8ilh are brought inkncannga ndortier to Mebibimbnt
of the iopjc i. i 1) i y f

Vi ewpoi ne SpREy TRy bt e e SR ok B D pHR o T B
i nk for piOD#li ng processes is large, dispersion stability is

are bt ded i rEEHEP At darar arairs wharandlst o 3Bhh et il S g
nore prefieclabd wblﬂtﬁﬁﬁc@pm}bmelhgbsrrol[ldlﬁaZb}opylene carbonaﬁ’lethﬁlmmtboﬂitel oni c
i mpuriti es i ncl lijded in the disp erél on. medi um can be de[i‘erm ned by ion

chr ormat ogft Yspevifite. c5ft Py cpétheilikh n%ra? F18 REFCHA Iy - EgP! flﬁgﬂeor

under re sﬁﬁeﬂerc%aﬁw@ ahdeBy CRYIAN QN fieBAS&brdef | on (regi stered
trademar K ultranure water is poured on the residue to dissolve out

i 0Bl i C i ngb$dlties, and the ionic inpurities can be analyzed by ion
chr omat ogr aphy. Exthﬁle%py Bisp@fioh ABHIGM! WIRAH dalidfRS alf B2 2BEy 8T bed BN BhYor
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[ 005. 3] In regard to the ink for printing processes of the
present invention, as described above, a dispersant which requires
hi gh energy to renove from surfaces of copper particles is not needed
in the preparation of the ink for printing processes, but to the
extent thakpéiResalrt Seilt$an9dn LRGiIRYF SIEMer iRURBY LA A EonBOY-nleMRA FrEfido R,
di spersant may be used w thout any problemin an anmount equival ent to
a carbon JBPRYERE cBPorals pademcarbonaie gnd glgrol Eepur pose of furt her
enhanci ng dyspersion stability, or the like. For exanple, a surface
tensi on adjusting agent can he used so as to nake the ink for
printing procesdegeadidite Bispmonn of ge fmicippygfics shidad ishe Gppeeiaminagjum,

Wi ring patitdd e vielBOatkhat if the amounPbSRE{R ORpRiiict BEMBAT bk i8S £ & 3Rinkg:
carried out by using an ultrasonic: dispersing nmachi ne: a nmedium

di sper si nPTIFEERT if ErEc Sipp ot iy isrferrrasedy theggiat s @rihesamaupts g all ionic
appar at us igédlied thafard ARRIBEK B thQhw Gnathh M & 110828l 26D @ hpm 8r CQUR Bhuore
collision nmethod such as an Utinmaizer; an ultrathin film high-speed
rotary di 9perablngStPerpri ¢idessuch as Crea 555; a rotary and

revol utionggsg) m xer, or the |ike. [0055] The concentration of
the particles in the ink for printing processes is preferably

adj usted to | tdhyemgindpfigpie snpiriseeingbfisd ig theglisgersigp edapicban e Wetepniped
pref er abl yy t@ chfbrta®ephy M Hecili®IBEs dispersion media@R dREd GPRLEAPLALRE t hat
when the particles of the ink for printing processes ‘are not

di sper si ofic®ewAFsswe inycogtagiies padase dellongregztased tajemank), ellitapwg Vet poured
the partigheg rfi®ied SRRNIANRL ARbHZEDnd Me IR HHpERELShOB Jﬁ%gjzgtm)}b%n
means of the repul sive force due to the zeta-potential at th

particle shpmaeesphy n Toeamowt slienie pmpusitiencas bs pantisatively Heloinnpedalyy making
electric chaede § ateshis ﬁ}Q\HRIsEﬁobWiﬁeB aA&} BaBRLEALLrAL prlodudRl ﬁs?ﬁé]gt nda{]d I's
expected that neutralization of zeta potential or s%ortenlng o? t he
oper at i ngsdt&tmance occurs, and dispersion stability is decreased.
Exanpl es qfpsgy subst ance having such an el ectric charge include bases,
acids, and salts thereof, and ions resulting from dissociation of

t hose subst ance® fegrefl trdbe mmiforrsingngipreensies nsthe preewt divargionostdpecriprdsont,
i nventionj, I O0En | ik ' :

aci ds, ool L e e B ot sl Bl &l oS BB o
printing peedekwdespreapBy pf tix anpberringihe diosesersi latt édthe extent thaatheclincthef

detected I 3 t W0 C (AWl Wi th
pur o vt or PhaT bR B O AR TR b LR PSR PREL Bt
ion (ft),ampunhpqmvaleshto(adaybonsoent ot 9.6 mastib ar 1¢sk, fop eaywiosanfifenthef | C) ,
silver io o & kbl ' -.OX.0DnI I.on
(O aman s SEREREGilgRr bk TR YRS <oRle KT sy A L
([ CoCt 2( N1l pd o as, to ralynids inkrioi mrmtifp ploedssessaitablasfior # prntn€aparatss foo i winm
ion (57?), pﬁﬁkﬁﬁ&hﬁn (Be): cadmiumion (:1d24), nickel (10 ion (N 2t),
zinc ion Zn , copper(Lt) ion (Ci.21)" niercury(H) ion clig),
iron(l1) f0eml( Feh, cobalt(H) ion tin(H ion( ion (Pb2+),

i gai nt se(11)ni.on.: . i |-4).41 ),
ot r aamm nesoppRPRTr Shihe bFLCIRRATYESAHREHS b plbfat iR abitnly o,
t hi ocyanomaadumeH: inediom difpirsing intaSGNE Gich ahekéatamiln crenatontsetr@Pap@matus such

put purw (I CQCKNI -12) 2: 2}, al um num i on 13 trein(111),.4.0t; (Feh,
Gi 1 o i uaRPT Tt o Shgr iy Wi Bt Tl f iblon et B i

([ Co( NI'i 2)iGdthin filhéxgapuaobat difpekyng oarh{nt Gadhf ak 20963534 Jqtary and
Iiexaanninej%roniunle JOr(N143)6;31), r oseo

] i.on..
(12Co(Ni iT)% Hﬁdﬁ“,"frs&rl)‘ge?l%n(| NO ion (S hydride ion (ft), fluoride

ion (V), [6Md59ride ion (Cl), bitilthile ion (Br), iodide ion
The concentration of the particles in the ink for printing processes is preferably

adjusted to 1 to 70 wt%, more preferably 5 to 60 wt%, and even more preferably to 10 to 50
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hydroxi de ion (Ot), cyanide ion (ON), nitride ton (NOG3), nitrite ion
(N®2.1), hypochlorite ion (010), chlorite ion (002), chlorate ion
(02037), perchlciriate ion (01041 pernanganate ion (1\4n04), acetate
ion (CH C00), hydrogen carbonate ion (1-1CQ3), &hydrogen phosphate
ion ($21)Q4), hydrogen sulfate ion (MXO hydrogen sulfide ion (HS).

t hi ocyanate ion (SOWN; te.trahydroxoal urninate ion

G AL(011) 4966f M Qi ) 4(ti 20)21), di cyanoargentate(f) ion ([Ag(CN)2]):

t et rahydr oxochr gni;abt éd\lﬁerdfﬁarlec(tixg(v@é@ﬂ% partitled SGHE QRBT ht‘iri]g:l&odésgbs are not
([AuC14111, oxide ion sr 1de on peroxi de on (02:o0n é

sul fite i @GHpersonstabilizedhy d<ippprstne of wrfa‘(es@eemgemctaﬁ BSHeeses ﬁpfreee 2),
chromat e is@Pilikdd i 42)aispetisoN AR kLY rean£ SGAROERd1si 0D R E QO8O RO SR &
ion (HPO42-), tetrahydroxcizincate(1l.1) ion alti(01-)42)

tetr acyanélﬁmeeleée&f%es i IR SPqh(SENyRIPYen asehstaRe ISl ﬁ}esatfle €025 Bt is
riettel 4l zb, ﬁmq;ﬁmmaepoteaﬁal(mlﬁ%%r ltis asé&éaxﬂm&ﬁfah%eﬁ bt dela po@dhtial or
(.[Fe(eN)6 bi se0 l'oStilfatoiargentate(1) ion GAQ(SZ 3) 13)
hexacyanol&tieang pfjie PR B IIE(ACR) STWY, and AP Errien $iikely 1§ dossss Examples of
The amount (@fstahfenal R isGen AMRWLIrIcRSod RELMARLes! fidshsndisaks hQEofPHidbANG
processes of the present invention is 2600 ppmrelative to the total
sol i ds cofseling rag deadatiopabitharsovestanapidndudaiploasansications: t SeRFTiGE thor
adj ust i ngpth& ARBIRY, BE iohRNinPurit R EslicbiRE) Rr (18e bRLLYAM sdl@REeof, anions,
i ncl ude deioni zation treatnent using ion exchange resin, dlaIyS|s

and the | précatipgstipqlyfige i/ &p jnk fPHEr i TRIOIBFFi of the ionic inpurities
can al so epjusted to the range descri bed above, by taking caution
to prevent ionic inpurities from being incorporated during the

producti on of nBtARPIF Eiseactatediies thy sen heglepseied émonrﬁlw%erﬁphh ahegs,
al kal i metalsmpadids *aee delri@ed WRMHREWRAGr GG Dre Adt litnked FPAE FANWiIRPOL

only to elimnate the ionic inpurities fromraw materials, but also

to elini nhY‘EO@Pé??e(ﬁlt & lighige l%‘r(btjhé%d“ifb HindNe dngseEndor (rKo}nS’tlYf'é ion (Ag"),

at nospher g, Bee@usQCut)mbREyARRE (ﬁ% )Lb%bmgmqoﬁ (}ﬁéf)”?xﬂﬁxoﬂ@ﬂ% (1ng),
radi cal s, such as sp utterlgg] i f nitrogen and carhon
2

di oxi de gé@nﬁﬁ@sﬂ%&mﬁﬁw )n[*”@ e%ﬂ%%ﬁhﬁ%@ﬁHe%sneﬁlweyowﬂer)afaémum ion
nitrate i @RS+ aRgukAl mwmt&nhmal (H28% es&ﬁlmﬁ%ly(c&*@%a&n(ﬁben @maqnimcof
the ionic ud’ in the 1nk printing pr gcesses can determ'n
by ion chiooét dgmpwyll) IPIH(@‘hér meicery(Ition a‘i)sleolﬂé)slsn 3]} ee)t‘-‘@balWHD toeéﬂn
estimte &ﬁ? QL) egdaw%Qpﬁzfspmaﬁgah&axﬁyond@@f;tﬂe@&nﬁhlﬁéﬁmﬁ) ion
originating romt he 1onic i f]l uorescence X-ray
anal ysi s. (Zn(NH;):]*")Qetiranirrinecapp el 661 { Ge(Nelint teofaqpasaprer (it | nes by
i on chro 24l

0eraR) dugdéﬂ,é&gusmﬁ leﬁigﬁe{sch?g ek DehokifiehidiQKirf 85 (RGNS, g@g

processes u ress subsequent | @
ui t rapur eptmureq ([CPCIéNHﬂsiDmmumﬁumwnt(N‘réslrQIKHI)\Am@q ), @hfotfhén ) ied (Cr %

roduct, € gﬁ@ﬁ) 3+
(pr egi ster eg tr adeéolﬂﬁlkgﬁ‘liﬂéﬂgéo{gﬂ{ 2& )Oﬁéﬁﬁlﬁéo&r e tolgreg([t racti 63 ) at 120C
for 24 hdwcsamralmdchamﬂuyxﬂlhgort(ffér(lsupdr hacsaat| Cs@]iﬁr)dHé@z]By tin(IV) ion (Sn*),
centrifu d 18?10 Qiﬂlo? W%Qﬁﬁﬁﬁy ron&-@ﬁg ot erloﬁ) Br')oighlﬁ%iow ities

can be quan ence’'to the results
previ ousl lwdum@nme@lah dyaamdmbm 6y, |n0ndttlan VeOne agnite edh (Ai6H).prypehbeite ion

usi ng st i 0
o 4 AL B LM en i st U Aol Bl bP
di sper si biMrQ.y, aetdtedors@dt:€106X), bydatehicarponaitd ioh HPO Y, dihatidogent phosydbtetidne
absol ute {i nv i s
L (S Rl o Pgr AL ok 7Rk AR5 e 0 v,
Furt her nuetmhydxhreoadthsmhtu i@ ({/AI(QH)4QJJIAI(GH)4ZI&1(B2]ppdlemhoaagentase(b nef @AgONy,]),

val v i o pra arss i osGRRGoRlEr ERA e Do AT Rt B PGB 1Y

pot ent i alsuifigle @8>}, banxidOidngOe )] s;lfatenoxsdsmhaSulﬁtheodeQder thicouifate ion
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of the metal nanoparticles nmay decrease. Meanwhile, the zeta
potential can be neasured by using, for exanple, a. zeta potential
anal yzer (manufactured by Beekman- Cou3l:er, Del sa 440SX) or the like.
Furthernore, in this case, the inmual nanopa.rticies such as the

copper/co ﬁﬁ; 9>éh1@ena@a6§(@@eb lchidahielisd €50£9, SRBRRfe R (EOPAIhbhGSogen
are such t fromthe viewpoint that |ar e(gart Jjcles are prone to

settle undglpspﬁlﬁéilqn (BRA« velegHY dgnerincpteyly | 4t @tr%&ym()é%ateﬂl) ion
di sper si onakeki,|*) Zta}dcm@mcaﬁ}@te?mhdﬁrrfc\@ry)aﬂx%smfetlb&tp@fsy ze at the

time of dIS er sion |s]g or greater than 2 rim and
equal to erx4°é§§’f°644§ﬂl W(LF&(CW eb‘ﬁFhé?SBllf*’é@Pxﬁe‘?atﬁ@ i3 (3665-9808,)-and

even nor e RkLlaloaRlak? o ((FQCcROPamd thdfke1; The ink for printing
processes of the present iInvention can be used in non-contact

processes [8%8h as an inkjet printing nethod and a di spenser printing

met hod; gr aphi cans bgbBursf s iRnahmpRfidddtdcN@ed ReRNGH for phBME drodbdel bi MR
such as a screen g nethod; intag.lio printing such as gravure

printing; pafﬁantthéntrqnu"e26q00m@2flaiﬂseée§1ett‘gﬁal(saMfaCﬁwtentv?%d@wbﬁ%b%fa e

i nk for ess@sm@ts drfie: (RIBRBO For alliIMRR tHeQholR P E&lﬁ&ﬁ%mﬂes 3Othk Rﬁ)&&nprran%ee SS
at 25C. Tithe viscosity of aninsulator ink is nPai s or | ess he

occur r encddidedeinpiRatpndicpaicye s e 9 Echnet Kent fiesiopng e ket AdiTiatively

or the OCGM dn@NGErAfe lsﬁlqu,slﬂﬁes AnlaRE bOAZL: @ tgaﬁrmegerafwcﬁb&wbsw by takmg
prevented. The cosity of the insulator ink is nore Preferabl .0 to

30 raPas &BUlPBE POV, lopﬁémpwle%ﬁg@%lngwcp@oﬁéﬁd@é‘ﬂw h@@rqdh?témr%mj@l
there is axaﬁ%eﬂleremna Radreeh i Shed rrfamg@& §1k91me!a% aﬂ@% 10 AR TRt ded.

di aneters and the inpact dianmeter of the ink can be further
decr eased It is important @Héfomh@nnaé%th@lw@rlmbwaw&ﬁ@wawmlah Wit ajsetosi on

medi um havjiftha® eYeaRafs ik Exﬁﬁh@e@oxﬂ& ctnpofrer® frdm tB3AAOIhERbQAUY] i%@ltxeed’asé §f
used, the viscosity of the ink for Er|nt|n processes can be easi |

adj ust ed ¢ hEHARYECREAERITBEE Sai6Y & sPafaIng 196 Pt &f nifreeep gnd carbon *

pref erabl @joxiHahs 48 1nc$llti3§rale'al§ntf) e aﬁn&{;ﬁl‘?@ 2915 $eratt | H@raféﬁ@rﬁ%ﬂ@ cdrﬂ&%ﬂﬁé iBh,
is preferably such th metal munpartides containing

Cut D and| &#P&{iV§¥.20 are di spersed in a dispersion ned|un1haV|ng a
vapor presgsg4ppe at 25C of less than |.34x 103Pa, and the viscosity at
25C is 50 rti.Pms or less. [0063]

The amount of the 1onic impurities included in the ink for printing processes can be
determined by ion chromatography. Furthermore, it is also possible to indirectly estimate the
amount of ionic impurities by detecting elements originating from the ionic impurities by a
fluorescence X-ray analysis.

Quantification of the amount of ionic impurities by ion chromatography can be carried
out by drying the ink for printing processes under reduced pressure or by heating, subsequently
adding ultrapure water in an amount of 10 times the weight of the dried product, sealing the
mixture in a container made of Teflon (registered trademark), subjecting the mixture to
extraction at 120°C for 24 hours, and analyzing the supernatant separated by centrifugation by
ion chromatography. The amount of ionic impurities can be quantitatively determined by
making reference to the results previously obtained and a calibration curve measured and
produced using standard solutions.

[0060]
For the ink for printing processes of the present invention, in order to further enhance

dispersibility and dispersion stability, it is preferable to set the absolute value of the zeta
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preferably 20 niNmor greater. if the surface tension is |ess than
20 inNini, there is a tendency that the ink liquid droplets wet and
spread over a base material after inpact, and do not forma flat and
smooth film The surface tension of the insulator ink is nore

pr ef er abl oiefridl 30120 9ERRker 20 2l i &0 o MMt dctiocttrShe adndRhoot R@SEinduriibe
surface tension of the ink exceeds 80 inNltmliquid droplets are

pul | ed bacdkrthsimprsethe peplute abie 2f diedefa Petentiahis Peaigratde &5 15 higher. apdimpre

becones di fécfér%lil ko m dm@l{aﬁﬁ&e thd @ shiid l\’/hlqe Qrp%ér@a%zoome o8 wv&ebc e1f the
tension o the T nsulator ink is nore pre er ab to 50

Fur t her morBSOl§ valecd disaetp potgefial itlpss haa gR s th§’€féha Bigk th# ﬂilerfksperswn stability

sur f ar adj Wsihe A2 88RBParti@eCOMRI L REAIRR N e AR AGNEBIVE hRbe INERAKL 1Y
adhesive force to the substrate, an oxidation inhibitor, and the |ike
may al so BENBARCKpBP&ted2 ProEd a]lalmawaiawvred by BeckmanC qitere s diplsa
above, if sufEec)rpidnikeof the ionic inpurities contained in the netal
nanoparticl es cont aining Cu andlor C .10 and/or Cu20 is 2600 ppm or
less, an ink foFUiFReEA] Upt Gee dsasete iidsREiFlsysush et B SV SpPper oxide

di sper si bichhetsWeiAthcticths SPEIP AR iR LARICIeL bk sE@MhREr R BRISPoRY BBt fargdSi NY
a dispersant. From an opposite point of view, when the anount of

i oni ¢ PargFlgsare RTonRIOrGWE URLSE Slcireain| weTaf Anddbis dé’émltatp AFHEC dererivg/ or
CuO and! okta6uZBioh, &h@mw Brag@pshitit s&&atqmmf@& %eﬁsﬂaﬁ lsagmﬂaw SuA9L

ppm or | ess or not eval uati ons can be nade on et her
di sper si bEIeieythangngiasshequa] (T ksathrn 3q0ympfmorg praferablyz) mﬁm@@a\m iagfl eeen

are sati staed QEabBNth@lcSPoam, Whet her a di spersant will be needed
[0065] [Ink. for prfinting processes of second ernwit) ' The

ink for pHi%ting processes of the second enbodi ment of the present

invention is Ch@ﬁ@ﬁfc%r'pﬁﬁ@nf ;ﬂoéeg@:g oftﬁ@pfé%ﬁ ﬁ%nﬁ@ﬁ caﬁﬁfebﬁéﬂ @heAR okttt he
total solids content iIs mass% or less, the ink f printing

pr ocesses PIHBER RERSesspreugl awn@gemrmﬁmweth%ﬂﬁnﬁ@ dsﬁpwmfetla& Brage:
particle mﬁlaﬁ(?gr%c%fnﬂﬁé icRA 4d Hs€Soringime E@H,; steAIhritifl SREMSE Ofeen

medi um en the average interparticle distance between adjacent

met al nanBpEiginsthos; mﬁghmexr}tm SRQras graVHEIPAgling: adeballe. i s desi gnat ed
as L (tun)geshe relation: 1.63,5 is satisfied; and the polar termin
t he Hansen soI ubility paranmeter of the dispersion nediumis | MPa'5
or greater. The viscpsityt (Hgnagua¢ viecosity)[of thejirk for grinsing grosessesrof thetprpsgnt

pr ef er abl g L QM e EWAUIL, & HAL o SALE STAGEOUKodt SPAT AL AL b 10

met al nanoparticl'es and a sustaine i Spersion state are obtal ne
Wi t hout usiPagoaledi $ipecsanice oFambdiréistiorge nordle dthie tivad efenlgét pbihing & the

greater than 3.5 _.the.con ntr tion of the netal articles.in the
d Sper si off G 1 EeHEC P B S U RGC A BYBoea e P RbY A1 G
Wiring , inheatanBekbimat pahesy DUt@BO fieh-aht 23800 pAhéd tﬁl:ﬁﬁcwgﬁtosri@dyﬁﬁﬂted to

For that t'ill%araslrlogré th!erte isa tend%ncy that liquid droplets can be made to have small diameters, and the
impact diameter of the ink can be further decreased.

