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RESI STOR ELEMENT AND Cl RCUI T BOARD USI NG SAME 5 Technical Field [0001] The
present invention relates to a liquid conposition, and to a resistor film
a resistor element and a circuit board using it. Background Art [0002]

Mul tilayer printed circuit boards have conventionally been 10 produced by
steps including preparing a stack in which a plurality of one-sided printed

circuit boards or doubl e-sided prl'h %@tr}ﬁ Ig boards having a circuit
formed by etching, are |am nated @ i S* i a an adhesive |layer such as
a gl ass vvovilg ifacaﬂqv repreg, and a hole is opened in the stack using a
drill or F g h a conductive layer 15 is forned on the hole
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resistor film, a resistor element and a circuit board using it.
Background Art
[0002] Multilayer printed circuit boards have conventionally been
10 produced by steps including preparing a stack in which a plurality of
one-sided printed circuit boards or double-sided printed circuit boards
having a circuit formed by etching, are laminated by pressing via an
adhesive layer such as a glass woven fabric prepreg, and a hole is
opened in the stack using a drill or laser, after which a conductive layer
15 is formed on the hole walls by plating or the like for electrical
connection between the layers.
{0003] In recent years, methods of directly forming wiring patterns by
printing methods are being investigated as substitutes for the
conventional methods of producing multilayer printed circuit boards
20 using etching or plating. For example, a method of forming a wiring
pattern by ink jet printing (Patent document 1) and a method of
producing & mulidaver printed cirowit board by forming a conductive
layer and a hole-formed insulating layer on a subsirate by a printing
method (Patent document 2) have been proposed.
25  [0004] With these production methods, it is possible to produce a

multilayer printed circuit board without using large-scale equipment



25[ 0004] Wth these production nethods, it is possible to produce a
multilayer printed circuit board w thout using |arge-scal e equi pnent such
as pressing and plating equipment. An additional advantage is very high

mat eri al usage efficiency, because the conductor ink or insulator ink can
be printed only on the necessary sections. [0005] At the sane tine,
advances are being nade in thickness 5 reduction and high densification of
circuit boards
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sol der joints -used for electrical connection
has been carried out on miniaturization of surface mounting parts,
narrow-pitch formation of terminals and fine patterning of boards, SMT
(surface mounting technology) for high-density mounting of parts on
board surfaces, and Advanced SMT which is a higher level of the same
15 technology.
[0006] However, the numbers of active element parts (chip parts) have
been increasing to meet the needs of higher functioning for electronic
devices. As the number of passive element parts (capacitors, inductors
and registers) that perform electrical regulating is likewise increasing,
20 the mounting areas of such passive element parts often occupy more
thar half of the entirety.  This has constituted an obstacle againgt
minigturization and higher performance of elecironic devices,
{0007] Techniques for building passive element functions into boards
are also being investigated. Such techniques promise not only

25 miniaturization, but also effects such as improved reliability, by

eliminating the conventional solder joints used for electrical connection



bet ween surface nounting parts and circuit boards, increased freedom of
circuit design, inproved electrical characteristics by reducing parasitic
capaci tance since passive elenents can be effectively positioned
internally, thereby shortening wiring | engths, and | ower cost 5 by
elimnating the need for surface nounting. [0008] Passive el enment-formng
mat eri al s have therefore been devel oped with the purpose of providing
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inside boards. For example, materials plated with relatively high-
resistance metals have been used as resistors for built-in passive
10 elements (Patent documents 3 and 4). There has also been proposed a
method of forming resistors by ink jet printing, without the process of
plating or etching (Non-patent document 1).
[0009] The present inventors have also proposed an ink comprising
carbon black particles dispersed in a thermosetting resin, as a material
15 that allows resistors of desired sizes to be formed at desired locations
using an ink-jet apparatus (Patent document 5).
Citation List
Patent Literature
[0010] {Patent document 1] Japanese Unexamined Patent Application
20 Publication No., 2003-80694
[Patent  document 2] Japancse Unexamined Patent  Application
Fublication No, 20031107247
[Patent document 3] Japanese Examined Patent Application Publication
SHO No. 57-3234
25  [Patent document 4] US Patent No. 3808576

|Patent document 5] Japanecse Unexamined Patent Application



[ Patent docunent 5] Japanese Unexam ned Patent Application. Publication
No. 2007-165708 Non-Patent Literature [0011l] [ Non-patent
docunent 1] " Br eakt hr ough i n device mniaturization with ink-jet
printing”, N kkei Electronics, 2002, No.6/17, 5 p.67-78 Sunmary of

| nventi on Technical Problem[0012] Patent docunent 1, however, nentions
nothing regarding the ink that is to be used. Al so, Patent docunent 2,
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thlxotroglc ty. Furthernore, inks for offset printing conprise
conducti Ve F;P i'cles with mean particle sizes of 20l. mor greater, and
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Technical Problem
[0012] Patent document 1, however, mentions nothing regarding the ink
that is to be used. Also, Patent document 2, while mentioning that a
10 thermosetting resin is used in the ink for insulating layer formation,
does not contain any specific reference to the ink viscosity or resin
composition, or to inks having functions other than insulating layer
formation. In addition, while Non-patent document 1 proposes
forming a resistor by ink jet printing, it does not specifically mention
15 the ink used to form the resistor.
[0013] Methods for forming resistors by offset printing have also been
proposed in the prior art, but the inks used generally have viscosity
higher than 20 Pa-s and a thixotropic property. Furthermore, inks for
offset printing comprise conductive particles with mean particle sizes of
20 1 pm or greater, and such inks cannot be applied for ink jet printing.
The inks used for ink jet printing are comunonly preferved to have low
viscosity, due to resirictions in the inkejet head discharge gystern,
When particles are included, the dispersion particie sizes are preferably
small from the viewpoint of preventing nozzle clogging.
25 [0014] In light of these demands, the present inventors have proposed

an ink comprising carbon black particles dispersed in a thermosetiing



1.(Trlc.t,nne in the ink-iel head ( When particles are included, the

di spersion particle sizes are preferably small fromthe viewoint of
preventing nozzle clogging. 25[0014] In light of these demands, the present
i nventors have proposed an ink conprising carbon black particles dispersed
in a thernobsetting resin (see Patent docunent 5, for exanple). The ink
allows formation of resistors of prescribed sizes at prescribed | ocations
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stated above, the inventi nrrn ec 1d co Itiron conprising
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(d) a solvent with a vapor 25 pressure of than 1.34 x 103 Pa at 25C.

[2] A liquidagPosadli Yaraeeer shilg Heofﬂel‘hlya@%ﬁnnweﬂﬁ' thelihdidfRagion
stability and resistance value, as well as their ability to exhibit a stable
resistance value, and this has been an obstacle against rapid material
development.

15 [0015] The present invention has been accomplished in light of this
problem, and its object is to provide a liquid composition that is suitable
for forming resistors by ink jet printing and that can exhibit a stable
resistance value, as well as a resistor film, resistor element and circuit
board using the liquid composition.

20 Solution to Problem
00161 In order fo achieve the object stated above, the invention
nrovides the fryiien wing [T 1771
17 A liquid composition comprising (a) an epoxy resin, (b) carbon
black particles, (¢) carbon nanotubes and (d) a solvent with a vapor

25  pressure of less than 1.34 x 10° Pa at 25°C.

(2] A liguid composition according to [1] above, wherein the mean



di spersion particle size of the (b) carbon black particles is no greater
than 500 nm and the maxi num di spersion particle size is no greater than 2
I nn. [3] Aliquid conposition according to [1] or [2] above, wherein the
5 outer dianmeter of the (c) carbon nanotubes is 3 nmor greater and the
length is 100 nmor greater. [4] A liquid conposition according to any one
of [1] to [3] above, wherein the content of the (b) carbon black particles
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above, \M@f‘%l e viscosity is no greater than 50 nPa.s at 25C. [7] A
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25C, and (e)wlgereit it et of the (c) carbon nanotubes is 0.1 to 20 parts by
mass with respect to 100 parts by solid mass of the (b) carbon black
particles.
[6] A liquid composition according to any one of [1] to [5] above,
15 wherein the viscosity is no greater than 50 mPa-s at 25°C.
[7] A liquid composition according to any one of [1] to [6] above,
wherein the (a) epoxy resin is a glycidy! etherified condensation product
of a phenol and an aldehyde.
[8] A liquid composition according to any one of [1] to [7] above, which
20 further comprises {e) a curing agent, the (e) curing agent comprising the
condensation product of a phenol and an aldehyde.
191 A homd composition comprisimg (a1} a diol with 2 molecniar weight
of 40 or greater and less than 1000 and/or a resin containing the diol as
a backbone, and (b) carbon black particles.
25 [10] A liquid composition according to [9] above, wherein the (al) diol

with a molecular weight of 40 or greater and less than 1000 and/or a



[12] A liquid conposition according to [11] above, wherein the (e) curing
agent conprises the condensation product of a phenol and an 10 al dehyde.
[13] A liquid conposition according to any one of [9] to [12] above,
wherein the nmean di spersion particle size of the (b) carbon black particles
is no greater than 500 nm and the maxi num di spersion particle size is no
greater than 2 um 15[14] A liquid conposition according to any one of [9]
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or greater %hg length is 100 nmor greater. 25[18] A liquid conposition
accordi ng tgb%?“f P Br [17] above, wherein the content of the (c) carbon
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curing agent comprises the condensation product of a phenol and an
10 aldehyde.
[13] A liquid composition according to any one of [9] to [12] above,
wherein the mean dispersion particle size of the (b) carbon black
particles is no greater than 500 nm, and the maximum dispersion
particle size is no greater than 2 um.
15 {147 A liquid composition according to any one of [9] to [13] above,
wherein the content of the (b) carbon black particles is 10 to 80 vol%,
based on the total solid volume of the liquid composition.
[15] A liquid composition according to any one of [9] to [14] above,
wherein the viscosity is no greater than 50 mPa-s at 25°C.
20 [161 A liguid composition according to any one of [9] to [15] above,
winich further comprises (¢} carbon nanotubes.
(171 A liquid composition according fo [161 ahove, wherein the outer
diameter of the (¢) carbon nanotubes is 3 nm or greater and the length is
100 nm or greater.

