1 DESCRIPTION Black Composite Particle, Black Resin Composition, Color Filter Substrate and
Liquid Crystal Display TECHNICAL FIELD [0001] The present invention relates to black composite
particles having a high light-shielding performance, apd a black resin composition optimum for
producing a black matrix constituting a display apparatus with a light source such as a cold-cathode
tube and an LED, a resin black matrix using the black resin composition, a color 10filter for liquid
crystal displays using the resin black matrix, as well as a liquid crystal display. BACKGROUND ART
[0002] Liquid crystal displays are apparatuses for displaying images and characters 1 5and for
carrying out information processing by utilizingthe etgetigepgtical response of liquid crystal, and are
widely employed for large display size uses such as personal computers, monitors, liquid display
television sets anBjackreoentos@rEadisk fGlavkdRtsiaricbampalitisp i@y isizEi iseSubythtasetllular
phones, personal digital assistances, and car navigation systems. Such liquid crystal displays usually
have a 20structure in which a liquid crystal ldggid aviiiBRlgdbetween a pair of substrates, and can

express light %ﬁt@\iﬁﬁgﬂﬁelectro-optical response of liquid crystal layers caused by
externally-appl feld."THey are also able to display colors by using color filters comprising
pixels having (:@l@)(gﬁelectivity. [0003] 25Conventionally, metal thin films utilizing chromium-based
materials have

The present invention relates to black composite particles having a high light-
shielding performance, and a black resin composition optimum for producing a black
matrix constituting a display apparatus with a light source such as a cold-cathode
tube and an LED, a resin black matrix using the biack resin composition, a color

10 filter for liquid crystal displays using the resin black matrix, as well as a liquid
crystal display.
BACKGROUND ART
[0002]
Liquid crystal displays are apparatuses for displaying images and characters
15 and for carrying out information processing by utilizing the electro-optical response
of liquid crystal, and are widely employed for large display size uses such as
personal computers, monitors, liquid display television sets and, in recent years, also
for middle and small display size uses such as cellular phones, personal digital
assistances, and car navigation systems. Such liquid crystal displays usually have a
20 structure in which a liquid crystal layer is sandwiched between a pair of substrates,
and can express light and dark utilizing the electro-optical response of liquid crystal
layers caused by externally-applied electric field. They are also able to display
colors by using color filters comprising pixels having color selectivity.
[0003]

25 Conventionally, metal thin films utilizing chromium-based materials have



2 been used as a black matrix material. Recently, from the viewpoint of cost and environmental
pollution, resin black matrices comprising resins and light shielding agents are used. The resin black
matrix is obtained by coating the black resin composition containing a light shielding agent such as the
resin and carbon black on 5 a substrate and drying to form a black coated film, followed by
micro-patterning into lattices by photolithography. For instance, Patent Document 1 describes the resin
black matrix in which a carbon black is dispersed in a non-photosensitive polyimide resin. [0004] 1
OYet, along with recent demand for a thinner color filter and a higher performance, as well as along
with higher lunbisaneedhadbleklighitrisenatarihk liquccarst@iaisplays wesand fosaahigher OD value
is increasing and the OD value in the conventional resin black matrices was not sufficient. In cases
where the resiatbiaermeataknielthick. probl dlaskaristrice srratfiptivens retreand | behiteripddiRgeriorated
15lower and thus the alignment of the quﬁid crystal is disturbed due to increased surface steps

generated by GSRFHREEShnidd oV bR TR EEH bR Red P CeR R N $810a thinner resin

black matrix is increasind. [0005].Increasing, the,volume ratio, of the light shieldina agent allows the
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ratio of te resingihiablack Pl rablebrak 8 dd R s adheIen aiiths-paaihblackmatrix to

glass decreases and the resin black matrix is peeled off and that sufficient resistance cannot be
attained. Therefniecatigpiishiefdineapient Byrithiche: ighatt QRcoarbhel altsuteeienrdtihe content is
small is needed. 25[0006] 3 As the light shielding agent, carbon black, titanium black such as low
oxidized titaniurfaRditaismiitakie oxoen hlatklisdidpe subindsivorpbsidesraHty mplirasdst other
organic pigments are used. The carbon black and titanium nitride oxide have become the mainstream.
However, their'®Bvalues have been not 5sufficient. (Patent Documents 2, 3, and 4) [0007]
Accordingly, Vi\biﬁ)bl other novel light shielding agents have been studied, examples of which include
metal particles'and alloy particles, such as silver nanopatrticles, tin nanoparticles, and silver-tin alloy

particlgs)(Patent DocwyBentsm ®lih recent demand for a thinner color filter and a higher

performance, as well as along with higher luminance of a back light used in the
liguid crystal displays, demand for a higher OD value is increasing and the OD value
in the conventional resin black matrices was not sufficient. In cases where the resin
black matrix is thick, problems arise in that flatness of the color filter is deteriorated

15 lower and thus the alignment of the liquid crystal is disturbed due to increased
surface steps generated by color pixels running over onto the resin black matrix, so
that demand for a thinner resin black matrix is increasing.
[0005]

Increasing the volume ratio of the light shielding agent allows the higher OD

20 value and thinner film to be attained but, on the other hand, causes a decrease in the
ratio of the resin in the black matrix, Problems arise in that the adhesion of the
resin black matrix to glass decreases and the resin black matrix is peeled off and that
sufficient resistance cannot be attained. Therefore, a light shielding agent by which
a higher OD can be attained even if the content is small is needed.

25 [0006]



10 and titanium nitride oxide and titanium nitride compound particles with high degree of nitriding.
Silver nanoparticles have a very high light-shielding performance, but have a problem in that, when
contained in a resin, the resultant coated film does ndt blacken and has a very high reflectance. Thus,
composite particles of silver and tin have been studied, but there have been problems in that metal
particles are hard to be 1 5dispersed and prone to precipitate because of their high specific gravity. In
addition, also in terms of production, it is difficult to stabilize nanoparticles because they are prone to
fusion or oxidization, so that they need to be treated by, e.g., covering their surface with carbon
compounds (Patent BedbemightBhicidingeaaenbreaer Magkkridaniumablaekniush aitliee oxide and
titanium nitride compounds can provide a high 20light-shielding performance when having a particular

particle size oP¥Hj&e Birndwmasd HRBRMBEEdR N oSt SO chrs BAR BB #8ts 8 to 10),

but there has beep a preblem in that they are still not enoggh in terms of the Jlight-shieldin
performance CHRAFRA o Ty PG BIRTES BRIGH AR TTOCOMEAT & SHBAEAT SLA8e enes
[(0008]  [PaigniDRRBEMkE IRPARESS BRIENNRVALI6ARE (BBURIL.PRIRSHIIR ok and Table 1)
[Patent Document 2] JP 2004-292672 A 5 [Patent Document 3] JP 2005-514767 A [Patent Document
4] JP 2G06-2081fdi2iAnfP ai@atdnoDunent: ik 2P 2 6a8-281828 A [Patent Document 6] JP 2006-089771 A
[Patent Document 7] JP 2008-138287 A 10 [Patent Document 8] JP 2008-203841 A [Patent
Document 9] JPPG08-260927 A [Patent Document 101 JP 2008-266045 A SUMMARY OF THE
INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION 15[0009] An object of the
present invention is t6 OIS B YBEREPE RS Fuslifta sagH T BRYShrsRIY s formance.

arebe oo o SR NGRS BB AR TR oD e of oo
resin 20black magBawiich sthihapdhasaighifR-yal4asApReahianedAsalasHt 2 6),
10 and titanium nitride oxide and titanium nitride compound particles with high degree
of nitriding.  Silver nanoparticles have a very high light-shielding performance, but
have a problem in that, when contained in a resin, the resultant coated film does not
blacken and has a very high reflectance. Thus, composite particles of silver and tin
have been studied, but there have been problems in that metal particies are hard to be
15 dispersed and prone to precipitate because of their high specific gravity. In addition,
also in terms of production, it is difficult to stabilize nanoparticles because they are
prone to fusion or oxidization, so that they need to be treated by, e.g., covering their
surface with carbon compounds (Patent Document 7).  On the other hand, it is
known that titanium nitride oxide and titanium nitride compounds can provide a high
20 light-shielding performance when having a particular particle size or crystal structure
or when mixed with inorganic powders (Patent Documents 8 to 10), but there has
been a problem in that they are still not enough in terms of the light-shielding
performance compared to silver nanoparticles.

PRIOR ART DOCUMENTS

25 Patent Documents



color filter having higher flatness without an over-coat can be provided. Additionally, by using such a
color filter, a liquid crystal display with superior display performance can be attained. MEANS FOR
SOLVING THE PROBLEMS 25[0010] 5 In order tp solve the problems in the prior art, the present
inventors intensively studied to discover that the above-described problems to be solved by the
present invention may be solved by using specific black composite particles described below as a light
shielding agent. 5[0011] The object of the present invention is attained by the following constitutions.
[0012] (1) Black composite particles represented by the composition formula: TiNxOy.zX (wherein Xis a
metal atom; x i€a08limber greater than 0 and less than 2; y is a 10number not less than 0 and less
than 2; and z is a number greater than 0 and less than 10). (2) The black composite particles

according to (1), whef8metidosygenichbhlepansse diatstablo cdh1e6sfd Pratididdrrers sothhn 10% by

mass. (3) The @35 composite particles according to (1) or (2), wherein said Xis at least 150ne
selected from &8 "Siler, gold, platinum, and tin, and an alloy of two or more of these metals. (4)

The black composite ﬁ%&gﬁl%o%ﬁﬁ%qg% B &%)O M% iaid X is silver.
5 [Patent Document 3] JP 2005-514767 A
{Patent Document 4] JP 2006-209102 A
[Patent Document 5] JP 2005-281828 A
[Patent Document 6] JP 2006-089771 A
[Patent Document 7] JP 2008-138287 A
10 {Patent Document 8] JP 2008-203841 A
{Patent Document 9] JP 2008-260927 A
{Patent Document 10} JP 2008-266045 A
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
15 [0009]
An object of the present invention is to provide black composite particles
having a high light-shielding performance. Another object of the present invention
is to provide a black resin composition capable of forming a black matrix having a
high light-shielding performance. By using such a black resin composition, a resin
20 black matrix which is thin and has a high OD value can be obtained. As aresuit, a
color filter having higher flatness without an over-coat can be provided.
Additionally, by using such a color filter, a liquid crystal display with superior
display performance can be attained.
MEANS FOR SOLVING THE PROBLEMS

25 [0010]



(5) The black composite particles according to any one of (1) to (4), wherein the content of silver in
said black composite particles is not less than 5% by mass and 20not more than 50% by mass, based
on the total mass of the black composite particles. (6 The black composite particles according to any
one of claims (1) to (5), wherein the specific surface area measured by BET method is not less than 5
m2/g and not more than 100 m2/g. (7) The black composite particles according to any one of (1)
to (6), wherein said 25black composite particles are produced through the step of mixing and
condensing Ti 6 and X in a vapor state. (8) The black composite particles according to (7), wherein
said black composite Jrastifte oz er tuuced lews b jbetintpT apothd eressdt Xonratarpowder to thermal
plasma using a nitrogen-containing gas as plasma gas. 5(9) A black resin composition comprising at

least a light shideRvagerdierbianisaone Sy i shasrdrs tHbeoprlsme ot EaiEbbYdhEt the black

composite particles according to any one of, (1 to.fg)as light.shielding.agent. {10) A color filter
substrate comé’ﬁ%]q’ﬁﬁténrvee&'ﬂ(%lg%%nrﬁ%fﬁivﬁ% HSE)S 585?“%1%'%?8%?38@ Pe%tlfr:l %Hrhcplf%ssition according to

(9) on a substrgte apd PRtEHING, thersuhsiiats %%gﬂt.') A liquid crystal display comprising the color
filter substrate according to (10). EFFECTS OE E INVENTION [0013] By using the black

composite partjolesipf the present invention, a black resin composition capable of readily forming a
thin resin black matrix having a high light- 1 5shielding performance can be obtained. BRIEF
DESCRIPTION OF THEeDRAMGKBSpresent invention is attained by the following constitutions.

[0012]
(1) Black composite particles represented by the composition formula: TiNxOy-zX
(wherein X is a metal atom; X is a number greater than 0 and less than 2; yis a
10 number not less than 0 and less than 2; and z is a number greater than 0 and less than
10).
(2) The black composite particles according to (1), wherein the oxygen content of
said black composite particles is less than 10% by mass.
(3) The black composite particles according to (1) or (2), wherein said X is at least
15 one selected from copper, silver, gold, platinum, and tin, and an alloy of two or more
of these metals.
(4) The black composite particles according to (3), wherein said X is silver.
(5) The black composite particles according to any one of (1) to (4), wherein the
content of silver in said black composite particles is not less than 5% by mass and
20 not more than 50% by mass, based on the total mass of the black composite particles.
(6) The black compesite particles according to any one of claims (1) to (5), wherein
the specific surface area measured by BET method is not less than 5 m?/g and not
more than 100 mzfg.
(7) The black composite particles according to any one of (1) to (6), wherein said

25 black composite particles are produced through the step of mixing and condensing Ti



[0014] Figure | is a schematic view illustrating the whole constitution of a particle-producing
apparatus for performing the method of producing the black composite 20patrticles. Figure 2 is an
enlarged cross-sectional view illustrating the vicinity 8f a plasma torch in Figure 1. Figure 3 is an
enlarged cross-sectional view illustrating the vicinity of a top board of a chamber in Figure | and a
gas-ejecting hole provided on this top board. 25Figure 4 is an enlarged cross-sectional view illustrating
a cyclone 19. 7 Figure 5 is a cross-sectional view illustrating the schematic constitution of a
material-supplying_apparatus. Figure 6 is X-ray diffraction intensity spectra of the black composite
particles of theé*PresdRAiN#EMiIAANd conventional titanium nitride compound particles. 5Figure 7 is

TEM element ing images of ultrathin sections of the black resin sitions prepared in
Example 3 ani RS SN R Bt TODEEH DA BT E TRV o (0015
The present inyentign will AW REASSaREd PR A8 LALIOAEH powkiae Rlagksamposite particles
of the present invention are composite particles comprising titanium nitride compound particles and

metal particlesyihendesirabliepropaitiesaiviiicihill pervhhegdescribed. [0017] 15The composite
particles herein refers to particles in which titanium nitride
5 (9) A black resin composition comprising at least a light shielding agent, a resin, and
a solvent, wherein the composition contains at least the black composite particles
according to any one of (1) to (8) as the light shielding agent.
(10) A color filter substrate comprising a resin black matrix formed by applying the
black resin composition according to (9) on a substrate and patterning the substrate.
10 (11) A liquid crystal display comprising the color filter substrate according to (10).
EFFECTS OF THE INVENTION
[0013]
By using the black composite particles of the present invention, a black resin
composition capable of readily forming a thin resin black matrix having a high light-
15 shielding performance can be obtained.
BRIEF DESCRIPTION OF THE DRAWINGS
[0014]
Figure 1 is a schematic view illustrating the whole constitution of a particle-
producing apparatus for performing the method of producing the black composite
20 particles.
Figure 2 is an enlarged cross-sectional view illustrating the vicinity of a
plasma torch in Figure 1.
Figure 3 is an enlarged cross-sectional view illustrating the vicinity of a top

board of a chamber in Figure 1 and a gas-gjecting hole provided on this top board.

25 Figure 4 is an enlarged cross-sectional view illustrating a cyclone 19.



compound particles and metal particles are complexed or in a highly dispersed state. "Complexed"
herein means that the particles are composed of the two components, titanium nitride compound and
metal, and "highly dispersed state" means that titaniuim nitride compound particles and metal particles
are each individually present 20and dispersed homogeneously and uniformly without aggregation of
minor component particles. [0018] The black composite particles of the present invention are black
composite particles comprising titanium nitride compound particles and metal particles and
25represented by the composition formula. TiNxOy.zX (wherein Ti is a titanium atom; 8 N is a nitrogen
atom; 0 is an oxygen Bigire anoaXxriess seedighakommwiibistragimb dregrdeopticaeCintdesy than 2; y is a
number not less than 0 and less than 2; and z is a number greater than 0 and less than 10). The
titanium nitrideRBFERSEHENbERE P EBHIN titanium nitride as a main component and usually titanium
oxide Ti02, low 5 order. titanjum.oxide tepresented by. Tin02,,..1 (1.< n,S20) and titanium nitride oxide
represented by TiNxO‘%;1 %(HS#J ngﬁé‘%@fﬁ%’ﬁ%‘}ﬁ eerng%/lrgasl%?%%r?%}gn% ((a%s‘z it i ea}%aglc‘:gg%sory
components. "WeiRl bR MERLRATHHER YEEA LG ArGERRLIYRRIR AR Ml SHaigganing in the
chemical art, as described in "Metal" (p. 444) of "lwanami Scientific Dictionary (5th Edition)" (published
by Iwanami Shoten, Rugliseis TEN&)ciRianexapiiig Manans Sdiemtific itiionayetblddition)
describes "Metal" as follows. "Substances which have a metallic luster, are good conductors of
electricity and tesét cantpasdinnsl wapiecd i Bxatiiel¢rd tired R tid: state Bxtimpdeals except mercury are
solid at room temperature. Various mechanical processing can usually be applied. The
150ptical/electﬁé%%@?ﬁe@%%ﬁ%ﬁtgﬁgaﬁg@ J%%X@W&Qéhed. Most of elementary metal
crystals have E{BM e of face-centered cubic structure, hexagonal close-packed structure, or
body-centered*cubic structure, and usually take the form of an aggregate of microcrystals. Atoms in
crystal are bonded wii,cmeiallici RORR, AR ISANELRIBCIPAR AER RIGSEIMAS a free electron. Properties
of metals are derived 20from metallic bonds. Metals which have a small number of free electrons, such
as elemental giglimeiny and bismuth, are called *semimetal. In addition to elementary metals, some
phases which contains two or more metal elements, or a metal element(s) and a certain nonmetallic
element(s) (e.g., borohharkdeekitampasiiewertideslif hopedies ivihtiocreastmnesitperatisles electrical
conduction decreases,in 25metals, but increases in nonmetals, which allows a clear distinction

between the ©omprising titanium nitride compound particles and metal particles, the desirable
properties of which will now be described.
[0017]

15 The composite particles herein refers to particles in which titanium nitride
compound patticles and metal particles are complexed or in a highly dispersed state.
"Complexed" herein means that the particles are composed of the two components,
titanium nitride compound and metal, and "highly dispersed state" means that
titanium nitride compound particles and metal particles are each individually present

20 and dispersed homogeneously and uniformly without aggregation of minor
component particles.

[0018]
The black composite particles of the present invention are black composite

particles comprising titanium nitride compound particles and metal particles and

25 represented by the composition formula: TiN,Oy-zX (wherein Ti is a titanium aton;



9 two." Use of the composite particles as the light shielding agent enables the resin black matrix of the
present invention to attain the high OD value while keeping a concentration of the light shielding agent
in the black resin composition low. As a 5result, the i&sin black matrix according to the present
invention can secure high adhesion. Further, since the resin black matrix of the present invention has
a high OD value per a unit film thickness, its film thickness at a practical OD value (4.0) is not more
than 0.8 inn. Consequently, a color filter having a practically acceptable flathess may be attained even
using the resin black matrix without using an over-coat. 10[0019] The black composite particles of
the present indentioniisy @S atentidh éslaaboyeereprasemd Pbis thmeshatosition foamuabTINX0y.zX,
wherein x means a ratio of nitrogen atoms to titanium atoms; y means a ratio of oxygen atoms to

titanium atoms&reger theAriad 1ess heratio ds mBearEbRPdess thar R andiissutivk%idd a8dach can be
a number greater than 0 and Jess than 2, since fitanium nitride compounds are mainly.composed of
titanium nitridé™¥A eb@%ﬁﬁﬁféﬁ&?ﬁ&%ﬁ%ﬁc}[ %i“e ;ﬂ?g SRR ﬁfy?scs%?é)}lébd?y e|L|")1(’t?c1%srange of 0.1
to 1.0, more PIIGHRY IR [AnaR ol OhaittBmBornd S At piRisiahlo b e aNgee! 015 to

0.3. Although z can be a number greater than 0 and less than 10, for prevention of the 20fusion and

oxidation of metakpatiicles. diePrefesshhicdbhTiange af @ HL mlandatenpiiefesablyein:thiz range of
0.01 to 0.5. [0020] The content of metal atoms and the content of titanium atoms can be analyzed by

ICP optical emigsicsesipd diyohishy), Bhandoreeneafinitroyepeatgnrmerdhabd) 26dhedy e 13) dsert gas
fusion-thermal conductivity method. The content of oxygen ) )
accessory components. "Metal" in metal particles used in the present invention has
its usual meaning in the chemical art, as described in "Metal" (p. 444) of "Iwanami
Scientific Dictionary (5th Edition)" (published by Iwanami Shoten, Publishers, 1998),
10 for example. Iwanami Scientific Dictionary (5th Edition) describes "Metal" as
follows.
"Substances which have a metallic fuster, are good conductors of electricity and heat,
and are malleable and ductile in the solid state. ~ All metals except mercury are solid
at room temperature. Various mechanical processing can usually be applied. The
15 optical/electrical properties are often maintained even when liquefied. Most of
elementary metal crystals have any one of face-centered cubic structure, hexagonal
close-packed structure, or body-centered cubic structure, and usually take the form of
an aggregate of microcrystals. Atoms in crystal are bonded with *metallic bonds,
and some electrons are present as a free electron.  Properties of metals are derived
20 from metallic bonds. Metals which have a small number of free electrons, such as
elemental antimony and bismuth, are called *semimetal. In addition to elementary
metals, some phases which contains two or more metal elements, or a metal
element(s) and a certain nonmetallic element(s) (e.g., boron and carbon) shows

metallic properties. With increasing temperature, electrical conduction decreases in

25 metals, but increases in nonmetals, which allows a clear distinction between the



10 atoms can be analyzed by inert gas fusion-infrared absorption method. Based on these analytical
results, X, y, and z are calculated. In some method of producing particles, the atoms other than the
above-described titanium atom, nitrogen atom, oxygé®n atom, and metal atom were contained as
impurities, but the calculation was 5made without considering the impurities when the amount of
impurities was so small that it was difficult to identify them. [0021] The specific surface area of the
black composite particles of the present invention can be determined by BET method and is preferably
not less than 5 m2/g 10and not more than 100 m2/g, more preferably not less than 10 m2/g and not
more than 60 m&/dg. [0022] In cases where the specific surface area is small, in other words, the

particle size is large, it is difficult to disperse the particles finely. Hence, g}roblems' arise in 15that the
particles preciplsatefdbeingrapsriiganicinanidss HebtshisddinmegruserplsuthedisBIdCknatrix; and the

dhesi ith a gl . On the other hang, in. t ifi f is | :
i other words HHE RSB ERTE SN RS CHE LSO At SHCERAHER Bispersed. Henco.
problems avise gk ARREIPIR0 SIAPUISRIONR PG Aeteraraieg uhsR R Raides g dispersed

and 20 adequate hiding power may not be a ed as a light shielding agent leading to decrease in

the OD walue, sadhatthetarag.spResiic suctareinsas indptneatanad{o02a) secure Rigierred examples
of the metal particles X include, but are not limited thereto, at least one selected from copper, silver,

gold, platinum agiatadiumFoithed, 4btintleotvalty vhadtinmiriididitheippesenithernion dsmidmghmanganese,
molybdenum, 11 tungsten, niobium, tantalum, calcium, titanium, bismuth, antimony, lead, or alloys

thereof More Jrieipkif pRtalBibiilendiidmese bt @imibirkaspbeta apeticgbidDpraisuhOpiiadium,
ke i, conely R M, o Aot el i PR e o
flatness may be attained even using the resin black matrix without using an over-coat.
10 [0019]
The black composite particles of the present invention is, as mentioned above,
represented by the composition formula: TiN,O, zX, wherein X means a ratio of
nitrogen atoms to titanium atoms; y means a ratio of oxygen atoms to titanium
atoms; and z means a molar ratio of metal atom X to TiNxOy. Althoughx andy
15 each can be a number greater than 0 and less than 2, since titanium nitride
compounds are mainly composed of titanium nitride, x is preferably 0.85 to (.99, and
the ratio of y to x, y/x, is preferably in the range of 0.1 to 1.0, more preferably in the
range of 0.15 to 0.50, and still more preferably in the range of 0.15 to 0.3.
Although z can be a number greater than 0 and less than 10, for prevention of the
20 fusion and oxidation of metal particles, it is preferably in the range o1 0.01 to 1, more
preferably in the range of 0.01 to 0.5.
[0020]
The content of metal atoms and the content of titanium atoms can be analyzed
by ICP optical emission spectrometry. The content of nitrogen atoms can be

25 analyzed by inert gas fusion-thermal conductivity method. The content of oxygen



[0024] The content of the metal particles X in the black composite particles of the present invention
is preferably not less than 5% by mass and not more than 50% by mass, more preferably not less than
10% by mass and not more than 30% by mass, 10 b@sed on the total mass of the black composite
particles. When the content is not more than 5% by mass, improved light-shielding performance can
not be obtained sufficiently, and when it is not less than 50% by mass, the reflectance of the coated
film increases, both of which are not preferred. [0025] 15The black composite particles of the present
invention is characterized in that the particles are formed in a more stable state than in the case where
metal particles:tirasymiesinelyzddie. mbdigss theanetdtpsdichssrptivrernisladcoBpssitetparticles are
present as particles without treatment such as surface coating[)@'To provide metal particles with a higher

light-shielding éfforntical fagiliseteriiiadd frRrdoiaRtraldyParmeribod il RYLIRe size

determined from the h I{;b ndwideof the main ea% with the strangest intensity in the X-ray diffraction
spectra of the mg@g?egg} e aetg%sp?re érgba@ﬁﬁgtarbn%ﬁé an' 6%}*:{]@%@?6%)%&15%%@%@{?%3 than 20 nm

and not more than, 50-nrp, [A026]2a e ysiallissinecanhp deteumined fom thaibalkhandwidth of

the X-ray 12 diffraction peak according to the Scherrer's formula shown in the equations below (1) and
(2). [0027] [092& without considering the impurities when the amount of impurities was so small

that it was difficult to identify them.
[0021]
The specific surface area of the black composite particles of the present
invention can be determined by BET method and is preferably not less than 5 m?/g
10 and not more than 100 m%/g, more preferably not less than 10 m?/g and not more than
60 m*/g.
{0022]
In cases where the specific surface area is small, in other words, the particle
size is large, it is difficult to disperse the particles finely. Hence, problems arise in
15 that the particles precipitate during storage; the flatness decreases when used as a
resin black matrix; and the adhesion with a glass decreases. On the other hand, in
cases where the specific surface area is large, in other words, the particle size is small,
the particles are easily aggregated when dispersed. Hence, problems arise in that
dispersion stability is prone to be deteriorated when the particles is dispersed and
20 adequate hiding power may not be attained as a light shielding agent leading to
decrease in the OD value, so that the large specific surface area is not preferred.
[0023]
Preferred examples of the metal particles X include, but are not limited
thereto, at least one selected from copper, silver, gold, platinum, palladium, nickel,

25 tin, cobalt, rhodium, iridium, iron, ruthenium, osmium, manganese, molybdenum,



(2))61 ViiTmo?, [0029] 10In the formula, K = 0.9, X = 0.15418 nm, 13c half bandwidth of the
diffraction peak, [30: corrected value of the half bandwidth (0.12), wherein {3, f3e, and [3, are
calculated in radians. [0030] The case wherg the metal particles are silver will now be
described in detail 15by way of examples. [0031] As for the X-ray diffraction spectrum of the silver
when CuKa radiation is used as an X-ray source, as the peak with the strongest intensity, the peak
originated from (111) plane is seen neighborhood of 20 = 38.1. The crystallite size 20determined from
the half bandwidth of the Ag (1 11) plane is preferably not more than 50 nm, more preferably not less
than 20 nm anengdtenpréobiiam SAmahutbGARi imotHaitenbisentnk, effdaisf, tbedpresthilyinvention

prominent, it is preferable to increase the light-shielding performance of the titanium nitride 13
thereof. More preferred metal is at least one selected from copper, silver, gold,
platinum, palladium, nickel, tin, cobalt, thodium, iridium, or alloys thereof, and still
more preferred metal is at least one selected from copper, silver, gold, platinum, tin,

5 or alloys thereof.
[0024]

The content of the metal particles X in the black composite particles of the
present invention is preferably not less than 5% by mass and not more than 50% by
mass, more preferably not less than 10% by mass and not more than 30% by mass,

10 based on the total mass of the black composite particles. When the content is not
more than 5% by mass, improved light-shielding performance can not be obtained
sufficiently, and when it is not less than 50% by mass, the reflectance of the coated
film increases, both of which are not preferred.