Therefore, as described above, when a dispersion medium having a vapor pressure at
25°C of 1.34x10° Pa or greater is used, the viscosity of the ink for printing processes can be
easily adjusted to the range described above, and therefore, it is preferable. That is, the ink for
printing processes of the present invention is preferably such that metal nanoparticles containing
Cu and/or CuO and/or Cu,0 are dispersed in a dispersion medium having a vapor pressure at
25°C of less than 1.34x10° Pa, and the viscosity at 25°C is 50 mPa-s or less.

[0063]

The surface tension at 25°C of the ink for printing processes of the present invention is
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rireferable froma practical viewpoi t because, for exanple, a
printing process that represented by an inkjet printing nethod nust
be repeated many tines. Therefore, fromthe viewoints of

di spersibility and wiring formability, the relation is such that 1.6
fLI D < Eulr thReEasy 80 nﬁ\lf/ﬁhmr hetey @F’Vﬂ?éu‘ﬂﬁa%el t&fsidiiiiﬁ%rtﬁirbid xiémun,amle Wagkrgﬁncy
ern:ability, the relation is prefera such that 1.6 < LILD < 3,0,
and from t'HB ReiRBTH OEJFtS&GHWdﬁa“"ﬂ{RMﬁ’ {piae Wﬁﬁﬁgﬁﬂm'%?ﬁwpﬁa not form a
operatio ?Slaf ﬁfdrsﬁfbsmtfﬂﬂh th@dﬁ%fgwghﬁtoﬁI@f gleﬁﬂsﬁgtomhoﬂoretpr@ermy at iheRargs
nore prefer y. su that 1. 62.8. The di spersant as use erei n means
o O bant O CDIRASTH s PRBHE M SE BT GaIRG oF ik Sorrael POV Bahehe
to the neakopldtadré pRRl bhiktih @& B hasAsduk @ tht B fekicRasE and it BEBaE UiFGcult

oxi dati on resistance, fusion resistance, .and dispersibility. 0661
The term L ?wrgﬁﬁicg@f*%@?%% e s 3@@? tegHoyid "a‘ﬁg‘@"‘?fé{“%\)éé‘ﬁ%‘i H'[&?erab?y 20
eent ers ofto pefmdimnanopartici es, determ ned by using the follow ng

geonetric approximation fornmula, and using a neorneirleally .
det ermi ned val u&UBRerPRE Bpersge AU R 31oh S PR NG B iR Al TR

primary papén,cl@splRf ap@k 8d anARQPAITEH i8b&Sng AuhdsitH BROKGHOBubIRLIEWR LS
(mu), and the. valune averags part'cLe_size of the primary particles,
D (am): (@yationppisbijor, and tl'(eﬂﬁff may asp Qe jnefpesaied y F 5/6)u - 1] Vol une
of metal ngmaparticies in ink for printingesse Mne of ink for
printing processes Meanwhi | e, the volune of the neta
nanopar t i CESEUtRN KRk for printing processes and the vol une of the

ink for printingsRls0Ge&SMSyE FMhdenduesaectibMe inpredbLatnatRd ibyie diew di ng
the mass by the density. According to the present inventio,'ir]_]i L (run)

i s det er nfHOATHICE $AStaHRR EY FREYINHUS, 0GB CPAER 2PHEPRIAPTUESS oI 1Y 9T penting
determ negrocésg@a:ﬂlibﬁin% Bﬁisﬂlicﬁ)ﬁedigjeﬁbibilﬁ‘f? dhduntgeesidstdb@lty can be prepared even
printing processes, the polar ed as I, 1 MPa(k or greater, kg_otder to
obt ai n |i SHEPEUENE p AFPEFanE hd TR PRPPPREIFHSHY O] HPBSVESA dhepmoyRt iRy

di sper si OfngiRitLinWh kit méisliAgopartdRs PaSAMhg Cu and/or CuO and/cd CIPB &Uhat@ed,
that when a di spersant which satisfies these conditions is used,

di sper si bAtq if § cBfckehid tsmared ig 2040PPaYR &5 &nobSuAtRON: 7 berade apahgiyer

i's decr eaaﬁfaisga@ibm@y ietigenioaclabet Wnétﬁ%aﬂ@%ﬁ]cle@@fetshﬁdf@;ﬁ?ﬂ rah@818Son

and the di SpaSiet3 nediuHL and the dispersed state is stabili zed.
b

[0068] ur VhehfSrdspersae vl 8piedidon nedi um according to the present
i nventionpdogssuch that the

[Ink for printing processes of second embodiment]

The ink for printing processes of the second embodiment of the present invention is
characterized in that the content of carbon atoms in the total solids content is 0.4 mass% or less;
the ink for printing processes includes metal nanoparticles having a volume average particle size
of primary particles, D (nm), and a dispersion medium; when the average interparticle distance
between adjacent metal nanoparticles in the ink for printing processes is designated as L (nm),
the relation: 1.6 < L/D < 3.5 is satisfied; and the polar term in the Hansen solubility parameter
of the dispersion medium is 11 MPa’’ or greater.

If the value of L/D is 1.6 or greater, it is preferable from the viewpoint that satisfactory
dispersibility of metal nanoparticles and a sustained dispersion state are obtained without using
a dispersant. Furthermore, if the value of L/D is greater than 3.5, the concentration of the
metal nanoparticles in the dispersion medium is decreased, and during the process of forming

wiring, the amount of adhesion of metal nanoparticles is reduced. For that reason, it is not
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polar termin the Hansen solubility paraneter is 11 MPa or greater,
and although it is indicated that the dispersion rued mmis highly
polar, the polar termis preferably 12 NNNE ''. or greater, and nore
preferably 13 N 1Pa5 or greater. if the polar termis less than I

NI Pau, therdisnersad psaatLNeAPAneIBhES for@REnRE al JHeli RASEcekdkhii SCOSI Ly,
settling of the particles, or separation of the particles and the

di sper si oRCREBER Yy NIFE PR IngRPE IR PRIcPeaRE RSB EMCE | Mt QreuSeraltiiey
2.0 11/ 4. LRapointsQPERpersibility and WirkRTRInESilY, te8afnIDEIE Al FRA T § Bat
satisfies the above-descri'bed conditions include water, dirnethyl

subl oxi de Furhemeiehyom thervirvipdotreof dBAsibYipoingd atitiresformpmby gy thavelagian sonat e
(propyl en a%., thyheng, - iGahhonat

but yl ene. %Eegé? ﬂg;ﬁg{éfé E)ll,l'[% erte/ir)le_ éd%@%ﬁ%ﬁe es%(e“ﬁ)tﬁlﬁ/ éﬁ%ﬁa%y%oﬁ su |btere(,)f
sul f ol ane printing| operendrs rédresentphiengn ialgettromiitg méthod, detletmintis inpes, preferably
N-aeetyl pyrrolicl.q , etyl fluoride nia, 1,4-buianediol,

3- but enen%é'fcrh i aé?ﬁc%/% osngg't a?{nlbendés,p erﬁfws(j‘fsﬁc‘g%flénc% aai’nr?lr gl,c Cm%pound SOR
N, N- di et hylogpeicabmpalad tidt N-nthide tdwdhére tamae meglinanopditeichylrfasesl fbr the purpose of
&et hyl ene gl ycol , .diethyl enetriam ne, N N-cl.iethylacetarnide, diethyl
sul 11 e, arideng SRR A-ERe: MaPRyrrirahs MRS ram de. gl yeer of .
met hyl is@mwearyl ketone, and phenyl aeetonitrile. Anmong them

ticularly dingethyl t f oxi de, t hyl | i :
D hutyr il act ondle VB bR SEFH ahF &' 18 SHYPEHE GRS PP o AHY ene
car bonat e nf{iebdrjitiey) deteratiba@intatueing tHerfollonigngeoaatribappioeinfabion foymelaeand using a

carbonate), ethyle l.Lycol sulfite, sulfol ane,.. .

ot eny ackiogtrthly Bl RpE P o & eragd By LB siapge between the primary

N- acet yl pyirticikd dafieis napeitiyles fnl aldpeddn n@edtuy, O (rink)f arldahe volume average
cyclopentanone,. NN lieiliviiiceiaircide, diethyl sulfite, and

pl i enyl acBi“ﬁﬂF%‘F??fgtll.’e]frm}’amdes’b8 n addition, as a dispersion

t edi um sui t abl eL{an) pDiavt Lognr ocesses that are represented by an

i nkj et method, an organi ol ven Qkvent) having a vapor pressure
at 25C. of | essgi ‘%_? X:C[s(ll 3,"6?‘ ’{o*ag’.%% P ]gaf erred. Specific exanples
have been il ustealoghd dF et nhiobsticiediaqeh e plintin@ REbcERERBv Ol S8k for
description thereon will not he repeated here. These solvents can be
used si ngPYBe PfEFSSEnbi nation of two or nmore kinds. Furthernore, in

addi tion to thevahevgle, @Be db13RE bSO MefIBinbPBriidlesWh ttehnk € pQIn@fHrdceds8l 44
the Hansen solubility paraneter is 11 WPafts or greater is SO a

al
sui t abl e O ¥pEFScbe HEdioURRNtER ATOSCETS RN BS WFREFUYLY Grf Ut Y HdRe i mass
used al ongy Bk déddRy. OTAdTBIdgdb BRQESER MveREHNAL CaR) iDBetMSBEEdIbR the above formula,
COMhillatix3, as long as the resulting vapor pressure at 25C is |ess
than 1. 34%rcheghey JL/Dis determiiggt | t he netal nanoparlieles will be
expl ai nedjgggfjow, The netal nanoparticles can use all of Cu, Ag, Au,
A, N, C[o Fld, Sn, Pb, In, Ga and oxides thereof, and may al so
contain snal | kfessnd © tof dispstsin msediys useA dn e i foryibine REsesas, the polar
I puri ti egem Hge MBLs@h sOMOHLTLRILR ERYedRS 1 8 Vidal S dARAGH Bldedo TBhA -
or may be core-shell netal "particles surrounded by an oxide, or
par ti cl essafigfaciprycispersitdsy oﬁtﬁémeﬁqt pangpagtiqles apg d sussFinedfispRisiga sipfegyithout
exanpl e, GQPRELsR%akde) . The panicles may al so be conmpounds of ot her
el ements, as long as electrical conductivity can be exhibited in a
normal state orlt&fspequlagedithas athme adispdreant Wkich sabiakiesitedse sorfdgioppt uedd,
cuprous Ol ARG AL LRI RGOt UL ERr 8 € BRERPHRT Sl Clhac
since the particlfes can be easily reduced. As thése netal
nai npar t i ehessn twonstemeitald syrfaseaphdibt disprocduecdumesndiiee disnsthed gatetishe
metal nangparticles can ako be synthesized by using a known synthesis
met hod. ese netal nanoparticles can he used singly or in
conbi nat i[6#&%f two or nore kinds. 100721 In general, netals

have hi gh speci lj‘ljrﬁ\ier%o?é{ itﬁei cﬁs%trsﬂ)gqnem%pa&gr%ir&qg rtﬂe%'rc%exﬁiir?\%ntiicﬁl iL &cf Brat the
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[0073] Furthernore, since the nmetal nanopnticles are applied by a
printing process, the average dispersion particlee including
secondary aggregates and the like is'erahly 500 amor less. If the
average dispersion particle size is 200 cmor |less, for exanple, in
an i nkj et pphi fth Hﬁh@ﬁﬁxﬁ@ﬁlsolﬁﬂ?ﬁ@’ﬁyﬁﬂlbt@ﬂﬁ?ﬁl\/ﬁ’d@mr%&a&} Q8OhGuS it iRdicated
nozzl e do not easily occur, and thus it Is nore preferabl e,. Particles
having a alilaéﬁlérdmsﬁorpa&e@m@llsehlsblmolet, tB@olaniernis Ryplerabler 2 MRe her greater, and
preseni, Bibke hibretBE IWPWB? disper Ff'tl&éfbo%fefrdu% 1%ss$ha¥1911'I\§Pa2991% &&ﬁ&s‘éﬁ

| ess, cI oggi ng and 'the |ike do not occur duri ngff printing, and
it is pr eﬂéﬁ‘%i‘%mglifﬁ'ﬂﬁﬁ‘ﬂ P11 Bpegee i yighosith eettling ol mrma«fs @‘tﬁ@%fﬁ‘ﬁwf the

di sper si oRagiti@Didd thy/diMetsfonth NG rASPLLA! FRMIPASE, WS aRieh litaH is &sﬂﬁlly 20
maxi mum di s @gSl on panicle size is nore preferably 0 am or |ess.
[0074] MPa™. The di spersion of the netal nanopartl cles to be
applied i mgoprinting process can he carried out using a gener al

met hod of dispersing a powder in a |liquid. For exanple, di spersion
treat nent may h&XEaERes ddhcglitrersipnaredivm hatsafiilies %@M@-de%erlh%mmtwns

di spersi omcRE Ay SHfdnASul Ryl

honom xer c?r a Si {ver so}ﬁ ‘éf"."?’?gg n%tw I%%lée(i%gﬁ?l{tﬁls)ilagn rrg ﬂygﬁesﬁaé onate
an U ti maiprepylengqargpnateit ehhmenfewhnbpmtqhthslpwar@mtp)y buivbpeﬁtasbqngterfhmmnﬁe
such as Cig8om

i sper oi og Py By ien® eh bRk G bl PR I o NS ctonite

or may be M@P&yim'domqne,afc@telrﬂma@,lan@onn, bf-tetanddel] owdenenitrde\dys ppsitdngne,
of the di I i

Tect um i 5 e HdE R ROl iR BT

oper ati on dWhYleee glheoloﬁlgbléﬁ@trmmm, Ndﬂdlethsﬂah%an@d, dighyd seléidper at ure at
whi ch they gﬁf’ﬁr}ﬁ% [ F er
to obtain a nore sta ?%&Was’gﬁ%&r%{gg sﬁé}gar%@d\?\jq%l é%ml IH&H]%OBB{@ ke{dﬂeoa §

f r act ur ed Py kedestrichatAnamg tieau Qazttlpulal}odlma@glrsag@tld@; N-mnthylhmslmohac es
of the me n rticles ersion
met hod Sui%l]t AR CE*S‘ éoPrﬁl nle’car%‘or(l:?%j (tpr lene carboaatge\?toylexge ca(r:]{)é)tpgve ﬁ?t )gr €ire
nore pref earrbmzlte) Toesme darbmmtes(b@ylenﬂalnhﬂste); athylege glged sxﬂﬁngslu}fotane In

conbi natlon [ re kinds. [0075 . An jnk.,.for

oot g SPisRatE oRE FRF S e ASot Rk e piiprite NPy bR doRG pec
treat ed i Auaidd amlmﬁirilm cyahettianday, N hediabgvetaass dicistsuiehads, can be
pr epar ed |ﬁ1 ) txﬁ stably dispersed state with a snaller average
particle 8 E—Sac‘%‘if“é c‘bj ecting the ink for printing processes to a
centrifug@lo70r eat ment. The speed of rotation and duration of
centrifugation, i.ch are centrlfuetr nt .conditions

Geh the appar aPARGSac & 450 R reRa SRR briGe Proren e Se reprehied
centri f ugay hoinkeencthed, @R biesic osllent GoRbitAhAVirg aS@EbIREburPar 15°Clof1esd B
of 1 pun or gr@ater at the specific gravity of I‘IITHI‘ Eartlcl es, are
appr opr i at €105 Bp Bdrderred; ofyswific %P@B‘é?lﬁai"éheeéﬂ”‘ts éteén %@ 155} RDqeEG Fnd
so that thgs iifhbQiebdrrioh thefd6n @r‘ﬂﬁﬁcﬂggré&&ftg AL 'T(fllss% s§fv@ﬁl§:@dnb|cu%ngly or
bet ween the netal nanopartiel es at e ink and the volune

aver age pHisabinaper efitep er mekind® (Fyriiprmarhén yddgwnds thy abeid @ Aepesuerf ace
tension afr@dl[lﬁlsif?%}ch\ﬁ?el ldr'flerrilfﬁ {h%li’-iaﬁseqlégﬁgﬁg dﬁ'&‘?@e#ﬂs llqﬁl’@h loy eétgr 1§ S
preferable to adjust e content ratio 0o 97 mass% relative to
the mass @foa mta{nln Idlsp@woxpmedwmngldmsmg@s@@srsxq'nnnqditu@mnttt@ usedegieneer twreor

i nk for pfn'oﬂ:tdlsrsagrswh%eﬁﬁa ﬁb@‘?sea 1rl QnY ﬁaﬁgﬁ) %E }o\ﬁé% ﬁl@%sﬁftiggviﬂogwegure at
havi ng a viscosity suit e printing procésses that are

r epr esent 2¥Chyleanthamkp4tiOn®t hod, it is nore preferable to adjust the
cont ent p{oﬁf?ﬁrt' on of the di spersi on nediumto 50 to 90 mass%
relative he mass of the ink for printing processes, and in order
to satisfactori Nyxt,ntaé mbal mnbpetidésapd befex;ﬂhﬁaedvﬁetdmg The trreed ndypartides can

printing R%9 %Eu Ag, Au )\ls Nev(,eo P(ringn Plg)r ef 9 logldgsothgi(ej gx;[d I;[largleals%%g}ltglrr}t
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In the ink for printing processes, a surface adjusting agent nay be
appropriately added, in order to adjust the surface tension to be
suitable for printing processes that are represented by an inkjet

nmet hod. The surface tension at 20C is preferably 20 to 80 inNirmin
order to ébtlhimowstdf ofcted st ynd metagdoipiekys Bfimpritieng Bie e niddpartefes may

rintin 21to 50 mh ain
Ui tabi o oF ELfPRELEEEYard: R byl e Piols Sy Saled Figh e o
met hod; amertielyen wimh@hposeﬂereaﬂniey 1%ade0>f 96 oxlamen:xalfnble,rc@plbdﬁ edee¢anient

f the f L
of the suPPaokdYeillndchBbodtd o IR Mt Bnsa Ao enductpin be °°
conpounds extalgteg fin icncumnmm dsaﬁef 4 ueithee dbmnhaupaiﬁqles&Weﬁfmﬁcﬁprlées oxlese