25 [18] A liquid composition according to {16] or [17] above, wherein the

content of the (¢} carbon nanotubes is 0.1 to 20 parts by mass with



[21] A resistor elenment having a resistor filmaccording to [19] or [20]
above. 10 [22] A circuit board having a resistor elenent according to [21]
above formed on a substrate. Advantageous Effects of Invention [0017]
According to the invention it is possible to provide a liquid conposition
that is suitable for formng resistors by ink jet printing and 15 that can
exhibit a stable resistance value as well as a resistor filn1 resi stor
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5 accordmg to any one of [1] to [18] above on a substrate to form a film

of the liquid composition, and removing the solvent from the film of the

liquid composition by heating.

[21] A resistor element having a resistor film according to [19] or [20]

above.

10 [22] A circuit board having a resistor element according to [21] above

formed on a substrate.

Advantageous Effects of Invention

[0017] According to the invention it is possible to provide a liquid
composition that is suitable for forming resistors by ink jet printing and

15  that can exhibit a stable resistance value, as well as a resistor film,
resistor element and circuit board using the liquid composition. The
liquid composition of the invention also allows the resistance value to
be varied by addition of CNT and selection of the resin composition,
without completely retesting new carbon black particles. In addition,

20 by using the liquid composition of the invention it is possible to form a
registor on a board by the simple method of ink jet printing, while alse
reducing environmenteal load created when ueing solder and the hike, and
facilitating formation of boards with built-in passive element functions.

Brief Description of Drawings

25 [0018] Fig. 1 is a perspective view of an embodiment of a circuit board

of the invention.



25[0018] Fig. 1 is a perspective view of an enbodi nent of a circuit board
of the invention. Fig. 2is an end viewof Fig. 1 along line Il-Il. Fig.
3 is a graph showing the relationship between heat curing tinme and vol une
resistivity for the liquid conpositions of the exanples and conparative
exanples. 5 Fig. 4 is a graph show ng the relationship between heat curing
time and volune resistivity for the liquid conpositions of the exanples and
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Description of Embodiments
[0019] Embodiments of the invention will now be described in detail.
10 However, the present invention is not limited to the embodiments
described below.
[0020] The liquid composition according to a first embodiment of the
invention comprises (a) an epoxy resin, (b) carbon black particles, (c)
carbon nanotubes and (d) a solvent with a vapor pressure of less than
15 1.34 x 10° Pa at 25°C, and also preferably (e) a curing agent.
[0021] The liquid composition according to a second embodiment of
the invention comprises (al) a diol with a molecular weight of 40 or
greater and less than 1000 and/or a resin comprising the diol as a
backbone (comprising a diol residue) and (b) carbon black particles, and
20 preferably further comprises at least one of (¢) carbon nanotubes, (d) a
solvent with a vapor pressure of less than 1.34 x 10° Pa at 25°C, and (&)
curing agents. The {al) diel with a molecular weight of 40 or greater
and less than 1000 and/or a resin containing the diol as a backbone
preferably includes (a2) an epoxy resin with a molecular weight of
25 between 200 and 50,000, comprising a diol with a molecular weight of

40 or greater and less than 1000 in the backbone (comprising a diol



curinn agents. The (al ) and I ess than 1000 and/or a resin containing the
di ol as a backbone preferably includes (a2) an epoxy resin with a nol ecul ar
wei ght of 25 between 200 and 50, 000, conprising a diol with a nol ecul ar

wei ght of 40 or greater and | ess than 1000 in the backbone(conprising a
diol residue). [0022] The liquid conpositions according to the first and
second enbodi nents nmay be suitably used to formresistors by a printing

met hod such as.jnk jet printing, and both of the conpositions contain 5
carbon bl ack®p cl es. The conponents to be used in the liquid
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[0023] The primary particle size of the (b) carbon black particles is
preferably no greater than 100 nm, more preferably no greater than 80

10 nm and even more preferably no greater than 50 nm, from the viewpoint
of adjusting the viscosity of the liquid composition to a viscosity
suitable for printing, and from the viewpoint of exhibiting the resistance
value with cured products. The primary particle size of the (b) carbon
black particles is also preferably 10 nm or greater.

15 [0024] The dispersion particle size of the (b) carbon black particles
affects the printability and resistance value stability. Therefore, the
mean dispersion particle size of the (b) carbon black particles in the
liquid composition is preferably no greater than 1000 nm, more
preferably no greater than 500 nm and even more preferably no greater

20 than 300 nm.  Also, the maximum dispersion particle size of the (b)
carbors black particles s preferably no greater than 5 um, more
preferably no greater than 2 pm and even more preferably no greater
than 1 pm. If the mean dispersion particle size of the (b) carbon black
particles is greater than 1000 nm or the maximum dispersion particle

25  size is greater than 5 pm, clogging of the ink-jet head nozzle may occur

and it will tend to be impossible to accomplish stable printing, when it is

10



affects the printability and resistance value stability. Therefore, the
mean di spersion particle size of the (b) carbon black particles in the

| i quid conposition is preferably no greater than 1000 nin, nore preferably
no greater than 500 nm and even nore preferably no greater 20 than 300 nm
Al so, the maxi mum di spersion particle size of the (b) carbon. blab.'Is
preferably no greaternore ferably no than I pm If the nean di spersion
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"di spersisone%%{ércl e size" refers to the particle size of particles that
are dispérs ma liquid, and the values used in the present specification
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first enbodi ment conprises as an essential conponent, while the
volume of the liquid composition (the total solid volume remaining after
removal of the solvent). If the amount added is less than 10 vol%, it
will tend to be difficult to obtain the desired volume resistivity. If the
15 amount of addition exceeds 80 vol%, problems will tend to result, such
as increased viscosity of the liquid composition, and inability to
maintain the strength of the resistor film after film formation.
[0028] The liquid composition of the invention may also comprise (¢)
carbon nanotubes (hereunder, "CNT"). The liquid composition of the
20 first embodiment comprises CNT as an essential component, while the
liguid composition of the sccond embodiment preferably comprises
CNT I the hquid composition compnises UNT, 1t will be possibie 1o
form a resistor with a lower and more stable resistance value,
[0029] CNT are largely of two types, single-walled (monolayer) and
25  multi-walled (multilayer) types, and either CNT type may be used

according to the invention. The outer diameter of the CNT is

il



forma resistor with a | ower and nore stable resistance value. [0029] CNT
are largely of two types, single-walled (nonolayer) and 25 nulti-walled
(mul tilayer) types, and either CNT type nay be used according to the
invention. The outer diameter of the CNT is preferably 3 nmor greater.
The length of the CNT is preferably 100 nmor greater and nore preferably
300 nmor greater. This preferred dinensional range is in consideration of
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10 throughout the material used, and in order to obtain a lower resistance

value with the same amount of addition, the bundles are preferably
loose. The CNT are preferably provided in the form of a dispersion,
although this is not limitative. Using a dispersion state is preferred,
since it can avoid adverse effects on the other materials during

15 dispersion (for example, crushing of the particles or contamination with
foreign components). The CNT dispersion used preferably comprises
the CNT dispersed in the same solvent used to dissolve the resin or a
solvent that is compatible with that solvent, from the viewpoint of
ensuring stability of the dispersion.