[0025]

i5 The black composite particles of the present invention is characterized in that
the particles are formed in a more stable state than in the case where metal particles
are synthesized alone. That is, the metal particles in the black composite particles
are present as particles without treatment such as surface coating, To provide metal
particles with a higher light-shielding performance, it is preferable to form

20 moderately particles. The crystallite size determined from the half bandwidth of the
main peak with the strongest intensity in the X-ray diffraction spectra of the metal
particles is preferably not more than 50 nm, more preferably not léss than 20 nm and
not more than 50 nm.

[0026]

25 The crystallite size can be determined from the half bandwidth of the X-ray



compound particles themselves. The desirable properties will now be described. [0033] As for the
X-ray diffraction spectrum of the titanium nitride when CuKa radiation is used as an X-ray source, as
the peak with the strongest intensity, the 5angle of diffraction 20 of the peak originated from (200)
plane of TiN is seen neighborhood of 20 - 42.5 whereas the angle of diffraction 20 of the peak
originated from (200) plane of TiO is seen neighborhood of 20 = 43.4. On the other hand, although the
peaks are not the ones with the strongest intensity, the angle of diffraction 20 of the peak originated
from (200) plane of anatase-type TiO2 is 10observed neighborhood of 20 = 48.1 whereas the angle of
diffraction 20 ofifieageakpealyraredifrpite (20 htarse soformildatyesi Otk epsaves edighOdrhood of
20 = 39.2. Thus, in the titanium compound with a crystal structure having nitrogen atoms and oxygen
atoms, the peaﬂ@(}\/@-the strongest intensity is seen within the range where the angle of diffraction 20
is not less tha and less than 43.4. 15As the content of oxygen atoms in the crystal state
increases, therk)ea osition shifts to higher angle side compared to 42.5. [0034] In order to
increase the light-shielding performance of the tjtanium nitride compound, the angle of diffraction 20 of
the peak originated Eﬁ/@t@ﬁ@% ﬁ@@%ﬁﬁyh_e 2dtithnium nitride compound particles is preferably not less
than 42.% and not more than 42 8, more prefatably not less than 42.5 and less théarg 42 7 When
titanium oxide TiO2 is contained as an accessory component, as the peak with the strongest intensity,
the angle of diffraction 20 of the peak originated from anatase-type TiO2 (101) is seen neighborhood
of 20 = 25.3 whereas the angle of diffraction 20 of the 25peak originated from rutile-type TiO2 (110) is
seen neighborlﬁ%@ﬁ%f 20 =27.4. 14 Yet, since TiO2 is white and could be thus a factor which
deteriorates the light-shielding performance, it is preferred that TiO2 be decreased to the extent where
it is not observed gtWOOSS] 5Further, the titanium nitride compound pégigles contain TiN as
a main component an ually contain some oxygen atoms, resulting from contamination of oxygen
during synthesis and oxidation of the particles surface, which is especially marked when patrticle size is
small. The lesg@xygien content is preferred because it provides higher light-shielding performance. In
particular, it is preferred for the

10 In the formula, K = 0.9, & = 0.15418 nm, [, half bandwidth of the diffraction

peak, Bo: corrected value of the half bandwidth (0.12°), wherein B, Be, and B, are
calculated in radians.
[0030]
The case where the metal particles are silver will now be described in detail
15 by way of examples.
[0031]

As for the X-ray diffraction spectrum of the silver when CuKa radiation is
used as an X-ray source, as the peak with the strongest intensity, the peak originated
from (111) plane is seen neighborhood of 26 = 38.1°. The crystallite size

20 determined from the half bandwidth of the Ag (111) plane is preferably not more
than 50 nm, more preferably not less than 20 nm and not more than 50 nm.
[6032]
In order to make the effects of the present invention prominent, it is

preferable to increase the light-shielding performance of the titanium nitride



10 particles not to contain TiO2 as an accessory component. The content of the oxygen atoms is
preferably not more than 10% by mass, more preferably not more than 6 0% by mass. [0036] In order
to make the effects of the present invention prominens, the crystallite 15size of the titanium nitride
compound is preferably not more than 50 rim, more preferably not less than 20 nm and not more than
50 rim. By forming the black matrix with titanium nitride compound particles having the crystallite size
of not more than 50 nm, the transmitted light of the coated film exhibits blue to blue violet color with the
peak wavelength thereof of not more than 475 nm. Thus a black 20matrix having a high light-shielding
performance camipeahtqintidldntheiditedne e cBhrsdesltedléoteo pasts=trasnEmittabeel¢partiediarly i-ray
transmittance (365 rim)) is higher than those of the conventional light shielding agents, even in the
case of photod®fditive black resin composition, sufficient curing of the film can be attained, and a

black matrix havi high QD yal havi llent sh 1 be 250btaingd. [0037] |
a proforted method ofbISBUE THE G Lo OGP TEL BF B HCEROTRGB B he partcies.
are produced nokiiiena, g 9 A MR IIYERITEER QDR haiRyfhrough the

steps of mixing and condensing Ti a metdl elemént, X, in a vapor State. Convéntionally, to

producesmetal partices;av-HiRioud MasR RIhetRO s (o paiRbUZINathe dispersion needed to

be added, making it very difficult to remove the particles alone as a solid from the liquid. Also in the
production by tieeghasrphatsefiiéthdd, ihevheréacthneademibdikrecvenct® witthespgakcarbide to prevent
melting and oxidation of the particles. 10[0038] A preferred method of producing composite

particles by mistinard s éAh girnamd hifhdtarendaaighbochned obfdr 43t is tha thermal plasma
thod usi it -coptaini | . In this method, Ti powder and | powder,

X, e Subjectalt¥3 A A S REeh ST RGh I GRS Hif S RREEL BRI 6 858 e ratio o

Ti powder t ' ich i iQn.t -described

| powder (o ”b%‘ﬁiﬂﬁ%{?o‘?[)ab(o%‘dﬁ’é ek éﬂ%ﬁﬁ&%@ﬁ%ﬁlﬂ%ﬁ%g a%t&@é'ﬁgﬂt% Ahpve-describe

composition formula, can be arbitra In the range ove In‘the déscription of the

composition fopmdiaei lasamaaaswibbeodesgrivadRalanthEhe deededaepesaod yhiepeges the
thermal plasma method, of producing the black composite particles of the present 20invention will now
be described inmgiatefddda](200) plane of rutile-type TiO, is observed neighborhood of 26 =
39.2°.  Thus, in the titanium compound with a crystal structure having nitrogen
atoms and oxygen atoms, the peak with the strongest intensity is seen within the
range where the angle of diffraction 26 is not less than 42.5° and less than 43.4°.
15 As the content of oxygen atoms in the crystal state increases, the peak position shifts
to higher angle side compared to 42.5°.
[0034]
In order to increase the light-shielding performance of the titanfum nitride
compound, the angle of diffraction 28 of the peak originated from (200) plane of the
20 titanium nitride compound particles is preferably not less than 42.5° and not more
than 42.8°, more preferably not less than 42.5° and less than 42.7°.  When titanium
oxide TiO; is contained as an accessory component, as the peak with the strongest
intensity, the angle of diffraction 26 of the peak originated from anatase-type TiO;

(101) is seen neighborhood of 20 = 25.3° whereas the angle of diffraction 26 of the

25 peak originated from rutile-type TiO, (110) is seen neighborhood of 26 = 27.4°.



Figure 1 is a schematic view illustrating the whole constitution of a particle-producing apparatus 10 for
performing the method of producing black composite particles according to one embodiment of the
present invention. Figure 2 is a 25partially enlarged vigw of the vicinity of a plasma torch 12 shown in
Figure 1. 16 Figure 3 is an enlarged cross-sectional view illustrating the vicinity of a top board 17 of a
chamber 16 shown in Figure 1 and a gas-ejecting hole 28a and a gas-ejecting hole 28b provided on
this top board 17. Figure 4 is an enlarged cross-sectional view illustrating the cyclone 19. 5[0040] The
black composite particle-producing apparatus 10 shown in Figure 1 comprises the plasma torch 12
which generaté&&g shewrEilplaswidicambieritl-segplyindaapparhios d4erivhicks suphfigs a black
composite particle material into the plasma torch 12, the chamber 16 which has a function as a cooling
tank for 10proghishlsiackieonspesiié pamsdhered shahdiGchendeaigantich therrvent sdmrsdtparticles
from primary black composite particles 15 produced, the coarse particles having a particle size not
less than the a?BﬁPé)ﬁﬁfyﬁgf?ﬁé le size, and a recovery unit 20 which recovers black composite
particles 18 harj:dﬁgétjwe desired patrticle size classified by the cyclone 19. 15[0041] The plasma
torch 12 shown in"Figure 2 is composed of a quartz tube 12a and a high-frequency oscillating coil 12b

windingsround the owtsige,theEanhAk NG #RREE BRANRLINS AATEIR LRIsH 12N SURRIYfube 140a

described below for supplying the black composite particle material and spraying gas into the plasma
torch 12 is 20pronipeckat dhe canity, canchin plaamexggsmsatophy, pesulliag S darredaatitkeipedspheral part

(concyclic). [0042] Plasma gas is fed from a plasma gas supply source 22 to the plasma gas
supply port 12€xPegsraargssigHiangandgas dtempfche pastslesrindagaswindhés 25pecelbf the
nitrogen-contairgiar} e av%fhgrge;;grrtggg gi)égrinspsl%%l?f th’lghgolgsp g?{?xgg g})?l?éntthgqargérred because it
provides higher light-shielding performance. In particular, it is preferred for the
10 particles not to contain TiO, as an accessory component. The content of the oxygen
atoms is preferably not more than 10% by mass, more preferably not more than 6.0%
by mass.
{0036]
In order to make the effects of the present invention prominent, the crystallite
15 size of the titanium nitride compound is preferably not more than 50 nm, more
preferably not less than 20 nm and not more than 50 nm. By forming the black
matrix with titanium nitride compound particles having the crystallite size of not
more than 50 nm, the transmitted light of the coated film exhibits blue to blue violet
color with the peak wavelength thereof of not more than 475 nm. Thus a black
20 matrix having a high light-shielding performance can be obtained. In addition,
because ultraviolet rays transmittance (particularly i-ray transmittance (365 nm)) is
higher than those of the conventional light shielding agents, even in the case of
photosensitive black resin composition, sufficient curing of the film can be attained,

and a black matrix having a high OD value and having an excellent shape can be

25 obtained.



nitrogen include, for example, argon and hydrogen. In the case where plasma gas is the
nitrogen-containing gas, the nitrogen content in the gas is generally about 10 to 90 mol.%, preferably
about 30 to 60 mol.%. The plasma gas supply sourcgs22 is provided with, for example, two types of
plasma gas. Plasma gas is fed into the 5plasma torch 12, as indicated by arrows P, from the plasma
gas supply source 22 via the ring-shaped plasma gas supply port 12c. Then, high-frequency current is
applied to the high-frequency oscillating coil 12b to generate a thermal plasma flame 24. The flow rate
of the plasma gas is not restricted. [0043] 10The outside of the quartz tube 12a is enclosed by a
concentrically {o63@d tube (not shown), and cooling water is circulated between this tube and the
guartz tube 12a to water-cool the quartz tube 12a, which prevents the temperature of the quartz tube
12a from rising too hihamesnsaloneHwdelrmaipriseihd hinek o gensitamatisldiebthsma torch 12.

15[0044] A material-supplying apparatus 140, which is connected to the upper part of the plasma torch
12 via a tube %e&ﬁ’att‘l‘?&’éﬁ‘;ﬁ’ﬁhfgﬁk}@ff& AL PR NSLCHENER RS T e S RIS RGRER & dispersedly

into the plasma tarch 12..In this embadiment, an apparatus, suitaple.for using a powder material is
sed a5 the 20 R B S R L L peratus

(see Figyre 1) 1y toReeduesnibg blagk E%}Rﬂ%j{ﬁé?ar@ﬁ%ﬂﬁ%‘?iﬂﬁg 1H3tsaeRMEer fraigeal needs to

be dispersed when supplied into a thermal plasma flame. [0045 Thus, the material-supplying
apparatus in this grabiqdithphiss prefiehiph roe2s\ihichis itapable dipuaititatbeaydsagrlying the
powder material into a thermal 18 plasma flame inside the plasma torch while maintaining the powder
material in a dispiadatakiaeiiserdictanthe remevotlripatiplpanienss)s Asadidesn dheslippiging
apparatus having such a function, an apparatus such as the powder dispersing apparatus disclosed in
Japanese Patéél"l%RIB’. ]Pfﬁ%c,thP QX&E‘F&@S Rhase mgihod. the surface needed to be covered

with, e.g., carbide to prevent melting and oxidation of the particles.

10 {0038]

A preferred method of producing composite particles by mixing and
condensing Ti and a metal element, X, in a vapor state is the thermal plasma method
using a nitrogen-containing gas as plasma gas. In this method, Ti powder and metal
powder, X, are subjected to thermal plasma wherein plasma gas is the nitrogen-

15 containing gas. The ratio of Ti powder to metal powder, X, subjected to thermal
plasma, which is the ratio in the above-described composition formula, can be
arbitrarily set within the range described above in the description of the composition
formula. Plasma gas will be described below. The preferred method, which uses
the thermal plasma method, of producing the black composite particles of the present

20 invention will now be described in detail.

[0039]

Figure 1 is a schematic view illustrating the whole constitution of a particle-
producing apparatus 10 for performing the method of producing black composite
particles according to one embodiment of the present invention. Figure 2 isa

25 partially enlarged view of the vicinity of a plasma torch 12 shown in Figure 1.



5[0046] First, the particle-producing apparatus 10 used in this embodiment will now be described.
[0047] Figure 5 shows the schematic constitution of the material-supplying apparatus 10140 when a
powder material is used as the black composite partigde material. The material-supplying apparatus
140 shown in Figure 5 is mainly composed of a storage tank 142 which stores a powder material, a
screw feeder 160 which quantitatively conveys the powder material, and a dispersion unit 170 which
disperses the powder material conveyed by the screw feeder 160 in the state of primary particles
before it 15is finally sprayed. [0048] The storage tank 142 is provided with an exhaust pipe and a
feed pipe, whidtigme 3ot shenlargidesicragaitank ¢, ihitinitg hressime wessaebpdmiad by, e.g., an
oil seal, is adapted to be able to control the inner atmosphere. The upper part of the 20 storage tank
142 is provide@¥ditthansegsply penti Steswnd oidiaregensitidéng ek der ansterias-aivgtinpowder
material 144 is s ied from this supply port intq the_storage.tank 142 to be stored‘%0049] 19 144.
The stiring SIS A8TGTOIE BRI AL sto B ot R BB B 5 bl 1500 and
bearings 152av£@@iﬁﬂ&gﬁﬁtgot%eo 3;@%1%"1@9 shaft 146, which is outsi.de the storage tapk 142, is
connected to a motor 154a, and the rotation is controlled by a controlling apparatus which is not
shown. §[0050]pn407 he storage tank 142 is provided at the lower part with the screw feeder 160 to
allow quantitative conveyance of the powder material 144. The screw feeder 160 comprises a screw
162, a shaft 164 of thélschéwkl 6ianposasipgrtl€6;anduaingoippdsdbis Wb idivismeipbigersdurce for rotating
the screw 162. The screw 162 and the shaft 10164 are disposed across the lower part in the storage

tank 142. The spiferiss Baplasamyaddpbssdishtrenstatesye tgiakplaynmaamstefiah oil seal 150b and

bearings 152b. [00
g Slep?yJiLg apparatus 140 which supplies a black composite particle material into the

plasma torch 12, the chamber 16 which has a function as a cooling tank for
10 producing black composite particles 15, the cyclone 19 which removes coarse
particles from primary black composite particles 15 produced, the coarse particles
having a particle size not less than the arbitrarily-defined particle size, and a recovery
unit 20 which recovers black composite particles 18 having the desired particle size
classified by the cyclone 19.
15 [0041]
The plasma torch 12 shown in Figure 2 is composed of a quartz tube 12a and
a high-frequency oscillating coil 12b winding around the outside thereof. At the
upper part of the plasma torch 12, a supply tube 140a described below for supplying
the black composite particle material and spraying gas into the plasma torch 12 is
20 provided at the center, and a plasma gas supply port 12¢ is formed at the peripheral
part {concyclic).
[0042]
Plasma gas is fed from a plasma gas supply source 22 to the plasma gas
supply port 12c.  Plasma gas is nitrogen gas or a nitrogen-containing gas. In the

25 case of the nitrogen-containing gas, preferred examples of the components other than



The end portion of the shaft 164, which is outside the storage tank 142, is 15connected to a motor
154b, and the rotation is controlled by a controlling apparatus which is not shown. In addition, the
casing 166 is provided, which is a tubular passage ggnnecting an opening of the lower part of the
storage tank 142 with the dispersion unit 170 described below and enveloping the screw 162. The
casing 166 extends halfway inside the dispersion unit 170 described below. 20[0052] As shown in
Figure 5, the dispersion unit 170 has an outer tube 172 which is externally inserted and fixed at a part
of the casing 166 and a rotating brush 176 which is implanted at the tip of the shaft 164, allowing the

powder materigt-bddncuanidativeyxaaipleyeddyathiehsdiepecieedir the@4schehprinpiasimaligpersed.
25[0053] 20 The opposite end to the externally inserted and fixed end of the outer tube 172 is

truncated conéhshétpegknacehtiisingagas thersitregtrueeeited totie-ghapazbaprabis, ahpblée dispersing
chamber 174. The end thereof is connected to a conveyor tube 182 which conveys the powder

material dispeP8eBah @RS cheHiAE 70 ofomsk e ~ The Riashy e R0 Fse M at the tip. The

shaft 164 extends .heyond the opening to the powder, dispersing chamber 174 inside the outer tube
172, and the tif)r%‘fla?g gﬂ%ﬁ’t éﬁ%‘%?&n&%%% St?%gp }F% gﬁnéaﬁ'rusﬁaf?& glﬂﬁéssfll(ééesxlg?)th%eouter tube 172
is provided with 2 gas supply RO diESeaNg heSRACeHOMAE Hudhes pristy Qfldihe Gasing 166
and the inner wall of the outer tube 172 has a function as a gas passage 180 inside which the supplied
gas passes. [@055hg-shhpeirplaling hruskhpiGomnich. is atresdigishirpechoietnbentcemposed of a
relatively flexible material such as nylon or a hard material such as steel wire, is 15formed by being
densely implanpgdi¢dom insidehtieaetghp oshibbting thd iipofatpsasing leemelinkiseatipewder
dispersing chamber 174 in such a manner that they extend radially outwardly from the shaft 164. The
above-describé# ndeE S4B EBRPEFRALRUEMY fEHiAteat the tip of the needle-shaped member
abuts on the ig%&é@urrounding wall of the casing 166. 20[0056] In the dispersion unit 170, gas for
dispersion an eyance (carrier gas) passing from a pressure gas supply source which is not

shownythrough the gas,syRRMPOF T §AR9 105995 RASRABS4TY 5 dsHeshirra iy Auiside the

rotating brush
(not shown), and cooling water is circulated between this tube and the quartz tube

12a to water-cool the quartz tube 12a, which prevents the temperature of the quartz
tube 12a from rising too high because of the thermal plasma flame 24 generated in
the plasma torch 12.

15 [0044]

A material-supplying apparatus 140, which is connected to the upper part of
the plasma torch 12 via a tube 26 and the supply tube 140a, supplies the black
composite particle material dispersedly into the plasma torch 12. In this
embodiment, an apparatus suitable for using a powder material is used as the

20 material-supplying apparatus 140 in the black composite particle-producing
apparatus (see Figure 1) 10 to produce the black composite particles, provided that
the powder material needs to be dispersed when supplied into a thermal plasma flame.
[0045]
Thus, the material-supplying apparatus in this embodiment is preferably one

25 which is capable of quantitatively supplying the powder material into a thermal



176 to the rotating brush 176, and the powder material 144 quantitatively conveyed 25passes between
the needle-shaped members of the rotating brush 176 to be dispersed into primary particles. [0057]
The angle between the generating line of the truncatgd cone shape of the powder dispersing chamber
174 and the shaft 164 is set to be about 300. The volume of the powder dispersing chamber 174 is
preferably small. When the volume is large, a problem arises in that the powder material 144
dispersed by the rotating brush 176 attaches to the inner wall of the dispersing chamber before
entering the conveyor tube 182 and scatters again, causing a variable concentration of the dispersed

powder providggsHaARRinsidd iR gAY a6 IbR RS 6o nRGeskiBdRa-p uatdidlanld 2 at one end

and to the plasma torch 12 at the other end. The conveyor tube 182 has a tube length 10 times or
more the tube diipmetarstared sbisprafaraible statprd\pdematyiqastibeifivayithe tuideraiponipyihaving a tube
diameter at which the flow rate of an air flow containing 1 5the dispersed powder is not less than 20
m/sec, more preRsEABIy ity ehaniuochirseanarpHetunsenBa e aydecdifptEsHiBvents aggregation

of the powder material 144 dispersed to the state of prj articles in the.dispersion unit 170,
thereby aIIowiﬁ@%?@ﬁodﬁz%egbﬁ%@ﬂﬂ?ﬁgﬁ?’f %%gq[%gﬁai%sw “1> \?vﬁ‘ﬂéﬁﬁ%aintaining the
above-daescribﬁéi()%ﬁpersed state. 20[0059] The particle-producing apparatus 10 according to this
embodiment, in which the material-supplying apparatus 140 as mentioned above is connected to the

plasma torch 12 showtyin frigpEetikiandddasre dppanhe upaskbipiadtiea theimathadoigroducing the
black composite particles of this embodiment 25[0060] 22 The powder material used as the black

composite parteldaseaiesial is preferably a powder material which can be evaporated in a thermal
plasma flame and has a particle size not more than 50 p.m. [00611 5The method of producing the
black composit8Qfiticles in this aspect will

Figure 5 shows the schematic constitution of the material-supplying apparatus

10 140 when a powder material is used as the black composite particle material. The

material-supplying apparatus 140 shown in Figure 5 is mainly composed of a storage

tank 142 which stores a powder material, a screw feeder 160 which quantitatively

conveys the powder material, and a dispersion unit 170 which disperses the powder

material conveyed by the screw feeder 160 in the state of primary particles before it
15 is finally sprayed.