' t
of Lo or hared R AR O BB Bt M BPRRTH: i ol AR A"

nanopart i @He@sm@dl nphpapces, @nmmemi@llytamlgblmpa)dnﬁt aiay :aammaﬁtheehtetﬁla ;JS teﬂe
in an ink i S an re character n .
anount of nano %rgalésrr(%hrl ?b9£ ﬁleﬁi%%’(’f usm%%‘?"‘?"é@? he?’ﬁ&”@ﬁ& t5 Brdl si ze

of primar yarpaarmlcsl @8 b¢ gse@Oglymr orcomsmnoxt dfewv of now kander age particle
size is lgbgmia or less, and the particle surface is formed of C u0
or/and Cu The netal natiopartieles of the present

i nvention are a}nmemfpali aitiels Gove HiftesppeiBpgmnatits) indof hdnhige pantcld Wre @ndrgﬁ ing

rocesses nt...i nvent.i on descrj bed. abpye,. and the .i nk
Br inting prgtf(fa)c};eagt ;ﬁ:(laeg l?’ %{tle u?c%rsgehn’tr TR WSH;H 815‘91(5 éfr??%é‘f‘lbtroéﬁgtyéﬂalﬂvm a
di sper si néfsnerroes etatret E:Iomrthxs cpbqnaasﬁwm, @& primagy piahﬁﬂ)@s" isd o hltherﬁwlal WA S 1a 35
descri bed ubj ec the dis Si.0 ot her oces es as
necessar ypr@g&%ﬁl ! tz(-)llr;go fsuﬁ Blts ?he g}eﬁéerﬁ%etpéﬁ p%{’rdt%f(’é’f hgv g'p resent
i nvent i ondibmxsabilithiéi the pase ot mb;mrmgthametﬁl ﬂaﬂbp@tﬁi:l@fw@ﬂhtﬁfsi’n@lﬁdhsﬁé;s@ntf the@m
the vie structur howeve
copper/ \(lz\g‘gdé‘EeHrle agéf gpgacrgags% pe %‘é{PW B‘I‘rgglesolf’ m(%ep‘ffgﬁeragg'l lgéngéor Pinc| Border
such as desustiib wsfauoxbeilspﬁeﬁfbﬂiﬂ' and also to facilitat¢ eg@dtdoriAti sh@oweeingl of

t resen t article size of
the_pr1 matey il il PRESGH o b PSR ST o Tyt ories or
nozzl es caridesizwdiigetimaiherdds pwntmab ﬁre_iifjrﬂﬂ}lrmftotllﬂe npl i TeréVcl)Jlgxl?g y |

is
P ! kel L 8 o Gy e SEs chtmnal b crehed o SRS RHAE A e
obt ai nabl aeﬂﬂmeﬂnmavmmqmrtm&tsmerfm thy pabsesivadiseiButiy oTtEir\;ﬂv@runﬁEMc\t;nge \P]ntttl e
t hr ough : . rthe
vol umg a\r/%srpage pa Ip%mg% 878 %&‘Sg{?te?%gedr@%he Hﬁﬁﬁﬁéf’#ﬁ"é‘lteé%dm t pygasured at
present i239€aédonting t6 a 1436 diHrabtion sea&t‘erm%ﬁx%tﬂubd Y a AetHod@f PACTAt iG] 8 JAREES
their own.wei %ht can be suppr essed e vol une average particle size

i s pref erd5IY 09 EespMhersthq Ragticle shrge 15 avpmed forbe trujysspharisal wyth thersppeific

gravity of the primary particles, from the measured value of the specific surface area according

to a nitrogen adsorption BET method. However, in the case of measuring the average particle
size in the state of powder, the latter method is commonly used. Furthermore, in a system
dispersed in a solvent such as water, the former method is commonly used. The volume
average particle size in that case can be determined by measuring the particle size distribution
using a laser scattering type particle size distribution analyzer (manufactured by

Beckman-Coulter, Inc., LS13 320), but in some cases, aggregates such as secondary particles

may also be included.
[0073]

Furthermore, since the metal nanoparticles are applied by a printing process, the
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[0083] ation of wiring pattern> Next, as an exanple of the
method for forming a wiring pattern on a substrate using the ink for
printing processes of the present invention, a method for formng a
copper wiring pattern will be explained. First, the substrate that is
used will ab@agbek&pensbedartl[:la@ﬁé]nc[uﬁmlgsédoﬁdaej aggregates andSpeitiefis preforaTP S

of the ma f substiate u for foqrmn
Wiring pa%l%redrrﬁests)f q% hhe aver%%eed'rsl eliSlrcl)\I}@ﬁ[?FISﬁIZf ﬁ?pﬁajél o E‘?ﬁ? forye a’ﬂ@f i F1“§‘é"d]
t o, polyi pnite, mq:mddyemhyzlemnm:enaphhhab@ﬁ@,ofml pzAE h@notsad]lﬁ/?a@x,r and thus it
pol yet hyl tlit m elm er e

ot one. pol Sk PISARNG, kRl neRRk Y SRR ieaP ol SOLh oS Py mav be
phenol i c tp@sq:rm buaxfd;emirmmstspesrsmmlsarmle dzef ib b@n%moﬂéﬂéﬂ;@%mgle&ilgnhe like do
popol yam | vphen ne.sul f n e like

00851 o sl ABREREISR it aht o RrRbBE, B i G pisc st of

i nvent i onobtginirgelikperaios utlalsmtyamm lhghur penetabpnrpeausabeis, shearnmmmru@erswﬁeA

t hus, the L ewer i tions o the substrate to be used. Next ,
t he pr oceé%}gl g ismor?'r%re er%’? éO% ﬁgg pp and the details of the

oper at i on§)074] t he respective steps wil be described in or

The dispersion of the metal nanoparticles to be applied in a printing process can be

()

carried out using a general method of dispersing a powder in a liquid.  For example, a
dispersion treatment may be carried out by an ultrasonic method; a medium dispersion method
such as a bead mill; a three-roll method, a homomixer or a Silverson stirrer; a counter collision
method such as an Ultimaizer; an ultrathin film high-sped rotary dispersing machine such as
Crea SS5; or a rotary and revolutionary mixer. These dispersion treatments may be carried out
at room temperature (25°C), or may be carried out after heating in order to lower the viscosity
of the dispersion liquid. If the melting point of the dispersion medium is high, it is preferable
to carry out the above-described operation while the dispersion liquid is heated to a temperature
at which the dispersion medium turns into liquid. Furthermore, in order to obtain a more
stable dispersed state without making active fractured surfaces that are causative of aggregation
on the surfaces of the metal nanoparticles, an ultrasonic method, a medium dispersion method
such as a bead mill, and a rotary and revolutionary mixer are more preferred. These dispersion
methods can be used singly or in combination of two or more kinds.

[0075]

An ink for printing processes in which metal nanoparticles are dispersion treated in a
dispersion medium by the above-described methods, can be prepared into a more stably
dispersed state with a smaller average particle size, by subjecting the ink for printing processes
to a centrifugal treatment. The speed of rotation and duration of centrifugation, which are
centrifuge treatment conditions, may vary with the apparatus used, and therefore, conditions in
which centrifugation can be carried out to obtain a sediment particle size of 1 pm or greater at
the specific gravity of primary particles, are appropriately selected.

[0076]
There are no particular limitations on the content proportion of the dispersion medium

in the ink for printing processes, and it is preferable to appropriately adjust the content
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[0086] The wiring is a dot-shaped, |ine-shaped or fitra-shaped prjnl
pronuct proc c patteror printing processes by a printing process that
is represented by an in if.tE nmethod, and is obtai ned by renoving the
di spersion medium after printing, through a vacuum dryi ng treatnent,
a heating p&l’pdrtdhyif theg disp@abmeBdiu@rso tHaethk hiﬁ@[ﬂBoﬂl‘ﬂS@ﬁigreYnte@é}dcle distance, L

subjectln Edrle ink to a sintering; atnment or a reduction
treat rrent P BEVES thepsipt nagpragticles @gps° @d’i‘]@‘ﬁé‘t“l apfl {he VoipRRS Ay ppRadpIaBary of

the wi ri ngaitislepiz& e mab)! the OisdostiPardindSublEeh te@Nfh abd @ﬁBeEtli\%lyvlh @ﬁm@)@é ﬂaﬁ%:gf

connectlo reliabiljt the thickness is nore preferably O
I'n or 3@%#6’ uspgliveit ismreforala fo adivst e eameensiatie & 40+4g 57 F‘é‘éﬁt‘ym’c?ﬂﬁtlvérto thhe

r edUCt I on nakeatinesnk fdr QFintidERAGdetsed Gh 6@k tb gﬁe‘pal‘é‘ﬁ{bqh!@f‘dr Yhikthg pir(gl‘f‘esses as
t hi ckness . is even nore preferably 0.4 to %e

punting pro¥ é’é%"é’éy @Fpef%fél ligwd haejmg BUHEPSHY Swfagbég@wtms BPCesses Mt ere

vanous pr irdpdsB@edyQ6a85 asne'ﬁwahlt aSncte PRISHN tBhiljndt 'tﬁk&oﬂl‘éhﬁﬁ@bor@on of the
IetterpreﬁgP%rlntln nmet ho anlntagllo printing metho a transfer

printing Yop megrum t%%?"eqoﬂ?alshf’ Y VEER qﬁ%ﬂ‘assé}fthﬁéﬁléfm BritHEiPAgeesses, and

met hod, aisdpeho édﬁkﬂa&bnl@'ﬂla"ﬁthlﬂ ﬂle@ﬁiﬂé%@l the Qvnqlxlgsﬂaﬁﬂe?ﬁfy tRE }Brmtlhg Br&ﬁésl?soﬁ s
a needl e di spenser printing a jet dispenser method

moi mpr i nEVPrIRE PHETINR A éﬂllus%hedi?ﬁfle&’d’cml}?ﬁior‘?toifﬁﬁ dipeRion mediven ta 6@;3@ RO
coat pri nhiafig RRENOG tEaaRer AR BprifiiPpYcdshem an ialcid printing
method is ferred because a desired anmount of ink can be printed on
a desired!l 0&8 ition, without using a special plate, and the nmethod has

features such am &h@ t@btthif b€ D& YorQrintR }%&e@ées Bﬁﬁwe f&fprinhﬁg £188&sQfthat are
coping with hap es in the pattern design. FIG Cross-sectiona

di agi am s ERERTERT AP & Psifio gt SRR R thetise vwrosntmt 2|§?¢ pftdraglispersion
processesylgmaR B{a b.?go sGRPES A AleaT i WOR, ?E}ferLbl!: thaPtB 9‘??0@11? bé’\'l {ol
ref erence nunera represents a et ref erehce

numer al  1Becpesp thegeatrenege Sulostdrsaliaege o@D 88uriAg tnkjet priing;) mglqggnng fofi nozsles

drawn usi nk .f or t Qcesses he, pr esent

dryi ng |sp%a§eg?° é%s“é?} { Pt néedpenwpq%f@}e vtlseosééfj"hg eztt? d%?’argr?ﬁegn’\ﬂﬁ

t he vol at bdcaltsy st@ble tilschatiieapbitySs maintm e, Ld aﬁ\ﬁlktfliQ)rﬁhhyg Pi@cdses hhﬂi/lﬂglﬁxgh&
heat i ng tée at rent  net %gg%su%éﬁ@rsﬁt hfeatl ng of the substrate or bl ow ng
of het aif?" can’ BeZENHI Gyl ? "4 ‘GF‘WQ?F@‘S[?&\? %ent can be carri ed
out, for ERaple, at a heatlng tenperature of 30C to 200C for a
heating tine of ition.to that, the dis erS|on
nmedi um can al so @ée ngﬁod\?élﬂt"fgrPr%“ﬁSSgﬁ\?l P% fipsting agent iRy BF AFEeRE Rely a

a vacuum iniondet hii sljicatke suricheasibhe be@mmre/ fs;qnpﬁhg ProkEbecs Gt Qresaﬁlﬁented by
particles aglg the c have surfaces forned of

0 r oxide part
copper oxifBg et mathqdg p%ﬁ? S‘Hélﬁ%?gg I@@ derqf%blbaﬂ’ {9 & aly/m 15 oggker to obtain
oxygen- de@rlsfy@&ya&ffﬁ&mt}%f&m@%atltﬁb thh@ofcpaﬁﬁngfmofr@&eﬁ%l%ﬁil tHSE) ?AN/m in

particles %0089 sequentiv, copper oxides of

copper / cofifiero giiiia é“"é‘?)?"eta@ﬁé]sfhaﬁﬁ?‘tl]%’l"e@eﬁ?f& of pentg Py ar Ué(iﬁt G@thOd and
par ti cl esevas BofeqeitieR8ly 22n6l45 RRTE DYoL ARRESpBEE 8¢ the BrRERANCE Hat ahBSmooth
reduction treatment may be carried out by any nethod appr opriate for
the respetfi&#e wiring types, and there are no particular limtations.
The vol umgpregsi stivity after reduction or sintering is preferably Ix
[0-5am or |ess. Wien the volunme resistivity is equal to or higher
than this, theFg&amaespfihesyuriperadivsting qpantisadidssilivaye o orididviayl ysepamds,
el ectri Cadcr}Wb EbBSbunk @%ﬁ&%o}ﬁbmgaﬂ& tRMiKkOP U Alebd Q9584 diR1AE %é%h% ay be
el ectrical conductivity, the volunme resistivity iIs m)re 15"§
Ixl ffs anh¥paraedsinging inconbingtiva of teapronere kisfls.use as a sm table fine
Wi ring wihdgog reduced | oss of electrical resistance of the wring,

t he vol urre resistivity is even nore preferably I x1.0J amor |ess.
[ 0090] <Metal nanoparticles>

The metal nanoparticles of the present invention are metal nanoparticles used in an ink
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As the reduction treatnent nethod, fixt exanple, in the case of a
w rng | ayer ust, copper particles in which copper oxides have been
i ncorporated into nmetal nanoparticles, reduction nethod of using
atom ¢ hydrogen, or a reduction nethod of heating in a reducing gas

at rrﬁsghfer Gorimhing@srottysds, ege _areQEardmed ) trm%hehelo_b@@ nRSmeXAR! i€ $000A%nP
met hod for generatjng atom c _hydrogen, a hot wire type atomc. _
hydrogen tF B phs /"égﬁﬁiea?ﬁ%f BHSHA PrCle] ﬁZg%n%ahleﬁeYhﬁggla{ne?ﬁerage particle
pressur e isf2sisd®0 her 2R AR PartiSle k@dide Bdodhd 3P€ 30 BaaArcd,@ss, and air
i nside the syst ﬁ{p is renoved. g)gtijsequent |y, a hydr ogem:g)nt ai ning raw
material gas contaPRENY ARAGHOTEh the RIFATIICN) AFAPPIET 2 B FRFdRTSRAT#ION 0§
sent t hr owgfiniafod 8snting lpeiceR ey df thedraseghdlionRagibEOLbodt, af@tie gk TR @rigtds
into the chamber \Wen the gas di fEused %{ogiithe, shower head is passed
t hr ough, Pff’fcesé??é’}frﬂleé’fesﬁmﬁ‘?vgm‘t“é’ﬁﬁ 7 BrERAr e BPYLE “E?é?:l?‘etta PReFtigles i
tungst en Wsp@sigyhediug diidhentdedclibqiass e andrase@thpltit: @spis@h (& SRPEHBEMES as
for exanple, | 700C), the raw material deconposed, and thereby atomc
hydr ogen {'§°°g§@Her at ed. Copper oxide particles are reduced by this

at omi ¢ hydr ogenFurdfeehnét,Nh&iktathahSpaa@its 8¥ 86 prehd@nwhitlod ha@ t5ALbLBEIOr @
maski ng shiel d, V\/mclg b&th gfve aps that do not shield gas, is
inserted BEIAEIATIHO! EAP 9Nt CupFERm A Atevpainhl AReaRgTtidls STUEUET YAVEEh pe
aturea t hgesaiPl @ copRstomoxidot k]l bhrclsdsbRt SxiliSp@lesduErgd | Y
subj ect ed to,tge radi ant heat fromthe catal yst body. During this

t r eat ment 9SEPRECERMSer at ure of the substrate shifts to 50C or |ower if
the substyoagg is not directly subjected to the radiant heat fromthe
catal yst body, or if the substrate holder is not heated. However

even at such a 1'd6EFeigRt Bt enoriises AT e pieeh W etaeub@dpdt” particle
particl essipy FeRAHENSY PaHitIaNe 005 ht oielshclb fliffet phpts adkhzileOant R
that, the copper part] cl es can be reduced by atom c_hydrogen

gener at eda‘ﬁﬁfgg v AT e e PAREY RSty iRpretsrably BY0dWAYdEss: ofhan
at nospher joGePh8S sUlsealRl1asia appar at us. In addition to this,
Wi ring having a desired volune resistivity can be obtained by a

! L Y
reducti on et hotf “HUT frgh eVl diamd 1 Ragifileizmr of i geiaiadl el e ampgee m
al kyl ai ni &thﬁmrt@rdb@brvdﬂﬁéﬂbﬂZ’ENﬁor SENNYA ER oh enca AR fhadd W Bt dehyde,
an al dehyde conpound, a phosphorous acid conpound, a hypophosphorous
acid co , adipic acid, for conpound, tin netal, a hydroxylarnine

conmpound, and ast@ERiEe, 3desliheVORHeiav&h b patlctORlof (R M1 hnop¥ LR bithk S
acknow edged t hat educti on reaction has pr ogr essed to a certain extent
th

by a reduttiBrnYPEgt id AP MR Hod sytier ohths ryagler vedthaibave Y ctehecanibei ng
is heat edsu})%es%e(_l enmeralublc@v@hgdfaticht S128s HRPBTy MALh bCk&S TRe foR&r limit is
wiring can he sintered (hereinafter, referred to as "sintering
t enper at sy 1 189 mmintaining this sintering tenperature for a
certain tippeperiod, the copper particles slater with each other, and
the overall wri ng is conductorized (inparted with electrical
conduct i vitoymatiogys W\’/Wﬂgl@}tefﬁhen a dispersant is not used, the energy
required 10 T erRYE af BolbpRAIHUtheth BPfornRESSRARY pat @i gawakeﬂgingan
be achieved at a relatively |ow tenperature, Furthernore, sinterin
may be cdkeinkdorowintieg pratesien ebiis Pieswt inventive, 3 metbed fob forminget apeper, wite i n
the case \her ¢t pOLUWRL R 2Rt AR SARREmSUE Ll WENbL Yespiiigeved onl y by
the reduction treatnent, sintering my not be carried out, [0092-1
The sint éP(84y tenperature is preferably- 120C to 300C, and nore
pr ef er abl %‘uﬂstr:ﬁ 50C, fromthe viewpoint of obtaining satisfactory
el ectri cz£ conductivity, and is even nore preferably 140C to 200C
from the vi ewp&perifiofxafpteriohtye matwiriel fogthinavhstgte oy iv Gleumghaddsi Htmivg by,
Egrai her ”Wiang ﬁa@t@rn%%rp(?éseﬁthgvek{i&?ﬁlglﬁﬁ'é, bI‘lteeHP Egt(l’ih{'i'treg td, iol?ﬁ‘ﬂihé] %glygtﬂ’ylgrpee
naphthalate, polyether sulfone, polyethylene terephthalate, polyamideimide, polyether ether
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resstant tenperature of the substrate, in the case of formng wring

on an organi c substrate, the treatnent tenperature is preferably 280C
or lower, and fromthe viewoint of the type of substrate that can be
used, the treatnment tenperature is nore preferably 200C or |ower.