20 [0030] The amount of CNT added is preferably 0.1 to 20 parts by mass
and more preferably 0.1 to 10 parts by mass, with respect (0 100 parts

by solid mass of the (b) carbon black particles {solid mass remaining

after removal of the solvent). If the amount of CNT addition is less
than 0.1 part by mass, it will tend to be difficult to obtain a resistor with
25 lower and more stable volume resistivity. If the amount of CNT

addifion is greater than 20 parts by mass, the viscosity of the liguid
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0 parts by mass, with respect to 100 parts black nerticies (solid nmass rem

after renoval of the solvent). If the anmount of CNT addition is |ess than

0.1 part by nmass, it will tend to be difficult to obtain a resistor with 25

| ower and nore stable volune resistivity. If the amount of CNT addition is

greater than 2.0 parts by mass, the viscosity of the liquid conposition

W ll increase nore readily, and the potential for problens with the ink-jet
M|l .tend to increase The resin to be

ised 1 n'a |impodefpouil ket ohare g adhist RG thespieabTRE Ao ER e, 1 or
o B Sphenol RUREE T dREFRE HroBeBal b BRGNS esi vt an 8l cyel i ¢
Fesim: o ol yORayT LR B hobd iebib BB 1B BB GeosRRcie R
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:[sglee]::it re?it . g@ég@é}gﬁgﬂﬁtsgg?ﬁ?ﬁgfﬁi@bﬁ@ﬁom\ d'BishRenSIPOXWiLH 8RNIy R &gl aply
10 as formaldehyde or salicylaldehyde; a glycidyl etherified product of a
bifunctional phenol; a glycidyl etherified product of a bifunctional
alcohol; a glycidyl etherified product of a polyphenol; or a
hydrogenated or halogenated form of any of the foregoing. Preferred
among these, from the viewpoint of heat resistance and connection
15 reliability, are glycidyl etherified condensation products of phenols and
aldehydes. There are no particular restrictions on the molecular weight
of such (a) epoxy resins. The (a) epoxy resins may also be used alone
or in combinations of two or more.
[0032] In a liquid composition according to the first embodiment, the
20 content of the (&) epoxy resin is preferably selected to be such that the
curing reaction completes within a prescribed heat curing time, afler the
carbon black, ONT and the curing agent and ontional curing accelerator
have been added. The content of the (a) epoxy resin is preferably 1 fo
40 mass% and more preferably 1 to 30 mass%, as the proportion in the
25 liquid composition. If the content is less than 1 mass% or greater than

40 miass%e, the viscosity will fend to be unsuitable for printing.
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aunrig reaction conpletes within a prescribed heat curing time, idler the
(NI have been added. The content of the (a) epoxy resin is preferably 1 to
40 mass% and nore preferably 1 to 30 nass% as the proportion in the
25liquid conposition. If the content is less than 1 mass% or greater than
40 inass% the viscosity will tend to be unsuitable for printing. [ 0033]
The |iquid conposition according to the second embodi ment conprises (al) a

oo Win o ppksruar eLant, of 40 or grsaer o %ﬁ@@?@@%&%@@ﬁ’ o
i o ”Wv“thhaa méﬁ%?‘%@ L g with o RiteE e gt‘i%%yﬁ&? ALo"BRnERER8 1 The
backnone. 9931 SHTRATRE"h: Sl Tl SR A0S) O R e
10 1 et R Al PP Sy AT Al g Bl
5 200 and 50,000, comprising a diol with a molecular weight of 40 or

greater and less than 1000 in the backbone.

[0034] Examples of diols with molecular weights of 40 or greater and

less than 1000 include diols such as 1,2-ethanediol, 1,2-propanediol,

1,3-propanediol, 1,2-butanediol, 1,3-butanediol, 2,3-butanediol, 1,4-

10 butanediol, 1,2-pentanediol, 1,3-pentanediol, 1,4-pentanediol, 2,3-
pentanediol, 2,4-pentanediol, 3,4-pentanediol, 1,5-pentanediol, 1,2-
hexanediol, 1,3-hexanediol, 1,4-hexanediol, 1,5-hexanediol, 2,3-
hexanediol, 2,4-hexanediol, 2,5-hexanediol, 3,4-hexanediol, 1,6~
hexanediol, 1,2-heptanediol, 1,3-heptanediol, 1,4-heptanediol, 1,5-

15  heptanediol, 1,6-heptanediol, 1,7-heptanediol, 2,3-heptanediol, 2,4-
heptanediol, 2,5-heptanediol, 2,6-heptanediol, 3,4-heptanediol, 3,5-
heptanediol and octanediol; double bond-containing diols such as
butenediol and hexenediol; and cyclic diols. The (al) diol with a
molecular weight of 40 or greater and less than 1000 and/or a resin

20 containing the diol as a backbone may be a diel such as mentioned
above or s polymer, or a resin containing a diol or diol backbone, with
an atkyl group euch as methyl or ethyl or 2 ghycidyl ether on the ends or
side chains of a diol such as mentioned above. Any of these may be
used alone or in combinations of two or more.

25 [0035] The diol preferably has a molecular weight of 40 or greater and

less than 1000 in order to increase the number of functional groups
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nol ecul ar weight of 40 or greater and | ess than 1000 and/or a resin 20
containing the diol as a backbone nmay be a diol such as nentioned above or
its polynmer, or an al side chains of a diol such as nentioned above. Any of
t hese may be used al one or in conbinations of two or nore. 25 [0035] The
diol preferably has a nolecular weight of 40 or greater and |less than 1000
in. order to increase the nunber of functional groups contrlbutlng to the
reaction in th ur.in eatnent durin formation of i star obtain
L quid corteribibEdehE Sxadiinm %.twtm?%d%ng?[ﬁr@ﬁtl@é. i s

al so preferably at |e t 40 .and | ess than 500, and eci a t han
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i ncl ude epoxaxque;srtﬁaﬁqwo éfé%rraefés‘?ﬁ' n‘eﬂmﬁ@@éa wa'&@gﬂpﬂbo{& and

nore specifica they 1 ncl ude corrpoun represente by t he oW ng
formula (1) .y tgﬁﬁgg, K Q)rfbt% n f or
nor e. [0037] [ mfdléa r wwgb%]lﬂhsgdlp%h%lﬁ%ol\%élgﬁ Z &%égﬁ %Oga‘% ¢
| ndependent | 30,0607 E5Aprising! V0P Witl? bR L BEO WRig NG BOTGPEBIRH S
integer of 1 dr great

less than 1000 in the backbone, as the resin comprising a diol with a

molecular weight of 40 or greater and less than 1000 in the backbone.
Examples for the (a2) epoxy resin with a molecular weight of between
200 and 50,000 comprising a diol with a molecular weight of 40 or

15 greater and less than 1000 in the backbone, include epoxy resins
comprising residues of the aforementioned diols, and more specifically
they include compounds represented by the following formula (1)
Any of these may be used alone or in combinations of two or more.

[0037] [Chemical Formula 1]

. CHsy e N Chy e
|- /....\'/,,‘.‘_J \\\WJf CE: \ // i Has 1 ? * \\\ _ E‘:H \‘ﬂwm‘ j// E Qu\w/..-\\\[ {i}

In formula (1), ' and 2* each independently represent a divalent
organic group, and n represents an integer of 1 or greater.

10038] The (a2) epoxy resin comprising a diol backbone has a

15



[ 0038] The (a2) epoxy resin conprising a diol backbone has a nol ecul ar
wei ght of between 200 and 50, 000. Using an epoxy resin with a nol ecul ar
weight in this range can be expected to increase the heat resistance.

Al t hough the nol ecul ar wei ght of the diol backbone is 40 or greater and
| ess than 1000, it is preferably 40 or greater and |less 5 than 500, and
nore preferably 40 or greater and | ess than 200. [0039] In a liquid

conposi tion accor t. second i content of the, (a2)
oo e Bafeal R P ebS e D At S DR an SRR b CHOKHEEH o e
r ef er abl 20 o 70 mass% and en.more preferably 25 t.o 45 mass based on
Phe toral madithcs TaChEE etk Vi& s ¢ %ﬁ@n.bmeﬁeeﬁe&uﬁodl%mihq on. 11
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acrylic resins ure 'ns an ese y he

u. sed al one (j¢g @9%‘9@59% mbFe ;ﬂjéfé}aBlé/ URPAot G aSWACLAR. ?Y]eri Hgkat i ng

reliability, connection reli IYI'ty and heat resistance, POXy™ resins,

prenol” e Teiaghy| e 155 B BTN S8 oA i 0

10 content in the liquid composition.  If the content is less than 10 mass%
the effect of addition will tend to be insufficiently exhibited, while if it
exceeds 99 mass% the heat resistance or solvent resistance of the cured
product will tend to be reduced.
[0040] A resin other than those mentioned above may also be added to

15 liquid compositions according to the first and second embodiments.
The resin may be any one so long as it generally exhibits electrical
insulating properties, and examples include epoxy resins, phenol resins,
polyimide resins, polyamide resins, polyamideimide resins, silicone-
modified polyamideimide resins, polyester resins, cyanate ester resins,

20 BT resins, acrylic resins, melamine resins, urethane resins and alkyd
resing.  These may be used alone or in combinations of two or more,
When such g recin is 10 be used, a thermosetting resin is preferred from
the viewpoint of insulating reliabiiity, connection reliability and heat
resistance, with epoxy resins, phenol resins, polyimide resins,

25  polyamide resins and polyamideimide resins being especially preferred

for their satisfactory mechanical properties.
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[ 0041] Exanpl es of epoxy resins include bisphenol A-type epoxy resins;

bi sphenol F-type epoxy resins; bisphenol S-type epoxy resins; biphenol-type
epoxy resins; alicyclic epoxy resins; aliphatic chain epoxy resins;

gl ycidyl ester-type epoxy resins; glycidyl etherified 5 condensation
products of phenols such as phenol, cresol, alkyl phenol, catechol,

bi sphenol F, blsphenol A and blsphenol Swth aldehydes such as
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glycidyl etherified condensation products of phenols and aldehydes.