[0048]

The storage tank 142 is provided with an exhaust pipe and a feed pipe, which
are not shown. The storage tank 142, which is a pressure vessel sealed by, e.g., an
oil seal, is adapted to be able to control the inner atmosphere. The upper part of the

20 storage tank 142 is provided with a supply port (not shown) which supplies a powder
material, and a powder material 144 is supplied from this supply port into the storage
tank 142 to be stored.

[0049]
The storage tank 142 is provided inside with a stirring shaft 146 and a stirring

25 blade 148 connected thereto to prevent aggregation of the stored powder material



now be described in more detail. [0062] Ti powder and Ag powder are premixed at a
predetermined mixing ratio, and the resulting mixture is loaded into a storage layer 142 of the
material-supplying 10apparatus. The two powders afg further mixed homogeneously at the same time
each powder is dispersed to the state of primary particles in the dispersion unit 170. These well-mixed
two powders are supplied into the thermal plasma flame 24 in the plasma torch 12 via the supply tube
140a, as indicated by an arrow Gin Figure 2, by using the conveyor tube 182 such that the powders
are transported to the plasma 15torch while maintaining this mixed state. The supply tube 140a has a

jet nozzle mechanisrriiersinting dhetblack camipasiieinpsicleimaie saliipoihe thierpiahplasma flame 24
in the plasma torch, whereby the homogeneously mixed black composite particle material can be
jetted into the ezl ptabhiddlandeb24dringsh&53msnideanoth d@tias chthiestyaissasidh | ditrogen,
hydrogen, and the like are used alone or in 20combination as appropriate. [0063] On the other

hand, as showirkigresideribecHarmsriang prdi feascssradertip ooy e SaaABHIN 12, The
homogeneousl mixedBp der materjal sprayed into, the thermal plasma flame 24 in the plasma torch
12 evaporates i K. 9% ?gi\gﬁj?ec%l&%nﬁ'i’él‘ﬁ Pé%%‘ésré%la%ﬁ lés\l}gﬁgi?‘gs)%e, immediately after which this
mixture <23 is hed in the chamber 16 to produce the primary black composite particles 15. That
is, the chamber 16 has a function as a cooling tank. The atmosphere in the chamber 16 is preferably

nitrogen or a nitrogenteentaiaig4as1 2 e ease-alinad il age paeoniainingeasy praferras examples
of the components other than nitrogen 5 include, for example, argon and hydrogen. In the case where

the plasma gasdigléionitqogetitaortamingygass tHehsitpogdaromatenairi 4de ghkeisgewdealpralsdut 10 to 90
mol.%, preferably about 30 to 60 mol.%. [0064] Here, a gas-supplying afaparatus 28 for quenching the
mixture highly 40RRESAsRECHTthEapshathldtabtikaesnd0d i3 grvmIéttadnd mewier dopkoducing

the black comRgRic pafllee more ety The G853 PR MG RPRARIR S g e deseribed.

10 164 are disposed across the lower part in the storage tank 142. The shaft 164 is
rotatably disposed in the storage tank 142 by means of an oil seal 150b and bearings
152b.

{0051}
The end portion of the shaft 164, which is outside the storage tank 142, is

15 connected to a motor 154b, and the rotation is controlled by a controlling apparatus
which is not shown. In addition, the casing 166 is provided, which is a tubular
passage connecting an opening of the lower part of the storage tank 142 with the
dispersion unit 170 described below and enveloping the screw 162.  The casing 166
extends halfway inside the dispersion unit 170 described below.

20 [0052]

As shown in Figure 5, the dispersion unit 170 has an outer tube 172 which is
externally inserted and fixed at a part of the casing 166 and a rotating brush 176
which is implanted at the tip of the shaft 164, allowing the powder material 144

quantitatively conveyed by the screw feeder 160 to be primarily dispersed.

25 [0053]



[0065] The gas-supplying apparatus 28 shown in Figure 1 and Figure 3 is composed 1 5 of the
gas-ejecting hole 28a which ejects gas at a predetermined angle toward the tail of the thermal plasma
flame 24 (the end of the thermal plasma flame opposite to the plasma gas supply port 12c, i.e., the
terminal of the thermal plasma flame), the gas-ejecting hole 28b which ejects gas downward from
above along the side wall of the chamber 16, a compressor 28c which applies an extrusion pressure to
the gas 20supplied into the chamber 16, a supply source 28d of the above-described gas supplied into
the chamber 16, and a tube 28e which connects them. The compressor 28c may be a blower. [0066]
As described below irlTdetapdkisegas ejetbie dxfronatiydabovd-aetfnbddghst (R4 @jectaddrom the
gas-ejecting hole 28b, to the classification of the primary black composite particles 15 in the cyclone
19 as well as tHé}inttimeaieheerchanedrind Al hekecbmpushdrpasttid saBshsgad sateBe chamber
16. [0067] 5The ab ve-,menti,onecé compressor 28c and the gﬁ,s supply squrce 28d are cqonnected via

the tube 28e toPETHBBERIEFBRINENdhbet M6 BOBBPThE SBBVEHELCHETERCEBREng hole
preforably prevoHe D o e L B, o the e
wall of the cha ril6 and at the same time ejects the gas in an amount which provides the flow rate
at which the primary black composite particles 15 can be classified at any classification point in the
downstream cyclone Tke Exony thes dlaewerdpacitiped thasipjeclihg flelf 26bcgrads bigotettitownward
from above along the inner wall of the 15chamber 16.
opening to the powder dispersing chamber 174 inside the outer tube 172, and the tip
of the shaft 164 is provided with the rotating brush 176. The side of the outer tube
172 is provided with a gas supply port 178, and the space formed by the outer wall of
10 the casing 166 and the inner wall of the outer tube 172 has a function as a gas
passage 180 inside which the supplied gas passes.
[0055]
The rotating brush 176, which is a needle-shaped member composed of a
relatively flexible material such as nylon or a hard material such as steel wire, is
15 formed by being densely implanted from inside the neighborhood of the tip of the
casing 166 to inside the powder dispersing chamber 174 in such a manner that they
extend radially outwardly from the shaft 164. The above-described needle-shaped
member has such a length that the tip of the needle-shaped member abuts on the
inner surrounding wall of the casing 166.
20 [0056]
In the dispersion unit 170, gas for dispersion and conveyance (carrier gas)
passing from a pressure gas supply source which is not shown through the gas supply
port 178 and the gas passage 180 is jetted from radially outside the rotating brush

176 to the rotating brush 176, and the powder material 144 quantitatively conveyed

25 passes between the needle-shaped members of the rotating brush 176 to be dispersed



[0069] The gas supplied from the gas supply source 28d (see Figure 1 and Figure 3) through the
tube 28e as indicated by arrows S into the top board 17 (more particularly, the outside top board part
17b and the upper outside top board part 17c) 20is ejgcted from the gas-ejecting hole 28b (also from
the gas-ejecting hole 28a, as described below) through airways provided here. [0070] The black
composite particle material ejected from the material-supplying apparatus 140 into the plasma torch 12
reacts in the thermal plasma flame 24 to 2 5evaporate into a mixture highly dispersed in the vapor
state. Then, the mixture 25 highly dispersed in the vapor state is quenched in the chamber 16 by the
gas ejected framdheiaheypeesesbed gas-ejecting hole 28a (see arrows Q) to produce the primary
black composite particles 15. At this time, the gas ejected from the gas-ejecting hole 28b (see arrow
R) prevents th¢dghaijary black composite particles 15 5from attaching to the inner wall of the chamber
16. [0071] At the lateral lower part of the chamber 16, the cyclone 19 for classifying the produced
primary black compoditté pagi R nihs scaetting hariefdhs s mcated sy, shAReSfdBRie 19, as

hown in Figure 4, i inlet pine 19a whi lies,the pri | it
partides 15 haRGE AU AR LI A 0B e 4 i AT Grips il & connectedl
to the iniet pipg Jida B¢ decpbedhat &5&%&@&%‘;&%&5@@3@9&¥§£§%@f‘e9&%b¢‘s§%ﬂ?a| R 9 which

continues downward from the lower part of the outer casing 19b with the diameter gradually
decreasing, a gRAisR RAKiges medYaryshasinehdQdaiichils somiedieddditherdaaey thpart of the

conical portion 19c¢ and recovers the coarse particles having a particle size which is more than the
above-mentiormsthtiegibeespditfchttathes tmthamimerlivd tigedishinhing cbambetdetforthe recovery unit
2 e et the Sonveyar tube 187 And SArl Again, causing & vatible concentiation
of the dispersed powder provided.
10 [0058]
The conveyor tube 182 is connected to the outer tube 172 at one end and to
the plasma torch 12 at the other end. The conveyor tube 182 has a tube length 10
times or more the tube diameter, and it is preferable to provide at least halfway the
tube a portion having a tube diameter at which the flow rate of an air flow containing
15 the dispersed powder is not less than 20 m/sec, more preferably not less than 40
m/sec and not more than 70 m/sec. This prevents aggregation of the powder
material 144 dispersed to the state of primary particles in the dispersion unit 170,
thereby allowing spread of the powder material 144 into the plasma torch 12 while
maintaining the above-described dispersed state.
20 [0059]
The particle-producing apparatus 10 according to this embodiment, in which
the material-supplying apparatus 140 as mentioned above is connected to the plasma
torch 12 shown in Figure 1 and Figure 2, can be used to practice the method of

producing the black composite particles of this embodiment.

25 [0060]



20From the inlet pipe 19a, an air flow comprising the primary black composite particles 15 produced in
the chamber 16 is blown in along the inner peripheral wall of the outer casing 19b, whereby this air
flow, as indicated by an arrow Tin Figure 4, flows frogp the inner peripheral wall of the outer casing 19b
toward the conical portion 19c, forming a swirling downward flow. 25[0073] 26 Then, the
above-mentioned swirling downward flow is further accelerated at the inner peripheral wall of the
conical portion 19c. Thereatfter, the flow is reversed to turn into an upward flow and exhausted out of
the system through the inner tube 19e. Part of the air flow is reversed at the conical portion 19¢c before

flowing into 5the coarspeRaHaHgEPME s AMBE L ahsldiRrusietieuhaking system through the

inner tube 19e. Centrifugal force is applied to the particles by the swirling flow, and the coarse particles
move toward the:feadbbce prdinigtoitieribhiahich batbe endpersedtiffugakfordepbchthBadagifdrce. The
particles separated from the air flow descend along the side of the conical portion 19c and are
recovered at thecdarsEclOpaeit srsedhans Bifmber 19d. The black composite particles to which
sufficient cent&f I]force is not applied are exhausted out of the system together with the reversed air
flow at the inn pheral wall of the conical portion 19c. [0074] Negative pressure (suction force)

generates ffom the ey gt A9, baEsETRE L SIE REIRY ey ISt fplyg 0. The Dlack

composite particles separated front the above-mentione Ing air flow are sucked by the negative

pressure (suctignfercgdsashitigateeeis@n arrow U in Figure 4, and fed to the recovery unit 20
through the inner tube 19e. [0075] 20The end of the inner tube 19e, an outlet of the air flow in the

cyclone 19, is pi66&led with the recovery unit 20 which recovers secondary black composite particles
18. The recovery unit 20 comprises a recovery chamber 20a, a bag filter 20b provided in the recovery
chamber 20a, and a VAT @b/ XEROSHN Aecaisrsaskalia risteerprosdi st dangatiowsidpart in the

recovery chamber 20a.. The 25black ¢ ite particles fed f cyclone 19 are drawn into the
re Cgverz a ge resu{iltmg mi%cture %sklogggﬁ) ?r?to a%torage?ayer {REnotthtﬁe Xmatenal_supp?y(ljng

10 apparatus. The two powders are further mixed homogeneously at the same time
each powder 1s dispersed to the state of primary particles in the dispersion unit 170.
These well-mixed two powders are supplied into the thermal plasma flame 24 in the
plasma torch 12 via the supply tube 140a, as indicated by an arrow G in Figure 2, by
using the conveyor tube 182 such that the powders are transported to the plasma

15 torch while maintaining this mixed state. The supply tube 140a has a jet nozzle
mechanism for jetting the black composite particle material into the thermal plasma
flame 24 in the plasma torch, whereby the homogeneously mixed black composite
particle material can be jetted into the thermal plasma flame 24 in the plasma torch
12.  As carrier gas, argon, nitrogen, hydrogen, and the like are used alone or in

20 combination as appropriate.
[0063]

On the other hand, as shown in Figure 1, the chamber 16 is provided

adjacently below the plasma torch 12.  The homogeneously mixed powder material
sprayed into the thermal plasma flame 24 in the plasma torch 12 evaporates into a

25 mixture more highly dispersed in a vapor state, immediately after which this mixture



27 chamber 20a by the suction of the vacuum pump (not shown) and held at the surface of the bag
filter 20b to be recovered. [0076] It is necessary that the temperature of the thermal plasma flame 24 is
higher 5than the boiling point of the black composite-particle material, because the black composite
particle material ejected into the plasma torch 12 needs to change into the vapor state in the thermal
plasma flame 24. On the other hand, although the higher temperature of the thermal plasma flame 24
is preferable because raw materials change into the vapor state more easily, the temperature is not
restricted and may be 10appropriately selected depending on the raw material. For example, the

temperature ofithquthervalplasiaiiaeie @b pryite:4ROBGmAY arnsidgiedtioreacks theoretically,

at about 10000C. [0077] The pressure atmosphere in the plasma torch 12 is preferably not more than

15atmosphericrassuties Exanbplelsdfathefatetosphesecnolingoiankhal htnabtspsmricepretisure include,
but are not limited to, 5 Ton to 750 Ton, for example. [0078] Next, the mixture highly dispersed in the

vapor state resthdrtPeiolf BvRIsEEibn Bk e AN BALSEsHR A teAtate il 48 fdhifal plasma

flame 24 20i hed in the. chamber 16 to produge the primary black ite particles 15. M
partcularly, t WSAEHEHY oD o T RSP A0S ) DR S Aehnchod by

the gas gjected;inihe direglion indisalad R AYAYS.R thieyebhe ArReisRinganle, 283 tp produce the
primary black composite particles 15:
nitrogen-containing gas, the nitrogen content in the gas is generally about 10 to 90
mol.%, preferably about 30 to 60 mol.%.
[0064]
Here, a gas-supplying apparatus 28 for quenching the mixture highly

10 dispersed in the vapor state described above is provided as a means of producing the
black composite particles more efficiently. The gas-supplying apparatus 28 will
now be described.
[0065]

The gas-supplying apparatus 28 shown in Figure 1 and Figure 3 is composed

15 of the gas-ejecting hole 28a which ejects gas at a predetermined angle toward the tail
of the thermal plasma flame 24 (the end of the thermal plasma flame opposite to the
plasma gas supply port 12¢, 1.e., the terminal of the thermal plasma flame), the gas-
ejecting hole 28b which ejects gas downward from above along the side wall of the
chamber 16, a compressor 28¢ which applies an extrusion pressure to the gas

20 supplied into the chamber 16, a supply source 28d of the above-described gas
supplied into the chamber 16, and a tube 28e which connects them. The
compressor 28c may be a blower.
[0066]

As described below in detail, the gas ejected from the above-described gas-

25 ejecting hole 28a has an additional function, e.g., to contribute, together with the gas



28 Therefore, in the process of producing primary black composite particles, although the amount
of the gas ejected from the gas-ejecting hole 28a described above needs to be a supply amount
sufficient for quenching the mixture after the above-gigscribed black composite particle material are
evaporated into a mixture 5highly dispersed in the vapor state, the combined amount of the amount of
the gas ejected from the gas-ejecting hole 28a, the amount of the gas ejected from the gas-ejecting
hole 28b described above, and further the amount of the gas supplied into the thermal plasma flame
described below is preferably the amount which provides a flow rate at which the primary black
composite parjetesdlbocathbgsiagsifiad AbkBRb, Acldesiieatifoapombdiittberitowrgditedm cyclone 19
and does not prevent the stabilization of the thermal plasma flame [0080] The combined ejection

amount of the campositopaiéctrss! 8jitthel dyolpnh&prisveB @nghblacsion Enaraselai®dunt of the gas
ejected from the gas-ejecting hole 28b 15 mentioned above is preferably 100% to 5000% of the gas
supplied into tREEHS ?&&f&%}éﬁﬂﬂ%ﬁﬁ%‘f‘ﬁb&?ﬁ?&w@ ndhe, "t}r’l@'&%i pplied into the

above-mentiorfg& ermal plasma flame refers to the combination of sheath gas which forms a thermal
plasma flame,'Central gas, and gas for spraying the black composite particle material (spraying gas or

carrier gas). 20[0081 {lhen3upRlye Meher-aRpRURRIY ROINOLINESIRFIEH asdesgiinrd above are not

restricted as long as the stabilization of the thermal plasma flame is not prevented. In the apparatus
according to thisneatbaiinaaht, gitellBéarethiabslbsadelfbufidt ohahbdopsboard 17 to eject gas, but
other methods and points may be used as long as 25they are methods and points by which the gas
can be surely Effiflled on the route 29 from the thermal plasma flame to the cyclone. [0082] The

primary black composite particles finally produced in the chamber 16 are blown in together with an air
flow through the inlet PIp&YRYE GFHE %ﬁ@li@%’haqe 28, Whici 13 sit o the gas-

supplying apparatus 28 formed in an outside top board part 17b, preferably prevents
10 the produced primary black composite particles 15 from attaching to the inner wall of
the chamber 16 and at the same time ejects the gas in an amount which provides the
flow rate at which the primary black composite particles 15 can be classified at any
classification point in the downstream cyclone 19. From the above-described gas-
ejecting hole 28b, gas is ejected downward from above along the inner wall of the
15 chamber 16.
[0069]

The gas supplied {from the gas supply source 28d (see Figure 1 and Figure 3)
through the tube 28e as indicated by arrows S into the top board 17 {more
particularly, the outside top board part 17b and the upper outside top board part 17¢)

290 is gjected from the gas-ejecting hole 28b (also from the gas-ejecting hole 28a, as
described below) through airways provided here.
[0070]

The black composite particle material ejected from the material-supplying

apparatus 140 into the plasma torch 12 reacts in the thermal plasma flame 24 to

25 evaporate into a mixture highly dispersed in the vapor state. Then, the mixture



5the inner peripheral wall of the outer casing 19b, whereby this air flow, as indicated by the arrow T in
Figure 4, flows along the inner peripheral wall of the outer casing 19b to thereby form a swirling flow
and descend. Then, this swirling flow is further accelggated at the inner peripheral wall of the conical
portion 19c. Thereafter, the flow is reversed to turn into an upward flow and exhausted out of the
system through 10the inner tube 19e. Part of the air flow is reversed at the inner peripheral wall of the
conical portion 19c before flowing into the coarse particles recovery chamber 19d and exhausted out
of the system through the inner tube 19e. [0083] Centrifugal force is applied to the particles by the

swirling flow, apigiiedifrearsmpagicipsrenueitqyuandite iwaladeonting b tbgangechgiween the
centrifugal force and the drag force. The particles separated from the air flow descend along the side
of the conical gootiothd Seoandieseriesbyareibatitidclbale artwmsmevenrehznber | 9d. The black
composite particles to which sufficient centrifugal force is not applied are exhausted out of the system
together with tREPerEhdrek SAmRSHeaRAtic kY pedibbétdimealilsy tre GeHrhf9eHIBR . The flow

rate of the air flow into,the lone 19 is preferably 10 m/s or more. [0084] . On the other hand, the
black composi%eﬁgﬂ%@ea%%s%gﬁeaﬂ-r BV%ipﬁg‘ée%%%&%%%arg ?)siﬁ{é ion r%seiseﬂ*)cz)i%ﬂ:n1 Eees trlgfzovery unit
20, as indicateq. by the arow iR anfiowrs 4 ied dRtRedeggvery unit 20 through the inner tube 19e,
and recovered at the 30 bag filter 20b in the recovery unit 20. The internal pressure in the cyclone 19
is preferably ngpgngere than atmospheric pressure. The particle size of the black composite particles

are defined as any patrticle size. [0085] 5 In the method of producing the black composite particles

according to the preséttheviattiehlciverrpamioé thef dyetired Oste ity doneektrioredassidnegaild may be

two or more. [0086] _ ) ) _ L
produced primary black composite particles 15 by the desired particle size is

provided. The cyclone 19, as shown in Figure 4, comprises an inlet pipe 19a which

10 supplies the primary black composite particles 15 from the chamber 16, an outer
casing 19b having a cylindrical shape which is connected to the inlet pipe 19a and
located at the upper part of the cyclone 19, a conical portion 19¢ which continues
downward from the lower part of the outer casing 19b with the diameter gradually
decreasing, a coarse particles recovery chamber 19d which is connected to the lower

15 part of the conical portion 19¢ and recovers the coarse particles having a particle size
which is more than the above-mentioned desired particle size, and an inner tube 19¢
which is connected to the recovery unit 20 described in detail below and provided
protrudingly into the outer casing 19b.
[0072]

20 From the inlet pipe 19a, an air flow comprising the primary black composite
particles 15 produced in the chamber 16 is blown in along the inner peripheral wall
of the outer casing 19b, whereby this air flow, as indicated by an arrow T in Figure 4,
flows from the inner peripheral wall of the outer casing 19b toward the conical
portion 19¢, forming a swirling downward flow.

25 [0073]



Generally, nitrogen, argon, hydrogen, or the like may be used as carrier gas or 10spraying gas. Carrier
gas or spraying gas may not necessarily be supplied. [0087] The black composite particles produced
by the production method according to this embodinzgnt have a narrow patrticle size distribution width,
i.e., have a uniform particle size, with contamination of the coarse particles of 1 um or more 15being
little. Specifically, the average particle size is I1to 100 rim [0088] In the production method according
to this embodiment, supplying gas and arbitrarily controlling the flow rate in the apparatus allow the
classification of the black composite particles by the cyclone provided in the apparatus. These also
20have an effect of dilhéinglibateordersddedrtictesgodhahtheyd dowds Cottite withleachiather and
aggregate and producing finer particles. In the production method according to this embodiment,
coarse particlébcmndsercephrebiat ahtheleegrarstqolRoy dhgrrster thieedlosfisweratsedr cyclone
inner diameter without changing the, reaction cond%i‘gns which allows h%hi h-yield production of

high-quality ari8 RGNS Ry &1 donrra sehaysiat oot DMy sitmd o PP pake size.
[0089] Further, ) the prodiyglian methack asgardingds s erbedinent. e piolonos gajdence time
{ 0 ? ﬁ 1[1 ET dsgtopc ? ac

due to the generation of a swirling flow in the cyclone lea ooling o compaosite particles in

the cyclgne, therehy.RUpIRALRG tBsonsedhahBERioing iRk RLAOQIIBatRAIARGPS MIEhae been

previously used as a cooling mechanism. Therefore, there is no need to stop the operation of the
apparatus for rhmowiigiihe Partickesmenasitéorie fivgplibithoadievpara geslbngedsopeiagifigdme of the
apparatus. Further, if the whole cyclone has water cooling jacket structure, the cooling effect can be

further enhanct he[oBge] partiths Blavk iesidkhnpoditesadsdintied thienpr bsénesavbation

contains at least a light shielding agent, a resin, and a solvent. The black resin composition needs to
contain the ab&YTEEAl; 8%%12‘%%%%%@?{&%&&%@%% fghRefi I§ﬁ‘f§ lefe‘ﬂg}??&ired properties

will now be deﬁ%&&%ﬁ Ql%lx?é/\%he side of the conical portion 19¢ and are recovered at the coarse

10 particles recovery chamber 19d.  The black composite particles to which sufficient
centrifugal force is not applied are exhausted out of the system together with the
reversed air flow at the inner peripheral wall of the conical portion 19c.

[0074]
Negative pressure (suction force) generates from the recovery unit 20

15 described in detail below through the inner tube 19e. The black composite particles
separated from the above-mentioned whirling air flow are sucked by the negative
pressure (suction force), as indicated by an arrow U in Figure 4, and fed to the
recovery unit 20 thfough the inner tube 19e.