][:009: 3|h &btOkeR pélA@rionite, d ISquid dr%'slfa@ pabh, SEdpokPrelinda piRniIQ rBBi) Ut Bnat @ ek
romthe vie nt . rmrn an 1 Cl ent slnterlngtrea nt I ocess,
it is nor éeswrmggéﬁfaﬁv r°t°69¢§1§‘t pfﬁ efﬁ% TR p?bﬂlﬁntﬂsnel“ﬁfﬁwl Shittegnd

After sintienikag, e substrate on which a conductor |ayer has been

f or med mag Bgzloexposed to ultrapnme waler or the like, and then dried
over acet6l& lor the |ike. In this mariner, a wiring which has
excel I ent el ect Ak @abrigs@andor! widr tile ink f@PYindi proceades BEhPpesidCi@dention is
Furthernore, in tile cas o&for.m’n athick filmfjne vviring, this
wiring cale HE¥ES Vige Lok baj wyEpnesn b wat Pt thys. SRt 37 6 GmitRlgns on
t he wi ri ngerabstrixe todged.hi ck by subjecting the wiring to electrolytic
plating (see FIG4), FIG4 is a cross-sectional .diagramaf wring and
an el ecirol ess ﬁF’ﬁt%ﬁp‘i"&%fc %H&/’B‘?‘h‘%ﬁirforeff”é’&‘flﬁ Bﬁlr&lgé?i‘glgr&y@fi,the\zﬂf@”? REBEG
4, ref er eoggatdiBR reddctiveRieS NI dkckib&in ovdek.| € reference nunmeral 15
r epr esent fO g& el ectroless plated | ayer and/or an el ectropl ated | ayer.
Fur t her no (9 a circuit board or a sem conductor package nay al so be
produced by usi g wifigg W o dofghages Ghé-BRPeddd BNB-shiped pRRIPrbdB: P6ducB&by
entirety of a. cirg ié?fas acircuit for electrical conduction. There
are no paPiiicefiEd i for PRI REO°6H L e RratIRg FIapespiiat R EePESFE b B99aKE or
t he senm coBUUELOE isPBGKRE 6y raifingMe BdpeRidh@Sdding Whst ritiSs, #R6hegdh vacuum

i norgani c substrate %/.be used. EXAMPLES [0094] o er,
the. pres@HEHERE: gﬁ Ane prdyEYIsp BEatReRt AT 1hy ieacher ety .Byd wRIFCHRE Bk a
but the paesient tolalU@dng@Rath@ni @b réditeRdedinteat Rasld Hﬂﬁaﬁ@le%@icil%ﬁ&ctivity.
[ 00951 [ Exanple 1] (Preparation of inkjet inkc? .27 g_of copper
oxi de nan?ikfggtclﬂ@ﬁ% e vipioe és sieatly Odhieages prq Herp yhepaginoatt af eqnpectipy
run, pr Od}éﬁibiﬁtg,fiﬁé thiSﬁHé&gE %K?/(ngn?eferd'ﬁ? W BCtoYid ¥%rder fo e8RSy out the

Ltd.) was added to /3 tityrolactone (concentration _fc copper
oxi de | : aviptpiitg tedabrenpdr thakpdgdfion gpaimeii dominpating et cal ceraib ety itwi thdrthaohmess

i) o 58 8 R hEb BT OR s i nut o5 ot hor eby obtain a

di spersi of®087]qui d. This dispersion liquid was treated in a centrifuge
at 1500 rpm for inutes to eli garse parti d thus an

i nki . . A4th(r=,rl printing processes o -enigltég % n Fc oreesthglg, %
jet ink (ink'forPprimi NG pr cdsdesy PRAY eIBY AP iTad FRE

dynam c vpretiog ptoyeseds stidteasianskieet printkg trethsd, priepagred prasngmeaser, edindglib a

> Hg' thﬁiaz e:jrisncilgg h%y B&\;%St‘r’a'g%cﬁfp%&i%é mietod 3.l ACtUr S0 A0t d- .
method, a super inkjet printing method, a dispenser printing method, a needle dispenser printing
method, a jet dispenser method, a nanoimprint printing method, a contact printing method, and a
spin coat printing method can be applied. Among them, an inkjet printing method is preferred
because a desired amount of ink can be printed on a desired position, without using a special
plate, and the method has features such as the efficiency of material usage or the ease of coping
with changes in the pattern design.

FIG 3 is a cross-sectional diagram schematically showing a coated substrate on which

the ink for printing processes is applied. Reference Numeral 11 represents wiring, reference
numeral 12 represents a metal nanoparticle, and reference numeral 13 represents a substrate.

[0088]

After a wiring pattern is drawn using the ink for printing processes of the present
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The surface tension of the sanme inkjet ink was nmeasured with a adty
automated surface tensioneter CBVP-7, manufactured by 1 'o-1"ace
Science Co L tnesion was 45 triNNm [0096] (Evaluation of
Fpersioilitv ar disperson stabilitY) One day It he

prepar at i anveafiont Biginighkcartidieoupara tbitpeRattiezgjusledinlatddtdanwitBse FBRSHyRE the

using a laser scattering t article sjize distributio al yzer
(Becknman- %ESBFIFIS? megg: | §¥§Fr%‘g%) eCh"Tﬂ’ér%f?;tqﬂP‘égr treagnapy mﬁtlho‘?ﬂiﬁg aﬁ%""W&% of
t aken i n aheldbdratecappednd @bt zhtJ&ﬁi beaﬁiﬁlo?é’tﬁ S@d{[a dr%b@tr@ﬁﬁleﬁtlc@l'ﬂbl: Yarried
st opped and then wEilsIet to stand in _a vertical itiaon,

occur r encébf S Hirt AbHRE SRR RE ?f@@s%??c?@o Sr f°éb§?é’ﬂ8%“’6"? of 85 1020

super nat amburaf t RadGns: WRRK, NeHiSH eV HAhBE cYalbibs YahoveM SPRACIVRBament at a
As a resul t, the particle size disi.rxbuicmexhibited a prude size

di st ri but i'SHPTFLE % IR a5HE v Bt 825pa1CF Hesorey gorgsr %lftwffnﬁhsﬂaergel%

particle shZ@}cofpelotiddPar@hd allieyuSRRE frlkd btppprasxiadt it & e h&leYsary to
W t hout a\r"%yt(ﬁoar se particles having a SiZe of | nin or larger, |iX
S

i nk t hat P BFPClfsgn 8P SRXECRIEPTHSE 28KERMENF 1S EPTsiof Stegopier metal particles.
super nat apgogef t er one week, and had satisfactory dispersion stability
[0097] (Quantiiative analysis of ignic inpurities of copper oxide
nanoparti el es) Subsequently C?Ppﬁr BFIIE Gp[F6 CORPRY AP FH 115 AP1ETSBF bR i sheand dfes

Primary pabgpefediatict4rdWanfred uh@aeithEbpbk &taﬂfs’:\&sauc@@  THet-Eduki9¥RS
added to 35 nil: of tiltraptire water, the m xture sealed in a

cont ai ner UFHBENgRaYFepiEied Pidyiaay gebad prrseRsitr Ry the KaREct HoTing fiynes, and

conponent %d@d’r@n@ﬁ@rﬁ@@iﬁﬂnﬁaﬁéns24Tmlﬁn@&31§tm aftJb@du@ﬁfér{ &%Intérln%lﬂ, d
was filtered throu a0.2-ttmor 0.02-pmfil and then t

filtrate REEErghalyPed? H’;Pféf‘éh ofheprfhe ‘éﬁhlféweélﬁtr‘@th‘a% wﬁlépﬁymhﬁﬁéhan this,
detected peaks.wel maﬁﬂé bhratet ek Ad shandard.ise w&i&m%r @,g vﬁéa%%sléﬁ e

respectl ve amounts of 1onic extract were quantl tati eI Yy e erm .
The resul pbtamfngtsmfm dednehtondnctivaspl thawolighd residtivity hemomtpadferaptgunt 0

Lutimi ”pk'thto'r E:?s gho \Bpwrpoult OP use]as a suitable fine wiring with a reduced loss of
electrical resistance of the wiring, the volume resistivity is even more preferably 1107 Q-m or
less.

[0090]

As the reduction treatment method, for example, in the case of a wiring layer using
copper particles in which copper oxides have been incorporated into metal nanoparticles, a
reduction method of using atomic hydrogen, or a reduction method of heating in a reducing gas
atmosphere such as hydrogen or ammonia may be taken as examples. As a method for
generating atomic hydrogen, a hot wire type atomic hydrogen treatment apparatus shown in FIG
2 canbeused. The pressure inside the apparatus is reduced to 10™ Pa or less, and air inside the
system is removed. Subsequently, a hydrogen-containing raw material gas containing
hydrogen, ammonia, hydrazine and hydrazine is sent through a gas inlet port to a shower head
for diffusing the gas into the chamber. When the gas diffused from the shower head is passed
through, for example, a high-temperature catalyst body formed of a tungsten wire (when current
1s passed, heated to a high temperature, for example, 1700°C), the raw material gas is
decomposed, and thereby atomic hydrogen is generated. Copper oxide particles are reduced
by this atomic hydrogen, and sintering is achieved. Meanwhile, a shutter or a masking shield,

which both have gaps that do not shield gas, is inserted between the catalyst body that is heated
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(Quantitative analysis of ionic inpurities in inkjet ink) The inkjet
ink thus prepared was heated in a Teflon (registered traderra renove
t he di spersion nmedium and the residue was dried in a vacuum
Subsequently, the dried product was analyzed in the same nanner as in

the Secti ana high ediipletadiré M@ tﬁé@hiﬁ&l sSbs@hte] QMhdE tHeMbkirbieii ot Ofrcc@ORABGECted to
oxi de nan ﬁ)aAél cl es” d thus i onlé impurities were quantitativel

det er ni ne g hFaég’iffP’ttHe TSt BRI Hirtsitis GratmeRti (@e fempaaiys disthe Substrate
cont ai ned shifts tm% BKjo®er if e sWRSatb A2t BRA1y slbPRRko b P8t nedi aEhHange

tes he inkjet ink was discharged wth an inkjet apparatus

( NUP) Pri ntcétPIYStH’ﬁ% Pkt Wéabswwowéq is nof &igdierb| GV ETH: ever pighuyh & levpigginerature,
cont i nuouSusthinsehaed fedhQy cépp@ pai@s pRAdeds @hﬁﬂméohﬁgwﬂ &&ﬁ&gfng ? 12Ldbn

interval of 3 mnutes, in a |schar8e amount of In all
eases, sat{$ptate é?rgvewaé%eércg%bweé% by degisihrgrogen geﬁera% by p gagpum plasma

abnor mal i tapardtustiig BIFSE rx‘xﬁér@@ﬁ’vek B4k QnﬁE&l@xllceﬁr%ssﬂﬁ%la‘%&Q bhfapmg, [0100]

(I'nk jet printing test 8 of a coinb-like pattern was carried out on
a gl ass subst r al'e2dg¥iocade PiseWing hatingpirar et (Purpanayipivity cay be obtained by a

manuf act ur@dctv thetiddic® LAhES red @GR /P gas skibled froﬁ@%@ﬁﬁdeﬁgﬁﬁé ory

printing properties were confirnmed at a lrne wd
rel evant pr{'miEd? palrtaieromsoutelonmslfehy fre a@lﬂé@h}/ﬁgcmw tamﬁl@sphorous acid

phot ogr apBomfoulid, @ Hypordi@dfilout FXRIRLRuA], 2&ifk GBAT Bfrhie Aci@f aldoh £tind1K)
compound, tin metal, a hydroxylamine compound, and ascorbic acid.
[0091]

When it is acknowledged that the reduction reaction has progressed to a certain extent
by a reduction treatment method such as described above, the wiring is heated to a temperature
at which the copper particles in the wiring can be sintered (hereinafter, referred to as "sintering
temperature”). By maintaining this sintering temperature for a certain time period, the copper
particles sinter with each other, and the overall wiring is conductorized (imparted with electrical
conductivity). Meanwhile, when a dispersant is not used, the energy required to remove the
dispersant is not necessary, and sintering can be achieved at a relatively low temperature.
Furthermore, sintering may be carried out simultaneously with the reduction treatment, or in the
case where conductorization can be sufficiently achieved only by the reduction treatment,
sintering may not be carried out.

[0092]

The sintering temperature is preferably 120°C to 300°C, and more preferably 130° to
250°C, from the viewpoint of obtaining satisfactory electrical conductivity, and is even more
preferably 140°C to 200°C from the viewpoint of forming a wiring having low volume
resistivity.

Furthermore, the upper limit of the treatment temperature is defined by the heat
resistant temperature of the substrate. In the case of forming wiring on an organic substrate,
the treatment temperature is preferably 280°C or lower, and from the viewpoint of the type of
substrate that can be used, the treatment temperature is more preferably 200°C or lower.

[0093]

The sintering time may vary with the retention temperature, but for example, the
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An inkjet ink was prepared in the sane manner as in Exanple |, except
that NAAP (N-indliyipyrrolidorused as the dispersion nedi uminstead
of y-butyrol actone. Subsequently; an analysis of the total anmount of
ionic inpurities was carried out in the sane manner as in the Section

" Quant i t akinen@mat ¥gr&er@blyis@nb 0. 5itdPihintiegSnd ﬂf)mw&nﬂt of 4dh€eving an
ults are resented in Table 1. 1.010 (Di spersion_ stabil

anal ysi s Hg.s

In the sa ’r?ﬁtrﬁ’ﬂ%‘?r"’éé CPICAHRE 0SS fljiHRore EYAT it iOéﬁtt ‘F%’B@‘i‘%ﬁ 5P 12 Y toaitd
di sper si omigta@bi Atttisint@fngFxasis@ate of WRICPAESIdGHEr 18) 6 BastHesi fokBY hRAY be
after one da d«gﬁﬁgﬁat he occurrence of precipitation and 1H(he presence

or absenc&TF6P© RYE 3Ater g thetikomd Ddakichars aegdicvatiedkeas a resul t,
the particle sigahfinghfidroiiirag weidhinbd dxeéllear aRADEAHUIBRI InGh§ SinZ&n be
di strlbutlog wi.th a volune average particle size of 0.07 gmand dy:
0,1 pm aRd“t%& dispersibility was satisfactorv. The ink that had

been | eft to St Biitthefthéte,N0 theSRQWS BinRlaBiPhilnatige @rrmgumemgadm Riut& as
one week, ﬁllt he_ di ?xg)er Si on stability was satisfactor [0103

(I nkj et pPProvtiag Peepyrokss Plpting éqtheﬁt%%w&flgeav B eaéﬁélckﬁy Fl#wtlaeth n
t he" I nkj ebvlrﬁfgltélElbdﬁg)lyttﬂ%ﬂatmgtsegffmj e HG. 45@-5 bsRaed RRYdishrS6 BMﬁl and an

w t hout clo s or abnornal i of discharged liq
dropl et's 9&&3&%3?‘?&6 a[n@foal} eleqieplats eye} ar(dpfléb%ﬂa{ef%wcefmm?rﬁkvet
i nk) represchis Giriaf, vﬂﬁl@@ﬁéreﬂ@ﬂﬂﬂ@fal | Chep@sdntVale] BGScRMatdd 15} add/&€an’ 6

run, manuflact g b}y Ni ssei Engineering, Inc.) having a corelshell
struct ur e®FH ¥ehe core part is made of copper and the shell part

is nade of COppﬁIrth@?ﬁhdi@Sa, cirditlbhed & aQbmMoRMIF BARELQRS AR pYRiughes, 1 N
a sanpl e bOt%L? and th n the bottle was tightly stopped. The m xture

was. £ reat BRGNS HiriDs GIcrPELERY N ROKKBO Risen Bt A ﬁtregt as gRECHh{ps clgpirical
i nkj et i nkond@8iodbt BlhdResle no particular limitations on the material of the circuit board or the

semiconductor package, and any of a resin substrate and an inorganic substrate may be used.

EXAMPLES
[0094]

Hereinafter, the present invention will be specifically described by way of Examples,
but the present invention is not intended to be limited to these.
[0095]

[Example 1]
(Preparation of inkjet ink)

27 g of copper oxide nanoparticles (cupric oxide, average primary particle size 74 nm,
product name: Nanotek CuO, manufactured by C.I. Kasei Co., Ltd.) was added to 73 g of
y-butyrolactone (concentration of copper oxide nanoparticles 27 mass%), and the mixture was
treated with an ultrasonic homogenizer (US-600, manufactured by Nippon Seiki Co., Ltd.) at
19.6 kHz and 600 W for 5 minutes to thereby obtain a dispersion liquid. This dispersion liquid
was treated in a centrifuge at 1500 rpm for 4 minutes to eliminate coarse particles, and thus an
inkjet ink (ink for printing processes) was obtained.

The dynamic viscosity of the inkjet ink thus prepared was measured with a small-sized
vibration viscometer SV-10 manufactured by A&D Co., Ltd., and the viscosity was 8 mPa:s.

The surface tension of the same inkjet ink was measured with a fully automated surface
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[0105] (Dspersion stability) In the same manner as in the Section
"Evaluation ofsibility and di spersion stability of Exanple 1, the
particle size distribution after one day, and the occurrence of

precipitation and the presence or absence of supernatant after one

week were tenakdt EBVP-Z manufacifredby B alintedft@ SPRhde €. 8181 AR the surface
di stribution exhibited a binodal particle size distribution with a

vol ume avePsys W3art Y% size of 0.2 umand d90% 0.6 p.m which
included gosmwal | anount of aggegates, and the dispersibility was
satisfactory w thout coarse particles haying a size of 1 p.rn or
Larger. THEVAHKOR pbspratbiiBear digrtsiangtabiBid di d not show any
precipitate or $mpeaipnatdife palph@lioPsTehdVREe khe AR R EHUSRBHS WA measured
stability was satisfactory. foloa]écsé_%antl tative analysis of ionic

i npuri ti edyinga laser scatigHpg typepriksle fiesdisiabusion aeahtart GerkreiyCadee b déd3i n

the same mamneTh@sficn 1E%ABPILE idk WRS KLU 10SmBlaBp SUBIBIbE 288 tHeMesl Ak §/as
1. The total anmount of ionic inpurities was 473 ppm [0107] [ Exanple

4] (Prepalgtoyergsd 3k washgt o stand in a vepgeal pogitige. | e dfasrepretfar ed i n

the sanme pRRRPRLLAIND RIS 0Babseis 8PuptAAtint YR MBS cHS Qe @BalbdI& by
di spersion_medi uminstead of y-butyrolactone. [0108] (D spersion
st abi | j t y)isualinspectiorne gccurrence of precipitati on and the presence

or absence of supgraakand pAfidiizON&MRBK MBEiRI8YBHURIEH distithien SAAE
manner as in the Sec:tion "Evaluation of dispersibility and

di sper si of°o¥mgBYIrIRePartiste sER AP m andgsq (Y0&spArticle sitr: G Armt trgtthhad
bech | 1 eSO 10, S0 5 0100 BVARIBASF! 0 re
ink that was left to stand did not show any precipitate or supernatant after one week, and had
satisfactory dispersion stability.
[0097]
(Quantitative analysis of ionic impurities of copper oxide nanoparticles)

3.5 g of copper oxide nanoparticles (average primary particle size 74 nm,
manufactured by C.I. Kasei Co., Ltd.) was added to 35 mL of ultrapure water, the mixture was
sealed in a container made of Teflon (registered trademark), and then ionic components were
extracted for 24 hours at 120°C. The extract liquid was filtered through a 0.2-pm or 0.02-pm
filter, and then the filtrate was analyzed by cation and anion chromatography. The detected
peaks were calibrated using standard solutions, and thus the respective amounts of ionic extract
were quantitatively determined.