There are no particular restrictions on the molecular weight of such

epoxy resins. The epoxy resins may be used alone or in combinations

15 oftwo or more.

[0042] It is preferred to add (e) a curing agent to liquid compositions of
the first and second embodiments. The (e) curing agent is preferably
an epoxy resin curing agent. Examples for the (e) curing agent to be
used with an epoxy resin include amines such as diethylenetriamine,

20 triethylenetetramine, metaxylenediamine, diaminodiphenylmethane,
diaminodiphenylsullone, m-phenylenediamine and dicyandiamide; acid
anhydrides auch as phthalic anhvdride, tetrahydrophthalic anhydride,
hexahydrophthalic anhydride, wmethyitetrahydrophthalic anhydride,
methylhexahydrophthalic anhydride,  methylnadic  anhydride,

25  pyromellitic anhydride and trimellitic anhydride; phenols such as

bisphenol ¥, bigphenol A, bisphenol 5 and polyvinylphenol;
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5 preferred fromthe viewpoint of heat resistance and connection
reliability. There are no particular restrictions on the nol ecul ar wei ghts
of these conmpounds. The curing agents nmay al so be used alone or in

conbi nati ons of two or nore. [0043] The proportion of the curing agent in
the epoxy resin may be a 10 proportion used in the prior art, and it is
preferably in the range of 0.5 to 2.0 and nore preferably 0.8 to 1.5

agent s i CPARETEReleTPRRCEYaBEnoR Sich B el eshl CHEYIRIRIO! 2 1o
Cobie e AR RRED BnhORoP R RS S B el SR
e o creSRSARRHERCEE 0 o ShlA SO i B,

Fol 1 oni ng. 1 dPFHGPE1) . COEOAT: [PREH:Ea) OF QYIRS 2810 - SEBOTEPS) AT or mul a
2 A S BT Bl A
Lgﬁgegyg[ ogé‘%. F;éﬂgg‘ndce}gla% pacggi PPOJ{JB% @?ra g“é#l lgge%l?eﬁ esi?}g) ecciilllzl rnsiucszh
condi 11 ans’ RRer ARl iHeRecRubbi | 108" RiRB MRS ReR RPL B o

conpositi on.al%]?%(d)%q Egg{gg%&&mg Oﬂgvggﬁce}hsgeji ncl ude i m dazol es such as 2-

undecyl i m daz ecyl't m daz phenyl i m dazol e, 2-

et 1 m doger b Buostp e A CORiE BT S 1EC Poxg aSHin mav be =0

ethyl - 41 get ByrbhBHAA7 A5&d & BYAPAGH ANl add YD SR E0 iSe dinge of 0.5 to
2.0 and more preferably 0.8 to 1.5 hydroxyl equivalents with respect to
epoxy equivalents. When the (e) curing agent is dicyandiamide, for
example, it is preferably in the range of 2 to 5 parts by mass with
respect to 100 parts by mass of the epoxy resin.

15 [0044] An imidazole may also be used in a liquid composition
according to the first or second embodiment, as a curing agent in
addition to the aforementioned curing agents, or as a curing agent and
an epoxy resin curing accelerator. Preferred imidazoles are those
represented by the following formula (1).

20 {0045} [Chemical Formula 2]

R ———

g t

i

N BE N

Y X

Y

[0046] In formula (1), X and Y each independently represent hydrogen

or a substituent including a carbon atom, hydrogen or nitrogen atom.
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cyanoet hyl- 2- phenyl i m dazol e, 1- cyanoet hyl- 2- undecyl i m dazol i um
trinmellitate, 1-cyanoet hyl-2-phenylimdazoliumtrinellitate, 2,4-

di am no- 642' - et hyl i m dazol y1-(1') Fet hyl -s-tri azi ne, 2, 4- di am no- 6-

[ 2' -undecyl i mi dazol y1-(1') Fethyl -s-triazine, 2,4-diamno-642'-ethyl-4'- 15
met hyl i m dazol y1-(1')]-ethyl-s-triazine, 2,4-diam no-642"-

met hyl i m dazol y1-(11)] et hyl -s-triazi nei socyanuric acid addition product,
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preferably in e’ range o parts MASS an re prefe“rably in

(he Londe ol el ARy s piRmRSEpkg el byess o

t he epoxy res ol e dnoun part by mass will

oo I g | o . eupiea Bk ie por
prepared |i quintelEeABOS| {i®Anoethyl-2-phenylimidazolium  trimellitate,  2,4-
diamino-6-{2'-methylimidazolyl-(1")]-ethyl-s-triazine,  2,4-diamino-6-
[2'-undecylimidazolyl-(1")]-ethyl-s-triazine, 2,4-diamino-6-[2'-ethyl-4'-
15 methylimidazolyl-(1")]-ethyl-s-triazine, 2,4-diamino-6-[2'-
methylimidazolyl-(1"}]ethyl-s-triazineisocyanuric acid addition product,
2-phenyl  4,5-dihydroxymethylimidazole and 2-phenyl-4-methyl-5-
hydroxymethylimidazole; imidazoles having the imino groups masked
with acrylonitrile, phenylene diisocyanate, toluidine isocyanate,
20 naphthalene diisocyanate, methylene bisphenyl isocyanate, melamine
acrylate or the hike, and imidazoles such as Z-ethylimidazole, Z-ethyl-4-

Sy e

Jomhenvlimidarale. Toundecviimidazole. Plieneuin?.

o i

P

methylimidazole, 2-heptadecylimidazole, 4,5-diphenylimidazole, 2-
methylimidazoline, 2-phenylimidazoline, 2-undecylimidazoline, 2-
25 heptadecylimidazoline, 2-isopropylimidazole, 2,4-dimethylimidazole, 2-

phenyl-4d-methylimidazole, Z-ethylimidazoline, 2-isopropylimidazoline,
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[ 0049] The |iquid conposition according to the first enbodi nent conprises
(d) a solvent with a vapor pressure of less than 1.34 x 103 Pa at 25C. The
| i quid conposition according to the second enbodi ment 20 preferably
conprises (d) a solvent witi a vapor pressure of |less than The vapor
presst at east 1 ie" has a vapor pressure in the prescribed range and
di sperses or dissolves each of the conmponents, including the insulating

1 e i R AR R S LR 550
liquid corrp? iﬁ ordi ng t the fiLs second od t may conta| n
| mefyifssts %éywa PABPORTERGZEE o5 |
ngftygﬂtto tgp@gﬁ% 32) 5%nfsur e mXxi g, e Qtlongﬁf -tdh FOl ernt with
yl3Z-yp QCS_[]@@I&%Z(Q I~cyahoet f?lo phenylimidazole

a vapor pressi

cyanoethyl-2-undecylimidazolium trimellitate, 1 -cyanoethyl-2-
5 phenylimidazolium trimellitate, 2-phenyl-4,5-
dihydroxymethylimidazole and 2-phenyl-4-methyl-5-

hydroxymethylimidazole. These imidazoles may be used alone or in
combinations of two or more different types.
[0048] The proportion of such imidazoles with respect to the epoxy
10 resin may be a proportion used in the prior art, and it is preferably in the
range of 0.001 to 15 parts by mass and more preferably in the range of
0.01 to 10 parts by mass with respect to 100 parts by mass of the epoxy
resin. An imidazole amount of less than 0.001 part by mass will tend
to result in curing defects, while an amount of greater than 15 parts by
15 mass is not preferred because it can lead to reduced pot life of the
prepared liquid composition.
[0049] The liquid composition according to the first embodiment
comprises (d) a solvent with a vapor pressure of less than 1.34 x 10° Pa
at 25°C.  The liquid composition according to the second embodiment