[0075]

20 The end of the inner tube 19e, an outlet of the air flow in the cyclone 19, is
provided with the recovery unit 20 which recovers secondary black composite
particles 18. The recovery unit 20 comprises a recovery chamber 20a, a bag filter
20b provided in the recovery chamber 20a, and a vacuum pump (not shown)
connected via a tube provided at the lower part in the recovery chamber 20a. The

25 black composite particles fed from the cyclone 19 are drawn into the recovery



15[0091] The black resin composition according to the present invention can be used to produce
printing ink, ink jet ink, material for photornask production, material for proof printing production,
etching resist, solder resist, bulkheads of plasma digplay panel (PDP), derivative pattern, electrode
(conductor circuit) pattern, circuit pattern 200f electronic component, conductive paste, conductive film,
light shielding image such as black matrix, and the like. Preferably, the black resin composition can be
advantageously employed to set a light shielding image (including black matrix), e.g., in a gap of a
coloring pattern, vicinity portions, and in the side of the outside light of TFT to improve a display

property of a calambiiepfardheealerisiig gy siahdisniaw 2 oie092dwas and FRepeeidbyspreiarably, the

black resin composition is used as a black matrix used for the black edges formed on the peripheral
portion, latticeebitsthipe filker Bléctopertians dxetlveen color picture elements of red, blue and green,
more preferably, dotted and linear black patterns for ITT light shielding in display apparatuses such as
5liquid crystal é%@ys, plasma displays, EL displays equipped with inorganic EL, CRT displays. [0093]

In the preset invention, a part of the black composite particles may he replaced wjth other pigment(s)
to the extent that the éﬁ@’ﬁ%’i‘t%8@%%4&%@@%&%%%%%@%&?@5 igiient other

than thesb'aCktﬁ%%%%h‘%ﬂ??%lﬁ?o‘}‘tﬁ%%%fﬁfg ik' 8’&@?&1&@%&5&%@8&%@1@%&@9 mixing

organic pigments, inorganic pigments, an can be used. Examples of the black organic

pigment includeabr Blagkid aaiftGepdRd ©aken dibsksBarviRoe Dlatkdans anligeihtacke Examples

of the color mixing organic pigment is pseudo black which is a 15mixture of at least two types of
pigments selectgebfreinteradhbliengia eriascl étupel by, Hagdetatheydaoderis)am the hilgheExamples of
the inorganic pigment include graphite; and patrticles, oxides, composite oxides, sulfides, and nitrides
of metals suchielRENGAHPIBR JemeplasarBias e 4ds RarTeRbwherAL T CRR BT d8Icium, and

silver. The pigments may be used individually oy, two or more of them 20may be,used in combination.
[0094] P gr;:qxange 'i?mY tge vapor state more gas{ly, the temperature zes not resn){cted an‘(ei maycbe

10 appropriately selected depending on the raw material. For example, the temperature
of the thermal plasma flame 24 may be 6000°C and is considered to reach,
theoretically, at about 10000°C.

[0077]
The pressure atmosphere in the plasma torch 12 is preferably not more than

15 atmospheric pressure. Examples of the atmosphere not more than atmospheric
pressure include, but are not limited to, 5 Torr to 750 Torr, for example.

[0078]
Next, the mixture highly dispersed in the vapor state resulting from
evaporation of the black composite particle material in the thermal plasma flame 24

20 is quenched in the chamber 16 to produce the primary black composite particles 15.
More particularly, the mixture highly dispersed in the vapor state in the thermal
plasma 24 is quenched by the gas ejected in the direction indicated by arrows Q
through the gas-ejecting hole 28a to produce the primary black composite particles
15.

25 [0079]



As the resin to be used in the present invention, either photosensitive or non-photosensitive resins
may be employed. Specifically, epoxy resins, acrylic resins, siloxane polymer-based resins, polyimide
resins, and the like may be preferably 25employed. kgparticular, because the acrylic resins and
polyimide resins are 33 excellent in heat resistance of the coated film, shelf stability of the black resin
composition, and so on, they are preferably employed. [0095] The polyimide resins are, in most cases,
used as non-photosensitive resins, 5and are formed by ring closure imidization by heat of the
precursor poly(amic-acid). Poly(amic-acid) is usually obtained by an addition polymerization reaction

between a compoundihaxinge ihanbysbieie gsoproaiiet s PAMIS BREes R farpRture range
from 40 to 100C. The poly(amic-acid) is usually represented by the repeating unit having the structure

represented byithouabrthe k@) ieibke Thed Ogtd Ctome thé thespoptyimigibadeSfardesdneedhe amic acid
structure shown in the Formula (4) and both of the imide structures with partial ring closure imidization

shown in the FARAYGIESE) 4P @SAtHEBIN prefuwi i His ke on risasin s Hsvn viuse e thela (6). [0096]
CO-RL -CONY S R2a s SRR M R b el WhbfSAal Ma eTaporatc info s simire <
5 highly dispersed in the vapor state, the combined amount of the amount of the gas
gjected from the gas-ejecting hole 28a, the amount of the gas ejected from the gas-
ejecting hole 28b described above, and further the amount of the gas supplied into
the thermal plasma flame described below is preferably the amount which provides a
flow rate at which the primary black composite particles 15 can be classified at any
10 classification point in the downstream cyclone 19 and does not prevent the
stabilization of the thermal plasma flame.
[0080]
The combined ejection amount of the amount of the gas ejected from the gas-
ejecting hole 28a and the amount of the gas ejected from the gas-ejecting hole 28b
15 mentioned above is preferably 100% to 5000% of the gas supplied into the above-
described thermal plasma flame. Here, the gas supplied into the above-mentioned
thermal plasma flame refers to the combination of sheath gas which forms a thermal
plasma flame, central gas, and gas for spraying the black composite particle material
(spraying gas or carrier gas).
20 {0081]
The supply method and supply point of the ejected gas described above are
not restricted as long as the stabilization of the thermal plasma flame is not prevented.
In the apparatus according to this embodiment, circumferential slits are formed on

the top board 17 to eject gas, but other methods and points may be used as long as

25 they are methods and points by which the gas can be surely supplied on the route
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from the thermal plasma flame to the cyclone.
[0082]

The primary black composite particles finally produced in the chamber 16 are
blown in together with an air flow through the inlet pipe 19a of the cyclone 19 along
the inner peripheral wall of the outer casing 19b, whereby this air flow, as indicated
by the arrow T in Figure 4, flows along the inner peripheral wall of the outer casing
19b to thereby form a swirling flow and descend.  Then, this swirling flow is further
accelerated at the inner peripheral wall of the conical portion 19¢.  Thereafter, the
flow is reversed to turn into an upward flow and exhausted out of the system through
the inner tube 19e.  Part of the air flow is reversed at the inner peripheral wall of the
conical portion 19¢ before flowing into the coarse particles recovery chamber 19d
and exhausted out of the system through the inner tube 19e.

[0083]

Centrifugal force is applied to the particles by the swirling flow, and the
coarse particles move toward the wall according to the balance between the
centrifugal force and the drag force. The particles separated from the air flow
descend along the side of the conical portion 19¢ and are recovered at the coarse
particles recovery chamber 19d.  The black composite particles to which sufficient
centrifugal force is not applied are exhausted out of the system together with the
reversed air flow at the inner peripheral wall of the conical portion 19¢c.  The flow
rate of the air flow into the cyclone 19 is preferably 10 m/s or more.

[0084]

On the other hand, the black composite particles are sucked by the negative

pressure (suction force) from the recovery unit 20, as indicated by the arrow U in

Figure 4, fed to the recovery unit 20 through the inner tube 19e, and recovered at the
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bag filter 20b in the recovery unit 20. The internal pressure in the cyclone 19 is
preferably not more than atmospheric pressure.  The particle size of the black
composite particles are defined as any particle size.

[0085]

In the method of producing the black composite particles according to the
present invention, the number of cyclones used is not restricted to one and may be
two or more.

[0086]

Generally, nitrogen, argon, hydrogen, or the like may be used as carrier gas or
spraying gas. Carrier gas or spraying gas may not necessarily be supplied.
[0087]

The black composite particles produced by the production method according
to this embodiment have a narrow particle size distribution width, i.e., have a
uniform particle size, with contamination of the coarse particles of 1 um or more
being little. Specifically, the average particle size is 1 to 100 nm,

[0088]

In the production method according to this embodiment, supplying gas and
arbitrarily controlling the flow rate in the apparatus allow the classification of the
black composite particles by the cyclone provided in the apparatus. These also
have an effect of diluting the condensed particles so that they do not collide with
each other and aggregate and producing finer particles. In the production method
according to this embodiment, coarse particles can be separated at any classification
point by changing the gas flow rate or cyclone inner diameter without changing the
reaction conditions, which allows the high-yield production of high-quality and high-

purity black composite particles having a fine and uniform particle size.



CO CO [0100] 5In the above general formula (3) to (6), R1 represents a C2-C22 trivalent or
tetravalent organic group; R2 represents a CI-C22 divalent organic group; and n represents 1 or 2.
[0101] Since a resin for black matrix obtained by imidigation of the polyimide 10precursor is required to
have heat resistance and insulation properties, generally, aromatic diamine and/or dianhydride arelis
preferably used as the polyimide precursor. [0102] Examples of the aromatic diarnine include the
following: p-phenylenediamine, 15m-phenylenediamine, 3,3'-diaminodiphenylether,
4,4'-diaminodiphenylether, 3,4'- diaminodiphenylether, 4,4'-diaminodiphenylmethane,
3,3"-diaminodiphggyjisulfone, 4,4'-diaminodiphenylsulfone, 3,31-diaminodiphenyl sulfide,
4,4'-diaminodiphenyl sulfide, 1,3-bis(4-aminophenoxy)benzene, 1,4-bis(4-aminophenoxy)benzene,
2,2- 35 bis(trifluoromismyinenzidipeodyotiopisidtzrdinophdinetudris seboditiznieédiphenylamine,
3,4'-diaminodiphenylamine, 3,3'-diaminodiphenylamine, 2,4'-diaminodighenylamine,

4,4"diaminodilpepleysfirrsideoesianndgaichs HamsiEon at aistisgidenzRAnsiRgclone
3,3'-diamin0dil?§a%zs)ilg r&iglelﬁlg}l c’Jl}l BPJ&E(ﬁé?ané@ﬁég}Saﬂicles in the cyclone, thereby eliminating the
5 need of providing fins or cooling passages which have been previously used as a
cooling mechanism. Therefore, there is no need to stop the operation of the
apparatus for removing the particles deposited in fins, which allows a prolonged
operating time of the apparatus.  Further, if the whole cyclone has water cooling
jacket structure, the cooling effect can be further enhanced.
10 [0090]

The black resin composition according to the present invention contains at
least a light shielding agent, a resin, and a solvent. The black resin composition
needs to contain the above-described black composite particles as the light shielding
agent. Desired properties will now be described below.

15 [0091]

The black resin composition according to the present invention can be used to
produce printing ink, ink jet ink, material for photomask production, material for
proof printing production, etching resist, solder resist, bulkheads of plasma display
panel (PDP), derivative pattern, electrode (conductor circuit) pattern, circuit pattern

20 of electronic component, conductive paste, conductive film, light shielding image
such as black matrix, and the like. Preferably, the black resin composition can be
advantageously employed to set a light shielding image (including black matrix}, e.g.,
in a gap of a coloring pattern, vicinity portions, and in the side of the outside light of
TET to improve a display property of a color filter for the color liquid crystal display.

25 [0092]



5methylphenyl)ethylenediamine, 4,4'-diaminobenzanilide, 3,4'-diaminobenzanilide,
3,3'-diaminobenzanilide, 4,3'-diaminobenzanilide, 2,4'-diaminobenzanilide, N,N'-pphenylene
bis-p-aminobenzamide, N,N-p-phenylene bis-m-amiggbenzamide, N,N'- m-phenylene
bis-p-aminobenzamide, N,N'-m-phenylene bis-m-aminobenzamide, N,N-dimethyl-N,NI-p-phenyiene
bis-p-aminobenzamide, 10phenylene bis-m-aminobenzamide, N,N'-diphenyl-N,N-p-phenylene bis-p-
aminobenzamide, and N,N'-diphenyl-N,N'-p-phenylene bis-m-aminobenzamide. These aromatic
diamines may be used individually, or two or more of them may be used in combination. More

preferably, at least a past QIR HAPIBE CHRBRORAESIIS RIRTE6aHR% A MIXHS affwaanmee selected
from p-phenylenediamine, m- 15phenylenediamine, 3,3'-diaminodiphenylether,

4,4'-diaminodipbehfdethe bi3ckledgiantinndipbenydqibe phdral gianivno tiplvenylsitipadike black
4,41-diaminodiphenylsulfone, 9,9'-bis(4-aminophenyl)fluorene, and 4,4'-diaminobenzanilide. [0103]
Meanwhile, exaetiphes bftivecasitii tenaekabondylid aefd etuered gvepooryel phfhedidydianhydride,
3,3',4,4'-benzophenone tetracarboxylic dianhydride, pyromellitic dianhydride, 3,4,9,10-perylene
tetracarboxylic‘%f itfBCas, %a%ﬁp&quﬁaﬁg‘%ﬁfo%Q%ﬁiﬂﬁ&mwfem}ﬂw@?@%ﬁ,mhaﬁphenw
tetracarboxylic di jdeq:1 6-naphthalene tetracarboxylic dianhydride.. 3.3',4.4'-
paraterp%'nenylilé I'%:c:lar o@;ﬁqlcséajlshé}?’npg}a& cgﬁ%l@(%’%%&ﬁ%?ta tse%ﬁépﬁ)y ewggé%é%?ﬁﬁ‘é’ %‘dianhydride.
- More preferreccexamgles include 4,4'-biphenyl tetracarboxylic 36 dianhydride, 4,4'-benzophenone
tetracarboxylie dianhydride, and pyromellitic dianhydride. A polyimide precursor composition which
can be conver{éddaio a polyimide with an excellent transparency in the shorter wavelength region can
be obtained by using a fluorine-containing tetracarboxylic dianhydride. Specific 5preferred examples
include 4,4'-(hexafludfotBeprepsiidesaligititraticoditsiaeld soamettie musicisaseydromatic

tetracarboxylic dianhydrides may be used individually, Qr two or more of them may be_used in
combination. [fﬁﬁ%ﬁeéu t‘ﬂéf’t LTSS 9y %iﬁ’%\?ﬂ#ﬁhﬁﬁ@%@ﬂ XlprdfeARwRRTaS Wid phthalic

10 adjusting chromaticity.  As the pigment other than the black composite particles of
the present invention, black organic pigments, color mixing organic pigments,
inorganic pigments, and the like can be used. Examples of the black organic
pigment include carbon black, resin coated carbon black, perylene black, and aniline
black. Examples of the color mixing organic pigment is pseudo black which is a

15 mixture of at least two types of pigments selected from red, blue, green, violet,
yellow, magenta, cyanogens, and the like. Examples of the inorganic pigment
include graphite; and particles, oxides, composite oxides, sulfides, and nitrides of
metals such as titanium, copper, iron, manganese, cobalt, chromium, nickel, zinc,
calcium, and silver. The pigments may be used individually or two or more of them

20 may be used in combination.

[0094]

As the resin to be used in the present invention, either photosensitive or non-
photosensitive resins may be employed. Specifically, epoxy resins, acrylic resins,
stloxane polymer-based resins, polyimide resins, and the like may be preferably

25 employed. In particular, because the acrylic resins and polyimide resins are



10anhydride may be added as a terminal sealant. To improve adhesion to an inorganic substance
such as a glass plate and silicon wafer, Si-containing anhydride ancUor diamine are/is preferably used
in addition to the aromatic compounds. In particular, g, siloxane diamine typified by
bis-3-(aminopropyl)tetramethyl siloxane can make a&esion to an inorganic substrate better. The
siloxane diamine is usually used in 15an amount of Ito 20% (by mole) of all diamines. When the
amount of the siloxane diamine is too small, the effect to improve adhesion is not exhibited, whereas
when the amount of siloxane diamine is too large, problems arise in that heat resistance decreases,

and the fim areefton haxhstate beeruretialsalalne deyrionmapisatsedy too strong

adhesion of a dry coated film to the substrate upon 20photolithography process. [0105] To improve
optical propertiesriciiian, low biotinBenas: wsiter ayaédeyRigegompound as a part of the dianhydride
and/or diamine does not hamper the present invention by any means. A known alicyclic compound
may be employeeR?3J5Specific examples thereof include 1,2,4,5-cyclohexane tetracarboxylic
dianhydride, 37 bicyclo[2.2.2]oct-7-ene-2,3,5,6-tetracarboxylic dianhydride, bicyclo[2.2.11heptarie-2-
endo-3-endo-5-exo-6 18R I iderEtpindio i BsRsgarited as non-photosensitive resins,
bicyclo[2.2.1]heptane-2-exa-3-ex0-5-ex0-6-exQ:2,3,5,6-tetracarhboxylic dianhyd ii%% )

bicyclo[3 2 THEE DS S o S Ay B G A RS E MR e
tetracarboxylicsligahyshride bisl2:(Rnarminantangsiiiesil deRuiansdiol bis:amingnropy
)ether, 3,9-bis(3-F}a;aminoprop;?l)-z,4,8%O-tetraspiro-5,5-u1ndec%r(r)1é, 16:2-bis(2-aminoe?ﬁmxy)ethane, 1,2-

bis(3-aminoprepepoetdaneiipeiylanagicalobis taminaniapoaibsinpalyetbrgagture
glycol-bis(3-aminopropyl)ether, 3,9-bis(3-aminopropy1)-2,4,8,10- 1 Otetraspiro-5,5-undecane, and

1,4-butanediol g8 famirfdpio pi)ether T8} (amiSywide sisushilie pohydmideddrgchesor is generally
carried out by reacting tetracarboxylic dianhydride and diamine in a polar organic solvent. At that time,

the degree of PBRFRIEIEZA1I RV REdhsOTHR S p ERpLaTANcd ) B peradnisitbriya 18 Mixing ratio
betwee1 the tet{ac rboxﬁ'c dialnh déide and dia}rlnin . As the salvent, an amide polar solvent such as
N-metiyl-2-py i OGHE NG RS RS 7 KA S RPN AP F B esides, a solvent
containing a lagiankis) apaAPUBIRYE RCIRRAS O AliE SO WRN! cRMReRRrAlAlecigneialgione s also
preferred in order to enhance the dispersion effect of the pigment which is the light shielding 20agent.
The solvent cogligining théespmals) S5 4he Wi eRab PO Y NeFeiRifRieidn shown in the

Formula (6).

[0096]

—[CO—R,—CONH—R,—NH]—

| (3)
. (COOH)N
[0097]
OC—NH—R, ~NH—CQ
— R, R,—/— (4)
\COOH HOOC/

[0098]



to a mixed solvent in which the mass ratio of the total amount of the lactones solvent is the largest in
all solvents. Lactones refer to a compound having the carbon number in the range from 3 to 12, which
is an aliphatic cyclic ester. Specific examples thereof,include, but are not limited to, 13-propiolactone,
y-butyrolactone, y- 25valerolactone, 8-valerolactone, y-caprolactone and s-caprolactone. In particular,
y- 38 butyrolactone is preferred in view of the solubility of the polyimide precursor. As for a solvent
other than lactones, examples thereof, besides the above-described polar solvents, include, but are
not limited to, 3-methyl-3-methoxybutanol, 3-methy1-3- methoxybutyl acetate, propylene
glycol-monomethyl ether, propylene glycol- 5Smonomethyl ether acetate, dipropylene
glycol-monomethyl ether,gt;i;ﬁ@/rene glycol-monomethyl ether, propylene glycol-monotertiary-butyl
ether, isobutyl alcohol, is myl\alcohol, ethyl cellosolve, ethyl cellosolve acetate, butyl cellosolve, butyl
cellosolve acetatesmreti carbitqumtmkcarleHceta@@hyrchimmnd ethyl carlitBl Jacetate.
10[0107] In most case%acr ic resinsare used iréfhotosen]s)ﬂ've resin compositions. In that case,
the photosensitive resin co Eijion comprises at le QQ@y ic resin, photo polymerizable
monomer, and photoinitiator. As for a ratio among these, usually, the mass composition ratio of the
acrylic resin to Ebpg?oto polymerizable 15monomer is from 10/90 to 90/10, and the amount of the
photoinitiator abided-is about 1 to 20% by mass based on the total mass of the polymers and
monomers. [0108] An acrylic polymer having a carboxyl group is preferably used as the acrylic
polymer. A copolymer betwgen an unsaturated carboxylic aciyd and ethylenically 20unsaturated
compound may preferably eBi€dd as the acrylic pog@r haying a carboxyl group. Examples of the
unsaturated carboxylic aci;dﬁncTude acrylic acid, méthe}(s.rylic cid, itaconic acid crotoniq gcid, maleic
acid, fumaric aciel-,—a.-nd-vp:QX acetip@ei*de%G@-] N Thesdh sed individually or may be also used
N

with other J/ NN/
-
CO CO
[0100]
5 In the above general formula (3) to (6), R, represents a C2-C22 trivalent or

tetravalent organic group; R; represents a C1-C22 divalent organic group; and n
represents 1 or 2.
[0101]
Since a resin for black matrix obtained by imidization of the polyimide
10 precursor is required to have heat resistance and insulation properties, generally,
aromatic diamine and/or dianhydride are/is preferably used as the polyimide
precursor.
[0102]
Examples of the aromatic diamine include the following: p-phenylenediamine,
15 m-phenylenediamine, 3,3'-diaminodiphenylether, 4,4'-diaminodiphenylether, 3,4'-
diaminodiphenylether, 4,4'-diaminodiphenylmethane, 3,3'-diaminodiphenylsulfone,
4 4'-diaminodiphenylsulfone, 3,3'-diaminodiphenyl! sulfide, 4,4'-diaminodiphenyl

sulfide, 1,3-bis(4-aminophenoxy)benzene, 1,4-bis(4-aminophenoxy)benzene, 2,2~



39 copolymerizable ethylenically unsaturated compound in combination. Specific examples of
copolymerizable ethylenically unsaturated compound include, but are not limited to, unsaturated
carboxylic acid alkyl ester such as methyl acrylate, mgthyl methacrylate, ethyl acrylate, ethyl
methacrylate, n-propyl acrylate, isopropyl acrylate, 5n-propyl methacrylate, isopropyl methacrylate,
n-butyl acrylate, n-butyl methacrylate, sec-butyl acrylate, sec-butyl methacrylate, isobutyl acrylate,
iso-butyl methacrylate, tert-butyl acrylate, tert-butyl methacrylate, n-pentyl acrylate, n-pentyl
methacrylate, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, benzyl acrylate, and benzyl

methacrylate; aiemalisovinytEoMROUNTESSYoh-BR RN Irengimiskuangdo- 10methylistyrene,
m-methylstyrene, and a -methylstyrene; unsaturated carboxylic acid aminoalkyl esters such as
aminoethylacryateinmEphergtec oer oyt madichdiyhidylesiars 3itdianglydipghtadartdte,and glycidyl
methacrylate; carboxylic acid vinyl esters such as vinyl acetate and vinyl propionate; vinyl cyanide

compounds suét =4 Heryrshintey eirachitodirménedibcazsn v o riae Inshbeitie Boriy ated

di 15such as, 1,3-butadi d.i ; and polyst 3 hyl late,

G e e Son e AT Ee ENREDENRE e

group ogmethagryloy LG SEHTINES 4 ESReGIal LI YIGW; AL 1o SeluRiRING; Rglymer in an
Ingsolution, pre

alkaline develop erred are bifary to quartemary copdlymers of those selected from

methacrylic acitl3agrienddasidnmedhvl methackylaiestiveroethmeteasiiiae, berzyl-

methacrylate, and styrene, the copolymer having an average molecular weight Mw of 2000 to 100,000

and an acid vapiewfl#t: badyimaygkobtigarfite Nailliesphra plaisidesthesmiawigasasidh, ANpdlymer is not
preferred because a rate of dissolving into an alkaline developing solution decreases or is too fast.

25[0110] 40 USeRbeBH e iE popnePsraAmian by rRrbaty anshisramemfiokisratiécside chain
etnyienically oGRS BloC R R S B T AL DL RN Hrethbcrylate
By o aion Foa o S G ol L R  carbesyl group
and an ethylenigaihib bRasaiiate SndoNTRDNSh BiRMiIng N Gy ey BEQUB O hRIRNBEE GRANM.OUP.

These aromatic diamines may be used individually, or two or more of them may be

used in combination. More preferably, at least a part of the diamine components is

preferably a mixture of two or more selected from p-phenylenediamine, m-

15 phenylenediamine, 3,3'-diaminodiphenylether, 4,4'-diaminodiphenylether, 3,4'-
diaminodiphenylether, 3,3'-diaminodiphenylsulfone, 4,4'-diaminodiphenylsulfone,
9,9'-bis(4-aminophenylfluorene, and 4,4'-diaminobenzanilide.