The results of the measurement are summarized in Table 1.  The total amount of ionic
impurities was 1510 ppm.

[0098]
(Quantitative analysis of ionic impurities in inkjet ink)

The inkjet ink thus prepared was heated in a Teflon (registered trademark) flask to
remove the dispersion medium, and the residue was dried in a vacuum. Subsequently, the
dried product was analyzed in the same manner as in the Section "Quantitative analysis of ionic
impurities of copper oxide nanoparticles", and thus ionic impurities were quantitatively
determined. As a result, the total amount of ionic impurities contained in the inkjet ink was

1920 ppm.
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[0 09] [Conparative Exanple 1] (Preparation of inkjet ink) 20 g of
copper natiopinticles (copper, but natural oxides, average pritnar,
100 nu; manufactured by TEKN. A. Pl asna Systens, inc.) and 80 g

of yThut yrol actone were pied, and the m xture was treated according to
the Secti googjPreparation of inkjet ink" of Thus, an inkjet ink was
obt ai ned. [0110] (D spetS|on stability) The particle size

di sfri hudf Jﬂﬁ?ﬁ@“@ﬁ%shay and the occurrence of precipitation and

the "Ir eSel rr orheemlganﬁleww‘d@cﬂﬂ@émﬁ@m né a?f,argtﬂﬁ(mm%nﬁ‘ar&\@nu@&@d
ni tim, Eére nmum : 3" the Section uation dis persibility

and di spersy oAt Eeﬁlawiqng L&) thseaalbmtlauouﬁ\éls‘awfgéém%mnvqﬁ%alﬁapwrmt@nt

si ze di st #isdhaigl @NanGXiBivRI 318 0nidutBD OB RhreP &k bil e b9 dg& Opl In alPfhsW th
a vol une ave age parlicle size of 0.3 tun and d.)0 4 . LE31, and

the di spa®@ipefiPyylischiseerishiont ¢lpggingnt ﬂICH‘QFZIﬁ%QbB@é"ﬁh‘IYéIP thedisclirgpdliquid
showed a lrapig€ vabBsnimef precipitate and supernatant after one week;
and the db ﬁer5|on stability was poor. [01 | 1] (lon quantitative a
lonic inp r4i es wie guanttatively determ ned in the sane manner as
i n Exanpl gn@etp;l'{aﬁ,grteswl ts are SUMBla .zed in Table i" The total

amount of ionic_inpnpm
Printing of a comb-like pattern was carried out on a glass substrate using the inkjet ink

with an inkjet apparatus (MJP Printer, manufactured by Microjet Technology Co., Ltd.), and
satisfactory printing properties were confirmed at a line width of 110 pm.  The relevant printed
pattern is shown in the drawing-substitute photograph of FIG. 1.

[0101]

[Example 2]

(Preparation of inkjet ink)

An inkjet ink was prepared in the same manner as in Example 1, except that NMP
(N-methylpyrrolidone) was used as the dispersion medium instead of y-butyrolactone.
Subsequently, an analysis of the total amount of ionic impurities was carried out in the same
manner as in the Section "Quantitative analysis of ionic impurities" of Example 1. The
analysis results are presented in Table 1.

[0102]
(Dispersion stability)

In the same manner as in the Section "Evaluation of dispersibility and dispersion
stability" of Example 1, the particle size distribution after one day, and the occurrence of
precipitation and the presence or absence of supernatant after one week were evaluated. Asa
result, the particle size distribution exhibited a monomodal particle size distribution with a
volume average particle size of 0.07 um and dgs,: 0.1 pm, and the dispersibility was satisfactory.
The ink that had been left to stand did not show any precipitate or supernatant after one week,
and the dispersion stability was satisfactory.

[0103]
(Inkjet printing test)
An inkjet discharge test was carried out in the same manner as in the Section "Inkjet

printing test" of Example 1.  Satisfactory discharge without clogging of nozzles or abnormality
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[0112] [Conparative Exanple 2] (Preparation of inkjet ink) An
inkjet ink was prepared in the same =MKT as nt Conparative Exanple 1,
except that NM) was used as the dispersion nedi unof y-hutyrol acione.
(Di spersion stability) The particle size distributio.n after

one day asgdiich@gariEdiid @bsiers Ohs Ringehed t at e and the presence or absence
of super n@hgﬂt after one week were evaluated in the sane manner as in
the Secti Eval uation of dispersibility and di spersion stability’

of Exanpl gExkmple 3] As a result, the particle size distribution es
hunted a npnonodal _particle size distribution with a volume average
particle ir?é“aé‘f’nef.‘&.e‘tlfﬂf)i and d9tett.: 0.4 wn, and the

di spersihiiity vmgosabp&hathativies HOWRM articld @i Bhint RahuhadeDBeNidsaf t
to stand Ehovved tffe ccurrenc o{ﬁ a | arge appunt preci pi(}ate after
one week, “HtFt e %ﬁ-ﬁ*ﬁéﬁng P GAreS AP lw@cg‘)&wwe{ﬂaﬁ 151g3de of copper and the

[ Conmpar at ine plX amde of doppBr RRRE, ahd g 6f y-busbBEtohdWdre 2Rigledh aCARPR bottle,
oxi de nanci particlesc oxide, average primary particle size 7.9 urn
mat i nf i natfddbEngye peitows tedtly ptoppeyl. whlzs ke tited o/itg applirasonic cleaner for

y- but yr ol 8EintARE, KBRS b6 &) EARGROLF@LLON 20 Mass%, and the rnixture
was treated in the sane manner as mthe Section 'Preparation of

i nkjet i nii0Y r E X alEETIC I. Thus, an ink jet ink was obtained.
[0114] (DrsgektnQtbak@bi lity) The ink jet ink thus8l was evaluated in

the sanme manner_as in the Section ) ) ) _
In the same manner as in the Section "Evaluation of dispersibility and dispersion

stability" of Example 1, the particle size distribution after one day, and the occurrence of
precipitation and the presence or absence of supernatant after one week were evaluated.

As aresult, the particle size distribution exhibited a bimodal particle size distribution
with a volume average particle size of 0.2 pm and dogy: 0.6 pm, which included a small amount
of aggregates, and the dispersibility was satisfactory without coarse particles having a size of 1
pumor larger. The ink that had been left to stand did not show any precipitate or supernatant
after one week, and the dispersion stability was satisfactory.

[0106]
(Quantitative analysis of ionic impurities)

Ionic impurities were quantitatively determined in the same manner as in Example 1.
The results are summarized in Table 1. The total amount of ionic impurities was 473 ppm.
[0107]

[Example 4]
(Preparation of inkjet ink)

An inkjet ink was prepared in the same manner as in Example 3, except that NMP was
used as the dispersion medium instead of y-butyrolactone.
[0108]

(Dispersion stability)

The occurrence of precipitation and the presence or absence of supernatant after one
week were evaluated in the same manner as in the Section "Evaluation of dispersibility and
dispersion stability" of Example 1.  As a result, the ink that had been left to stand did not show

precipitate or supernatant after one week, and the dispersion stability was satisfactory.
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"Eval uationsibility and dispersion stability" or Exanple . As a
result, the particle size distribution exhibited a particle size
distribution with a volune average particle size of 0.9 fr.mand d90:
.5 nni, and included aggregates having a size of i.i311 or |arger,
Thus, t he [diospersi bility was poor. The inkjet ink that had been |eft
to stand igomed th occur ence of supernatant after one week, and the
di sper si on“SPREIVE ESATRE | Loor. [0115] (Quanutathre analysis of ionic
i mpuri ti eshrepaddtios of iRt inkj €s were quantitativel ynod mthe same nmanner
as in Exanple The results are sunmarized in Table 1. The total
aini)uri of ; on?Re PRI FRapaYSes S CPRRHON! K. OX [0 BT OB HpaPtifly ize
Exanpl e 4]io§ Rnapahadchedt 19 THKNG %smm@swms Inc ) andA0 g Itk ibetyrdlstko@Sere
prepared in the same manner as in Exa exce t hat

N et hyi py¥eiesed exdihe mpyre e geae ACHRECIEE ?ﬁbff S Sect | enamﬁlpn phizkjp} ink" of

(Di sper si @Ragfiabl [ TRWY, an inkjet ink JA@blatch et i nk thus prepared was
evaluated in the sane manner as in the Section 'Eval uati on of

dlsperS|b|Q|9b and di spersion stability” ofnpie |I. As a result, the
particle ?mgﬁaﬁugam&ﬂgﬁn on had a vol une average particle size of 5.6

[tin and (190, 14.57 (1311, and the dispersibidity was poor. The

inkjet ink thatT o dafibutign aies Rae EoWIE dhe dreUEFRRETPIEFFaRtagpn and the

super nat a 8;es akd &rabéélﬁ@e msﬂfemawlaﬁéa BndivSR&¥esd QRIugteal thi tamNBsHnROA i [
:18] [k_.0:81pdf a:lanple

- Sectlon "Evaluation of dispersibility and dispersion stability" of Example 1.

As a result, the particle size distribution exhibited a monomodal particle size
distribution with a volume average particle size of 0.3 pm and dgge,: 0.4 pm, and the
dispersibility was satisfactory. However, the ink that had been left to stand showed a large
amount of precipitate and supernatant after one week, and the dispersion stability was poor.
[0111]

(Ion quantitative analysis)

Ionic impurities were quantitatively determined in the same manner as in Example 1.
The results are summarized in Table 1. The total amount of ionic impurities was 2610 ppm.
[0112]

[Comparative Example 2]
(Preparation of inkjet ink)

An inkjet ink was prepared in the same manner as in Comparative Example 1, except
that NMP was used as the dispersion medium instead of y-butyrolactone.
(Dispersion stability)

The particle size distribution after one day, and the occurrence of precipitate and the
presence or absence of supernatant after one week were evaluated in the same manner as in the
Section "Evaluation of dispersibility and dispersion stability" of Example 1.

As a result, the particle size distribution exhibited a monomodal particle size
distribution with a volume average particle size of 0.3 um and doge,: 0.4 pm, and the

dispersibility was satisfactory. However, the ink that had been left to stand showed the
occurrence of a large amount precipitate after one week, and the dispersion stability was poor.

[0113]
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(Preparation of inkjet ink) 20 g copper oxide nanoparticies (average
primary particle size 41 nu, manufactured by N ssei Engineering,
Inc.) was80 g of .y-butyrolae ne (Parntration 20 tuass.%, and the

m xture was treated in the sane manner as in the Section "Preparation
of ink jetcimeraiRt ERxaPEe. 1 Thus, an inkjet ink was obtained.

[0119] (D’t[splgéﬁsi on st abi Illet y) The inkjet ink thus prepared
was eval udtEP N ohekisa) manner as in the Section "Eval uation of

di spersibility and oflicpparokideRasp@iiitled (MprictxideXARRLE pdmardPaiclf$MI 79 nm,
the particle (e distribution exhibi ted?a article size distribution
with a voPdfeadvet Bydapabies die) giseixe WI1158€Bmfaynlu:tadﬁlia@tonw(p§mflevmi ch

i ncl uded @,Reakiof 2RHN99AnE $he ARG d NS LhSPRIRL % ehahnd3R A8 ection
nore, the inkjet ink that had been left to stand showed the

occur r encelgpargigpef whchink” efffixemplsie Wheskan inkjigdink Wes elityiesdsi on
stabilityyag poor. [0120] (Quantitative analysis of ionic

inpuritie ionic inmpuritiesquantitatively detertnined in the sane
manner as UppreBt@mgbaity) The results are presented in Table |, The

tEg; ﬁ'lp | 2méimt of ThORket hBKE blch&8d WasevHA80PinRRMande Qlatd of FonPaLathve

S .
(

'Evaluation of dispersibility and dispersion stability" of Example 1.  As a result, the particle
size distribution exhibited a particle size distribution with a volume average particle size of 0.9
pum and doo: 1.5 um, and included aggregates having a size of 1 pm or larger. Thus, the
dispersibility was poor. The inkjet ink that had been left to stand showed the occurrence of
supernatant after one week, and the dispersion stability was poor.

[0115]

(Quantitative analysis of ionic impurities)

Ionic impurities were quantitatively determined in the same manner as in Example 1.
The results are summarized in Table 1. The total amount of ionic impurities was 170,000 ppm.
[0116]

[Comparative Example 4]
(Preparation of inkjet ink)

An inkjet ink was prepared in the same manner as in Example 3, except that
N-methylpyrrolidone was used as the dispersion medium.

[0117]
(Dispersion stability)

The inkjet ink thus prepared was evaluated in the same manner as in the Section
"Evaluation of dispersibility and dispersion stability" of Example 1. As a result, the particle
size distribution had a volume average particle size of 5.6 pm and dgo: 14.57 pum, and the
dispersibility was poor. The inkjet ink that had been left to stand showed the occurrence of
supernatant after one week, and the dispersion stability was poor.

[0118]
[Comparative Example 5]
(Preparation of inkjet ink)

20 g copper oxide nanoparticles (average primary particle size 41 nm, manufactured
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(Preparation of inklet ink) An inkjet ink was prepared n the

same manner as in Conparative -; anple 5, e. that
Ngnet hyl pyrrolidorte was used as the dispersion nedium [0122]
(Di spersion stability) The inkjet ink thus prepared was

eYal uat _ed HllelngGE ﬁ\@@m@%@?@aﬁ%m’e@wﬁﬁ'@o g@%bﬁﬁ'oﬁyﬁhé’@ghﬁﬁ CQ!flcentratlon 20
di sper si bi %/) and di spersion stab y' anpl e . a result, the
b

part el simaes%h sithompdusn vasdmalsi tedc sanenanmer asveths §ectioar Picpdratie ofdnlget
6 pm and d9edr &8 idm. TI"h%s D Kikfd ik s bhighed1ad been left to stand

showed the occurrence of supernatant after one week, and the

di spersi of0dPhbility was poor. [0123] As di scussed above, an
nvesti gat i9R) mgmﬁ@u ed on various Cu-based nartoparticies, and as
a result, mhen based nanoparticles having a small anmount of ionic

inpurities wer eTb@@lﬂlet iglk thus prrpared yasdivalpeedinihg samg mgneer @b Sbe 8pwin
stability "m‘hﬁn&p&ﬁl@%ﬂ)lllt? axﬁﬂﬁép‘:ﬂs%ﬂ staWﬂbJ" of E%MUQ&S OfesullO B‘leﬁ)artlc]l

inpuritie,s of the Cu-based m nima:aides used in the ink, et

Exanpl e | S%élstmswwnwphlhltewamlq% disgribafiomsiunolme pesrigs PRvSlersizei o645
cont ai ned t 0 ng
t he pr epa#l ah.{hlngg oAPe'Lrﬁe [ n ljl'n!g? 4 alﬁeﬂg%m%n%%%t ada%@ dl%l?sﬁzbﬂ?tgf)”ag% J|’res
i ncr easedFhyheqi@e,ghminkjeciokpat h;ad bagrt Iaft tdwtand abpwealttey dcabrr@ge biasedmatant

nanoparti gheg%?e abd ;ﬁ}d th@dx%&?s%ﬁls?atbﬁf?y {hi s increnment has been

i ncor porate ersior he di spersi ng apparatus or
t he cont a{tHag] However it is under stood that the anount of inpurities

is very s allttlt%ﬁveaﬂ al gfqeﬁ L‘Q’““E}%ﬂamum- of ionic inpurities
e

cont ai ned ous anopariicles thenselves. it is
t hought that t hlosicfimptritap pleicepagit@ivelynictehenebis ¢haser enaancr ianky Btamiphkl .

|'s prepargg, rléﬂ%tggrlega%%ggﬂtfpﬂ 1888 §d PRIGRAL xﬁéug,l &%o?l%ﬂﬁpru%gsr s 10460 Haking

and reducin urrties con
C u- basedﬂhaﬁopartieles is effective in the evaluation of dispersion

stabi li _tyh(%%g %ﬂveeﬁxa%p%eﬁent of stability. [0124] [Table 1] The

eval uatio I Sper si ity was carried out by observing the
pr eci pi tatl’ircplarasmaofenlsttamlch ng tor 7 days, and perform ng an eval uation

according to t hﬁn In%lek %Ww%g pree\;/)z?‘rleéjlaﬁtthe same manner as in Comparative Example 5, except
that N-methylpyrrolidone was used as the dispersion medium.
[0122]
(Dispersion stability)

The inkjet ink thus prepared was evaluated in the same manner as in the Section
"Evaluation of dispersibility and dispersion stability" of Example 1.  As a result, the particle
size distribution exhibited a volume average particle size of 6 pm and doo: 18 pm.  The inkjet
ink that had been left to stand showed the occurrence of supernatant after one week, and the
dispersion stability was poor.

[0123]

As discussed above, an investigation was conducted on various Cu-based
nanoparticles, and as a result, when Cu-based nanoparticles having a small amount of ionic
impurities were used, satisfactory dispersibility and dispersion stability were obtained. In
addition, while the amount of ionic impurities of the Cu-based nanoparticles used in the inkjet
ink of Example 1 was 1510 ppm, while the total amount of ionic impurities contained in the

relevant inkjet ink was 1920 ppm. That is, during the preparation of the inkjet ink, the amount
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(Evaluation criteria) S The liquid is uniformy dispersed, and

al nrost no precipitation occurs. 0: The liquid is substantially

di spersed, and a small anount of precipitate acorn's. There is no
transparent supernatant, but a |arge anount of precipitate occurs. X
The s Uper Bﬁfbﬂx@tlm}!nﬁm‘ég ﬁh&%ﬁ&& Cghlo ARdcdoirdaivami i 428 hasdl ¥udhsper sed.