20 preferably comprises (d) a solvent with a vapor pressure of less than

: w103 nEo S TR - Y S et md EOFY T
240107 Paat 25°C. The vapor pressure of the (d) solvent at 25°C is
reeferahiv at leaet 1 94 Pa The (4 anlvent mav he anv one that hae o

vapor pressure in the prescribed range and disperses or dissolves each of
the components, including the insulating resin in the liquid composition,
25 and examples include y-butyrolactone, N,N-dimethylformamide, N,N-

dimethylacetamide and cyclohexanone.
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5 higher is preferably no greater than 60 mass% nore preferably no greater
than 50 nmass% and even nore preferably no greater than 40 mass% based on
the total nass of the solvent. If the conpositional ratio of the solvent is
within this range, it will be possible to adjust the evaporation rate of

t he solvent and | ower the viscosity of the liquid 10 conposition during
printing, while also inhibiting flow of the ink after printing. The sol vent

di sper see. or D] Ghy diRudCiFOPPRNDOBOmBGRERIE | Fe1 the ngiTheot nsehdid ng
et one. ot T PO IRERS AL 8300y RRTn DYBNg PGSBSOl Vel & by be
used al one o, ) RRIRLIBL0NS Of LR UG (LPOSEl TG SEORH ' @
or ! 2Bl o NGh 4 P SOTRE i TS BB B DAL RO g Lo
=TI M- 18fte} s PRRTERRR) i lorb&R% thhn"B8 nitss9d,| 3008 f:@%erably no
greater than 50 mass% and even more preferably no greater than 40
mass%o, based on the total mass of the solvent. If the compositional
ratio of the solvent is within this range, it will be possible to adjust the
evaporation rate of the solvent and lower the viscosity of the liquid
10 composition during printing, while also inhibiting flow of the ink after
pﬁmhg.’Hwsdvaﬁuﬁhavmmrmﬁ%meofL&ix1@1@0rh@hﬂ
at 25°C may be any one that disperses or dissolves each of the
components including the insulating resin in the liquid composition, and
examples include methyl isobutyl ketone, methyl ethyl ketone and
15  toluene.
[0051] These solvents may be used alone or in combinations of two or
more.
[0052] The viscosity of a liquid composition according to the first or
second embodiment is preferably no higher than 50 mPa-'s and more
20 preferably no higher than 30 mPa-s at 25°C. It is not preferred for the
viscosity at 25°C (o excesd S5O0 mPas because the ink-jot discharge
property will be ympaired. From the same viewpomnt, the viscosity at
25°C 1s preferably at least 1 mPa-s.
[0053] A liquid composition according to the first or second

25 embodiment may also comprise, as appropriate, other components in

addition to those mentioned above, such as a curing accelerator,
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[0053] A liquid conposition according to the first or second 25 enbodi nent
may al so conprise, as appropriate, other conponents in addition to those
nmenti oned above, such as a curing accelerator, coupling agent,
antioxidant, filler, surface control agent or the like. [0054] Aliquid
conposi tion according to the first or second enmbodi nent may be prepared,
for exanple, by using a disperser for dispersion of the conducting materi al
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preparing thgleguatdly @@uBeshti@Ban dispersion particle size of the (b) carbon
black particles. When air bubbles have been generated in the liquid
composition after dispersion, the air bubbles are preferably removed by
standing under reduced pressure or by stirring under reduced pressure.
15 [0055] It is also preferred to use a dispersing agent suited for the (b)
carbon black particles or (¢) CNT. This will facilitate reduction in the
maximum dispersion particle size or mean dispersion particle size of the
(b) carbon black particles, while also increasing the dispersion stability
of the (b) carbon black particles. The dispersing agent may be any one
20 that can disperse the (b) carbon black particles in such a manner that
thewr maximum dispersion particle size or mean dispersion particle size
particle size of the (b) carbon black particles to no greater than 2 pm,
the liquid composition may be filtered with a filter having an opening
25 diameter of no greater than 2 um. This can help increase the yield

when preparing the liquid composition,
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[0056] A liquid conposition according to the first or second enbodi nent,
prepared as descri bed above, can be nost suitably used as a printing ink
for formation of a resistor film [0057] The nmethod of formng a resistor
filmusing the liquid 5 conposition may be any of various printing nethods,
including screen printing, relief printing, gravure printing, ink jet
printing, nanoinprinting, contact printing, spin coat printing, or a

Phese 1o i nkO0S0TGh Hiduid, GUpRGSEOR SBREDr it Fify SRSG BF coeratibd.
because |t CAnPR4EneH, PEGRATEH @S URGELRG e CRADATONT ARG G &S ency
el by & corhBBRaBb LIRSS Hokaarhuch as, for exanple. a pievo
of "at her man 009 < B B RUTERELE Pty PP Tonyidss PR elifi (o
preerred s oRaRoRanY b By ubiiokt PO bR ARCRRIR oo et
o et er o ML aa FERe o ugDien "ErkRnel P nabiCa ety RiPBRC: e
Composi t 1 on RRAREIH, sofl FrniRRT iR Ernt b B3 Rl e
"esi n compodt £k 0Rg RIRASH bRl | PRSI BY R b i, 0T o
Creatment by hast PR R Ee Cho Y PO PR T e BBl Rin Qi 6k
o 2500 For & Fresine! Ritutiths RGoBEATRISY sPbel B, B R on oy
al so be curedshy et SAREnBEINIEr material utilization efficiency and pattern

design variation.

[0058] The ink jet printing method used may employ a commonly

reported discharge process such as, for example, a piezo system wherein

15 the liquid is discharged by vibration of a piezo element, or a thermal

system wherein expansion of the liquid by rapid heating is utilized for

discharge of the liquid. Piezo systems are especially preferred from

the viewpoint of avoiding heating the ink. Common ink-jet

apparatuses may be used for such ink jet printing methods. The nozzle

20 diameter of the head through which the ink is discharged may be

P S N B JEU A TP ST SRR G T S SURSNS SR S
ciected as optimal for the presc ibed di opiet size.

T

by printing the liquid composition on a substrate by the printing method
and then removing the solvent in the liquid composition by drying, and
25 finally curing the resin composition. The method for removing the

solvent after the liquid composition has been printed on the board may
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5 The solvent may alternatively be renoved in a vacuum environnment. [0060]
The substrate is not particularly restricted so long as it is a materi al
commonly used as a substrate for circuit boards. Exanples of substrates
that may be used include insulating resin |am nated sheets with gl ass
cloths, insulating layers or insulating filns that do not 10 enpl oy gl ass
cloths, glass substrates, or netal foils such as copper foils and stainless

D
e e g o o Sl o
ot g Vet Ga e O ES000 B, SS0E ok hedling AR 8 20
Toed ho a priisg® T ash) cPhaRIREh Fan AR OO Soted BuAng IR Hitfla ™! e
Pt or 5711 PhESa R R B AR aB0C RPRY nbmEwER i WA sh¥hiohnilng (F
resi stance yalug) can Benat e Q8P Mhagia iy BELLACTI 0 by 40 GUITRL i on or

nmounti ng of "actIve conponent’s an assive on the t hese

Ry e 25 COMEREY ARChEPLSL8ts o SERTLS, KR Shob o i e P 1L 0
conposi tion s;ﬁ{]bsg?fefs' ﬂl‘é%ﬂhbg%&%eﬂrﬂl‘éﬁﬁ@e %ﬁﬁéﬁﬁgaﬂesﬁpg%ﬁ%é{%' étT%ee‘E’s{ ype of

resistors w erent volune resistivities w thout angi ng

carbon bl ackyiiR! ik Celotil nggsd%ﬁé | MR N V1B g CANBS! Ik YabonBe

| ower ed by sinpl € additior It can provide

formatigp Oferrfi‘%l(rs)gffl%l%@rciét?&lt %%Eisﬁb&ﬁat%%%f a8l PR S&EH 88 ic%ig?{%r £YEN after

heat curi ng. Fig. a perspective view show ng an odi nent of a

circuit boarghdeeaniisgdstep] g RVRIH Qﬂa)rf]aiﬁl@' dell & ted Hég@ﬁtliﬁgdoﬂi iy of Fig.
1 along line Il-11. The circuit board 1 shown in Figs. and~2 conprises 10

a lam nar suhgpbad.e B drdedtd @BtaOINELEMEPEnta IOy ofhetheOBulBReats] e t her eof
The resistor elenment 5 has conductor filns 12,12 form ng a pair of

el ectrodes angfarerAsy Heotlehhédo leedonbysUND tRati@shs bPhl{whdedatfeas to
electrically connect the conductor filnms 12,12. The thickness of the
resistor filusing dxg/geat oparrpbslbarfdne tesliguid esbmposition s pyipitedl | W be
15 metal electrode or wiring may also be formed beforehand by etching of
a copper foil on the board, or by plating, vapor deposition or sputtering.
[0061] The resin composite material film (resistor film) prepared from
the liquid composition may be used as a printed resistor (resistor
element). The resistance value of the printed resistor can be designed
20 by the volume resistivity of the resistor film and the thickness, width
and length of the resistor flm to be formed. I necessary, the
resisiance valne can be adiusted by mimming using a lager or the like.
[0062] Also, by performing wiring formation or mounting of active
components and passive elements on the same board, these may be

25 combined with resistor elements formed on a board by the printing

method described above, for use as a circuit board.
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15 200 to 500,000 nm [0065] As nentioned above, the resistor film1l can
be formed by a nmethod in which a liquid conposition of the invention is
printed or coated in contact with the conductor filns 12 on the substrate 3
to font' a filmof the liquid conmposition, and the solvent is renoved from
the 20 filmof the liquid conposition by heating. Wen the resin is a
thernosettin he solvent is renoved, That .nr, the conducting material. As

n the art, the heating condjtions

i1l be und by.. Kill
For form meoRs30 a1 e P Rhon i ShBokuanBhn capyo GaE s feteHskof i g
h f i n. and .sol , h.. he. sol is.sufficientl
Fomoved. and Dt RN, 0f Fesitrs & Ci@?@«?%mftyV§Ll§§@!§%§st%va6§§]wirﬁéﬁt: Y
d film 12 i £l muf d t T
o o L 8 S R R eGPl
f le, d film 12. be.5 f foid, etching,
copper -l at RS0 e virer Ry SR AGiBgn T Rde SpR R ERR e oY HsE he
substrat g 3 IWQfe?ﬂll '8y E’c?r%qatw olP 9 I%Qis't&stﬂla%kﬂ%itss%%féa\}oqume resistivity

even after heat curing.