[0103]
Meanwhile, examples of the aromatic tetracarboxylic acid include 4,4'-

20 oxydiphthalic dianhydride, 3,3',4,4'-benzophenone tetracarboxylic dianhydride,
pyromellitic dianhydride, 3,4,9,10-perylene tetracarboxylic dianhydride, 3,3',4,4'-
diphenylsulfone tetracarboxylic dianhydride, 3,3',4,4'-biphenyl tetracarboxylic
dianhydride, 1,2,5,6-naphthalene tetracarboxylic dianhydride, 3,3',4,4'-
paraterphenyltetracarboxylic dianhydride, and 3,3',4,4'-metaterphenyltetracarboxylic

25 dianhydride. More preferred examples include 4,4'-biphenyl tetracarboxylic



[0111] 10Specific examples of the acrylic polymer having the ethylenically unsaturated group in the
side chain include a copolymer described in Japanese Patent No. 3120476 or Japanese Laid-open
Patent Application (Kokai) No. 8-262221, and a phot§)6curing resin "Cyclomer (registered trademark)
P" (Daicel Chemical Industries, Ltd.), which is a commercially available acrylic polymer, and an
alkali-soluble cardo 15resin. In particular, among the acrylic polymers having the ethylenically
unsaturated group in the side chain, a polymer having an average molecular weight (Mw) of 2000 to
100,000 (measured using tetrahydrofuran as a carrier by gel permeation chromatography and

calculated using,aicaiiiation-aue phénsiandardRebS BN RN a8, asitHaligeakTo to 150

(mgKOHY/qg) is most preferable in view of 20the photosensitive properties, solubility in ester solvents,
and solubility igiaiialinrieevelgpmeantkopubiarsof@bhrlosition Agithecandroroareaddttifinctional or
monofunctional acrylic monomer or oligomer can be used. Examples of the multifunctional monomer

include bisphenolyz&iidighialy katebehisthpagiareingbly (et aondteehrinsinateartehatured 41
bisphenol A epoxy_ (meth)acrylate, adipic acid 1,6-hexanediol (meth)acrylic ester, phthalic anhydride
propylene oxid‘éW?rﬁ’é?ﬁ)‘éHﬁﬂ‘E%%%??ﬁﬁﬁ@ﬂﬁﬁ@% LR Rt ry RPEE, rosin-modified
epoxydi(meth)acrylate, alkyd-modified (meth)acrylate, fluorene djacrylate-pased. oli 1s described
o apattbse PEIEH. B g e L A e a0,
tripropylene glycql giimeth)asndaterhEiexane dishdiatiacaie Risphenaldidighisiduyether
di(meth)acrylate, trimethylolpropane tri(meth)acrylate; pentaerythritol trilmeth)acrylate, triacrylformal,
pentaerythritol éetrairaetiprefatentipantaaiytdritot haka(aei)acrylate, dipentaerythritol
penta(meth)acrylate, 2,2- 1 Obis[4-(3-acryloxy-2-hydroxypropoxy)phenyl]propane, bis[4-(3-acryloxy-2-
hydroxypropoxipbinyllmethane, bis[4-(3-acryloxy-2- hydroxypropoxy)phenyl]sulfone,
bis[4-(3-acryloxy-2-hydroxypropoxy)phenyl]ether,

4,4'-bis[4-(3-acryloxy-24 SRR o rhetiade Acly g s gnhydride and phtbalic

fo
L}gpee oy f%&_é%%%{%%%gépis%l@}.eth%-f" SRR To an inorganic

acrylo>%/62-hydro ropox
5hydroxypropoE}(r)'/f)l enylﬁlﬁi‘/1 rene, oro -acryloxy-2-

substance such as a glass plate and silicon wafer, Si-containing anhydride and/or
diamine are/is preferably used in addition to the aromatic compounds. In particular,
a siloxane diamine typified by bis-3-(aminopropyl)tetramethyl siloxane can make
adhesion to an inorganic substrate better. The siloxane diamine is usually used in
15 an amount of 1 to 20% (by mole) of all diamines. When the amount of the siloxane
diamine is too small, the effect to improve adhesion is not exhibited, whereas when
the amount of siloxane diamine is too large, problems arise in that heat resistance
decreases, and the film are left on the substrate because of failed alkaline
development caused by too strong adhesion of a dry coated film to the substrate upon
20 photolithography process.
[0105]
To improve optical properties such as low birefringence using an alicyclic
compound as a part of the dianhydride and/or diamine does not hamper the present
invention by any means. A known alicyclic compound may be employed.

25 Specific examples thereof include 1,2,4,5-cyclohexane tetracarboxylic dianhydrnide,



hydroxypropoxy)phenyl]fluorene, bisphenoxyethanol fluorene diacrylate, bisphenoxyethanol fluorene
dimethacrylate, biscresol fluorene diacrylate, and biscresol fluorene dimethacrylate. These may be
used individually or in combination. 20[0113] Sensitivity and workability of the resist can be
controlled by selection and combination of these multifunctional monomers and oligomers. In
particular, in order to increase the sensitivity, use of a compound having not less than three functional
groups, more preferably not less than five functional groups, is preferred. 25In particular,
dipentaerythritol hexa(meth)acrylate and dipentaerythritol 42 penta(meth)acrylate are preferred. In
cases where a,pi tVIGK BSudteap @0 O OGrassinidngeisidiesl as in resin
BM, in additio?%gg%ﬁgna%g%}z%%?gﬁ%ﬁ%@gﬁﬁ%ﬂ%ﬁaerythﬁ’trol gentalzr%eth)acrylate,
concomitant ugsgadef 3-(MmRiHacoeie o) iiningeabatithen f diemmatitdengs and Shaving a high
water-repelling fluorene ring in the molecule is more preferred because the pattern can be controlled to
a desired shapsaypbn 2i2Jdlsptaea-Bse bt xas aanoterner 28 mikistemoitipettadmyohsidide,
hexa(meth)acrylate and/or dipentaer%thritol penta(meth)acrylate in an amount of 10 to 60 parts by

mass and a (metHTARkAt PERIG 2-fubfdhB AP ahcAiRRCEs 0% #ey Bits by mass is preferred.
100114 The pholgilisr 190 slibldnd s Kguapojaniiaor such as
AreSRipolind, acetoph d ,

benzophenone-based co nd, ace enone-based compound, oxanton-based compound,

imidazole-basgg COMRIRNRENTOINAZOIL AR A MREHAhiRENERoXa4ale; Basegcampound, oxime

ester compound, carbazolé-based compound, 150r triazine-based compound; or an inorganic
photoinitiator sushagrapfies R 1dstcecaspaioiog com@aausd Q2 -bii{anaitnoalde ethpeyed- Examples
thereof include benzophenone, N,N'-tetraethyl-4,4'-diaminobenzophenone, 4-methoxy-4'-
dimethylaminobistirepheeieporyletiensoijeibatophelyesnk bbwhzonnermpsiverhethyl ether, benzoin
isobutyl ether, benzyldimethyl ketal, a-hydroxyisobutylphenone, 20thioxanthone, 2-chlorothioxanthone,
1-hydroxycycl&?é¥<‘§%bﬂ€ﬂ?/l X0k ARROP PRI AR SRR -propane,

2-benzyl-2-dimethylami :1-%- marphglinpphenye-butanone which is Giba Specialty Chemicals K. K.
roaad (rog L LA A R o o U St el
morpholinophggy)putanone which is Ciba Specialty Chemicals K. K. CGI-113, t- 25butyl
anthraquinone, 1-chloro anthraquinone, 2,3 -dichloro anthraquinone, 3-chloro- 43 2-methyl

anthraquinone, 2-ethysaiiesaoeftionsoll i iRahtwatintngs: R0y daatahtudsuisanihgl , 2-benzo
antluaquinone, 1,4-dimethyl anthraquinone, 2-phenyl anthraquinone, 2-(o-chloropheny1)-4,5-diphenyl
imidazole dimédet2caersaicobenroihide aid, diaméncapwisdazotgearoklvent. At that time,
1,2-octanedion,1-[4-(phenylthio)- = , o )
the degree of polymerization of the obtained poly(amic acid) can be adjusted by a
15 mixing ratio between the tetracarboxylic dianhydride and diamine.  As the solvent,
an amide polar solvent such as N-methyl-2-pyrrolidone, N,N-dimethylacetamide or
N,N-dimethylformamide is used. Besides, a solvent containing a lactone(s) as a
primary component or a solvent composed of a lactone(s) alone is also preferred in
order to enhance the dispersion effect of the pigment which is the light shielding
20 agent. The solvent containing a lactone(s) as the principal component herein refers
to a mixed solvent in which the mass ratio of the total amount of the lactones solvent
is the largest in all solvents. Lactones refer to a compound having the carbon
number in the range from 3 to 12, which is an aliphatic cyclic ester.  Specific

examples thereof include, but are not limited to, f-propiolactone, y-butyrolactone, y-

25 valerolactone, 6-valerolactone, y-caprolactone and g-caprolactone. In particular, y-



52-(0-benzoyloxime)] which is Ciba Specialty Chemicals K. K. "Irgacure (registered trademark)"
OXEO01, ethanone,1-[9-ethy1-6-(2-methyl benzoyl)-9H-carbazole-3-y1]- ,140-acetyl oxime) which is
Ciba Specialty Chemicals K. K. CGI-242, 4-(pmethoxypheny1)-2,6-di-(trichloromethyl)-s-triazine,
"Adeka (registered trademark) optomer" N-1818 and"N-1919 which are earbazole-based compounds
manufactured 10by Asahi Denlca Kogyo K.K. Two or more types of these photoinitiators can be used
in combination. In particular, use of a combination of three types of photoinitiators, that is,
N,N-tetraethyl-4,4'-diaminobenzophenone; Ciba Specialty Chemicals K. K. "Irgacure (registered

trademark)" 3 ' o] i -113; | le- compound such
as Asahi Den @%‘g@?@%ﬁ 1?&%5&%@@%&%%&%&%%%&?@ S%r%g?ﬁoésrﬁrﬁﬁlag 1%%&;%?%912)& gr Ciba
Specialty Chemjealsolieks Stfel 2t BARIRTE Retal 8RR PN BIRRRRSIY SUSRIERBOS HidRaving
high sensitivity and an excellent property of pattern shape can be attained. [01151 Even in cases
where either theipetyinkidudsibartheadiyitad sin Isnustg]-dr2ihshdsicmgr@intgiyRay be added for
the purpose of improving adhesion to an inorganic substance such as a glass plate or silicon wafer. As
the adhesion prsthotebuhdirnetato ppiipy ey evldeotaaniify cobpling eydencatd-used. The

amount of the adhesion promoter to be added is usyally about 0.2 to 20% by mass based on the mass

of the palyimid@PBSMLPESNRE PEEALCosivrPPE] D% 81 SRk HISRRRIMD SEETARESIRITRY to the present

invention, for th rpose. of roying the dispersion stability of the, |i ieldin nt, a polymeric
dispersant cartb s B i fepersan,

polyurethane-basad DUYIEICHISRErSART RelbUNANIAGT RIRASEHE ROME ik disRAIsaNtOr the like
can be preferably used. Such a polymeric dispersant is preferably added to the extent that the

photosensitivitinapbcatlbgsianadetate) whetrgasebilbic mmivint obitd peiaecetvispersahtatal be added is
usually about 1 to 40% by mass based on the light shielding agent. [0117] 10In the black composition
according to thipiessshitih@sation, the mass ratio of the light shielding agent/resin component is
preferably within the range between 75/25 and 40/60 in order to obtain a black coated film having a
high re]sﬁ}stancé}0 high OD value. The mass ratio of light shielding agent/resin component is more

preferably within the rﬁﬂggsP 95%%?90?3%%%&@&% gloﬁl %Qei(ﬁ] i\rlli%\ﬁo%ggfsﬁﬂjg pe%?naégl%ggsitions.

In that case, the photosensitive resin composition comprises at least an acrylic resin,

photo polymerizable monomer, and photoinitiator.  As for a ratic among these,

usually, the mass composition ratio of the acrylic resin to the photo polymerizable
15 monomer is from 10/90 to 90/10, and the amount of the photoinitiator added is about

1 to 20% by mass based on the total mass of the polymers and monomers,

[0108]

An acrylic polymer having a carboxyl group is preferably used as the acrylic

polymer. A copolymer between an unsaturated carboxylic acid and ethylenically
20 unsaturated compound may preferably be used as the acrylic polymer having a

carboxyl group. Examples of the unsaturated carboxylic acid include acrylic acid,

methacrylic acid, itaconic acid crotonic acid, maleic acid, fumaric acid, and vinyl

acetic acid.

[0109]

25 These may be used individually or may be also used with other



15 adhesion, ease of patterning, and the OD value. The resin component herein refers to the total of
the polymer, monomer, or oligomer and the polymeric dispersant. If the amount of the resin
component is too small, adhesion to the substrate o g'ue black coated film are deteriorated. On the
other hand, if the amount of the light shielding agentis too small, the OD value per thickness (OD
value/gm) decreases, either of 20which is problematic. [0118] The solvent used in the black resin
composition according to the present invention is not restricted. Water and organic solvents can be
used depending on the dispersion stability of the pigment to be dispersed and the solubility of the resin

25t be added, e AGANE RUNEIL RN @ﬁgéﬁf%dﬁf&%ﬁ%ﬂﬁ’iﬂ%ﬂmz 45,dpgly)alkylene

glycol ether-based Solvents, ketohes, amide polar solvents, lactone polar solvents, or the like can be

used. These sefenitel@cbpdisedrinablicibliloichllo eisneiated hiemdaay cade piefesably used. A
mixture with a solvent other than these may also be preferably used. 5[0119] As mentioned above,

as the resin acoartingad thepsesesttihvahtinplicseidhtkel potyirmicb-sasethyd sirdetemplithiplased resin
is particularly preferred. Accordingly, as the solvent, use of a solvent that dissolves these resins is

preferred. SpeBifityyGetherRewiEs giByasrthagspigieninauonsb oy SévarnnieRy HrgyloEs 10its

, poly(amic acid)s, including amide polar solvents such as N-methy1-2- pyrrolidane (boil
point 205}, NANPRGRSIREERAI e (BTG PRI SRb: BN B R (g point

1530); ctoneg, sy s AUARIOIBGIOnR RN ARIRL 180kt SUIRISCIONS HollAgLoR]D} 204C).

y-valerolactone(boiling point 207C), 8-valerolactone {boiling point 58C), y-caprolactoné (boiling point 1

5100C), and c-eapilagtangldue)iting paylt:R6GeNaeePiRiakabirised Qa0 Spasiisyexamples of the

esters include, but are not limited to, benzyl acetate (boiling point 214C), ethyl benzoate (boiling point

213C), methyl béuydoztgethpllmyypaint2200E) xglittlyy metiooatk i ditimgy baint 1289 @) Datiylihexyl
acetate 20(boiling point 199C), 2-butoxyethyl acetate (boiling point 192C)E, 3-methoxy-3- methyl-butyl
acetate (boilingSEIRETYEHE REREA BRARSNBOHRME BBrhasssTy e Hy PEBIbHY BB Coiling point

1

O B A TR P R S T
25(boiling poi ”Mﬁ%@hﬁ%&%ﬁ%@ﬁoﬂ %ﬁﬁ%é&%'é!&ﬂy&%?%@%)a@@w\ﬁ%ﬂéygah glycidyl
esters such as glycidyl acrylate and glycidyl methacrylate; carboxylic acid vinyl
esters such as vinyl acetate and vinyl propionate; viny! cyanide compounds such as
acrylonitrile, methacrylonitrile, and a-chloroacrylonitrile; aliphatic conjugated dienes
15 such as 1,3-butadiene and isoprene; and polystyrene, polymethylacrylate,
polymethylmethacrylate, polybutylacrylate, and polybutylmethacrylate, each of
which has an acryloyl group or methacryloyl group in the terminus.  Especially, in
view of the solubility of the polymer in an alkaline developing solution, preferred are
binary to quarternary copolymers of those selected from methacrylic acid, acrylic
20 acid, methyl methacrylate, 2-hydroxyethyl methacrylate, benzyl methacrylate, and
styrene, the copolymer having an average molecular weight Mw of 2000 to 100,000
and an acid value of 70-150 (mgKOH/g). If the values are outside these ranges,
such a polymer is not preferred because a rate of dissolving into an alkaline
developing solution decreases or is too fast.

25  [0110]



46 monomethyl ether propionate (boiling point 160C), propylene glycol monoethyl ether acetate
(boiling point 158C), pentyl acetate (boiling point 150C), and propylene glycol monomethyl ether
acetate (boiling point 146C). [0121] 5As a solvent other than the above-described ones, (poly)alkylene
glycol ether- based solvents such as ethylene glycol4§ionomethyl ether (boiling point 124C), ethylene
glycol monoethyl ether (boiling point I35C), propylene glycol monoethyl ether (boiling point 133C),
diethylene glycol monomethyl ether (boiling point 193C), monoethyl ether (boiling point 135C), methyl
carbitol (boiling point 10 194C), ethyl carbitol (202C), propylene glycol monomethyl ether (boiling point

20C). propytene glvcglmanaeil eiier Reling paiab SAC RraRysne. gt arlany by ether
p co Yy er | , 1

(boiling point 153C), an ropylene’g monomet ling point tty acid esters

other than the ghevRa iR tb4diNg B AERIAGHP ARG PR 4dEae b ReRiRA pRNingPLOINt 126C),
isopentyl acetate (boiling 15point 142C); aliphatic alcohols such as butanol (boiling point 118C),

3-methyl1-2- butapit (aditingrpaking 1REHh3H b Invethardptaneifhhdisideeininlié4C); ketones
such as cyclopentanone and cyclohexanone; solvents such as xylene (boiling point 144C),
ethylbenzene (sfirgpoiied 36E8¥r siel solresncthasHiper(da gleumaiaptiiatiediinthpoint 165 to 178C)
can also be used additionally. 20[0122] Further, as the substrate increases in sjze, coating with a

die coatfhg ap PRI A UEHNG BYeshTEm traHeh 2B AHarind Slish Cardte RRIESiS s two or
' dert hi iat latilit d dryi ty. | h th
ci?l{loerre%&?oﬁeove t\ﬁ%ﬁg?r‘@%%xegg %gﬁ'}p('a ﬁfé‘n ac%iﬁéﬁ@f%gr GOFpaVnere ne

more solvent gfra
. . a
boiling points of all solvents cons e mix aren n 8@ many problems

arise in that unifoaniin et ik dickness RANAL AR sAitAHRINGEN thafMatigkResscia fhe6agting
finishing area increases; the pigments are aggregated at a nozzle part from where the coating solution
is ejected throughlacgtiicsepthat @isepking occurs in the coated film. On the other hand, in cases where
the mixed solvent contains many solvents having a boiling point of not lower than 200C, 5the coated
film surface is #iHddive to generate sticking. Hence, a mixed solvent containing 30 to 75% by mass of

a solvent having the boiling point in the range between 150 and 200C is preferred.
10 Specilic examples of the acrylic polymer having the ethylenically unsaturated

group in the side chain include a copolymer described in Japanese Patent No.
3120476 or Japanese Laid-open Patent Application (Kokai) No, 8-262221, and a
photo-curing resin "Cyclomer (registered trademark) P" (Daicel Chemical Industries,
L.td.), which is a commercially available acrylic polymer, and an alkali-soluble cardo
15 resin.  In particular, among the acrylic polymers having the ethylenically
unsaturated group in the side chain, a polymer having an average molecular weight
(Mw) of 2000 to 100,000 (measured using tetrahydrofuran as a carrier by gel
permeation chromatography and calculated using a calibration curve of a standard
polystyrene) and an acid value of 70 to 150 (mgKOH/g) is most preferable in view of
20 the photosensitive properties, solubility in ester solvents, and solubility in alkaline
development solutions.
[0112]
As the monomer, a multifunctional or monofunctional acrylic monomer or
oligomer can be used. Examples of the multifunctional monomer include bisphenol

25 A diglycidyl ether (meth)acrylate, poly (meth)acrylatecarbamate, denatured



[0123] To the black resin composition according to the present invention, for the 10purpose of attaining
good coating performance and smoothness of colored coated film, and preventing Benard Cells, a
surfactant can be added. The amount of the surfacta!1 t to be added is usually 0.001 to 10% by mass,
preferably, 0.01 to 1% by mass based on the pigments. If the amount added is too small, the effects
for attaining good coating performance and smoothness of colored coated film, and 1 Spreventing
Benard Cells cannot be obtained, whereas the amount added is too large, physical properties of the
coated film, on the contrary, may be deteriorated in some cases. Specific examples of the surfactant

include anionig_surfactant S i r Ifate nd poj Xg@g Al ther sulfate
triethanolaminqe:'}S(I?Ealtg?%‘é\i?crf1 Eﬁ?ﬁﬁ%@%ﬁ%ﬁ%ﬁﬁ%mg’ tgﬂcetate ari:/OgTauryl %rgg{gﬁyger%monium
20chloride; amphiRiaHGAWRkIAPIS SHchasaL imatiyl iRreine axisieI1and detayirarpng methyl

[

hydroxy ethylimidazoliumbetaine; nonionic surfactants such as polyoxyethylene lauryl ether,

polyoxyethylengysislaiketjreryhodsserhitam-modifstd ayatey diliceriddeagat: salifpdtamtd fieling
polydimethylsiloxane or the like as the main skeleton; and fluorine-containing surfactants. In the

present inventionetthecrBatefSuensns chrrpdalebaspiiniaomsrs seswibst mdipsiatehatitayiBe used in
48 combination, which surfactants are not restricted to those descri aho 24] In the black
resin compositish La*ﬁ%?&ﬂ?@%eﬁ?&ﬁgm%\?mo%ﬁh‘é@&?d@%’%&%emﬁ%t%ﬁﬁgt&?s, the total
concentration of.the resin compo In i rs.and-oli it] such as
Photomitaton TR S e 30%,
more preferably;petiassdian hikanghagimone ian2ikdiame heniawaemi-et the coating

performance and drying property. Accordingly, the black composition according to the present
invention prefepahiyecpthsisista gsetitiatyybitth eiactyotrasipentmpometod, it fightrshigiding agent,
wherein the total amount of the resin component and light shielding agent is preferably not less than

2% and not motpehiesrstmatoilsrsapnsidiaptyl At fipentaary SwitaherRi(meiaagiai®o%2and the

balance is the solvent. As descrihed above, the factant may be.further included in the
above-hgscribgdsg%ﬁ%@ﬁw ?M_Eamydroxypropoxy blﬁeny propaxYe, glstléﬂ(ge-acryioxy- -

hydroxypropoxy)phenyl]methane, bis[4-(3-acryloxy-2-
hydroxypropoxy)phenylisulfone, bis{4-(3-acryloxy-2-hydroxypropoxy)phenyljether,
4 4'-bis[4-(3-acryloxy-2-hydroxypropoxy)phenyl]cyclohexane, 9,9-bis[4-(3-
acryloxy-2-hydroxypropoxy)phenylfluorene, 9,9-bis[3-methyl-4-(3-acryloxy-2-

15 hydroxypropoxy)phenyljfluorene, 9,9-bis{3-chloro-4-(3-acryloxy-2-
hydroxypropoxy)phenyljfluorene, bisphenoxyethanol fluorene diacrylate,
bisphenoxyethanol fluorene dimethacrylate, biscresol fluorene diacrylate, and
biscresol fluorene dimethacrylate. These may be used individually or in
combination.

20 [0113]

Sensitivity and workability of the resist can be controlled by selection and
combination of these multifunctional monomers and oligomers. In particular, in
order to increase the sensitivity, use of a compound having not less than three
functional groups, more preferably not less than five functional groups, is preferred.