[0i 2 In BL stands for hutyiolactone, and NNW

st ands f oPANQRELIFG: pi}drlf tﬁ@ﬁ%l@tedmé thipEeaes hrsdser Boaapped Fomytle Tiapirdors
as wel | . LRA2B] b %H&ﬁﬁé&ﬂp‘éﬁ‘aﬁﬁ%@% lentdiher( PrEPAEALOfhdefstob kd€ thel aﬂls)mt
27 g of copper .oxi de nanoparlicles (cupric oxide, average particle
size 74 nﬁ{) IMpPEERT it Verasreall aesampERrd eiohe gmavat o€ lopicdapyiiceronined incey |

Ltd.), 2. veﬁ'loﬁgCQ-fbas%Qghdﬂﬁh&@e@fhbﬁ&l\(egaWfs@ﬁ&u%ﬁﬁﬁlat s Mbtaalppnes RUESin the case
Chem cal Industries, Ltd) correspondin to the cgp per oxid

nanopar t i BPE§ 2n kst V‘@lﬁgpfﬁ?arqi%tn&ﬁlﬁrﬁ -g@ﬁ%nz(r@gzgg@lps oX e %eﬁ@wmgﬁnd

concent r atdd@iingihe IWARS R riB B NBEN QL b nBiteSiANDI- ﬁas@@ﬁénloﬁartlﬁ&dls %ffectlve
it3kjet ink was prepared in the same manner as in 27]

-ion st ahifthg evaluation of dspersiop Rjakitity 39K ag prPaNGSPER L é@b%éfs sealed in a
O0-m cappgdz4est tube, and the test tube was left to standvertica
position. The occurrence of precipitation and the presence or absence
of supernQ@Eﬁt after one week were evaluated. As a result, a
supernat ant occurred, and the dispersion stability was poor.
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(Quantitative analysis of

ionic inpurities)

A powder prepared

by addi ng, to copper oxide nanoparticles, sodiumchloride in an
anount of 000 ppmw th respect to the copper oxi de nanoparticies, was
quantitalively determjnegd i %Tsam% r’@nner as iin Exanple.' |The
results are presented |"h T@ E’I‘ mwrm iof Tijonic inpurities
was 2710 ppm [01291 [§o¥rpar?at3 Re 3&&1 %] 33 t’%pgr ation of inkjet
i nk) ] et mﬂkﬁlaS? e ﬂrﬁmhersane mgnner as|in
Conpar ati ve Exanple 7, cépt ﬁat“’Ni"rﬁet'ﬁ?l p‘Xlr‘r’G)'l"l ddne (copper oxide
nanoparticle concentrgtion 27 mass% :was used asi i he (di spersjon
medi um [0130] (D sperjsi.on taly Ly} zThce Q et gl %k hus
prepared was eval uated &n t rrewma er r}zf eWSpegtml )3
"Eval uation of dispergibili ty and di $perS| or1 stabil | ty3 o01 8
Conparative Exanple 7| As a result, a large :amount of Q;e:igp tate
occurred, and dispersilon stability was poor.; [0181] @ | 2Ab such,
when ionic ;odium chl ¢ride xsi added in>an ﬁmrm of 1030 Jgtrr to an
i nkj et ink havi ng hi gh disper: isibility and hii igh di sper|si®n|stpbility,
the dispersibility and disperision stabl lityidetefiordtéd. |It|is
understood that the ionic,i rrp:url Li es: |nJhe i nkj et »i nk deterjorate
clispersibility and dispersion stabi i ity [0132] [‘?al;l e' 2l
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The eval uation of dispersibility was carried out by observing the
precipitation state after standing for 7 days, and performng an
eval uation according to the follow ng evaluation criteri a.
(Evaluation criteria) 0: The liquid is uniformy dispersed, and

al most no preci pjd é\xaitﬁﬁoxp&fa‘i’s?&sibgﬁy JhEal iegg{udoyio'ﬁsébmgﬁﬁ%éc@htlaﬁon state
di spersed, and a smal| anmount of precipitate occurs. A There is 130

t r anspar eAtrSEPERREF 5eYs: Brskpeaformipgen yRain asFordipg K the follpwingcavaluation
The superpakgnt is transparent, and the liquid is hardly dispersed.
[ 0133] [ExanPI e 5] (Preparation of inkj ink) 10 g of the

copper oxi(%"é“ﬂ'a‘ﬁtfﬁ‘é‘?rtai)el es used in Conparative Exanple 5 were

suspended in 208. gnofiqih khARYLEy WRb&SEed, ABDItRED Hi8iBHSPERSON was
sealed in a hag of dial %SI s nenbrane, The hag of dialysis menbrane

cont ai ni ng the Suidpehetidn swessntiphetigeded. anda sraipmentgfecipitatgeoccurs.

el ectrical conductrindletiynfantBeent bl bARYAECLNRILE MRITEPSU R ealbgE. 24
hours, and then the ultrapure water was exchanged. D al ysis was

carried out. Aftedhasurgpaianiys rgnyparpidind thetliguidas eeedly disagrsedonduct i vi ty
becane copgpant, and thus dialysis was conpleted. The water in the

suspensi on was renoved b\i centrifugation (15,000 rpmx 40 m nzp, and
t he residue waslidrpld, GBLagtanddigeebutprobsions. endiNydYstands fop Al-meghy Hyrrdiivese.

copper _ OXideRRRBARL 1 B aATbiehighghoni ¢ i mpurities had been
el imnated were tai ned. ,§gof t he copper oxide

nanopar ucl®86l r om whi ch ionic inpurities had been elimnated, and 5 g
of N-neth UL Ei re wei ghed, and the resulting m xture was
treated fgér (%ém%%%ée@ﬁ? a bead mll (800 rpm/, 30 min). 'Elnms, an
inljet inkrpamtiobpinkiednk)] 0134] (Di spersion stability)

27 g of copper oxide nanoparticles (cupric oxide, average particle size 74 nm, product
name: Nanotek CuO, manufactured by C.I. Kasei Co., Ltd.), 2.7 mg of sodium chloride
(manufactured by Wako Pure Chemical Industries, Ltd.) corresponding to 100 ppm with respect
to the copper oxide nanoparticles, and 73 g of y-butyrolactone (copper oxide nanoparticle
concentration 27 mass%) were weighed in a sample bottle, and an inkjet ink was prepared in the
same manner as in Example 3.

[0127]
(Dispersion stability)

The inkjet ink thus prepared was sealed in a 10-ml capped test tube, and the test tube
was left to stand in a vertical position. The occurrence of precipitation and the presence or
absence of supernatant after one week were evaluated. As a result, a supernatant occurred, and
the dispersion stability was poor.

[0128]
(Quantitative analysis of ionic impurities)

A powder prepared by adding, to copper oxide nanoparticles, sodium chloride in an
amount of 1000 ppm with respect to the copper oxide nanoparticles, was quantitatively
determined in the same manner as in Example 1. The results are presented in Table 1. The
total amount of ionic impurities was 2710 ppm.

[0129]

[Comparative Example 8]
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The particle size distribution after one day, and the occurrence of
precipitation and the presence or absence of supernatant after one
week were evaluated in the same manner as in the Section "Eval uation
of dispersibility and dispersion stability" of Exanple |I. [0135] ;lon
quantitat i@¥RyARahY$imRet ink) The copper oxi de nanoparticles from
whi ch ionic |npur|t|es 1d been elimnated were used to quantitatively
deterni ne the i dwilgkistipuvistirensradin thisansamennaeaiie FomparptiyeBxampled, except

The resul tigy Wﬁet@%h&%‘icéﬂﬁer-r&me%aﬂopag R cBﬁ)cteﬂtlrati%ngf E‘I’ass@/t) WM& as the

inpurities was 2 iri, such, 1t I's understoo t when 1onic
impuriti e§lsané1°1P§1ﬁ$V’@d from Cu-based particles having poor

di sper si bi MB'E)}/ and di spersion stabiliy (Conparalive Exanpled then the
particles are dispersed, dis esibihtv and dispersion stahijty are
enhanced. (Poaseoy steRdlyk: 31 The eval uation of

di spersibility WasingR{ ik afhs B}ébaxga wRDS ALY kDG thd& Fﬁrn%haiagﬂ”hg ecthogt €

after standing for? ‘days, <b£er ornlng an evaluation according to
the foll ovxh‘?@laéwapflﬂaqpewwﬂéy prdegisparsiopptahifity whRemparptiverfixaipple 7. As a result,

a large amount of precipitate occurred, and dispersion stability was poor.
[0131]

As such, when ionic sodium chloride is added in an amount of 1000 ppm to an inkjet
ink having high dispersibility and high dispersion stability, the dispersibility and dispersion
stability deteriorated. It is understood that the ionic impurities in the inkjet ink deteriorate
dispersibility and dispersion stability.

[0132]
[Table 2]
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[0140] (Quantitative analysis of ionic inpurities) 3.5 g of
copper oxide nanoparticles (average particle size 74 urn,

manuf actured by CA. Kasei Co., Ltd.) was added to 35 m, of ultrapure
water, the m xture was sealed in a container made of a fluororesin,

and then ionic qQIPANERLS oMBIEsBX) 36 Stiloudid0fbsErohg 4t i@itiod
extract |iquid was filtergd ?hgughya O.annuor Ofézygn1#?§$2rPoa% ¢

then was &8 \Prdige By 7cdas apd reRldTBIAE Bhe@ R Btrercey A My hT FalofEteervrbgtion
peaks wer rigahi brated using standard sol utions, and thus the anounts
of various_ionic extracts were colamtatively determ ned. The
nmeasur enenEvVaBEen ¢¥eipe sunmarized in Table 4. [0141] (I nkj et

di scharge test) @: The liquid IN\Gifoy ﬁ%ﬁqrféﬁ,i Ml RhsPEAGES i8S oNBRull SChar ged
with an inkjet apparatus (.4.11; Printer, manufactured by M crojet
Technol ogy Co., “:tlde jiawin isoiubtiandiaiit dirngesad aad & emnat yeovpbel meciifain esurand

intermttent di schakgss /S traRpdrit @Jp\‘ﬁilataﬁtf bid alldrPd RhA&IESE pridhidtbSeRar ge
anount of 90 r|g!droplet. In all cases, satistactory d1scharge

wi t hout cl oggi ndg‘:die sHEMaBAYP Earspargrid gl liapid is hardlydisgersedhar ged
l'iquid droplets was confirmed, [0142] (Inkjet printing test)
Printing of a conb-like pattern was carried out on a glass substrate
usi ng t he [F¥#Pteod printing processes with an inkjet apparatus (M

Printer, rmestaehYrediePM crojet Technology Co., Ltd.), and
satisfactory printing properties were confirnmed at a Iine w dth of
Ré

110 itm (see FI & gof tpeonpst exidaidnengttisls pepdtimeoapaai@ixpapigrywerp 0143]

[ Exanpl e ZlspéndPd BPA0 !t QftraPire Water, 20 thBE 1hB §dsPEhs QS $88R)in ABaj Q&i;lggis
printing processes was prepared in the sanme manner as in Exanple b,
The dynanfémprase osihepag pedisliyieacmbrare enigingng the juspensiph paginuaersed in

vi scomet eg ko watréE‘&H:fe‘?&ﬁi&ﬁ%nﬁlﬁéti%f@w@b&?ﬁéﬂwgteﬁastnt@sdr&i(afte? b4 hours,
d was 4.7 a- S d

printing processes thus prepare ) , and the surface

t ensi on ( ARHSHBeuiiRPHE Fateupsexaimnetrat Edplgif Wascarricd Ayl ofdicer lagmvi.ope

manat het Mgd iy mKYIeMa ) RERILERSS baGhRNERs AR and Hhudl dihiyRSvad OorhINBE t - The
water in the suspension was removed by centrifugation (15,000 rpm x 40 min), and the residue
was dried in a reduced pressure dryer for 24 hours. Thus, copper oxide nanoparticles from
which ionic impurities had been eliminated were obtained.

0.3 g of the copper oxide nanoparticles from which ionic impurities had been
eliminated, and 5 g of N-methylpyrrolidone were weighed, and the resulting mixture was treated
for 30 minutes in a bead mill (800 rpm x 30 min). Thus, an inkjet ink was obtained.

[0134]
(Dispersion stability)

The particle size distribution after one day, and the occurrence of precipitation and the
presence or absence of supernatant after one week were evaluated in the same manner as in the
Section "Evaluation of dispersibility and dispersion stability" of Example 1.

[0135]
[Ion quantitative analysis]

The copper oxide nanoparticles from which ionic impurities had been eliminated were
used to quantitatively determine the ionic impurities in the same manner as in Example 1. The
results are summarized in Table 1. The total amount of ionic impurities was 255 ppm.

As such, it is understood that when ionic impurities are removed from Cu-based
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(Dispersion stability) In the sane mariner as inple 6 (evaluation of
di spersibility and dispersion stability), the particle size
distribution after one day; and the occurrence of precipitation and

t he presence or absence of supernatant after one week were eval uat ed.
As ar esulphrticlteﬂ&vﬁh@rpbbr(di@eﬁibﬂﬁ){]ﬁﬂd&iiiph@iéhis@ﬂili@)(@u%irﬁﬁive%xﬁﬁgl%@)j A@en
particle size djstribution with an averageticle sizeof 0.07 jun, and
t he di spe?}é"ipﬁmc cf grelisrersedy digrenuhiy yod SRRSTSIGICbHAY 2R seBesdn 1 eft to
stand di d[01@6] show any precipitate or supernatant after one week, and
t he dispefP%Pg stability was satisfactory. (lon quantitative

anal ysi s) 129 ] lonic inpurities were quantitatively determned in
the same manner as in Exanple 6 The results are sunmari zed in Table
4. The total ampunt of ionic inpurities was 1500 ppm (Measurenent of
zeta potential) The zeta potential of the dispersion |iquid
was neasured in the same manner as in Exanple 6, except that NNWwas
used as the dispersion nediuminstead of GEL. The neasurenent results
are presented in Table 4. (inkjet printing test) An inkjet discharge
test was carriedsanme nmanner as in Exanple 6. and satisfactory

di scharge wi thout clogging of nozzles or abnormality in the

di scharged liquid droplets was confirned. 101441 [ Exanpl e 8]
(Preparation of ink for printing processes') An ink for
printing processes was prepared in the sane manner as in Exanple 6,
except: that ionic inmpurities-reduced surface copper oxide
nanoparticles (average particle size 100 373M nmanuf actured by TEKNA
Pl asma Systens, Inc) were used instead of the copper oxide
snooper:tides, and propyl ene carbonate was used as the dispersion
medi um i nstead of GCEL The dynami c viscosity (nmeasured using a
vi scoel asticity anal yzer MCR501 equi pped with a neasurenent jig
(IPSO), manufactured by N hon Siberliegner K K.) of the ink for
printing processes thus prepared was 30.0 rans. 101451
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(Di spersion stability)

(eval uation of dispersibility and ispersion stability),
size distribution after one day, and the occurrence of precipitation

and the presence or absence of supernatant after gnesweek were

evaluated. As a result, the particle size distribt
bi rodal particle size distribution with average pa

pmand I pm and the 90% di spersion particle size \g,/a%

ink that had been | oft to stand did not show any pretipi

supernatant Mer one w ek, and the dispersion stability

satisfactory [0]461 (lon quantitative anal ysis)

inpurities were quantitatively determned in the sane om

Exanple 6. The results are sunmari zed in Table 4.
ionic tnpurties was 830 ppm (Measurenent of zeta
potential of the dispersion liquid was neasured M
6, except that propyl ene carbonate was used as thg
i nstead of GEL. The zeta potential was -31 nV 1-0

Exanple 91 (Preparation of ink for printing processes)O
for printing processes was obtained by treating inn the s

in Exanple 6, except that 20 g of copper nanoparti
particle size 100 ne, nmanufactured by TEKNA Pl as
were used, and NWP was used as the dispersion nedi
stability)
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In the same rmnier as in Exanple 6, the particle size distribution
fter one day, and the occurrence of precipitation and the presence or
absence of supernatant after one week were eval uated.. As a
result, the particle stze distribution exhibited a partic,e taze

dt st nnuuon Wi t ik, aVEERA8 dRALLibRLEw I ESie® buGy 3oWRindRE plcbiBitat
di spersihility was sati sf act%?ryl.1 I-}ﬁ’\vaeverl,e E’lﬁgyi nk fucl)gratlﬂ Fi n?i’tﬁtéon =

pr ocesses i sendegiiopé dpys| aiperiormneanctvelutioizeeediag todhgyelleipgsyaluation
of preci pi t@te, and supernatant after one week, and the di spersion
stability was poor. (lon Quantitative analysis) lonic inpurities were
quant i t at {Ralgiderieritl nede nmanier as in Exanple 6. The results arc

summari zed in Tgbirge fyulhg uh@d:Blly &RIBE 08 SIndOQR p?&giitat(ié\?&,%&%.en?m, of
zeta potential) The zet'a potential of the dispersion |iquid

was measured i nOf Ree kairbis gehtiatiallyslispers e andy enad amsneleb preenietevRrnas
used as the di spefrsiof JERALWRNSHEAHRT buk 3Blee amoh RO pRERitRQILEALL al
was -25 nV, (Inkjet printing test ~Since the ink contalned a
| arge armount of XpFeciupfrnae s avepa e rad e diqed pdwsdlpiispasedof causi ng
cl oggi ng jon3fjhe nozzle and the head of the inkjet printing apparatus,
the inkjet printing test was not carried out. [0149] [Conparative
Exanpl e 107@ppeéparati on of di spersion |iquid) A di spersi on

l'iquid Ve répa B et &dnit ﬂ)r&)hﬁjn%%emal %oMrE&@GEb&si@; litg.?ftﬁ?pt that 20
g of copper oxide nanopartieles (average particle size 41 run,

manuf act ured by2N &fseppERYilnamPEPAECles (AEPri oRisie.caverg gaipar ehesisy g privit
was used @snd NenAiSORS ShARRBBALUYC I RLaPEs S1AN wit aRich td g of

y-butyrolactone (GBL) (copper oxide nanoparticle concentration: 27 mass%), and the mixture
was treated with an ultrasonic homogenizer (US-600, manufactured by Nippon Seiki Co., Ltd.)
at 19.6 kHz and 600 W for 5 minutes. This dispersion liquid was treated in a centrifuge at
1500 rpm for 5 minutes to eliminate coarse particles, and thus an ink for printing processes
(metal nanoparticle dispersion liquid) for an inkjet system was prepared.

The dynamic viscosity (measured with a small-sized vibration viscometer SV-10,
manufactured by A&D Co. Ltd.) of the ink (metal nanoparticle dispersion liquid) thus prepared
was 8 mPa-s, and the surface tension (measured with a fully automated surface tensiometer
CBVP-Z, manufactured by Kyowa Interface Science Co., Ltd.) was 45 mN/m.

[0138]
(Evaluation of dispersibility and dispersion stability)

After the preparation of the ink (metal nanoparticle dispersion liquid) for printing
processes, the particle size distribution was analyzed using a laser scattering type particle size
distribution analyzer (manufactured by Beckman-Coulter, Inc., LS13 320). Thereafter, 10 ml
of the ink was taken in a 10-ml capped test tube, and the test tube was tightly stopped and was
left to stand in a vertical position. The occurrence of precipitation and the presence or absence
of supernatant after one week were evaluated by visual inspection.

As a result, the particle size distribution exhibited a particle size distribution with an
average particle size of 0.07 um, without any coarse particles having a size of 1 pm or larger,
and the dispersibility was satisfactory. The ink that had been left to stand did not show any

precipitate or supernatant after one week, and the dispersion stability was satisfactory.
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In the same manner as in Exanple 6, the particle size distribution

after one day and the occurrence of precipitate and the presence or
absence of supernatant after one week were eval uated. As a
result, the particle size distribution exhibited a particle size

di stributii@rowi th an average particle size 0l6 um The ink that had
been left to stand showed a | arge anmobunt of precipitate and

super nat afteasprcaenion getpeiRntiand t he di spersion stability was poor.