[0064] Fig. 1 is a perspective view showing an embodiment of a circuit
board according to the invention, and Fig. 2 is an end view of Fig. 1
along line II-II.  The circuit board 1 shown in Figs. 1 and 2 comprises
10 a laminar substrate 3 and a resistor element 5 provided on one side
thereof. The resistor element 5 has conductor films 12,12 forming a
pair of electrodes and a resistor film 11 comprising a resistor formed so
as to electrically connect the conductor films 12,12. The thickness of
the resistor film 11 is not particularly restricted, but will typically be
15 200 to 500,000 nm.
[0065] As mentioned above, the resistor film 11 can be formed by a
method in which a liquid composition of the invention is printed or
coated in contact with the conductor films 12 on the substrate 3 to form
a film of the liquid composition, and the solvent is removed from the
20 film of the liquid composition by heating. When the resin is a
thermosetting resin, the resin cures as the solvent is removed,  That is,
the resistor film 11 comprises the cured thermosetting resin and a
conducting material. As will be understood by a person skilled in the
art, the heating conditions for forming the resistor film 11 may be
25  appropriately adjusted according to the type of resin and solvent, such

that the solvent is sulficiently removed and curing of the resin
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such as a paper phenol insulating sheet, glass/bismaleimde insulating
sheet or gl ass/polyimde insulating sheet, a plastic filmof polyimde or
10 pol yet hyl ene naphthal ate to be used for a flexible circuit board, or a
gl ass substrate. Exanpl es [ 0068] The present invention will now be
explained in nore specific detail through the follow ng exanples, with the
understanding that the 15 invention is in no way |imted thereby. [0069]
The viscositi of the ligyid conpositions of the exanples and conparative
exanpl es mer%ﬁﬁﬁggﬁhéﬂﬂﬁﬁgaﬁc using a small oscillating visconeter (trade

oS et ot 5O BEPREATE EORHRERTED B

P 98, IO i o R M L
oy b A B, AR PRI, sy ML BP0
o sper st an DL Suor 130 OO (ARG SO BT L0Le AT 200

Si ze: appro -”ﬁ{}? in gamma- 5 butyrol actone (25C vapor pressure:
;};)),[ \Aﬂ@fé%ggg{g

2.3 x 102 P 0 a resin solution conprising a mxture of 13.5 g
o Jamme U0 Bdaok i sEqEAL A lagEy Apdfady 01O
L fgagfgggy lagh ABLMYANET REMIEIHSTBING, KBSA! HABYGisEleintdd tnsubtthd hese
sheet or glass/polyimide insulating sheet, a plastic film of polyimide or
10 polyethylene naphthalate to be used for a flexible circuit board, or a
glass substrate.
Examples
[0068] The present invention will now be explained in more specific
detail through the following examples, with the understanding that the
15 invention is in no way limited thereby.
[0069] The viscosities of the liquid compositions of the examples and
comparative examples were measured at 25°C using a small oscillating
viscometer (trade name: CIV5000) by A&D Co., Ltd. The mean
dispersion particle size and maximum dispersion particle size of the
20 carbon black particles in the liquid composition were measured at 25°C
using a submicron particle analyzer (Model N5Y by Beckman Coulter,
Ine.  The volume resistivity of the cured liguid composition was
measured using a LORESTA GP (trade name) by Mitsubishi Chemical
Corp.
25 [0070]

(Example 1-1)
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10 to obtain a liquid mxture. To the liquid m xture there was added a CNT
di spersion (CNT content: 2 mass% which was a di spersion of carbon

nanot ubes (CNT) (outer dianeter: 10-30 nm |ength: 100-1000 nn) in
gama- but yrol actone, in an anmount of 3 parts by mass (0.6 g) of CNT to 100
parts by mass of the carbon black particles, to obtain a 15 liquid
conposition with a viscosity of 15 nPa.s, and carbon black particles with a

e oD ARl g or SRS o BB RREIehoRB ' °
viscosity of,18 nal3a.s and having carbon. bl of 140.urn apd rn. 2|
' mri Prim &@Wéﬁﬁ&ﬁaﬁm%& atzg: ?igé}?@ema){ﬁﬂ’é{mfcﬁ?pﬁs%r ation
o 048 LSTR85 B0 Rl At BB 0,00 (e
o ves 0. sa e By ides S PR RRMET, 20" Ry IOl ey res
o oo 003 e aE e o5 LANTAL (SR 24 Y. FrpBkeadadl @ e O
v 2 TR0 s SLOBRER 5 EGlp S0 AR BMBAL 901 on
of an epoxy resin (trade name: N-865 by DIC), 3.2 g of a phenol resin
(trade name: VH-4170 by DIC) and 0.44 g of Il-cyanoethyl-2-
methylimidazole (Tokyo Kasei Kogyo Co., Ltd.), and these were mixed
10 to obtain a liquid mixture. To the liquid mixture there was added a
CNT dispersion (CNT content: 2 mass%) which was a dispersion of
carbon nanotubes (CNT) (outer diameter: 10-30 nm, length: 100-1000
nm) in gamma-butyrolactone, in an amount of 3 parts by mass (0.6 g) of
CNT to 100 parts by mass of the carbon black particles, to obtain a
15 liquid composition with a viscosity of 15 mPa's, and carbon black
particles with a mean dispersion particle size of 130 nm and a maximum
dispersion particle size of 300 nm.
[0071]
(Example 1-2)
20 A liquid composition with a viscosity of 18 mPa's and having carbon
Black perticles with a mean dispersion particle size of 140 nm and a
method as Example 1-1, except that for preparation of a liguid mixture,
the amount of carbon black slurry was 110 g and the amount of gamma-

25  butyrolactone was 12 g, and the amount of CNT dispersion added to the

liquid mixture was adjusted so that the amount of CNT was .65 g (3
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met hod as Exanple 1-1, except that no CNT dispersion was added. [0073] 10
(Conparative Exanple 1-2) Aliquid conposition with a viscosity of 18 nPa.s
and havi ng carbon bl ack particles with a nean dispersion particle size of
140 run and a maxi mum di spersion particle size of 300 am was obt ai ned by
the sane nethod as Exanple 1-2, except that no CNT di spersion was added.

15[ 0074] (Conparative Exanple 1-3) A liquid conposition with a viscosity of

12 nmPas s and hayi ng car | ack partj cl with a nmean di spersion. particle
S 20 of 140 DI BHATASLE AT pRperbie S0 Pocd s MRS o HBOUARAL
obtained by th ?age 20 nethod as Exanple 1-1, except that the solvent used
was met hyl el?éf@f:e@ t el04 Pa instead = 11. eanma [0075] (Conparative

Exanpl e 1-42@%? | i quid conposition with a viscosity of 14 nPa.s and
havi ng carb I2 c-c particles with a nmean dispersion particle size of 140

came met hod GO BRARN S GXarB L' That “the sol vent used was metnyl
| Sobutyl sket e (RPCoBRSTA SAAHESisBodty of %S Bl B RV carbon
black particles with a mean dispersion particle size of 130 nm and a
maximum dispersion particle size of 300 nm was obtained by the same
method as Example 1-1, except that no CNT dispersion was added.
[0073]
10 (Comparative Example 1-2)
A liquid composition with a viscosity of 18 mPa's and having carbon
black particles with a mean dispersion particle size of 140 nm and a
maximum dispersion particle size of 300 nm was obtained by the same
method as Example 1-2, except that no CNT dispersion was added.
15 [0074]
(Comparative Example 1-3)
A liquid composition with a viscosity of 12 mPa-s and having carbon
black particles with a mean dispersion particle size of 140 nm and a
maximum dispersion particle size of 300 nm was obtained by the same
20 method as Example 1.1, except that the solvent used was methyl ethyl

O

o ‘ e e e v e s A Y TNt e
ketone Lot¥ R WAl Drossure. 1A o« 107 70 o HESiCac of

£ gamma-
butyrolactone.
[0075]
(Comparative Example 1-4)