25 In particular, dipentaerythritol hexa(meth)acrylate and dipentaerythritol



15[0125] The black resin composition according to the present invention is produced by a method
such as a method wherein the pigments are directly dispersed in the resin solution using a disperser,
or a method wherein the pigments are dispersed in vy ter or organic solvent using the disperser to
produce a pigment dispersion 20followed by mixing with the resin solution. The method of dispersing
the pigments is not restricted and may be various methods including those using ball mill, sand
grinder, triple roll mill, and high speed impact mill. In view of dispersion efficiency and finely dispersing
performance, using the bead mill is preferred. As the bead mill, co-ball mill, basket mill, pin mill, DYNO

mill and the i o o A0UTRIOYES) ARAPEIDAS 91 i ek il A0l sa giconia bead, and

zircon 49 bead are preferred. The diameter of the bead used Ispersion Is preferably not less than

0.01 mm and Rgtrmese:thar ofoat MYl RRIRRhMKIR! IessdhasniR-A3iBMINY Aatimeresthan 1 0
mm. In cases where the diameter of the primary particles and the diameter of the secondary particles

formed by aggdegatiesrphtitel hmdnycipactigles and dipatitdingthdisp eesitiirbethgiehdating a particle size
of not less than 0.03 mm and not more than 0.10 mm are preferably used. In this case, it is preferred
that dispersioncBaceataet st plaEneghiepedatarnHaving a sepheol dapmie drseptating the fine

beads from the dispersed solution in a.centrifugation fashion. On the other hand, in cases where
oS o AOE oD ST e I d DB A Erlochls B R B PR e et of

not less than OO, ls AEFRIe 8RR a%éi%&%gt?ggﬂgug%ﬁta%o&%}?ﬁ%@nbe gllaigeddq disperse the
pigments finely. [0126] Examples of the method for preparing the resin black matrix according to
the present invgoHemyilk e dascobahhalamhaIOLRAa(meth)acrylate and/or dipentaerythritol
penta{meth)acrylate in an amount of 10 to 60 parts by mass and a (meth)acrylate
having a fluorene ring in an amount of 90 to 40 parts by mass is preferred.
10 [0114]
The photoinitiator is not restricted and a known photoinitiator such as
benzophenone-based compound, acetophenone-based compound, oxanton-based
compound, imidazole-based compound, benzothiazole-based compound,
benzooxazole-based compound, oxime ester compound, carbazole-based compound,
15 or triazine-based compound; or an inorganic photoinitiator such as a phosphorus-
containing compound or a titanate may be employed. Examples thereof include
benzophenone, N,N'-tetraethyl-4,4'-diaminobenzophenone, 4-methoxy-4'-
dimethylaminobenzophenone, 2,2-diethoxyacetophenone, benzoin, benzoin methyl
ether, benzoin isobutyl ether, benzyldimethyl ketal, a-hydroxyisobutylphenone,
20 thioxanthone, 2-chlorothioxanthone, 1-hydroxycyclohexylphenyl ketone, 2-methyl-
1-{4-(methylthio)phenyl]-2-morpholino I-propane, 2-benzyl-2-dimethylamino-1-(4-
morpholinophenyl)-butanone which is Ciba Specialty Chemicals K. K. "Trgacure
(registered trademark)" 369, 2-[4-methylbenzyl]-2-dimethylamino-1-(4~
morpholinophenyl)-butanone which is Ciba Specialty Chemicals K. K. CGI-113, t-

25 butyl anthraquinone, 1-chloro anthraquinone, 2,3-dichloro anthraquinone, 3-chloro-



As the method for coating the black resin composition on a substrate, various methods including
methods wherein the composition is coated on the substrate by dip method, roll coater method,
spinner method, die coating method, or method by a wire bar; methods wherein the substrate is
immersed in the solution; and methods 20wherein th&solution is sprayed on the substrates may be
employed. The substrate is not restricted and inorganic glasses such as quartz silica glass,
borosilicate glass, aluminosilicate glass, soda lime glass with silica coating on surface thereof, organic
plastic film or organic plastic sheet, and the like are preferably used. In case of coating on the
substrate, treatme ith an adhesive,promoter such as silane coupling 25agent, aluminum chelating
agent, and tit%'iﬂnr# E3:¥|\ie aﬁﬁaqélbneoﬁie%- ﬁ‘ng&ﬁghéaeqélf‘%ﬂ%e’s% S'B%%%ﬁé can rllf%é:’tcl)\(fé adhesion between
the black matris,(igad sbsiiateolBAAl anmAliEfcoRIT0 BRI AESRGRMARSIn R
transparent substrate by the above-described method, the resultant is dried under heat arid cured by
air-drying, Sdryingirdgdeioheat, (vashioroheaporatigiricihe lisedtedprdiadied coated film. In order to
prevent dried unevenness or convey unevenness while forming the coated film, the substrate coated
with the coatingouantositizntisaprétePaliiyrigrtebeanchsaret:aftér atist dinddr-Fédpbedyphéssure with a
reduced pressure drying apparatus equipped with a heater. 10[0129 The coated film thus obtained

is patterned ustEINGEHRY ISHERAIHEBIb RSPkl disagats dodte d grereHEseisigseded and

developed intg a C?%(;nsgr %&E{ﬂ ag%ﬁg I{gﬁm'rl%a 0 }?%29’%%%’3%%%@%%2’%%?%8&% here the

.. 11 . ; -af - .
resin is a non-pﬁo osensitive resim, orf as'Itis'or a orm 15thereon in

cases where the.fesipds ARRAGSEREITE aRsly,HRIBALREARIRCKIRA R PhotIGoist or the

oxygen-impermeable film is removed, and then the coating composition is cured by heating, thereby
obtaining the regithbiapkenalIix,AlibeHghishenheBysurRREMRJITONK Y aRpteaendiageanke resin, in

cases where a polyimide-based resin is obtained from a polyimide precursor, the heat treatment is
20usually carrietouent!20@ t8 35DT 5 1P mindbeate Gomhaltem s @0hpouitserfilnufititkadss of the
resin black matrix obtained from the black resin composition according to the present invention is not

restrictedl as IdRgARIDTRRA 08¢ dnbe witFin ORRSeiEsmek thesh Rheteiitorscaebslack matrix.

25[0131] used in combination. In particular, use of a combination of three types of

photoinitiators, that is, N,N'-tetraethyl-4,4'-diaminobenzophenone; Ciba Specialty
Chemicals K. K. "Irgacure (registered trademark)" 369 or Ciba Specialty Chemicals
K. K. CGI-113; and a carbazole-based compound such as Asahi Denka Kogyo K.X.
15 Adeka (registered trademark) optomer" N-1818 or N-1919 or Ciba Specialty
Chemicals K. K. CGI-242 is preferred because a photosensitive resin composition
having high sensitivity and an excellent property of pattern shape can be attained.
[0115]
Even in cases where either the polyimide resin or the acrylic resin is used, an
20 adhesion promoter may be added for the purpose of improving adhesion to an
inorganic substance such as a glass plate or silicon wafer. As the adhesion
promoter, a silane coupling agent and a titanium coupling agent can be used. The
amount of the adhesion promoter to be added is usually about 0.2 to 20% by mass
based on the mass of the polyimide resin or acrylic resin.

25  [0116]



51 The optical density (OD value) of the resin black matrix obtained from the black resin
composition according to the present invention preferably is not less than 4.0 per 0.8 1.un of film
thickness, within the visible wavelength region betwegn 380 and 700 nm, more preferably not less
than 4.5. The upper limit of the OD value is 5not restricted and usually 6.0 or less. The OD value is
measured using a multi channel photo detector (MCPD2000 manufactured by Otsuka Electronics Co.,
Ltd) and calculated by the equation (8) below [0132] OD value = logio (Jo / 1)(8) 10wherein lo
represents the intensity of incident light, and | represents the intensity of transmitted light. [0133] In the

present invention, aCI?l'%J'H?aE fordi r#bqlﬁ%sg% E‘@éﬁp%%%?gﬁ?g%%ﬁ Hs'f‘&gﬁt{l?ﬂlﬁf)'&@mk matrix

described above. That is, the prese 15|nvent|on er comprising the

above-describggiigpiaRIackh aLHs BREOIFE iR JPenBIBSRNVHRYSRERATQ pBIgHEERy comprises at

least the transparent substrate, the resin black matrix formed on a partial region of the transparent
substrate, anddispelsdornaadnaddedjiomonihpdhanspardinpatshsty akd wiinderttieniesibdstack matrix is
not formed, which resin black matrix is the above- 2 Odescribed resin black matrix according to the

present |nventmiymmﬁlﬁpé%étoﬁﬁlﬂw%?éﬁﬁﬁéIE@WM&&%@%?%QP@X e PAsR®St invention in

the production, of the color filter.for liqu dlspl s, th kma nxgs b folrmed on a
transparent suBRIFSHBO tHESREISRESH a%% %8?& ePéS Bf%e uch a polymeric

dispersant is preferably added to the extent that the photosensitivity and adhesion do
not decrease. The amount of the polymeric dispersant to be added is usually about
1 to 40% by mass based on the light shielding agent.
[0117]
10 In the black composition according to the present invention, the mass ratio of
the light shielding agent/resin component is preferably within the range between
75/25 and 40/60 in order to obtain a black coated film having a high resistance and a
high OD value. The mass ratio of light shielding agent/resin component is more
preferably within the range between 75/25 and 60/40 in view of the balance among
15 adhesion, ease of patterning, and the OD value. The resin component herein refers
to the total of the polymer, monomer, or oligomer and the polymeric dispersant. If
the amount of the resin component is foo small, adhesion to the substrate of the black
coated film are deteriorated. On the other hand, if the amount of the light shielding
agent is too small, the OD value per thickness (OD value/um) decreases, either of
20 which is problematic.
[0118]
The solvent used in the black resin composition according to the present
invention is not restricted. Water and organic solvents can be used depending on
the dispersion stability of the pigment to be dispersed and the solubility of the resin

25 to be added. The organic solvent is not restricted, and esters, fatty alcohols,



2 5(R), green (G), and blue (B) are formed; and then an over-coat is formed thereon as 52 required,
as described in Japanese Patent Publication (Kokolcu) No. 2-1311. Concrete materials of the pixels
include inorganic films whose film thickness is so congrolled as to allow transmission of a specified light
alone, and colored resin films which are dyed or in which a dye or pigment is dispersed. The order of
forming the 5pixels can be optionally changed as required. Further, after forming the color layers of
three primary colors or after forming the over-coat film on the color layers of three primary colors, a
transparent conductive coating can be formed as required. As the transparent electrode, an oxide thin
fim such as I % RBIYed; dshathe OB e Kipkaesaakahah AdidSiloimed by
sputtering or vacuum deposition. 10[{0135 Although the pigments which are used for the pixels of

the color filter geaRreinG:4; e MEesRNEAAVRNERA arerRelr ssiistednpigmanisiavingiexcelent light
resistance, heat resistance, and chemical resistance are desired. Specific examples of representative

pigments, whickvare refecretithyntheayGhiobéngefetal)ynsadber A iintludevitheafodiowingthent are not
limited thereto. [0136] Examples of the red pigment used include, for example, Pigment Red
(hereinafter refBaiethtscagaprsghegtsieydplpmes. PR97, PR122, PR123, PR144, PR149, PR166,
PR168, PR177, PR179, PR180, PR190, PR192, PR209, PR215, 20PR216, PR217, PR220, PR223,
PR224,§'—‘>R22€£,DI1-’>§%27, PR228, PR240, and PR254. [0137]  Examples of the orange pigment used

include, for example, ﬂ%&%%i’@g@v@%E‘?M@fnr%%‘i%qnt%ﬂ%ﬂg gég&ﬁtﬁﬂ%ﬁﬁ%ﬁ bQ3]s PO36,
P038, PO40, PO42, POA3, PO51, P055, P05, PO61, P064, PO65, and PO71. 25[0138] 53

Examples of thay/sdpivRigmasnidseh iBelaidacxaepie iPigmenlas!iwftheeinafter referred to as
"PY" for short) PY12, PY13, PY14, PY17, PY20, PY24, PY83, PY86, PY93, PY94, PY95, PY109,

PYI110, PY117 ARYaAmdPY 52 ShaPdo b3t Rivd 88a Bl ¢3S, tRAt IUF5H VasaB e RIS HY pdsid154, PY 166,
PY168, PY173, 5PY180, and PY185.
Specifically, particularly when the resin is polyimide-based, a solvent that dissolves
10 its precursor, poly(amic acid)s, including amide polar solvents such as N-methyl-2-
pyrrolidone (boiling point 202°C), N,N-dimethylacetamide (boiling point 165°C),
and N,N-dimethylformamide (boiling point 153°C), lactones such as B propiolactone
(boiling point 155°C), y-butyrolactone (boiling point 204°C), y-valerolactone(boiling
point 207°C), §-valerolactone (boiling point 58°C), y-caprolactone (boiling point
15 100°C), and e-caprolactone (boiling point 96°C) can be preferably used.
[0120]
Specific examples of the esters include, but are not limited to, benzyl acetate
(boiling point 214°C), ethyl benzoate (boiling point 213°C), methyl benzoate
{(boiling point 200°C), diethyl malonate (boiling point 199°C), 2-ethylhexyl acetate
20 (boiling point 199°C), 2-butoxyethyl acetate (boiling point 192°C), 3-methoxy-3-
methyl-butyl acetate (boiling point 188°C), diethyl oxalate (botling point 185°C),
ethyl acetoacetate (boiling point 181°C), cyclohexyl acetate (boiling point 174°C), 3-
methoxy-buty! acetate (boiling point 173°C), methyl acetoacetate (boiling point
172°C), ethyl-3-ethoxy propionate (boiling point 170°C), 2-ethylbutyl acetate

25 (boiling point 162°C), isopentyl propionate (boiling point 160°C), propylene glycol



[0139] Examples of the violet pigment used include, for example, Pigment Violet (hereinafter
referred to as "PV" for short) 19, PV23, PV29, PV30, PV32, PV36, PV37, PV38, PV40, and PV50.
10[0140] Examples of the blue pigment used inclyde, for example, Pigment Blue (hereinafter
referred to as "PB" for short) 15, PB15:3, PB15:4, PB15:6, PB22, PB60, and PB64. [0141]
15Examples of the green pigment used include, for example, Pigment Green (hereinafter referred to
as "PG" for short) 7, PGI 0, and P036. [0142] These pigments may be, as required, subjected to a
surface treatment such as rosin treatment, acidic group treatment, or basic treatment, and a pigment

derivative 200Gp B HSe 1%&%3 sie st Bl so-Cinaaihe matdrBaBeRgd In the pixel

of the color filter according to t esent invention Is not restricted, acrylic’resins, polyvinyl alcohols,
polyamide, polyjfidssp4ith@die e Paihe 1used) ey the iawpeinhef Sénplicity ©f, tigl 25production
process, heat resistance, Eight resistance, and the like, it is preferred to use 54 resin films in which
the pigments apeogidpaegddcd rmmntheetigivibintaotaasthofiogpimgtpattéer)s, it is preferred to use a
photosensitive acrylic resin in which the pigments are dispersed. Yet, from the viewpoint of heat
resistance andi€héhlical resistance, it is preferred to use a polyimide resin in which the pigments are

di d. 5[0144 In th bstrate coloy filter for the liqui tal di di th
presant ention. the AP RS Ko CHAR L HORARAEF P B SO PRRODREY R AR 1€ LS Sanged i
(e frame porignoh DIHARIS AR BBV HBANHCEAN ERRPRSSIG oMY Rskatjlauid crystal

display as well as can preven
ethylene glycol monoethyl ether (boiling point 135°C), propylene glycol monoethyl

ether (boiling point 133°C), diethylene glycol monomethyl ether (boiling point
193°C), monoethy! ether (boiling point 135°C), methyl carbitol (boiling point

10 194°C), ethyl carbitol (202°C), propylene glycol monomethyl ether (boiling point
120°C), propylene glycol monoethyl ether {boiling point 133°C), propylene glycol
tertiary butyl ether (boiling point 153°C), and dipropylene glycol monomethyl ether
(boiling point 188°C); fatty acid esters other than the above, including ethyl acetate
(boiling point 77°C), butyl acetate (boiling point 126°C), isopentyl acetate (boiling

15 point 142°C); aliphatic alcohols such as butanol (boiling point 118°C), 3-methyl-2-
butanol (botling point 112°C), 3-methyl-3-methoxybutanol (boiling point 174°C);
ketones such as cyclopentanone and cyclohexanone; solvents such as xylene (boiling
point 144°C), ethylbenzene (boiling point 136°C), and solvent naphtha (petroleum
fraction: boiling point 165 to 178°C) can also be used additionally.

20 [0122]

Further, as the substrate increases in size, coating with a die coating apparatus
is becoming the main trend, so that the solvent preferably comprises two or more
solvents in order to achieve an appropriate volatility and drying property. In cases
where the boiling points of all solvents constituting the mixed solvent are not higher

25 than 150°C, many problems arise in that uniformity of {film thickness cannot be



10drive elements of liquid crystal display from being erroneously operated by light. [0145] Fixed
spacers may be formed on the color filter for the liquid crystal display according to the present
invention. The fixed spacer refers to, as described ir)% apanese Laid-open Patent Application (Kokai)
No. 4-318816, a spacer which is 15fixed in the specific position on the substrate for the liquid crystal
display and contacted with the opposing substrate when the liquid crystal display is prepared. As a
result, a constant gap is retained between the opposing substrates and the liquid crystals are injected
into the gap. By arranging the fixed spacers, a step of dispersing a ball spacer or a step of kneading a
rod-shaped spacerdn.aRerlindadans2Aindbednan faating fracrss iotdianidervRiakdigplay can be
omitted. [0146] Formation of the fixed spacer is carried out by a method such as photo lithography,
printing, or elegjfgdapasitiamoRicpdhdispachrar beataadiylfeuneddpind pasiignaagigesigned, the
spacers are preferably formed by photolithography. 25The spacer may be formed in a laminate
structure at thesthaiestipaking teeupsepahationte8Fi0NR, Gnadhd Bhpixeisd imaydsevionm e after the
preparation of R, G, and B pixels. [0147] In the present invention, since the resin black matrix can
be formed in tAEFEERASFeRtSRPIRMSA U sBeHsBRE thenEngrentind eendepskdhandRd-ever onto
5 the black matrix is lo and thus a color filter with high flatness ¢an be prepared without forming

; el R S R G

& C
the over-coat film. %e?, IN"Cases where

processed on the salarpisalarssalenad andsalse-iar e PUIDBSRiAL NSKERIiRG faipponents

contained in the color pixel from dissolving out into the liquid crystal layer, formation 6f the over-coat

film is preferrepetibxavipled aboratesiptstterdhe over-coat film include epoxy film, acrylic epoxy film,
acrylic film, siloxane polymer-based film, polyimide film, silicon-containing polyimide film, polyimide
siloxane film, d8#2the like. The over-coat film may be formed after the resin black matrix is formed,
after the pixel is formed, or after the fixed spacer is arranged. With regard to the thickness of the

over-coat after being 1% Ot BRI EARGSificRrsse RG0S BrRserbRrNESRLder dhea substrate

with 10 purpose of attaining good coating performance and smoothness of colored coated
film, and preventing Benard Cells, a surfactant can be added. The amount of the
surfactant to be added is usually 0.001 to 10% by mass, preferably, 0.01 to 1% by
mass based on the pigments. If the amount added is too small, the effects for
attaining good coating performance and smoothness of colored coated film, and

15 preventing Benard Cells cannot be obtained, whereas the amount added is too large,
physical properties of the coated film, on the contrary, may be deteriorated in some
cases. Specific examples of the surfactant include anionic surfactants such as
ammonium lauryl sulfate and polyoxyethylene alkyl ether sulfate triethanolamine;
cationic surfactants such as stearylamine acetate and lauryltrimethyl ammonium

20 chloride; amphoteric surfactants such as lauryldimethyl amine oxide and
laurylcarboxy methyl hydroxy ethylimidazoliumbetaine; nonionic surfactants such as
polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, and sorbitan
monostearate; silicone-based surfactants having polydimethylsiloxane or the like as

the main skeleton; and fluorine-containing surfactants. In the present invention, the

25 surfactants can be used individually, or two or more of them may be used in



irregularities, there is a tendency, due to the leveling property of the over-coat agent, that the over-coat
is thicker in recess regions (regions lower than the surroundings), whereas it is thinner in protruded
regions (regions higher than the surroundings). Althgygh the thickness of the over-coat according to
the present invention is not 20restricted, it is 0.01 to 5 pm, preferably 0.03 to 4 pm, more preferably
0.04 to 3 pm. [0148] The present invention provides a liquid crystal display comprising the
above-described color filter according to the present invention. The liquid crystal display according to
the present invention comprises the above-described color-filter 25according to the present invention,

an electrode sgg gtégtg%ec (});eg%{ ég Jlﬁwgeq&%q%?&%m%nt films provided

respectively on t e co |Iter an on the electrode substrate, a spacer which retains a space between
these liquid crgfgg@uqllgnment films, and a liquid crystal filled in the space. [0149] 5An example of the
above-mentioned liquid crystal display using the color filter will now be described. The color filter and
electrode substrates hrehfatdlardiacoimated: ihraogbrdidig tidtorystalkati gnraeiidf] itheconlide substrates,
which liquid crystal alignment film was subjected to rubbing treatment for aligning the liquid crystals,
and the spacef98eeetHinpag e @e#}@é@tatﬁvme@@ma@%ewgﬁia@rrmﬁnqmﬁiﬁ?mh@stor (TFT)

elements or thin-film diode D elem nts, scanni es, data Ilnes may be formed to
preparea TETHEEER r ﬂ&ﬁ}&%&i&%ﬁ&@}&f&ﬁ“ﬁ%‘ﬁf ?ﬁ%ﬁ/‘é tis injected from an

the ke are moedT by o%:‘% e A R L e e e
present 'nVentiﬁ@f‘éi&bWﬂbbﬁ:ﬂQﬁﬁﬂ@)@ ﬁdﬂ%ﬂﬁ%&ym sbaxarRlespd IMRAGHIg examples.
However, the present invention is by no means limited to the following examples. 20[0151] <Evaluation
methods> "Speeifiorsurfecerdrdaying property. Accordingly, the black composition according to
the present invention preferably consists essentially of the solvent, resin component,
10 and light shielding agent, wherein the total amount of the resin component and light
shielding agent is preferably not less than 2% and not more than 30%, more
preferably not less than 5% and not more than 20%, and the balance is the solvent.
As described above, the surfactant may be further included in the above-described
concentration,
15 [0125]
The black resin composition according to the present invention is produced
by a method such as a method wherein the pigments are directly dispersed in the
resin solution using a disperser, or a method wherein the pigments are dispersed in
water or organic solvent using the disperser to produce a pigment dispersion
20 followed by mixing with the resin solution. The method of dispersing the pigments
is not restricted and may be various methods including those using ball mill, sand
grinder, triple roll mill, and high speed impact mill. In view of dispersion
efficiency and finely dispersing performance, using the bead mill is preferred. As

the bead mill, co-ball mill, basket mill, pin mill, DYNO mill, and the like can be

25 employed. As the beads for the bead mill, titania bead, zirconia bead, and zircon



The specific surface area of the pigment was measured with high performance automatic gas
adsorption apparatus ("BELSORP"36) manufactured by BEL Japan, 25Inc. After vacuum degassing at
100C, the adsorption isotherm of N2 gas at a 57 ter% erature of liquid nitrogen (77 K) was measured
and analyzed by BET method to determine the specific surface area. [0152] "Composition analysis"
5The content of titanium atoms and silver atoms was measured by ICP optical emission spectrometry
(ICP optical emission spectrometer SPS3000 manufactured by Seiko Instruments Inc). [0153] The
contents of the oxygen atoms and nitrogen atoms were measured with 100xygen/Nitrogen analyzer

EMGA-620W/ %e@cf‘é‘r%fgl%%'e'%?éjd?y 'T'h%%ﬁ%’*e%%’ of A% %’é%{] eQe%tC?QP%Ia”Qrsr}%EO eﬁr%%ﬁé?éﬂr?"ﬁ’g{ €
determined by Inert gas fusion-infraréd absorption method and iner %as usioh-thermal conductivity

method, respeglivehim{ 8% R4hmX Loy A RGHOMA 26 fan AHRC P as MeAsHEethRly diting,a, powdered

sample in an aluminum standard sample holder by the wide angle X-ray scattering method (RU-200R

manufactured hydRigiakor€ drpoiadionh. Adifatathe wieastiie daniaendilibopriitapatidtioandas
employed as the X-ray source; 50kV/200mA for X-ray output; 1-I- 0.15 mm-0.45 mm for a slit system;
0.02 for a meatrdinmateseltie oycandaropattipletcidomadsesrmgaregfoes sy the primary

5 particles are small, finer dispersion beads having a particle size of not less than 0.03
mm and not more than 0.10 mm are preferably used. In this case, it is preferred that
dispersion be carried out by using a bead mill having a separator capable of
separating the fine beads from the dispersed solution in a centrifugation fashion.

On the other hand, in cases where pigments containing larger submicron particles are
10 dispersed, dispersion beads with a diameter of not less than 0.10 mm is preferred, so
that sufficient grinding strength can be attained to disperse the pigments finely.
[0126]
Examples of the method for preparing the resin black matrix according to the
present invention will be described below.
15 [0127]
As the method for coating the black resin composition on a substrate, various
methods including methods wherein the composition is coated on the substrate by
dip method, roll coater method, spinner method, die coating method, or method by a
wire bar; methods wherein the substrate is immersed in the solution; and methods
29 wherein the solution is sprayed on the substrates may be employed. The substrate is
not restricted and inorganic glasses such as quartz silica glass, borosilicate glass,
aluminosilicate glass, soda lime glass with silica coating on surface thereof, organic
plastic film or organic plastic sheet, and the like are preferably used. In case of
coating on the substrate, treatment with an adhesive promoter such as silane coupling

25 agent, aluminum chelating agent, and titanium chelating agent on the surface of the



The angle of diffraction at the peak originated from the TiN (200) plane observed around 20 = 46 was
measured. Further, from the half bandwidth originated from this (200) plane, the crystallite size
constituting the particles was 25calculated using Scréﬁ;er's formula of the above-described equations
(1) and (2). 58 [0156] "OD value" The resin black matrix with a film thickness of 1.0 pm or 0.8 gm
was formed on a alkali-free glass and an OD value was determined with a multi channel photo
5detector (manufactured by Otsuka Electronics Co. Ltd., MCPD2000) by the above- described
equation (8). [0157] [Chromaticity of reflected light] The resin black matrix with a film thickness of 1.0

gm was formed gn,a l0alkali-free glass,.an eak wavelength was measur iEh a multi channel
photo detectorsglmsatrr?%t]?a%atﬂ red {)()3/9%?%?5 Egﬁgjgattr‘gﬁ?gst %833%% gﬁ%ﬁé%@& ﬁ%ges%eeasurement was
performed usir[gﬁlg as a reference glass to determine the absolute reflectance. [0158] 15[TEM
elemental mapping] The observation was made using TEM JEM-2010F field-emission type

scanning electron mickfiseopa:imatiefbbivkadshy ciripodifidnadan Reegierating vatiagepothic00 Ky. UTW
Si (Li) semiconductor detector manufactured by Noran (beam diameter 1 nm, mapping pixel size about

2.5 nrn) was ugbovibiEDded prativrt thearsientaisrdrppimeder heat and cured by air-drying,

5 drying under heat, vacuum evaporation, or the like to form a dried coated film. In
order to prevent dried unevenness or convey unevenness while forming the coated
film, the substrate coated with the coating composition is preferably heated and cured
after dried under reduced pressure with a reduced pressure drying apparatus equipped
with a heater.