(lon quantitati y_@rgggflcx 1eS hxid J QNG dib
gquantitatively determ nlzﬂd in %Iﬁago%aétrlre&?ranﬁgggésm%l%gl%igyn\%fl’gn%l,ufﬁlged oy

resul ts afe Kaenaei iéd wapadrgh el 04 mITefSRlothel contipanvasealpdBid dhen the

i mpuri ti esmiwes whlQ00PRM af YBASHE BB rRh0 AfhfesP OTRR ks Hrdion 11 ui%ink)T\Da%
zeta potential of the dispersion liquid was neasured iIn t%e da

manner  as STAIEREh{Sr &4 Boursodien thhasta MVPtihgasuseeradusites ahaspdeniabn
medi um i ngt£a88: @fanhhBlred _WQeaﬂaﬂ-d%gh&%b.abel!&?&os%? Ple rfeh s BLlat
printing test) Since the ink contained a ['arge amunt o
preci pi t af% suamarizcHét Bablis a possibility of causing clogging in the
nozzl e ang)lwle head of the inkjet printing apparatus, the inkjet
printing test was not carried out, [0150] [Conparative Exanple | |]
( Pr epar at (Grngptiyefealyss ohiopiairepusitienit i ng pr ocesses) An ink for
printing processes (Waspkl SR EogaRich ' :
except that 5 g o?ocopr}))er nanopaﬂtat }cCeF@%@%@g%ﬁ%&ﬁﬁﬁ@g@d&g,1,
aver age pketel ep-elli)zas pddyd te InmL whwiriruce waterd tho yniTEKINGs Pradesiiia aSpsthions,,
Inc.) and : sed. ' ' I | b o)

t he sane r#g%n(graq{élgg?ér?m&w@ntgf%%gg C?r&@n[%)%rggv?gg I%gtr%}egdgalt (]:hkés Frf?rbzlft llm(‘)1 h a]I‘T er
one day, eutdctliyeidoesdiiteedceogsh apkr2ginpr D A-@nafilckrtdne tipn eee medyzed by cation
absence of superpatant after_one week were eyal uated. As a
Fosul t, ¢ M Bt Piomal g Pl o  IoE AFar ] RsASCHRT BA PER B EPdard selpiiaps. and
di st ri but thonthekiburdsofardaddeniatiab€ weresjuziditofveld.dbtef miiedM (The tieaSReh&e
parti cl es h tvi negl;&Ha si.ze .of{ t!l gm or larger, and dispersibility was
sati sf act SPY" P THEPHEYAdEP!HEd been Ieft to stand showed a Iarge
anount of[Op4gci pitate after one week, and the dispersion stability
was poor

{esults

(Inkjet discharge test)

The ink for printing processes was discharged with an inkjet apparatus (MJP Printer,
manufactured by Microjet Technology Co., Ltd.) through continuous discharge for 5 minutes
and intermittent discharge at an interval of 3 minutes, in a discharge amount of 90 ng/droplet.
In all cases, satisfactory discharge without clogging of the nozzle or abnormality in the
discharged liquid droplets was confirmed.

[0142]
(Inkjet printing test)

Printing of a comb-like pattern was carried out on a glass substrate using the ink for
printing processes with an inkjet apparatus (MJP Printer, manufactured by Microjet Technology
Co., Ltd.), and satisfactory printing properties were confirmed at a line width of 110 um (see
FIG 1; the unit indicated in the diagram is pwm).

[0143]
[Example 7]
(Preparation of ink for printing processes)

An ink for printing processes was prepared in the same manner as in Example 6,
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(Quantitative analysis of ionic inpurities) The amount of
ionic inpurities was quantitatively determ ned by using, ion

ehr omat ogyaphy in the sane manner as in Exanple 6. The results are
presented in Table 4. (Measurement of zeta potential) The zeta

potenti al e)@JeptttHrgﬁ bﬂh@tﬂﬁﬁ?ﬂr&ﬁomé’(ﬂl\ﬁ\kﬂ%% ué@?%§ H{e%ﬁp!(*rgio{} Hl%dlﬁﬁﬂ?stémp BI2S

i n Exanpl e e zeta potent jet printing test)
Si nce the ink céht&npay vaschaly gaeansd mith o smpli-sig¢dovibratien Vl@znmetehéi\’ewwas

Py Hahifa e BIABACL B AR LP pAf LARNEA Wbl I Phipas,

printing apparatus prin
10151] and the Agfack tsoiws@Edaabowath afnlly mvesttédmat fhartemaseco CBIR-Ed on

various Gy ?ﬁg&ﬂe(\[@pﬁg aI]}nf;eLfgéeCF ?eﬁe (gss%}fizwgsuj‘& y}Qen t he anount of

ionic inpurities te va ue of the zeta

pot ent i al (INepsrsicarsgpbjlitgat i sf act ory di spersion stability was obtained.
[0152] [Fable n.fr Ta

and Exanple 7 g?tjweb?afn edan"4 snolf’%fn gP (?\gagua(t)l n?ﬂampegfbeh%o? ?Igg)flo%f 30
tnV or hi gbiéh'ty), drdpadivlemivp wlistribofion dier ond dap,wmﬁ the@scwfen%ﬂ(ﬁrqopmn@n drdisise
and t hey rsion stabi

hand, Co ar a | Vr él% gge (QISX %?ﬁgafger o%e Wthegtweref chlcl)xfartEd mASuai’ rle%ult Hle&art??etsae
ppm or | edisiribigign eshlhxt@l atmmoabsdlpattrele\sale dstriviitiertheitlzat ayepge paticlakizeas

smal ler t 30 ersion stabiljt. ive
arpt e 100hut 2 0s SRR ROSAT LR RRER PR R s B e o
val ue of gthoe angpacipoitent supbrn@fint af@l dne etk ami t39di'slﬁég/sloxﬂs‘ldnlﬁt{ﬁW’a@%aﬁfs&ctory.
the di spe{15| on st abi | 'lté was poor, Conparative Exanple ii had
an absol uf® VAR 6P Kdzet a potential of 30 my or higher, but since
t he amount of omme ilpRitics Whesextesded d2600nqh e sainb tadhes REIMSE@AMple 6.

stabilit yThe resuRs are summarized in Table 4. The total amount of ionic impurities was 1500 ppm.
(Measurement of zeta potential)

The zeta potential of the dispersion liquid was measured in the same manner as in
Example 6, except that NMP was used as the dispersion medium instead of GBL. The
measurement results are presented in Table 4.

(Inkjet printing test)

An inkjet discharge test was carried out in the same manner as in Example 6, and
satisfactory discharge without clogging of nozzles or abnormality in the discharged liquid
droplets was confirmed.

[0144]
[Example 8]
(Preparation of ink for printing processes)

An ink for printing processes was prepared in the same manner as in Example 6,
except that ionic impurities-reduced surface copper oxide nanoparticles (average particle size
100 nm, manufactured by TEKNA Plasma Systems, Inc.) were used instead of the copper oxide
nanoparticles, and propylene carbonate was used as the dispersion medium instead of GBL.

The dynamic viscosity (measured using a viscoelasticity analyzer MCRS01 equipped
with a measurement jig CP50-1, manufactured by Nihon SiberHegner K.K.) of the ink for
printing processes thus prepared was 30.0 mPa-s.

[0145]
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[ 01541 [ Exanples 8 and 9] (Formation of wiring pattern and

eonductori zatio wiring pattern (line width Ito ult, and
thickness | pin) was fornmed on a glass substrate using the ink for
prim ng processes (metal nanoparticle dispersion |iquid) of Exanple 6
or Exanpl $D75 &‘Eiwst%h(i%?kj et apparatus (MP printer, manufactured by
Merojet Technology Co., Ltd.), The wiring pattern was heated at 180C
for 30 mnutes Wnhthepame marhgeisig Egempl¢ 6 Grvalneiioaci dfpatiibypheédisperaind was
subj ect ed A ¥ . i L 1WA
conduct or s B 4EGI8 D HALITELLE el MR e B P En and e
di gi tal nukdsenss pr absensa PagpemnatantifierQus veen @oe cvaluated. A4s argsels ithe payecle size
vol ume resi st Wl he: Whii: i :

T B S e b LT
di sper si onnd i gui, a)d tbé 9EX dixpdreord pandde tisedss 400 emy o hiniek treshasitheen teft twas

3x10 am apd en the ink for printin rocesses . (netal .nanopart.icle
i spers) onrs T waF =i repieBon Hatrilul s 0F AR ik R Pea AR ISP s
4x 104 amwaf eitbhttofyExanpl es 10 to 16 and Conparative Exanples 12 to
171 (Pr epi\?ﬁ@ on of ink for printing processes) The net al
nanoparticles were m xed with the dispersion nmediumin each of the
Exanpl es dlod qConparaidalsgisExanpl es. The types of the di spersion nmedi um
are presented in Table .5, The types of metal napoparticles an

Pendh ng. anmunt s BB PRET P maiSagieR dEd it BB B e 3 Ervaenle
each m xt hercawls apy waemiieed inMabdlabl eTig totihendihxdfusree wasiritiéseadsesd 0fppin. 5
m nut es wi[(bt;hgr; ul trasoni ¢ honogeni zer US-600 CCVP manufactured by

Ni ppon SeiKi ,. Ltd. at an output power of 600W a vibration

f r equency ([dtashi@mbntkifizeta poventan) anpl i tude val ue of 26.5 Jtrn, and 35 g

ol die m xture ighed in a 50-m centrthigal precipitation tube
The © e s Shbi Turea ko B RIon G e AT T SHBOUe R Br 4
m nut es, ardndlhe, &ugpethaaprapilensas:bus@awasustd® thesgeBionihddiinh igtead of GBL.
processes,, For the .netal _panoparticles, Cul (NanoTek Cut),

manuf actu?g%lzefao‘gft?’ffl?%?@ﬁa{]@&pwr p,, specific surface area 12 ni/g,
primary panugjcl e size 75 urn, copper oxide), and Cu2 (CuO M X40,

manuf act ug(fd b?/ Na oSiée9 Ltd., specific surface area 130 nR/g,
primary pardiPéiaVers® P9 hm copper oxide) were used. [0156]

( Eval uat i @aepaettibodf o forpriapey sbdrsdeb)t y) Meanwhi l e, for the

eval uati on ot dis[i) rfsibi_ljt , first, each getal.nan garticle ,

di spersi on Ii quf*d %r POPIRigE PRSeEEnYasioP aEAT ¥F?é’f‘$r§h'£ WS TEPET 4590
stand flor qumb AUk eHt th@t@é&l&oﬂ_ﬁdﬁﬁﬁﬁﬁﬁtiaés (ﬁb@@g@ﬁﬁnﬁfq s&]{eqoo Rint at i on
was eval uate S [ ectj on. ose havin sfact or

di spersi bW?“&?ﬁ“&f‘ﬁ%ﬁﬁ(yﬁgﬁ%B’&ﬁy?té‘H%L@fW%? wﬁ&%i@ﬁ%waﬁw‘gaé&m ected
to a centdisfedg@l médi@at ment, and then the particle size distribution

anal ysi s S carriagﬂ_ ut with a laser diffraction scattering particle
si ze di st FBEH VT AHA)yzer (Beckman- Coul ter, inc., LS 13 320).

In the same manner as in Example 6, the particle size distribution after one day, and
the occurrence of precipitation and the presence or absence of supernatant after one week were
evaluated.

As a result, the particle size distribution exhibited a particle size distribution with an
average particle size of 0.3 pm, and the dispersibility was satisfactory. However, the ink for
printing processes that had been left to stand exhibited a large amount of precipitate and
supernatant after one week, and the dispersion stability was poor.

(Ion quantitative analysis)

Ionic impurities were quantitatively determined in the same manner as in Example 6.
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Dispersibility was eval uated according to the follow ng eval uati on
criteria. The results are presented in Table 7. 10157] (LID val ue)
The volune of the netal nanoparticles in the ink for printing
processes thus prepared, and the volume or the ink for printing
processes Nﬁ?t%ulﬁseﬁpﬁﬁmhéfﬁlecy inGabic y! a’i‘@otgyan%u\%&'l&gc ﬁrﬁﬁntles@a%SZéaM Lllﬁe
density; and the F value was determ ned. Furthernore, was
det er mi nedMsgsuiament @lzetawpisetialor mul a, and the val ue of VD Was

det erni ned. The thesyl Loﬁer@aﬁofnﬁeeag,@&ﬁﬂ Hglhid (@8 hRaslredtin (e lsthe mb A ok
(inn) D [(1/3 xnxF+ 5/0 1] ﬁ Vol unme of neta

nanopart i ¢i*@gpies, ¢Xﬁf@tfh9r: NMPi WsIAgios deecbesisivoimedpnofisteadiol GBI piTheizeta ng
processes phR1SBlva B¥ahwauo3mcriteria for thspersibility)

(c): The average particle size was less than 300 rim and the m nium

particle Sinkst Wesing &8 t han 800 nm 0: The average particle
si ze was 300 amstnee&%mmamawge amhtrmg}e@%me%& ek AFas Waos B0 AR
to 2000 urn. Afta standing m nut es precipitatio occurred

X 1 After c3tsHEEo8gInE Plbthseoaﬁieml}dé@heﬁ@éhqdnbatnrmhnmammdhe inkjet printing

test was not carried out.

[0149]

[Comparative Example 10]
(Preparation of dispersion liquid)

A dispersion liquid was prepared in the same manner as in Example 6, except that 20 g
of copper oxide nanoparticles (average particle size 41 nm, manufactured by Nissei Engineering,
Inc.) were used, and 80 g of NMP was used as the dispersion medium.

(Dispersion stability)

In the same manner as in Example 6, the particle size distribution after one day, and
the occurrence of precipitate and the presence or absence of supernatant after one week were
evaluated.

As a result, the particle size distribution exhibited a particle size distribution with an
average particle size of 6 pm. The ink that had been left to stand showed a large amount of
precipitate and supernatant after one week, and the dispersion stability was poor.

(Ion quantitative analysis)

Ionic impurities were quantitatively determined in the same manner as in Example 6.
The results are summarized in Table 4. The total amount of ionic impurities was 11000 ppm.
(Measurement of zeta potential)

The zeta potential of the dispersion liquid was measured in the same manner as in
Example 6, except that NMP was used as the dispersion medium instead of GBL. The zeta
potential was -16 mV.

(Inkjet printing test)

Since the ink contained a large amount of precipitate, and there was a possibility of
causing clogging in the nozzle and the head of the inkjet printing apparatus, the inkjet printing
test was not carried out.

[0150]
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[ 0159] (Eval uation of conductivity) The ink for printing
processes thus obtained was applied on a slide glass using an
applicator with a gap of 150 pa and the ink was dried on a hot plate
at 60"C for 30 mnutes in nitrogen atnosphere. Thus, a coated
substrate[@@ﬁ aQQR@iEgﬁgpleTﬁe coated substrate was mounted on a hot

W re type at om ¢ hydr ogen treat nent apparatus having the sane

st ruct ur e (Brspaskivwme! ink {F :@nPte paindngzpreeeehg®dt | on treat nent was carried
out for 20 m nut : i & - . /s,
"t ungst en wi 1ot amnny s PR tpaih SELARERBl R LS ERRE. 2
st age temseseat thate g efenprer arngpetiofs Sopst, buitretubed uidesgaerge pargel e4r€ 1R nm,
electric r t t i d hydrogen
was stoppg%#lﬁ%%} ?glg gﬁﬁﬂ?ﬁq?ﬁ% %gﬁlg’ngnﬁ)/agsﬂ?gglOggiByoie?i%S%ﬁ*i nut es, and
then was (Biparsienstatolitibr mal pressure. The ink for printing
processes- coat e, & 0shd @hfhet'Sn EMiHe B4he palilSe GAA ST FURIAGAE ALl
was bl ack in color here the treatnent changed to red copper col or

af t er t he theraseitrrenert of(psesepitFle@nd he pTisence onabedhcs olperaatent afieremne twreek were
treat nent .was,ubj ected to cutting work by nmeans of an FIB (focused

i on bean) apparatus, and the filmthickness was nmeasured by observing
the cross-secti dn abssuls|tv pastdasizandstiibuiion welgeiled aPhgickprz distribution with an

resistivi . . r i :

i or or et Slaflle gl B2 T hu? JTRARIEES Mdolts Batifhf REOR i Btarecr, and
M t subi shidisghehiligalbasGatigfactqry.arithetifiethaedad bieea defi/alstaed eifovwsd p flamgeamount of
resi St vi Ly ias, SRIMSE hed. 1.0 OLUIRAL SISt Yl Yoitsi ng the neasur ed
val ue of the tifmtn ckness e Tf “PReValue uis Y€ am or | ess, the

el ect ri cakQuabiispes Bialysis NaweiCASpiNaies)tedi um  Sol vi Pr opyl ene

car bonat e108-32-7 Solv - But yrol.act one96- 48- | v3Di net hyl.

ol o eor- 0. SheRORtEr Pl RN PRITRR Al pelfatiich BPLN ion

S, 01v5I| sophomatoegraBhy5ia-tHe sSok wabhg o pyianelegl y Toé renusardayetsayted in Table 4.
et her 34590-,94- 9

€asurement of zeta potential)

The zeta potential of the dispersion liquid was measured in the same manner as in
Example 6. The zeta potential was -57 mV.

(Inkjet printing test)

Since the ink contained a large amount of precipitate, and there was a possibility of
causing clogging in the nozzle and the head of the inkjet printing apparatus, the inkjet printing
test was not carried out.

[0151]

As discussed above, an investigation was conducted on various Cu-based
nanoparticles, and as a result, when the amount of ionic impurities was small, and the absolute
value of the zeta potential was large, satisfactory dispersion stability was obtained.

[0152]
[Table 4]
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Sol y72- But exyet hyl

[ Tabl e 6] 1Copper narioparticles D spersion nedium
the kis for c$,1it,

lit Table '7,
each of nt e

acetatell2-07-2 Sol veTetradecane629-59-4

[0161]
52 As shown

processes of hxz.raues 10 to th.
3atisfies the relation of'JD 3.3, bees a dispersion n;

ediumto which the polar termin the Hansen solubility pataMtkl is
it NlPaa or—greater and :s prepared without using a dispersant, a:it
had trAcelllen: dispersihi'thy. Furthernmorel, h was thund that the
. cryarirkg|roungdnysing tAveasiet phirije fmpurities |r rdetq g?b}, b qﬁ%rsdb,q sﬁgﬁlty
hi VE. 31;:yrprobkan th eke: herdPPBbki ductijity i ectrthal
condi t cl i sihy—avast —hparted - tiedlciinn oW
‘turatrtraturBempledtiat to at U6Wer than 280" C4744' ' (}). Good
Example 7 1500 -66 Good
Example 8 830 =31 Good
Comparative 2600 ~25 Poor
Example 9
Comparative _
Example 10 11000 16 Poor
Comparative 3300 -57 P&aF
Example 11
[0153]

As can be seen from Table 4, Example 6 and Example 7 exhibited an absolute value of
the zeta potential of 30 mV or higher, and an amount of ionic impurities of 2600 ppm or less,
and they had satisfactory dispersion stability.

On the other hand, Comparative Example 9 had an amount of ionic impurities of 2600
ppm or less, but since the absolute value of the zeta potential was smaller than 30 mV, the
dispersion stability was poor.

Comparative Example 10 had an amount of ionic impurities of greater than 2600 ppm,
and an absolute value of the zeta potential of smaller than 30 mV, and therefore, the dispersion
stability was poor.

Comparative Example 11 had an absolute value of the zeta potential of 30 mV or
higher, but since the amount of ionic impurities exceeded 2600 ppm, the dispersion stability was
poor.

[0154]
[Examples 8 and 9]
(Formation of wiring pattern and conductorization)

A wiring pattern (line width 110 pm, and thickness 1 pm) was formed on a glass
substrate using the ink for printing processes (metal nanoparticle dispersion liquid) of Example
6 or Example 7 with an inkjet apparatus (MJP printer, manufactured by Microjet Technology
Co., Ltd.). The wiring pattern was heated at 180°C for 30 minutes under a reducing gas
(formic acid) atmosphere, and was subjected to a reduction treatment. Thus, the wiring pattern

was conductorized.