25 A liquid composition with a viscosity of 14 mPa-s and having carbon

black particles with a mean dispersion particle size of 140 nm and a
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(Printing evaluation) Wien the |iquid conpositions obtained in Exanples 1-1
and 1-2 and Conparative Exanples 1-1 to 1-4 were printed wwth an ink jet
printing device, it was found that the liquid conpositions of Exanples 1-1
and 10 1-2 and Conparative Exanples 1-1 and 1-2 could be satisfactorily
coated wi thout clogging of the ink-jet head. In contrast, with the liquid
conposition obtained in Conparative Exanple 1-3, clogging of the ink-jet

head d d Li . | d..not .b | i shed., Al so,, whj | | oggi n
i d not _occdnaXepum rpersigemagicls vire ol B wassibyauied: BY 14 SaBkai ned i n
Co ti EX 1.4, af.t i l.eft in a non-discharging state for
rore ¢ han GOTHTGL S Lavaniids: hgt ERCaRiethel Qo argeerts JRET 04 B o

[ bl f. Jnitial  di 10077 f I istivit

20 The | qui 80U el F D aphEd S el o G4 RasEds G ahhidar at i ve
Exanpi es 1-# f’iql%t% ver e sanpled in an anmount.if 100 7:1119.erlirc; nlare
were heat c r@g FOR prescribed tine at 210C. The volune resistivities of

t he curegl Prg ggls were nmeasured at heat curing tines of 251, 2, 3, 4.5 and
5.5 hours, pgrodu ing the results shown in Fig. 3. As a result, with the

l'iquid conpq%%{tgﬁe\gglugﬁgﬂ)l es 1-1 and 1-2, stable, | ow vol unme

resistivity ‘W al ne h low variation in volume resistivity even when
e e 4 S R e e < WA B
resistivity ghbathiVd Bxbhife@nd] 4198 Yo printed with an ink jet printing

device, it was found that the liquid compositions of Examples 1-1 and

10 1-2 and Comparative Examples 1-1 and 1-2 could be satisfactorily
coated without clogging of the ink-jet head. In contrast, with the liquid
composition obtained in Comparative Example 1-3, clogging of the ink-
jet head occurred and coating could not be accomplished. Also, while
clogging did not occur for a short period with the liquid composition

15 obtained in Comparative Example 1-4, after being left in a non-
discharging state for more than 60 minutes and having repeated
discharge, some nozzles were incapable of initial discharge.

[0077]
(Measurement of volume resistivity)

20 The liquid compositions obtained in BExamples 1-1 and 1.2 and
Comparative Bxamples 1-1 and 1-2 were sampled in an amount of 100
nl. with a micropipette and dropped onto a glase plate. The samples
were heat cured for a prescribed time at 210°C.  The volume
resistivities of the cured products were measured at heat curing times of

25 1,2, 3,4.5 and 5.5 hours, producing the results shown in Fig. 3. Asa

result, with the liqguid compositions of BExamples 1-1 and 1-2, stable
bl b3
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5 resistivity was higher than in the exanples. [0078] (Exanple 2-1) A 100 g
portion of a carbon black slurry (carbon black particle content: 20 mass%
mean di spersion particle size: 115 nm, nmaxi mum di spersion 10 particle size:
300 nn), obtained by dispersing carbon black particles (nean primary
particle size: approximately 20 nnm) in ganmmabutyrol actone (25C vapor
pressure: 2.3 x 102 Pa), was added to a resin solution conprising a mxture
nol ecul ar

o 12:5,9 SRR M0 50 Dbyt SRR BB R o
oo S, T3 HAL ARP AL 5, TR bl Ry o
1- 1 2- i m (T i ,

e o g 8y T S RN B 150
havi g carbon oo ol Bes g ThaR B OLRTLCIB B2 of

t he |i quigd o i.ned..i: :1 there was added a 25 CNT

di sper si gn (%ﬁl cé%@ﬁ%ﬂ?%ﬁggg%lﬁﬁ?gg@é&a di spersi on of carbon

nanot ubes ( ggout er dianeter: 10-30 nmu, length: 100-1000 rim in

gamma- but yrol actone, in an anount of 3 parts by mass (0.6 g) of CNT to 100

parts by na ﬁfmlgl@ez_qgrbon bl ack particles, to obtain a liquid conposition
with a viscosity of 17'nPa.s, and carbon black particles with a nean

g; SQSBSL% n Flggltsoglp b&ctie8 Of 2 L3FHSHLARY SuiBX{dRb® ASPEERIQ8 BRld(C! © Size
20 mass%, mean dispersion particle size: 115 nm, maximum dispersion
10 particle size: 300 nm), obtained by dispersing carbon black particles
(mean primary particle size: approximately 20 nm) in gamma-
butyrolactone (25°C vapor pressure: 2.3 x 10* Pa), was added to a resin
solution comprising a mixture of 13.5 g of gamma-butyrolactone, 6.1 g
of an epoxy resin with a molecular weight of 900, comprising a diol
15 backbone with a molecular weight of 40 or greater and less than 1000
(trade name: EXA4850-150 by DIC), 1.6 g of a phenol resin (trade
name: VH-4170 by DIC) and 0.47 g of 1-cyanoethyl-2-methylimidazole
(Tokyo Kasei Kogyo Co., Ltd.), and these were mixed to obtain a liquid
composition with a viscosity of 15 mPa's and having carbon black

20 particles with a mean dispersion particle size of 140 nm and a maximum

dispersion particle size of 300 nm.

{(Example 2-2)

To the hquid composition obtained in Example 2-1 there was added a
25 CNT dispersion (CNT content: 2 mass%) which was a dispersion of

carbon nanotubes (CNT) (outer diameter: 10-30 nm, length: 100-1000
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(Conparative Exanple 2-1) A 100 g portion of a carbon black slurry (carbon
bl ack particle content: 20 mass% nean di spersion particle size: 115 rim
maxi num di spersion 10 particle size: 300 rim, obtained by dispersing
carbon bl ack particles in gamma-butyrol actone was added to a resin solution
conprising a mxture of 13.5 g of ganma-butyrol actone, 5.9 g of a bi sphenol
Anovol ac-type epoxy resin conprising no diol backbone (trade nane: N865 by

2 Gyhnoet hy 159) e BATR A S BB Rk PRager it b pe D3\ itasy (0B Pheee”
havi ng car o™i S OB A B AR O el o bRk oRERENY dReolE %i * 150"
Ecaml e A T ROCaRERTOL R by TisBaSthf &dod7 Jh2 59 Faitkhy SR T 7vi g
carbon 1 ackoBREIGCLER Iy TEAN L ABETR, ORI 48 hshipm, 2 °
et o o5 CHIBBCAlANS, FIATRL g dgo geept Lt (he amount of cabon, b ack
[0080]
(Comparative Example 2-1)
A 100 g portion of a carbon black slurry (carbon black particle content:
20 mass%, mean dispersion particle size: 115 nm, maximum dispersion
10 particle size: 300 nm), obtained by dispersing carbon black particles in
gamma-butyrolactone was added to a resin solution comprising a
mixture of 13.5 g of gamma-butyrolactone, 5.9 g of a bisphenol A-
novolac-type epoxy resin comprising no diol backbone (trade name:
N865 by DIC), 3.2 g of a phenol resin (trade name: VH-4170 by DIC)
15 and 0.44 g of 1-cyanoethyl-2-methylimidazole (Tokyo Kasei Kogyo Co.,
Ltd.), and these were mixed to obtain a liquid composition with a
viscosity of 15 mPa-s and having carbon black particles with a mean
dispersion particle size of 130 nm and a maximum dispersion particle
size of 300 nm.
20 [0081]
(Comparative Example 2.2
A Ttauid composition with a viscosity of 20 mPa-« and having carbon
black particles with a mean dispersion particle size of 130 nm and a
maximum dispersion particle size of 300 nm was obtained by the same

25  method as Comparative Example 2-1, except that the amount of carbon

black shury was 110 g and the amount of gamma-butyrolactone was
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(Printing evaluation) Wien the |iquid conpositions obtained in Exanples 2-1
and 2-2 and 5 Conparative Exanples 2-1 and 2-2 were printed with an ink jet
printing device, it was found that they could be satisfactorily coated

wi t hout cl ogging of the ink-jet head. [0083] (Measurenent of vol une
resistivity) 10 The liquid conpositions obtained in Exanples 2-1 and 2-2
and Conparative Exanples 2-1 and 2-2 were sanpled in an anmount of 100 itL

with a mcro ette and dropped onto a gl ass plate. The sanpl es were heat
cured for a gjr'gs%ri bed tinme at 210C. The volune resistivities of the cured
products V\/e{@o ?sured at heat curing tinmes of 15 1, 2, 3, 4.5 and 5.5
hours, prod |§2 the results shown in Fig. 4. As aresult, with the liquid