10 [0129]
The coated film thus obtained is patterned usually using photolithography or
the like. That is, the coated film is then exposed and developed into a desired
pattern after forming a coating photoresist film thereon in cases where the resinis a
non-photosensitive resin, or as it is or after forming an oxygen-impermeable film
15 thereon in cases where the resin is a photosensitive resin.  Thereafter, as required,
the photoresist or the oxygen-impermeable film is removed, and then the coating
composition is cured by heating, thereby obtaining the resin black matrix.
Although the heat curing conditions vary depending on the resin, in cases where a
polyimide-based resin is obtained from a polyimide precursor, the heat treatment is
20 usually carried out at 200 to 350°C for 1 minute to 60 minutes.
[0130]
The film thickness of the resin black matrix obtained from the black resin
composition according to the present invention is not restricted as long as it is within
the range within which the black matrix is usable as the black matrix.

25 [0131]



[0159] Production of black composite particles The black composite particles comprising Ti and
Ag were produced by the method of producing the black composite particles according to the
above-described 25embodiments. Ti particles havingfm average particle size of 25 gm and Ag 59
particles having an average particle size of 5 um were used as powder materials so that the Ti
particles and the Ag particles, which are the black composite particle materials, can be readily
evaporated in a thermal plasma flame. [0160] 5Production Example 1 A high-frequency voltage of
about 4 MHz and about 80 kVA was applied to the high-frequency oscillating coil 12b of the plasma

torch 12. Mixed gas Ofﬁg%@ﬂ&?ae%gi{' REAEE P HR9e PRI IR RS SNIGH Ak plasma gas

from the plasma gas supply source 22. An argon-nitrogen thermal plasma flame was 10generated in

the plasma torgidR & iempas@in At BARID WrpstieRiesh v the dprayings 9@s Bupfiynsource of
the material-supplying apparatus 140. [0161]  The powder material, a material for producing black

composite particlegenihichmvaiine thixkoeas, axptisdaterminbht minielgngtioregsnsvgsplied, Y ether with
15argon gas as carrier gas, into a thermal plasma flame in the plasma torch 12, and evaporated in the

thermal plasma&fthAf® b BIPRHRIFETHRIN NI kFedea hithe VhpepPREalETib 6 I NRFOyRINGIES used as

the gas supplied into the chamber 16 by means of . . .
g 5 PP not restricted anr;? usuahy gyO 01? esg. 0 ﬁ}g OD value is measured using a multi

channel photo detector (MCPD2000 manufactured by Otsuka Electronics Co., Ltd)
and calculated by the equation (8) below
[0132]
OD value =logyo (Ip / T) (8)
10 wherein I, represents the intensity of incident light, and I represents the intensity of
transmitted light.
[0133]
In the present invention, a color filter for liquid crystal displays may be
produced using the resin black matrix described above. That is, the present
15 invention also provides a color filter comprising the above-described resin black
matrix according to the present invention. The color filter comprises at least the
transparent substrate, the resin black matrix formed on a partial region of the
transparent substrate, and pixels formed in a region on the transparent substrate
where the resin black matrix is not formed, which resin black matrix is the above-
20 described resin black matrix according to the present invention.
[0134]
In case of using the resin black matrix according to the present invention in
the production of the color filter for liquid crystal displays, the black matrix is
formed on a transparent substrate; then the pixels having the color selectivity of red

25 (R), green (G), and blue (B) are formed; and then an over-coat is formed thereon as



20gas-supplying apparatus 28. The flow rate in the chamber was 5 m/sec, and the amount supplied
was 1000 L/min. [0163] The pressure in the cyclone 19 was 50 kPa, and the supply rate of the
black composite particles from the chamber 16 to the.cyclone 19 was 10 m/s (mean value). 25[0 164]
60  The BET specific surface area of the resultan %Iack composite particles Bkl was 33.4 m2/g. The
composition analysis revealed that the titanium content was 68.3% by mass; the nitrogen content was
19.3% by mass; the oxygen content was 5.0% by mass; the silver content was 6.9% by mass; the
angle of diffraction 20 of the 5peak originated from TiN (200) plane was 42.63"; and the crystallite size

determined from the half idth i NO X- iffracti aks originated from
TiO2 were obsrgﬂ}lel%g’t%ll%g(%wﬁ?gfgg}é%@ﬁg %(éﬁé?g%%% %%ﬁé@%&%ﬂ%ﬁgﬁaample I, black
composite particigs &Kk RIRIRE iH§i§%é§1@emﬁﬁ%%ﬁié@m%E@ﬁﬂ?ﬁﬁékﬂe§B%§& premixed at
a predetermined mixing ratio. The BET specific surface area of the black composite particles Bk2 was
30.7 m2/g. Theworafiedision aflalysianavéaled thatshwe ifiedilightcdoientndsobirdPichiy filss; the
nitrogen content was 17.7% by mass; the oxygen 15content was 5.9% by mass; the silver content was
10.5% by mas¥/hish arefacsk eiffrachich 20yt oh@igamkios gisarseetfomI TN {de0) [plemeingdb®2.57'; and
the crystallite size determined from the half bandwidth of this peak was 35 pm. Some X-ray diffraction

peaks oniginat@dF SIS LRAGRTS SHRRES A BLEEIN T BrodU ST B Rane the pifr ¥ SProduction
Example 1, blagkeampasite patiicles Bl were,abiained ysing 25,2 majetalihs ixedppuder of T
and Ag premixed at a predetermined mixing ra |o.g'ﬁ§e spe%ﬁ?é Surface area OF the black
composite particlgs BkIWAS 288 §p2ich EBsRRMROSHAN ARSI s aKeaisd- thatthe tiRQWM
transparent electrode, an oxide thin film such as ITO is employed. Usually, ITO
film with a thickness of about 0.1 um is formed by sputtering or vacuum deposition.
10 [0135]

Although the pigments which are used for the pixels of the color filter
according to the present invention are not restricted, pigments having excellent light
resistance, heat resistance, and chemical resistance are desired. Specific examples
of representative pigments, which are referred by their Color Index (CI) number,

15 include the following, but are not limited thereto.
[0136]

Examples of the red pigment used include, for example, Pigment Red
{(hereinafter referred to as "PR" for short) 9, PR48, PR97, PR122, PR123, PR 144,
PR149, PR166, PR168, PR177, PR179, PR180, PR190, PR192, PR209, PR215,

20 PR216, PR217, PR220, PR223, PR224, PR226, PR227, PR228, PR240, and PR254.
[0137]

Examples of the orange pigment used include, for example, Pigment Orange
(hereinafter referred to as "PQ" for short) 13, PO31, PO36, PO38, PO40, PO42,
PO43, POS5L, POS55, POS9, PO6G1, PO64, POG6S, and PO7I.

25 [0138]



25content was 59.8% by mass; the nitrogen content was 17.0% by mass; the oxygen 61 content was
3.8% by mass; the silver content was 18.9% by mass; the angle of diffraction 20 of the peak originated
from TiN (200) plane was 42.56'; and the crystallite size determined from the half bandwidth of this
peak was 37 nm No X-ray diffraction peaks originated from TiO2 were observed at all. 5[0167]
Production Example 4  Similarly to Production Example 1, black composite particles Bk4 were
obtained using as a material the mixed powder of Ti and Ag premixed at a predetermined mixing ratio.
The BET specific surface area of the black composite 10particles Bk4 was 23.5 m2/g. The composition

analysis revealed thagthe ti an'%r}} content was 48.9% ass; the nitrogen,conten s 13.6% by
mass; the oxygen con SRt was 3. 7% e}/ ?’n‘%gég eélt5| veec?}élﬁ%gﬁ‘t was é}f’% ig%%r}styﬁﬁgvgmgle of

diffraction 20 qf,theipaak auieiiaied {SomyhitbiZ0)pianewas £2. b8 anplyie, erysialite size

determined from the half bandwidth of this peak was 48 nm. No X- 15ray diffraction peaks originated
from TiO2 werg vR3crwesd o wh3[PIH3], Progsiciign ExaipleSP Y 1 1ISimilards i@ Pradyeyan Example 1,
black composite particles Bk5 were obtained using as a material the mixed powder of Ti and Pd

premixed at a Y prédBieainBY MikiRy Fatiol YAEBEY \Fadifid sty fa¥ et dbYdithe’NI&Ek composite
particles Bk5 was 26.9 m2/g. The composition analysis revealed that the titanium content was 61.7%
by masé, the nﬁ?@gﬁg’u %Fe%lt%as 16.6% by mass; the oxygen content was 3.8% by mass; the
palladium confrfgl%\grfs 16.2% by mass; the angle of diffraction 20 of the peak originated from TiN (200)
plane was 42.58";"and the 25crystallite size determined from the half bandwidth of this peak was 46

nm. No X- 62 ray difffaghionfeshaovigiraisehiiam i@ n e aBsersach il d1dMLRiolet
(hereinafter referred to as "PV" for short) 19, PV23, PV29, PV30, PV32, PV36,
PV37,PV38, PV40, and PV50.
10 [0140]
Examples of the blue pigment used include, for example, Pigment Blue
(hereinafter referred to as "PB" for short) 15, PB15:3, PB15:4, PB15:6, PB22, PB60,
and PB64.
[0141]
15 Examples of the green pigment used include, for example, Pigment Green
(hereinafter referred to as "PG" for short) 7, PG 10, and PG36.
[0142]
These pigments may be, as required, subjected to a surface treatment such as
rosin treatment, acidic group treatment, or basic treatment, and a pigment derivative
20 can be used as a dispersing agent.
[0143]
Although the matrix resin used in the pixel of the color filter according to the
present invention is not restricted, acrylic resins, polyviny! aleohols, polyamide,
polyimide, or the like can be used. From the viewpoint of simplicity of the

25 production process, heat resistance, light resistance, and the like, it is preferred to use



Production Example 6 Similarly to Production Example 1, black composite particles Bk6 were
5obtained using as a material the mixed powder of Ti and Ni premixed at a predetermined mixing ratio.
The BET specific surface area of the black composi 4particles Bk6 was 31.5 m2/g. The composition
analysis revealed that the titanium content was 66.0% by mass; the nitrogen content was 18.2% by
mass; the oxygen content was 4.4% by mass; the nickel content was 10.4% by mass; the angle of
10diffraction 20 of the peak originated from TiN (200) plane was 42.56'; and the crystallite size
determined from the half bandwidth of this peak was 45 nm No X-ray diffraction peaks originated from

TiO2 were obsegve%%tcﬁaéllli (hl}f?}(i‘) h%ég(?%%{%i&g E%(%ri%gél?sg &5%%;;'1?'{%@1 %ﬁg#ﬁ#}%&@%@ple 1, titanium

o redn -
nitride compound par S wer alned usin | powder as a mat SpECIfIC surface

area of the titamﬂﬁiﬂgt&?%ﬁggp RIS SRk piieR 25410/ Tie £ OMROSHRA analysis revealed
ent was

that the titanium con 2.2% by mass; the nitrogen content was 19.4% by mass; the oxygen
content was 6 giyerly@ssdidpetidd any ¢harorustalliteRpsize aiiieamintddioanidechatiibaindwidth of
this peak was 29 rim No X-ray diffraction peaks originated from TiO2 were observed at all. [0171]
Production Exassister8qAtispitetarpsdrticies Brelyiarslonsined whine thamemeninarcalisprssfoduction
25methgd of Pateﬂ}Document 7. The BET specific surface area of the silver particles 63 Bk8 was 9.6
m2/g.

In the substrate color filter for the liquid crystal displays according to the
present invention, the black matrix is arranged between the pixels. The black
matrix is also arranged in the frame portion of the pixels. Arranging the black
matrix can enhance the contrast of liquid crystal display as well as can prevent the

10 drive elements of liquid crystal display from being erroneously operated by light.
[0145]

Fixed spacers may be formed on the color filter for the liquid crystal display
according to the present invention. The fixed spacer refers to, as described in
Japanese Laid-open Patent Application (Kokai) No. 4-318816, a spacer which is

15 fixed in the specific position on the substrate for the liquid crystal display and
contacted with the opposing substrate when the liquid crystal display is prepared.
As aresult, a constant gap is retained between the opposing substrates and the liquid
crystals are injected into the gap. By arranging the fixed spacers, a step of
dispersing a ball spacer or a step of kneading a rod-shaped spacer in a sealing agent
20 in the manufacturing process for liquid crystal display can be omitted.
[0146]

Formation of the fixed spacer is carried out by a method such as photo
lithography, printing, or electro-deposition. Since the spacers can be readily formed
in the position as designed, the spacers are preferably formed by photolithography.

25 The spacer may be formed in a laminate structure at the same time as the preparation



[0172] "Synthesis of poly(amic acid)s" 4,4'-diaminophenyl ether (0.30 molar equivalent),
p-phenylenediamine (0.65 5molar equivalent), and bis(3-aminopropyl)tetrarnethyldisiloxane (0.05
molar equivalent) were fed together with 850 g of y-%

%tyrolactone and 850 g of N-methyl2-pyrrolidone.
To the mixture, 3,3',4,4'-oxydiphthalcarboxylic dianhydride (0.9975 molar equivalent) was added and

the mixture was allowed to react at 80C for three hours. Thereafter, maleic anhydride (0.02 molar
equivalent) was added, and the 10resulting mixture was allowed to react at 80C for another one hour
to obtain a poly(amic acid) A-1 (polymer concentration: 20% by mass). [0173] 4,4'-diaminophenyl

ether (0.95 molar,e ivaéelg]%an biséé’a- mipopropyhtetramethyldisilox .05 molar equivalent)
tvere foc toge ot LTV B0 G 0] BPi bR LET e et e & i e vt
(0.49 molar eqw’ygdﬁnt) and benzophenone tetracarboxylic dianhydride (0.50 molar equivalent) were
added, and the mixture was allowed to react at 80C for three hours. Thereafter, maleic anhydride (0.02

molar equivalent) wasnatidggcRnd ithesasn|tingambdusiwaallonadie e detfatBeLifahanother one
hour to obtain a poly(amic 20acid) A-2 (polymer concentration: 20% by mass). [0174] Example 1 The

black compositerpasticiésiB kil 6sglspoiyéd o esithedutightnoAtie(@dorgixglbutnisiaotonmeiio 4 g),
N-methyl-2-pyrrolidone (538 g), and 3-methyl- 2 53methoxybut¥l_acetate (132 gg were fed to a tank,
and the mixture/Bledsiratwith lqawes and thus a color filter with'high flatness can be prepared

without forming the over-coat film. Yet, in cases where higher flatness is required
and where holes and bumps processed on the color pixel are flattened, and also for
the purpose of preventing components contained in the color pixel from dissolving
out into the liquid crystal layer, formation of the over-coat film is preferred.

10 Examples of materials for the over-coat film include epoxy film, acrylic epoxy film,
acrylic film, siloxane polymer-based film, polyimide film, silicon-containing
polyimide film, polyimide siloxane film, and the like. The over-coat film may be
formed after the resin black matrix is formed, after the pixel is formed, or after the
fixed spacer is arranged. With regard to the thickness of the over-coat after being

15 cured under heating, in cases where the over-coat is coated on a substrate with
irregularities, there is a tendency, due to the leveling property of the over-coat agent,
that the over-coat is thicker in recess regions (regions lower than the swrroundings),
whereas it is thinner in protruded regions (regions higher than the surroundings).
Although the thickness of the over-coat according to the present invention is not

20 restricted, it is 0.01 to 5 pm, preferably 0.03 to 4 um, more preferably 0.04 to 3 um.
[0148]

The present invention provides a liquid crystal display comprising the above-
described color filter according to the present invention. The liquid crystal display
according to the present invention comprises the above-described color-filter

25 according to the present invention, an electrode substrate arranged facing to the color



homo mixer (manufactured by Tokusyu Kika Kogyo) for one hour to yield pre-dispersion 1.
Subsequently, the pre-dispersion 1 was provided in Ultra Apex Mill (manufactured by KOTOBUKI
INDUSTRIES CO., LTD.) equipped with a centrifugaign separator 70%-filled with zirconia beads
having a diameter of 0.05 5mm (manufactured by Nikkato Corporation, YTZ balls), and dispersion
treatment was carried out for two hours at a revolving rate of 8 m/s to yield pigment dispersion 1
having a solid concentration of 12% by mass and pigment/resin (mass ratio) = 80/20. [0175]
10Poly(amic acid) A-1 (63 g), y-butyrolactone (82 g), N-methyl-2-pyrrolidone (87 g),

3 methyl-3 meghor b srlale il atka suaslnEL At dpanuiRclylsiiurymalg Chemicals,

Ltd., 1g) were a IS“pigment dispersion’1 (728 g) to yield black resin composition 1 having a

total solid conggatRHGHIRf LBYrhY, MapsRNHch RIgMert/ spsite (FaasscraiiRy & 1R ralA176] This
black resin composition 1 was coated on a alkali-free glass (manufactured by Coming Incorporated,

"1737") substratgnvitena ftnitaiméleviigoeterystabfildelinthdipdcat 80C and 101 Torr for 2 minutes.
Subsequently, the resultant was semi-cured at 140C for 20 minutes, and a positive photoresist
(manufactured[B{#20Shipley Company L.L.C, "SRC-100") was coated with a reverse roll coater, pre-

baked aé 120C for 5 rz%igutes ir}[???&?}%}%&’ ﬁ%rilglﬁ‘gx O‘%ﬁgﬂ\g‘aé% ’pw?ﬁ%(rlnéagléyugﬁi%%glgeeé Ool_sure
apparatds "XG-5000" Hi&riarae . ., LTD"Deveiopment of a
posi-type ressﬁﬂ@&%ﬁ?ﬁﬁw of geeexl}ﬂgafdeﬁ{s%&gg?ﬁwsf SIARGO el caied ol Using @

tetramethylarnmonium hydroxide aqueous 25solution, and then the positive resist was peeled off with

methyl cellosolg,acrtaterR2IH1Red 9 sesuianhwaTiow od ala3N06HRE3 Wmimirsidhereby
preparing black matrix 1 with a thickness of 0.8 rim. [0177] Example 2 5Pigment dispersion 2 and
black resin compasitieligamerefihtainecibjthied to rubbing treatment for aligning the liquid
crystals, and the spacer for retaining the cell gap.  On the electrode substrate, thin-
10 film transistor (TFT) elements or thin-film diode (TFD) elements, scanning lines,
data lines, and the like may be formed to prepare a TFT liquid crystal display or TFD
liquid crystal display. Then liquid crystal is injected from an injection port formed
at the sealing region, and then the injection port is sealed. Then an IC driver and
the like are mounted, thereby completing the liquid crystal display.
15 EXAMPLES
[0150}
The present invention will now be described in more detail by way of
examples and comparative examples. However, the present invention is by no
means limited to the following examples.
20 {0151]
<Evaluation methods>
"Specific surface area”
The specific surface area of the pigment was measured with high performance

automatic gas adsorption apparatus ("BELSORP"36) manufactured by BEL Japan,

25 Inc. After vacuum degassing at 100°C, the adsorption isotherm of N2 gas at a



same manner as in Example 1 except that the black composite particles Bk2 were used instead of the
black composite particles Bkl as a light shielding agent. Using the black resin composition 2, black
matrix 2 was prepared in the same manner as in Example 1. 10[0178] Example 3 Pigment dispersion
3 and black resin composition 3 were obtained in the 'same manner as in Example 1 except that the
black composite particles Bk3 were used instead of the black composite particles Bkl as a light
shielding agent. Using 15the black resin composition 3, black matrix 3 was prepared in the same
manner as in Example 1. [0179] Example 4 Pigment dispersion 4 and black resin composition 4 were

obtained in the 20same manner as.in I C ' j k4 were
used instead EF e b télcr: %@%ﬁfﬁgrggﬁﬁzz a‘%ﬁé a%%ﬁ%ﬁ%@ﬁ%%%%mgmgﬁﬁéﬁresin
composition 4 blackimatidewas MieRatedn the same manner as in Example 1. [0180] 25Example 5
66  Pigment dispersion 5 and black resin composition 5 were obtained in the same manner as in
Example 1 exgeps2pat the black composite particles BKS were used instead of the black composite

particles Bkl as a light shielding agent. Using the black resin composition 5, black matrix 5 was
prepared in théGanresiimmmnalsin' 5SExample!. [0181]

5 The content of titanium atoms and silver atoms was measured by ICP optical
emission spectrometry (ICP optical emission spectrometer SPS3000 manufactured
by Seiko Instruments Inc).

[0153]
The contents of the oxygen atoms and nitrogen atoms were measured with

10 Oxygen/Nitrogen analyzer EMGA-620W/C manufactured by HORIBA Ltd. The
oxygen atoms and nitrogen atoms were determined by inert gas fusion-infrared
absorption method and inert gas fusion-thermal conductivity method, respectively.
[0154]

"X-ray diffraction"

15 X-ray diffraction was measured by filling a powdered sample in an aluminum
standard sample holder by the wide angle X-ray scattering method (RU-200R
manufactured by Rigaku Corporation). As for the measurement conditions, CuKa
radiation was employed as the X-ray source; 50kV/200mA for X-ray output; 1°-1°-
0.15 mm-0.45 mm for a slit system; 0.02° for a measurement step (20); and

20 2°/minute for a scan rate.

[0155]

The angle of diffraction at the peak originated from the TiN (200) plane
observed around 20 = 46° was measured. Further, from the half bandwidth
originated from this (200) plane, the crystallite size constituting the particles was

25 calculated using Scherrer's formula of the above-described equations (1) and (2).



Example 6 Pigment dispersion 6 and black resin composition 6 were obtained in the same manner
as in Example 1 except that the black composite particles Bk6 were 10 used instead of the black
composite particles Bkl as a light shielding agent. U 'gg the black resin composition 6, black matrix 6
was prepared in the same manner as in Example 1.? 182] Comparative Example 1 15Pigment
dispersion 7 and black resin composition 7 were obtained in the same manner as in Example 1 except
that the titanium nitride compound particles BK7 were used instead of the black composite particles Bkl
as a light shielding agent. Using the black resin composition 7, black matrix 7 was prepared in the
same mannerﬁﬁ%ﬁ/xample 1. 20[0183] Comparative Example 2 Pigment dispersion 8 and black
resin composition ere obtained in the same manner as in Example 1 except that the silver particles
Bk8 were used ipsteggdoef the black composite particles Bkl as a light shielding agent. Using the black
25resin composition 8, black matrix 8 was prepared in the same manner as in Example 67 1 except
that the coated film thitkness WaskOntisim |k 84fIm thickness of 1.0 pm or 0.8 pm was formed

on a alkali-free glass and an OD value was determined with a multi channel photo
5 detector (manufactured by Otsuka Electronics Co. Ltd., MCPD2000) by the above-
described equation (8). |
[0157]
[Chromaticity of reflected light]
The resin black matrix with a film thickness of 1.0 um was formed on a
10 alkali-free glass, and a peak wavelength was measured with a multi channel photo
detector (manufactured by Otsuka Electronics Co. Ltd., MCPD2000). The
measurement was performed using BK7 as a reference glass to determine the
absolute reflectance.
{0158]
15 [TEM elemental mapping]

The observation was made using TEM JEM-2010F field-emission type
scénning electron microscope manufactured by JEOL Ltd. at an accelerating voltage
of 200 KV. UTW 8Si (Li) semiconductor detector manufactured by Noran (beam
diameter | nm, mapping pixel size about 2.5 nm) was used for EDS to perform

20 elemental mapping.
[0159]
Production of black composite particles

The black composite particles comprising Ti and Ag were produced by the
method of producing the black composite particles according to the above-described

25 embodiments. Ti particles having an average particle size of 25 um and Ag



Reference Example 1 The black resin composition 7 and the black resin composition 8 were mixed
5such that the mass ratio was 90:10 to obtain black resin composition 9. Using the black resin
composition 9, black matrix 9 was prepared in the saﬁe manner as in Example 1. [0185] Reference
Example 2 10The black resin composition 7 and the black resin composition 8 were mixed such that
the mass ratio was 80:20 to obtain black resin composition 10. Using the black resin composition 10,
black matrix 10 was prepared in the same manner as in Example 1. [0186] 15Table 1 shows the
specific surface area and composition ratio of the black composite particles, titanium nitride

compound. angSIFLARTIRFRLSGAIUATINGE A 10 & Ac CamRaralye barplesdiang 2 Table 2

shows the results o ysIS by X-ra ction; an e 3 shows the composition of the black resin

composition a@HaEﬂﬁé%%&&i@@lﬂ%&@ﬂ?bﬁiﬁdl%}%ﬁ@ﬁ'ﬁf@%ﬂ%%@@éﬁ@éﬁi@%ﬂ&@bl%k resin
composition. Figure 6 shows the X-ray diffraction spectra of Sample 3 and Sample 7. [0187] It

can be seen thatamilef the bestxdiyckapetriiepiepatiedmsingaheabliackecomposite particles shown in
Examples has a high OD value and, in addition, low 25reflection Y value. The OD values are higher
than those of RB{&fHnce Examples, 68 and it was confirmed that the black particles prepared by the
thermal Iasmn% rggthod had mo](rﬁe improved light-shielding performance than those prepared by simply
mixing taniunt IS XD AEERG And silver particles.