The conductorized wiring pattern was measured with a digital multitester CDM-11D
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[ 0164] <Carbon contera> For each of the Exanples and

Conpar ati ve Exanpl es descri bed above, in order to obtain the content
of carbon atons in the total solids content in the ink for printing
processes, the carbon atons of the coppii,t oxide nanoparticies or
the coppenRanapatbl ¢hesmo. 8a¢h LAIRIEHEHEMIRAZNBLaRYIaRd from the

hi gh-frequency induction heating conbustion-infrared absorption

met hod (uSTIEE ENFAVC SEFRCS b e inkde MoytinorPeseies (Med] MRIOPRHIGS]

[ Exanpl es 4;BertiBn i'iﬁnd)a:?%x?ﬂﬂl@ﬁ‘%fs LYQ tﬁé‘%mh@&si%i{y%js@l%o* Qm, and Wi the
carbon atom content ‘of the copper oXide nanoparticies (cupric oxide,
aver age prikifar pringae picstseesdinzal Fanopayticlpdierdrran limaive of Nanoteekw@u@ed, the
manuf act ur, 5;:& i s~ Ltd.) used in these Exanpl es and

Conpar at i Jgﬂ%%ﬁ“wg}‘és V\ggs4xg.algrr%rhss. [0166] [ Exanples 3 and 41

The carboh0tlabpm content of the copper nanoparticles having a
core/shel | ructyre. in ich t.he_cor rt.J,s made of copper and the
shel | par I[E)?agsnpncﬁ gt%%é a(l:ng\pﬁéglrparé&?'%%xsa geeg?éogleﬂparti cle size 76 til E),
manni kt ur éetefoyatidn o6 ik fenginfieepriongses] nc. ) used M t hese Exanpl es was
0.04 mass% [0 6 le : The carbon atgm content. of the
Coni 1 mpur - d SR RnNY G s pe yh B B Ra AR e Y a0 B
particl e $xaepldOtddmpaanud Baimplad Dheligkdlal Bk dspasiSy skdims ard ppesentadsed

inthis e 038 3%81501 t1,]EX | es to lti and .

Compar at va kgl B B [FRGEhohapdtd e bR PE Sl of s Toctdipn gt ane

copper oxildelisppaioo paxdivinctaels oxitd&eawgirageed in Table 6. The mixture was treated for 5
minutes with an ultrasonic homogenizer US-600 CCVP manufactured by Nippon Seiki Co., Ltd.

at an output power of 600 W, a vibration frequency of 19.5 kHz, and an amplitude value of 26.5
um, and 35 g of the mixture was weighed in a 50-m] centrifugal precipitation tube. The
mixture was subjected to a centrifugal treatment at 1500 rpm for 4 minutes, and the supernatant
was used as the ink for printing processes. For the metal nanoparticles, Cul (NanoTek CuO,
manufactured by CIK Nanotek Corp., specific surface area 12 m*/ g, primary particle size 75 nm,
copper oxide), and Cu2 (CuO-MIX40, manufactured by NanoSize, Ltd., specific surface area
130 m%g, primary particle size 10 nm, copper oxide) were used.

[0156]

(Evaluation method for dispersibility)

Meanwhile, for the evaluation of dispersibility, first, each metal nanoparticle
dispersion liquid prior to the centrifugal treatment was left to stand for 30 minutes, and the
presence or absence of precipitation was evaluated by visual inspection. Those having
satisfactory dispersibility without the occurrence of precipitation were subjected to a centrifugal
treatment, and then the particle size distribution analysis was carried out with a laser diffraction
scattering particle size distribution analyzer (Beckman-Coulter, Inc., LS 13 320).

Dispersibility was evaluated according to the following evaluation criteria. The
results are presented in Table 7.

[0157]
(L/D value)
The volume of the metal nanoparticles in the ink for printing processes thus prepared,

and the volume of the ink for printing processes were respectively calculated by dividing the
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pnrnarv particle size 7.9 am NanoSize. Ltd.) used in these Exanpl es
and Conpara Exanples were not known [0169] [ Conparative Exanples 1, -
and 91 The carbon atom content of the copper nanoparticles
(copper, but natural oxides, average prinmary particle size 100 m,

manuf act urggds bythzﬁémﬁy Ph@-m vl bRl Beterhitted) B§8MArhddeTN@SS was determined by

Conpara.trvc Lxanmpes was 0.82 nmass% [0 70] [ Conparative Exanpl es
5,6 and 11fe following formyls, anddhqyminel R Fandsmninge. t his TEoPpar Pereed in

nanoparti clagg 7(average primary particle size 41 not manufactured by
Ni sse, i Engi neeri ng Inc.) used in these Conparative Exanpl es was
0.13 nmass% [ 0174[™) =D/2+Ls@m t he above results, it can be

consi dered that Usr@m;,)thvg[r(l/g)us, Exanp)es fhat do not use a di spersant
or a protective agent, which serve as carbon sources, the carbon atom

content is direétt \ﬁﬂ@qe:piﬂaptélmanmrttcm inciak B nriningmressrreeelume of ik fornk
for printipg.brRcesses. That is, the carbon content is 0,4 mass% or
| ess. REFERE SIGNS LI ST [0172] OlHot wire type atom c hydrogen
treat nent [AbBhratus 02Gas inlet port 03Shower head

(Evaluation criteria for dispersibility)

@: The average particle size was less than 300 nm, and the maximum particle size was
less than 800 nm.

O: The average particle size was 300 nm to 800 nm, and the maximum particle size
was 800 nm to 2000 nm.

A\: After standing for 30 minutes, no precipitation occurred.

X: After standing fro 30 minutes, precipitation occurred.

[0159]
(Evaluation of conductivity)

The ink for printing processes thus obtained was applied on a slide glass using an
applicator with a gap of 150 pm, and the ink was dried on a hot plate at 60°C for 30 minutes in
a nitrogen atmosphere. Thus, a coated substrate was obtained. The coated substrate was
mounted on a hot wire type atomic hydrogen treatment apparatus having the same structure as
shown in FIG. 2, and a reduction treatment was carried out for 20 minutes under the conditions
of hydrogen at 0.118 Pa-m*/s, a tungsten wire temperature of 1800°C, a pressure of 5.3 Pa, and a
stage temperature (temperature of substrate holding unit) of 44°C.  An electric current was
passed through the tungsten wire, and hydrogen was stopped. Subsequently, the system was
cooled for 10 minutes, and then was returned to normal pressure. The ink for printing
processes-coated substrate was taken out. The coated substrate which was black in color
before the treatment changed to red copper color after the treatment (see FIG. 4). The coated
substrate after the treatment was subjected to cutting work by means of an FIB (focused ion
beam) apparatus, and the film thickness was measured by observing the cross-section by SIM
(scanning ion image). The surface resistivity of the film was measured with a four-probe type
microresistance analyzer (Loresta MCP-T610, manufactured by Mitsubishi Chemical Corp.),
and the measured value of surface resistivity was converted to volume resistivity using the

measured value of the film thickness. If the value was 10™ -m or less, the electrical
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O4Exhaust port 05Substrate hol ding unit O6Tenperature regul ator
O7Cat al yst body 08Shutter 09Substrate 10, 11Wring 12Met al
nanoparticie Substrate 14Wring 15El e, ctroless plated |ayer and/or

el ectroplated layer CLAIMS An ink. For printing processes,
conpri si NG, ahcliv@Stas RIS Nahd AR ki %)?oe@&q 162y ﬂgh@el%ﬁ@@ébrﬁiu@tr%ty was
content in the total solids content of 0.4 mass%or less. 3.' The ink
for printir#ed PrvcebrassulicwopabmipdtioTdlal-m 1, conpri si ng net al

nanoparti (E(IJI%§]

[Table 5]
Dispersion Name CAS No.
medium
Solv1 Propylene carbonate 108-32—-7
Solv2 Y —Butyrolactone 96-48-0
Solv3 Dimethyl sulfoxide 67-68-5
Solv4 N-methylpyrrolidone 872-50-4
Solvb Isophorone 78-59-1
Solv6 Dipropylene glycol monomethyl ether 34590-94-8
Solv7 2-Butoxyethyl acetate 112-07-2
Solv8 Tetradecane 629-59-4
[0161]
[Table 6]
Copper nanoparticles | Dispersion medium
Type Mass (g) Type Mass (g)
Example 10 Cut 325 Solv2 97.5
Example 11 Cul 32.5 Solv2 97.5
Example 12 Cul 325 Solv1 975
Example 13 Cul 325 Solv2 97.5
Example 14 Cul 11 Solv3 99
Example 15 Cul 24 Solv4 96
Example 16 Cul 39 Solv2 91
Comparative | 1, 4 60 Solv2 90
Example 12
Gompaeativonlf 325 Solv2 97.5
Example 13
Comparative |, 4 325 Solv5 97.5
Example 14
Comparative | ¢, 325 Solv6 97.5
Example 15
Compatative i ¢ 325 Solv7 97.5
Example 16
Gomparativelll g 60 Solv8 90
Example 17
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contai ning Cu andl or CuO and/or Cu20, wherein the anount of
inmpurities is 2600 ppm or _
printing processes according to claiml1 cr2, wherein the
inmpurities is 1600 ppmor less in a dry powder of the netal
and the ink is prepared by dispersing netal
containing Cu and/or Cut) and/or Ot20 in a dispersion
The ink forprinting90/s

ink for
anount of
nanoparti cl es,

nanopartic
medi um EO%Z]

less in th

e total

solids content.

ionic
3. The

recesses ambied] ng to any one of clains 1 to 3, wherein the

di spersion particle size of the netal

nanopi nticles containing Cu

and/ Or. _Cut) and/or Cu2Q0 is equal t greater than 10 ran and equal
to or less than|500 inh 5. The ink tbr rinting processescaged g,l, Grticl
to claim2, whfflein the Digsersiontmediya uenlofor prsing BRoRERet a | o 50 WJB e
greater. 6. Thel|im ¢c_fer—printing priocesses—accordi-ng—tp—anyone ol
clains 2 to 5, whérd?n|bhe werage.particle sifge of the nﬁecht'O" _
nanoparticles ig equal | tQuelty gHr@ater | fifRribdity1uU ua sttesing| s Electrical
than 500 urn. 7. The {nk fepafiyintijng procesjse "‘5& ‘&,“ga%{'f?y cgpductivity
of clains 1-to -6, wherein-the netal hanopartieles centn mn
and/ or CE@masdPor &420|are di'dperse di sipersi®n e ufEving a O
vapor pressudkediat 25T of | esd7than || .34® 10'| Pa, 4nd the \&xmosmy @)
at 25C |§xaﬁg|er]§Pa $70r l'ess. § The Tink T@r prfnting progessegg O
nggﬁdLL AR R “t'ﬁ;e'p'ﬁ!? s O A ARG = Il IS
par anet epxamele 14 || M Paft ' or dfeater | 9 “@he ik fob printi 1%28]0 O
processeBampledbdi n®7t o| cl ai mi12, conprisi®@g netal nanopafti kg8 havi n@O
a voI urrBE,@y,g,gage pagti £l e size of the promary| partgcles|of £hdonn)| andy
a g oty v ' Faterpart{ct '
bet ween %ﬁ@tjgt mebal | nanoparticies| in nhe ijnk fas pripti g2so o)
procescn |gnnfn1 ac 1 (rlln), the rel inn 1.6 s /nif-1
3.51is Qatnperbtnead, ard the di spersion nmedium i su% thal the,poldr
term i n Bxaevrlpiddsen sol pbility parangter is 11 hdPit' 13 or gr eat er
10. The doRkarh@Ve|Pr Nt my| processes accgording to claim9, wherein the
vol une ang,ﬁ,ggq”)arNcl e si ze QP) of [the ﬁrl ry detl cl gs &F28%he O
met al manoparti¢tes s 10 to 800—am| i TheTnk;,—for—printitrecesses
accor di “‘Pﬁaﬁ‘gal m.9 of 10, wherein [the netal ND <280 o)
ample

Comparative <

Example 16 1.7 5 A ND =280 O

Comparative

Eimmiplesiy 1.7 0 X ND =280 O

[0163]

As shown in Table 7, the inks for printing processes of Examples 10 to 16, each of

which satisfies the relation of 1.6 < L/D < 3.5, uses a dispersion medium in which the polar term

in the Hansen solubility parameter is 11 MPa’’

or greater, and is prepared without using a

dispersant, all had excellent dispersibility. Furthermore, it was found that the wiring formed

using these inks for printing processes did not have any problem in electrical conductivity even

if electrical conductivity was imparted (reduction treatment) at a low temperature equal to or

lower than 280°C (44°C).
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nanoparticles are formed fromone kind, or a mxture of iwo or nore
ki nds, of at |east one or nore elenent selected fromCu, Ag"ku, A,
Ni, Co, Pd, So, Ph, In and Ca, andilor partial or total oxides

t her eof . The ink for printing processes according to any one
of claims@eyp 11, wherein the ink is prepared w thout using a

di spersant for the netal nanoparticles. 13.The ink for printin.g

pi ocesscs <4@C6" It 0 any one of claims 9 to 12, wherein the

viscosity at 25l &ciobf thd Baa@les and Compardie ExplEOdes @D tbE, IRILELSS €S
according to any one of clains 1 to 1%, wherein the printing process

i s pl at el 8%ainghg sopiepirispidenatems ghertowl poiids pantenpin the ink for B ipidas Br@sesses,

accor di ng tHeQabbRhidind #5 thbB&GIHEI dideNBndPaitiRics BOhPEQHESSnbrarid1R o E&IHESEmple
printing process using an inkjet printing apparatus or a dispenser

appar at us Veyeenweed binakekraegucesesdissanhapngrPriatwRIgpTged Hspipgion method

pr ocesses (usGRMMIASY REHR MadiBiHed 8] HoRR, ¢1d yypuriti es of 1000 ppm or
l ess, a 90% particle size of primary particles 01200 ran or less, a

vol ume av&Hééle particle size of 100 umor less, and a particle

surface forardieol L8O a0d4 o4, afH@8mparakile ERaibikd NYofior med on a
substrate by a grlntlng process using the ink for rlntlng_grocesses

accordi ng to anyhofebasfates egniast of thecopper oxifg nanppartigfes {CHgy! s AYFRESt O
claim 17, ;wherehiicelseebl hﬁx,a%rog&? gHEd Nhdvk E50 1 IRARLRFAly ZBRGsQCo.,

| ower . A circuit substrate formed by using the wring

accor di ngltdo vesdin et TExrnilg apg Campyptivedagples wes @Rt mpsty of a circuit
for el ectfjiggl conduction 20. A sem conductor package formed by using
the wiring according to claim17 or 18 in a portion or the entirety
of acirc ’@H$@F3éwg€krical conduct i on.

The carbon atom content of the copper nanoparticles having a core/shell structure in
which the core part is made of copper and the shell part is made of copper oxides (average
particle size 76 nm, manufactured by Nissei Engineering, Inc.) used in these Examples was 0.04
mass%.

[0167]
[Example 8]

The carbon atom content of the ionic impurities-reduced surface copper oxide
nanoparticles (average particle size 100 nm, manufactured b TEKNA Plasma Systems, Inc.)
used in this Example was 0.38 mass%.

[0168]
[Examples 10 to 16 and Comparative Examples 3, 4, 12 to 17]

The carbon atom content of the copper oxide nanoparticles (cupric oxide, average
primary particle size 7.9 nm, NanoSize, Ltd.) used in these Examples and Comparative
Examples were not known.

[0169]
[Comparative Examples 1, 2 and 9]

The carbon atom content of the copper nanoparticles (copper, but natural oxides,
average primary particle size 100 nm, manufactured by TEKNA Plasma Systems, Inc.) used in
these Comparative Examples was 0.82 mass%.

[0170]
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[Comparative Examples 5, 6 and 11]

The carbon atom content of the copper oxide nanoparticles (average primary particle
size 41 nm, manufactured by Nissei Engineering, Inc.) used in these Comparative Examples
was 0.13 mass%.

[0171]

From the above results, it can be considered that in the various Examples that do not
use a dispersant or a protective agent, which serve as carbon sources, the carbon atom content is
directly equivalent to the carbon atom content of the ink for printing processes. That is, the

carbon content is 0.4 mass% or less.

REFERENCE SIGNS LIST
[0172]

01 Hot wire type atomic hydrogen treatment apparatus
02 Gas inlet port

03 Shower head

04 Exhaust port

05 Substrate holding unit
06 Temperature regulator
07 Catalyst body

08 Shutter

09 Substrate

10, 11  Wiring

12 Metal nanoparticle

13 Substrate

14 Wiring

15 Electroless plated layer and/or electroplated layer
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CLAIMS
1. An ink for printing processes, comprising at least metal nanoparticles, and having a
carbon atom content in the total solids content of 0.4 mass% or less.
2, The ink for printing processes according to claim 1, comprising metal nanoparticles
containing Cu and/or CuO and/or Cu,0O, wherein the amount of ionic impurities is 2600 ppm or
less in the total solids content.
3. The ink for printing processes according to claim 1 or 2, wherein the amount of ionic
impurities is 1600 ppm or less in a dry powder of the metal nanoparticles, and the ink is
prepared by dispersing metal nanoparticles containing Cu and/or CuO and/or Cu,0 in a
dispersion medium.
4. The ink for printing processes according to any one of claims 1 to 3, wherein the 90%
dispersion particle size of the metal nanoparticles containing Cu and/or CuO and/or Cu,0 is
equal to or greater than 10 nm and equal to or less than 500 nm.
Se The ink for printing processes according to claim 2, wherein the absolute value of the
zeta potential is 30 mV or greater.
6. The ink for printing processes according to any one of claims 2 to 5, wherein the
volume average particle size of the metal nanoparticles is equal to or greater than 2 nm and
equal to or less than 500 nm.
7. The ink for printing processes according to any one of claims 1 to 6, wherein the metal
nanoparticles containing Cu and/or CuO and/or Cu,O are dispersed in a dispersion medium
having a vapor pressure at 25°C of less than 1.34x10’ Pa, and the viscosity at 25°C is 50 mPa-s
or less.
8. The ink for printing processes according to claim 7, wherein the dispersion medium is
an organic polar solvent in which the polar term in the Hansen solubility parameter is 11 MPa®®
or greater.
O The ink for printing processes according to claim 1, comprising metal nanoparticles
having a volume average particle size of the primary particles of D (nm) and a dispersion
medium, wherein when the average interparticle distance between adjacent metal nanoparticles
in the ink for printing processes is designated as L (nm), the relation: 1.6 < L/D < 3.5 is satisfied,
and the dispersion medium is such that the polar term in the Hansen solubility parameter is 11
MPa®” or greater.
10. The ink for printing processes according to claim 9, wherein the volume average
particle size (D) of the primary particles of the metal nanoparticles is 10 to 300 nm.

11. The ink for printing processes according to claim 9 or 10, wherein the metal
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nanoparticles are formed from one kind, or a mixture of two or more kinds, of at least one or
more element selected from Cu, Ag, Au, Al, Ni, Co, Pd, Sn, Pb, In and Ga, and/or partial or total
oxides thereof.

12. The ink for printing processes according to any one of claims 9 to 11, wherein the ink

is prepared without using a dispersant for the metal nanoparticles.

13. The ink for printing processes according to any one of claims 9 to 12, wherein the
viscosity at 25°C is 0.1 to 50 mPa-s.
14. The ink for printing processes according to any one of claims 1 to 13, wherein the

printing process is plateless printing process.

15. The ink for printing processes according to claim 14, wherein the printing process is a
plateless printing process using an inkjet printing apparatus or a dispenser apparatus.

1e. Metal nanoparticles used in an ink for printing processes, cpmprising an amount of
ionic impurities of 1000 ppm or less, a 90% particle size of primary particles of 200 nm or less,
a volume average particle size of 100 nm or less, and a particle surface formed of CuO and/or
Cu,0.

17. A wiring formed on a substrate by a printing process using the ink for printing

processes according to any one of claims 1 to 16.

18. The wiring according to claim 17, wherein electrical conductivity is imparted at 280°C
or lower.
19. A circuit substrate formed by using the wiring according to claim 17 or 18 in a portion

or the entirety of a circuit for electrical conduction.
20. A semiconductor package formed by using the wiring according to claim 17 or 18 in a

portion or the entirety of a circuit for electrical conduction.
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