Cope o IR T 2o, 1o, Yoct oL, L veL e st sti vy
R T R X L T S
2,2 e stoloTRneRtal H XD SR R SRR ST EMRYIRL | e
oS, 2P ARt o U COmCEb o LRI S F et 11

liquid C°m§%%ir%nofﬂﬁtiﬁ?<gie§%%§.bl e for formng resistors by ink jet

printing and that can ex It a stable resistance value, as well as a
resistor filmpgnesi stor el ement and circuit board using the Iiquid
conposi tion.” Expfanati on of Synbol s

(Measurement of volume resistivity)

10 The liquid compositions obtained in Examples 2-1 and 2-2 and
Comparative Examples 2-1 and 2-2 were sampled in an amount of 100
pL with a micropipette and dropped onto a glass plate. The samples
were heat cured for a prescribed time at 210°C. The volume
resistivities of the cured products were measured at heat curing times of

15 1, 2,3, 4.5 and 5.5 hours, producing the results shown in Fig. 4. Asa
result, with the liquid compositions of Examples 2-1 and 2-2, the
variation in volume resistivity was low even when the heating time was
further extended beyond 2 hours, while stable, low volume resistivity
was obtained for 2 hours thereafter, whereas with the liquid

20 compositions of Comparative Examples 2-1 and 2-2, the volume
resistivity varied with time and the volume resistivity was higher than in
the examples.  With the lauid composition of Example 2.7 1t wag
confirmed that the stabilization time for the volume resistivity was more
rapid than with the liquid composition of Example 2-1.

25  Industrial Applicability

100841 According to the invention it is possible to obtain a liquid

32



5[0085] 1: Circuit board, 3: substrate, 5: resistor elenment, 11: resistor
film 12: conductor film CLAIMS 1. A liquid conposition conprising (a) an
epoxy resin, (b) carbon black particles, 5(c) carbon nanotubes and (d) a
solvent with a vapor pressure of less than 1.34 x 103 Pa at 25C. 2. The

i quid conposition according to claim1, wherein the nean dispersion
particle size of the (b) carbon black particles is no greater 10 than 500

T e L R BT PR )5, R R R L ph gl ™
3 o R PR R UL P O U
oL 50 B e SR e R P Bt 5,

Explanation of Symbols

5 [0085] 1: Circuit board, 3: substrate, 5: resistor element, 11: resistor

film, 12: conductor film.
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S. The liquid conposition according to any one of clains 1 to 4, wherein
the content of the (c) carbon nanotubes is 0.1 to 20 parts by 20 nass with
respect to 100 parts by solid mass of the (b) carbon black particles. A
"Fi ne hgtno eonpostion CCC ordling to any one of (-la; irs wherein the
viscosity is no greater than 50 rnPa.s at 25C. 7. The liquid conposition
according to any one of clains 1 to 6, 25 wherein the (a) epoxy resinis a
glycidyl etherified condensation prq& ct¥ﬁ£Saa phenol and an al dehyde. 8.
The liquid conposition according to Eﬁ* of claims 1 to 7, which furthe

conprises ( cur.i,ng_agent., the (). curing agent conprising the

condensat i oﬁl)dg&ﬂ}gfl c%fm}go%ﬁgﬁ&p c'jglgﬁ al dehyde. 9. A liquid conposition
conprising 5(al) Lol _wth a nolecular weight of 40 or greater and | ess
t han 1000 and/ or za?@gieﬂ?%(gr{?é’inﬂi ng the diol as a backbone, and (b) carbon

bl ack parti cl es. i_qui osition according to claim9, wherein
the (al) diol wtf@“ﬁ%&%@%k%@ﬁg&% of 40 or greater and |l ess than 1000
and/or azl0 resin | i as a backbone includes (a2) an epoxy
resin with a nol eégfgél%v@l%%&gﬁe%%ﬁéeen 200 and 50, 000, conprising a diol

wi th a nol ecul ar ! 40.: er I 0, i3t

backbone. 11. )fiﬁ?a%ﬁtoéglé%t ‘%g?rlp%g]:’aﬁ?%ﬁrr%%gg? 8?2%85: {gﬁgﬁl glg%’l 6 1orbr 1 ?t whi ch

further 15 czyvgji ses (d) a solvent with a vapor pressure of |less than 1.34
25C,

x 103 Pa at ~and (e) a curing agent. 12. The liquid conposition
according t CQ.CTﬁbn]iglﬂtiq gl é]tif)ﬁeaé@rdﬁg L}Bgc%%”tl, CRRRFdifSthel Rfean
a ehyde.

condensati on product o enol "and an
dispersion particle size of the (b) carbon black particles is no greater

10 than 500 nm, and the maximum dispersion particle size is no greater
than 2 pm.

3. The liquid composition according to claim 1 or 2, wherein the outer
diameter of the (c) carbon nanotubes is 3 nm or greater and the length is
100 nm or greater.

15 4. The liquid composition according to any one of claims 1 to 3,
wherein the content of the (b) carbon black particles is 10 to 80 vol%,
based on the total solid volume of the liquid composition.

5. The liquid composition according to any one of claims 1 to 4,
wherein the content of the (c) carbon nanotubes is 0.1 to 20 parts by

20 mass with respect to 100 parts by solid mass of the (b) carbon black
particles.

6. The Homa composition according to any one of claime | 1o &
wherein the viscosity is no greater than 50 mPa-s at 25°C.
7. The liquid composition according to any one of claims 1 to 6,

25 wherein the (a) epoxy resin is a glycidy] etherified condensation product

of a phenol and an aldehyde.
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2013. The liquid conposition according to any one of clains 9 to 12, rein
the nmean dispersion particle size of oardeleg is no orecier than 500 PIT/
particle size is no greater than 2 urn. 14. The liquid conposition
according to any one of claims 9 to 13, 25 wherein the content of the (b)
carbon bl ack particles is 10 to 80 vol % based on the total solid vol une of
the liquid conposition. 15. The liquid conposition according to any one

oEe e DT el SRl b SERBRAL PRl Bl e R 35
sccra vy (APPSR JEG Tt SO B
et e SR EERE A A GhAR e 8 Thecom ent o
partg %)y so%fg@ga%}%ﬁhdeﬁ%%?%gmngl ack p;rti cles. 19. A rgsi stor film
one o cPai 1 190 thE YRR GIACHHAE oight F 30T b B IBRR P 1 P g™

or coating tltm)d ér?(ﬂ‘og a%%o%éﬁt%gﬁ?ggﬁgﬁ%%n%égaagé/m?él]gl#’gf clains 1 to 18 on

a substrate to forma fi conposi and renovi ng the

solvent fromthe f; t b onposition by heating. 21. A resistor
el ement havi ng the(b? g%ﬁ%no@%?!(léﬁwaiglgg'r ding to claim19 or 20. 22. A

;i ;ﬁg;t r 2?31‘1).“?1’1& TRuid ohBdsHioh RLEFRAL RCERIMA 99whar&hah® @) 2Rbpr med on
with a molecular weight of 40 or greater and less than 1000 and/or a

10 resin containing the diol as a backbone includes (a2) an epoxy resin
with a molecular weight of between 200 and 50,000, comprising a diol
with a molecular weight of 40 or greater and less than 1000 in the
backbone.

11. The liquid composition according to claim 9 or 10, which further

15 comprises (d) a solvent with a vapor pressure of less than 1.34 x 10° Pa
at 25°C, and (e) a curing agent.

12. The liquid composition according to claim 11, wherein the (e)
curing agent comprises the condensation product of a phenol and an
aldehyde.

20 13. The liquid compeosition according o any one of claims 9 to 12,
wherein the mean dispersion particle size of the (b) carbon black
particles 18 no greater than 500 nm, and the maximum dispersion
particle size is no greater than 2 pum.

14. The liquid composition according to any one of claims 9 to 13,

25  wherein the content of the (b) carbon black particles is 10 to 80 vol%,

based on the total solid volume of the liquid composition.
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15. The liquid composition according to any one of claims 9 to 14,
wherein the viscosity is no greater than 50 mPa-s at 25°C.

16. The liquid composition according to any one of claims 9 to 135,
which further comprises (¢) carbon nanotubes.

17. The liquid composition according to claim 16, wherein the outer
diameter of the (c) carbon nanotubes is 3 nm or greater and the length is
100 nm or greater.

18. The liquid composition according to claim 16 or 17, wherein the
content of the (c) carbon nanotubes is 0.1 to 20 parts by mass with
respect to 100 parts by solid mass of the (b) carbon black particles.

19. A resistor film formed by removing the solvent from the liquid
composition according to any one of claims 1 to 18 by heating.

20. A resistor film formed by printing or coating the liquid composition
according to any one of claims 1 to 18 on a substrate to form a film of
the liquid composition, and removing the solvent from the film of the
liquid composition by heating.

21. A resistor element having the resistor film according to claim 19 or
20.

22. A circuit board having the resistor element according to claim 21

formed on a substrate.

36