A high-frequency voltage of about 4 MHz and about 80 kVA was applied to
the high-frequency oscillating coil 12b of the plasma torch 12.  Mixed gas of argon
gas 50 liters/min and nitrogen 50 liters/min was supplied as plasma gas from the
plasma gas supply source 22. An argon-nitrogen thermal plasma flame was

10 generated in the plasma torch 12, Carrier gas of 10 liters/min was supplied from the
spraying gas supply source of the material-supplying apparatus 140.
[0161]

The powder material, a material for producing black composite particles,

which was premixed at a predetermined mixing ratio was supplied, together with
15 argon gas as carrier gas, into a thermal plasma flame in the plasma torch 12, and

evaporated in the thermal plasma flame into a mixture highty dispersed in the vapor

state.

[0162]

Nitrogen was used as the gas supplied into the chamber 16 by means of the

20 gas-supplying apparatus 28. The flow rate in the chamber was 5 m/sec, and the

amount supplied was 1000 L/min.

[0163]

The pressure in the cyclone 19 was 50 kPa, and the supply rate of the black
composite particles from the chamber 16 to the cyclone 19 was 10 m/s (mean value).

25 [0164]



[0188] 5The black resin compositions 3 and 10 prepared in Example 3 and Reference Example 2 were
spin-coated on a slide glass and dried at 150C. The dried compositions were peeled off, bonded on a
microtome support stage, embedded in a visible lighgguring acrylic resin, trimmed, and surfaced, after
which ultrathin sections were prepared with an ultramicrotome equipped with a diamond knife and
10performed TEM elemental mapping. Figure 7 shows the images thereof The results of the TEM
elemental mapping also confirms that the black particles prepared by the thermal plasma method have
more uniform Ag distribution and finer particles than those prepared by simply mixing titanium nitride

compound and silver pretpiess¥aich s Hhad oopariclaaarebialiyrizRatsedidRIDBRY]  In

addition, from the results of the TEM mapping, evaluation of the dispersion was performed using
fractal dimensiens Ghé sitle. of The Fihposiiop ngalyiag e:wadcdivide chbyimniintecvatentanasdetermined
N(r): the number of squares in which at least one Ag particle is present. The same operations were
repeated at 200fffErehy imessdhe niNpgons8IEE SR Ayt P reprasEmieat Byathe following

equation. N(r) = r -D [0190] 69 and when close to 2, they are dispersively mixed on the surface. In the
Examples, Whénor/frsbwmésré%?o#&?ﬁmm Whnioese DR e aglR AL AR Fithe

conpe S B SSA SRAT S anee sk nrgnprrct
in titanium nitriggAQRMINHNERIRFAIB G D gcIormak plasma Mesegh. dfifaction peaks

originated from TiO, were observed at all.
[0165]
Production Example 2

10 Similarly to Production Example 1, black composite particles Bk2 were
obtained using as a material the mixed powder of Ti and Ag premixed at a
predetermined mixing ratio. The BET specific surface area of the black composite
particles Bk2 was 30.7 m*/g. The composition analysis revealed that the titanium
content was 65.4% by mass; the nitrogen content was 17.7% by mass; the oxygen

15 content was 5.9% by mass; the silver content was 10.5% by mass; the angle of
diffraction 20 of the peak originated from TiN (200) plane was 42.57°; and the
crystallite size determined from the half bandwidth of this peak was 35 nm. Some
X-ray diffraction peaks originated from TiO; were observed.
[0166]

20 Production Example 3

Similarly to Production Example 1, black composite particles Bk3 were

obtained using as a material the mixed powder of Ti and Ag premixed at a
predetermined mixing ratio. The BET specific surface area of the black composite
particles Bk3 was 28.8 mzfg. The composition analysis revealed that the titanium

25 content was 59.8% by mass; the nitrogen content was 17.0% by mass; the oxygen



[0191] Table I Nickel content (% by mass) 1 %V01 1 Palladium content (% by mass)
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15

20

25
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content was 3.8% by mass; the silver content was 18.9% by mass; the angle of
diffraction 28 of the peak originated from TiN (200) plane was 42.56°; and the
crystallite size determined from the half bandwidth of this peak was 37 nm. No X-
ray diffraction peaks originated from TiO, were observed at all.
[0167]
Production Example 4

Similarly to Production Example 1, black composite particles Bk4 were
obtained using as a material the mixed powder of Ti and Ag premixed at a
predetermined mixing ratio. The BET specific surface area of the black composite
particles Bk4 was 23.5 m%/g. The composition analysis revealed that the titanium
content was 48.9% by mass; the nitrogen content was 13.6% by mass; the oxygen
content was 3.7% by mass; the silver content was 33.5% by mass; the angle of
diffraction 20 of the peak originated from TiN (200) plane was 42.58°; and the
crystallite size determined from the half bandwidth of this peak was 48 nm. No X-
ray diffraction peaks originated from Ti0, were observed at all.
[0168]
Production Example 5

Similarly to Production Example 1, black composite particles Bk5 were
obtained using as a material the mixed powder of Ti and Pd premixed at a
predetermined muxing ratio.  The BET specific surface area of the black composite
particles Bk5 was 26.9 m*/g. The composition analysis revealed that the titanium
content was 61.7% by mass; the nitrogen content was 16.6% by mass; the oxygen
content was 3.8% by mass; the palladium content was 16.2% by mass; the angle of
diffraction 26 of the peak originated from TiN (200} plane was 42.58°; and the

crystallite size determined from the half bandwidth of this peak was 46 nm. No X-

%C91
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ray diffraction peaks originated from TiO, were observed at all
[0169]
Production Example 6
Similarly to Production Example 1, black composite particles Bk6 were
5 obtained using as a material the mixed powder of Ti and Ni premixed at a

predetermined mixing ratio. The BET specific surface area of the black composite
particles Bk6 was 31.5 m*/g. The composition analysis revealed that the titanium
content was 66.0% by mass; the nitrogen content was 18.2% by mass; the oxygen
content was 4.4% by mass; the nickel content was 10.4% by mass; the angle of

10 diffraction 28 of the peak originated from TiN (200) plane was 42.56°; and the
crystallite size determined from the half bandwidth of this peak was 45 nm. No X-
ray diffraction peaks originated from TiO; were observed at all.
[0170]
Production Example 7

15 Similarly to Production Example 1, titanium nitride compound particles Bk7
were obtained using Ti powder as a material. The BET specific surface area of the
titanium nitride compound particles Bk7 was 36.0 m*/g. The composition analysis
revealed that the titanium content was 72.2% by mass; the nitrégen content was
19.4% by mass; the oxygen content was 6.4% by mass; 42.62°; and the crystallite

20 size determined from the half bandwidth of this peak was 29 nm. No X-ray
diffraction peaks originated from TiO, were observed at all.
[0171]
Production Example 8 (Ag)

Silver particles Bk8 were obtained in the same manner as the production

25 method of Patent Document 7. The BET specific surface area of the silver particles



%V9 Nitrogen content (% by mass) %E.61. LI %07, %911 %9c91 %Z.81 %V61 Titanium content
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Bk8 was 9.6 m*/g.
10172}
"Synthesis of poly(amic acid)s"
4.4'-diaminophenyl ether (0.30 molar equivalent), p-phenylenediamine (0.65
5 molar equivalent), and bis(3-aminopropyl)tetramethyldisiloxane (0.05 molar
equivalent) were fed together with 850 g of y-butyrolactone and 850 g of N-methyl-
2-pyrrolidone. To the mixture, 3,3',4,4'-oxydiphthalcarboxylic dianhydride (0.9975
molar equivalent} was added and the mixture was allowed to react at 80°C for three
hours. Thereafter, maleic anhydride (0.02 molar equivalent) was added, and the
10 resulting mixture was allowed to react at 80°C for another one hour to obtain a
poly(amic acid) A-1 (polymer concentration: 20% by mass).
[0173]
4,4'-diaminopheny! ether (0.95 molar equivalent) and bis(3-
aminopropyljtetramethyldisiloxane (0.05 molar equivalent) were fed together with
15 1700 g (100%) of y-butyrolactone. To the mixture, pyromellitic dianhydride (0.49
molar equivalent) and benzophenone tetracarboxylic dianhydride (0.50 molar
equivalent) were added, and the mixture was allowed to react at 80°C for three hours.
Thereafter, maleic anhydride (0.02 molar equivalent) was added, and the resulting
mixture was allowed to react at 80°C for another one hour to obtain a poly(amic
20 acid) A-2 (polymer concentration: 20% by mass).
[0174]
Example |
The black composite particles Bkl (96 g), poly(amic acid) solution A-1 (120
g), v-butyrolactone (114 g), N-methyl-2-pyrrolidone (538 g), and 3-methyl-

25 3methoxybutyl acetate (132 g) were fed to a tank, and the mixture was stirred with a
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homo mixer (manufactured by Tokusyu Kika Kogyo) for one hour to yield pre-
dispersion 1. Subsequently, the pre-dispersion 1 was provided in Ultra Apex Mill
(manufactured by KOTOBUKI INDUSTRIES CO., LTD.) equipped with a
centrifugation separator 70%-filled with zirconia beads having a diameter of 0.05
mm (manufactured by Nikkato Corporation, YTZ balls), and dispersion treatment
was carried out for two hours at a revolving rate of 8 m/s to yield pigment dispersion
1 having a solid concentration of 12% by mass and pigment/resin (mass ratio) =
80/20.

[0175]

Poly(amic acid) A-1 (63 g), v-butyrolactone (82 g), N-methyl-2-pyrrolidone
(87 g), 3-methyl-3-methoxybutyl acetate (39 g), and a surfactant LC951
(manufactured Kusumoto Chemicals, Ltd., 1g) were added to this pigment dispersion
1 (728 g) to yield black resin composition 1 having a total solid concentration of 10%
by mass and the pigment/resin (mass ratio) = 70/30.

[0176]

This black resin composition 1 was coated on a alkali-free glass
(manufactured by Corning Incorporated, "1737") substrate with a curtain flow coater,
and vacuum-dried at 80°C and 10™ Torr for 2 minutes. Subsequently, the resultant
was semi-cured at 140°C for 20 minutes, and a positive photoresist (manufactured by
Shipley Company L.L.C, "SRC-100") was coated with a reverse roll coater, pre-
baked at 120°C for 5 minutes in a hot plate, and exposed via a photomask using an
exposure apparatus "XG-5000" manufactured by DAINIPPON SCREEN MFG. CO.,
LTD. Development of a posi-type resist and etching of a polyimide precursor were
simultaneously carried out using a tetramethylammonium hydroxide aqueous

solution, and then the positive resist was peeled off with methyl cellosolve acetate.

LOO
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Further, the resultant was cured at 300°C for 30 minutes, thereby preparing black
matrix 1 with a thickness of 0.8 ym.
[0177]
Example 2

Pigment dispersion 2 and black resin composition 2 were obtained in the
same manner as in Example 1 except that the black composite particles Bk2 were
used instead of the black composite particles Bk1 as a light shielding agent. Using
the black resin composition 2, black matrix 2 was prepared in the same manner as in
Example 1.
[0178]
Example 3

Pigment dispersion 3 and black resin composition 3 were obtained in the
same manner as in Example 1 except that the black composite particles Bk3 were
used instead of the black composite particles Bk1 as a light shielding agent. Using
the black resin composition 3, black matrix 3 was prepared in the same manner as in
Example 1.
[0179]
Example 4

Pigment dispersion 4 and black resin composition 4 were obtained in the
same manner as in Example 1 except that the black composite particles Bk4 were
used instead of the black composite particles Bk1 as a light shielding agent. Using
the black resin composition 4, black matrix 4 was prepared in the same manner as in
Example 1.
[0180]

Example 5
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Pigment dispersion 5 and black resin composition 5 were obtained in the
same manner as in Example 1 except that the black composite particles Bk5 were
used instead of the black composite particles Bk1 as a light shielding agent. Using
the black resin composition 5, black matrix 5 was prepared in the same manner as in

5 Example 1.
[0181]
Example 6
Pigment dispersion 6 and black resin composition 6 were obtained in the
same manner as in Example 1 except that the black composite particles Bk6é were
10 used instead of the black composite particles Bk1 as a light shielding agent. Using
the black resin composition 6, black matrix 6 was prepared in the same manner as in
Example 1.
[0182]
Comparative Example 1
15 Pigment dispersion 7 and black resin composition 7 were obtained in the
same manner as in Example 1 except that the titanium nitride compound particles
Bk7 were used instead of the black composite particles Bk1 as a light shielding agent.
Using the black resin composition 7, black matrix 7 was prepared in the same
manner as in Example 1.
20 [0183]
Comparative Example 2

Pigment dispersion 8 and black resin composition 8 were obtained in the
same manner as in Example 1 except that the silver particles Bk8 were used instead
of the black composite particles Bk1 as a light shielding agent. Using the black

25 resin composition 8, black matrix 8 was prepared in the same manner as in Example
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1 except that the coated film thickness was 0.5 pm.
[0184]
Reference Example 1

The black resin composition 7 and the black resin composition 8 were mixed
such that the mass ratio was 90:10 to obtain black resin composition 9. Using the
black resin composition 9, black matrix 9 was prepared in the same manner as in
Example 1.

[0185]
Reference Example 2

The black resin composition 7 and the black resin composition 8 were mixed
such that the mass ratio was 80:20 to obtain black resin composition 10. Using the
black resin composition 10, black matrix 10 was prepared in the same manner as in
Example 1.

[0186]

Table 1 shows the specific surface area and composition ratio of the black
composite particles, titanium nitride compound, and silver particles used in
Examples 1 to 6 and Comparative Examples 1 and 2; Table 2 shows the results of
analysis by X-ray diffraction; and Table 3 shows the composition of the black resin
composition and the results of evaluation of the resin black matrix prepared using the
black resin composition. Figure 6 shows the X-ray diffraction spectra of Sample 3
and Sample 7.

[0187]

It can be seen that any of the resin black matrix prepared using the black

composite particles shown in Examples has a high OD value and, in addition, low

reflection Y value. The OD values are higher than those of Reference Examples,
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and it was confirmed that the black particles prepared by the thermal plasma method
had more improved light-shielding performance than those prepared by simply
mixing titanium nitride compound and silver particles.

[0188]

The black resin compositions 3 and 10 prepared in Example 3 and Reference
Example 2 were spin-coated on a slide glass and dried at 150°C. The dried
compositions were peeled off, bonded on a microtome support stage, embedded in a
visible light-curing acrylic resin, trimmed, and surfaced, after which ultrathin
sections were prepared with an ultramicrotome equipped with a diamond knife and
performed TEM elemental mapping. Figure 7 shows the images thereof. The
results of the TEM elemental mapping also confirms that the black particles prepared
by the thermal plasma method have more uniform Ag distribution and finer particles
than those prepared by simply mixing titanium nitride compound and silver particles,
which shows that Ag particles are highly dispersed.

[0189]

In addition, from the results of the TEM mapping, evaluation of the
dispersion was performed using fractal dimension. One side of the TEM mapping
image was divided by an interval r, and determined N(r): the number of squares in
which at least one Ag particle is present. The same operations were repeated at
different intervals r.  N(r) was log-log plotted against r and represented by the
following equation.

N@)=r1r"P
[0190]

D is defined as fractal dimension, and it is represented that the closer D is to 0

(zero), Ag particles aggregate at a spot; when close to 1, they are linearly-aligned;



diffraction 20 (0) I101.8E 9(18E EtY8E LIY8E I I | Presence of TiO2 peak Absent Slightly Present
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and when close to 2, they are dispersively mixed on the surface. In the Examples,

when 1 is in the region of 100 nm or more, D is 1.73 in cases where titanium nitride

compound and silver particles are simply mixed, and 1.93 in the case of the black

particles prepared by the thermal plasma method. These results also show that Ag
5 particles are more highly dispersed in titanium nitride compound prepared by the

thermal plasma method..
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173111 5.3111 931EIl LIS 4 831/3 72[0193] Table 3 73 [0194] Example 7 Preparation of the
colored resin composition Green pigment (Pigment Green 36); 44 g, yellow pigment (Pigment Yellow
5138); 19g, poly(amic acid) A-2; 47 g, and y-butyroigctone; 890 g were added to a tank and stirred
with a homo mixer (manufactured by Tokusyu ICika Kogyo) for one hour to obtain G pigment
pre-dispersion qanl)‘sg,]bsequently, the pre-dispersion Gl was provided in Dyno-Mill ICDL (manufactured
by Shinmaru Enjgppsises Corporation) 85%-filled with zirconia beads with a diameter of 040 mm
10(Torayceram beads, manufactured by Toray Industries, Inc.), and dispersion treatment was carried
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15[0195] In the same manner, instead of green pigment and yellow pigment, red pigment (Pigment
Red 254); 63 g was added to obtain R pigment dispersion Rl having a solid concentration of 7% by
mass and pigment/polymer (mass ratio) = 90/10. Further, the R pigment dispersion Rl was diluted with
the poly(amic acid) 20A-2 and a solvent to yield a redresin composition. [0196] In the same
manner, instead of green pigment and yellow pigment, blue pigment (Pigment Red 15:6); 63 g was
added to obtain B pigment dispersion B1 having a solid concentration of 7% by mass and
pigment/polymer (mass ratio) = 2590/10. Further, the B pigment dispersion B1 was diluted with the
poly(amic aci Eix -2 and a solvent to yield a blue resin composition. [0197] The resin black matrix 3
processed in Example 3 was coated with a red paste such that the thickness of the film after dried was
2.0 pm, and thg)[ﬁ%lrbl[t@mt was 5subjected to pre-baking to form a polyimide precursor red color film.
Using a positive photoresist, with the same method as described above, red pixels were formed and
heat curing waBrepariebouf di2806etrthm samedsidoner, a green paste was coated to form green
pixels and the heat curing was carried out at 290C. Continuously, a blue paste was coated to form
blue pixels and the hézcenmgmvasRozaritSwgp2obteoedey rigmeetdBisrmrd rtetievbbtained

2 uch an o3GRS At TR I PoL] S SLPIACE ) DENE BRI e mot more
than 0.10 pm. ila%[lg %1?(? LE&%Q%HR% HI)H;(? IJA%Q (%Xﬁﬁ%gﬂﬁfi’é%y Tokusyu Kika Kogyo) for one
hour to obtain G pigment pre-dispersion G1. Subsequently, the pre-dispersion G1
was provided in Dyno-Mill KDL (manufactured by Shinmaru Enterprises
Corporation) 85%-filled with zirconia beads with a diameter of 0.40 mm
10 (Torayceram beads, manufactured by Toray Industries, Inc.), and dispersion
treatment was carried out at a revolving rate of 11 m/s for three hours to yield
dispersion G1 having a solid concentration of 7% by mass and pigment/polymer
(mass ratio} = 90/10. The dispersion G1 was diluted with the poly(amic acid) A-2
and a solvent to yield a green resin composition.
15 [0195]

In the same manner, instead of green pigment and yellow pigment, red
pigment (Pigment Red 254); 63 g was added to obtain R pigment dispersion R1
having a solid concentration of 7% by mass and pigment/polymer (mass ratio) =
90/10. Further, the R pigment dispersion R1 was diluted with the poly(amic acid)

20 A-2 and a solvent to yield a red resin composition.
[0196]

In the same manner, instead of green pigment and yellow pigment, blue
pigment (Pigment Red 15:6); 63 g was added to obtain B pigment dispersion B1
having a solid concentration of 7% by mass and pigment/polymer (mass ratio) =

25 90/10. Further, the B pigment dispersion B1 was diluted with the poly(amic acid}



The obtained color filter | was washed with a neutral detergent, coated with an alignment layer
constituting a polyimide resin by the printing method, and heated in a hot plate at a temperature of
250C for ten minutes. The film thickness was 200.07 pm. Subsequently, a color filter substrate was
subjected to rubbing treatment, coated with a sealing agent by the dispense method, and heated in a
hot plate at 90C for ten minutes. Meanwhile, a substrate with TFT array being formed on a glass was
washed in the same manner, coated with an alignment layer, and heated. Subsequently, the resultant
was sprayed with a ball spacer with a diameter of 5.5 pm, 250verlapped with a color filter substrate

coated with a se l}fﬁ% g%gmérﬂr{g P%%%H%dr%gl%gg £a56 pressure at a temperature of 160C for 90
tt

minutes to cure the sealing agen Is cell was stan at a temperature of 120C under a
pressure of 13§ b for four hours. Then it was left to stand in nitrogen for 0.5 hours, and liquid crystal
injection was again carried out under vacuum. The cell was placed in a chamber, 5 and the pressure

was reduced to 13.3 Peeatsposntémperiat@reroBesssd quéhthm phe Jiguideoatstahvitiet ich ot was
immersed in liquid crystals, and the pressure was recovered to ordinary pressure with nitrogen,

thereby carryingchubiityiiie tclsniykmsmééh@ﬁlmﬁ&etmiﬁdm%@gtamm@ét% rgselipfliiwatystal injection
port was closed with a UV curing, resin, Subsequently, a polarizi ﬂgﬂﬁlalf I% s adhered to the 10outside
of two glass siBEIFsted BrRfRs n%@r@ﬂ?é‘cﬂ?ﬂ IS RO TS OB B ta i ¥BELRI was

modularized to,complete (U erusiplaisplaY b RRseIvAanALIna ARiaRg iand erestal display 1

showed that tHere were no spay ect ontrast was excellent dueto high light shielding of the

resin black maggbm{Angdyesirestigichersial cisplaysonere PIRRREREH: thasrmMe pregedure. Because
15adhesion of the resin black matrix was high, there were not any defects including peeling in the

sealing portiorpasteinguiiquitdedrystahmjgetiomiathllaERORIR TICheOR SdMBOLS §#2007Q0 Composite
particle-producing apparatus 2012 Plasma torch 12a Quartz tube 12b High-frequency oscillating coil
Continuously, a blue paste was coated to form blue pixels and the heat curing was
10 carried out at 290°C.
[0198]
The color filter thus obtained was a color filter 1 having an OD value as high
as 4.90 at the resin black matrix of the frame portion and such an excellent flatness
that the highest step of the surface pixel of the color filter was not more than 0.10 pm.
15 [0199]
Production of the liquid crystal display
The obtained color filter 1 was washed with a neutral detergent, coated with
an alignment layer constituting a polyimide resin by the printing method, and heated
in a hot plate at a temperature of 250°C for ten minutes. The film thickness was
20 0.07 um. Subsequently, a color filter substrate was subjected to rubbing treatment,
coated with a sealing agent by the dispense method, and heated in a hot plate at 90°C
for ten minutes. Meanwhile, a substrate with TFT array being formed on a glass
was washed in the same manner, coated with an alignment layer, and heated.

Subsequently, the resultant was sprayed with a ball spacer with a diameter of 5.5 um,

25 overlapped with a color filter substrate coated with a sealing agent, and heated under



12c Plasma gas supply port 15 Composite particles 2516 Chamber 17 Top board 17a Inside top
board part 17b Outside top board part 17c Upper outside top board part 517d Airway 18
Post-classification composite particle 19 Cyclone 19ﬁ?lnlet pipe 19b Outer casing 1019c¢ Conical

portion 19d Coarse particles recovery chamber 19e Inner tube 20 Recovery unit 20a Recovery
chamber 1520b Bag filter

increased pressure at a temperature of 160°C for 90 minutes to cure the sealing agent.
This cell was left to stand at a temperature of 120°C under a pressure of 13.3 Pa for
four hours. Then it was left to stand in nitrogen for 0.5 hours, and liquid crystal
injection was again carried out under vacuum. The cell was placed in a chamber,

5 and the pressure was reduced to 13.3 Pa at room temperature. Subsequently, the
liquid crystal injection port was immersed in liquid crystals, and the pressure was
recovered to ordinary pressure with nitrogen, thereby carrying out liquid crystal
injection.  After the liquid crystal injection, the liquid crystal injection port was
closed with a UV curing resin. Subsequently, a polarizing plate was adhered to the

10 outside of two glass substrates of the cell, thereby completing the cell. Further, the
obtained cell was modularized to complete liquid crystal display 1.  Observation of
the obtained liquid crystal dispiay 1 showed that there were no display defects.
Contrast was excellent due to high light shielding of the resin black matrix. One
hundred liquid crystal displays were prepared in the same procedure. Because

15 adhesion of the resin black matrix was high, there were not any defects including
peeling in the sealing portion during liquid crystal injection at all.

DESCRIPTION OF SYMBOLS
[0200]
10 Composite particle-producing apparatus

20 12 Plasma torch
12a Quartz tube
12b High-frequency oscillating coil
12¢ Plasma gas supply port
15 Composite particles

25 16 Chamber



20c Tube 22 Plasma gas supply source 24 Thermal plasma flame 26 Tube 2028 Gas-supplying
apparatus 28a Gas-ejecting hole 28b Gas-ejecting hole 28¢c Compressor 28d Gas supply source
2528e Tube 77 140 Composite particle material-supplying apparatus 140a Supply tube 142 Storage
tank 144 Pre-mixed composite particle material 5146 Stirring shaft 148 Stirring blade 150a, 150b Oil
seal 152a, 152b Bearing 154a, 154b Motor 10160 Screw feeder 162 Screw 164 Shaft

17 Top board
17a Inside top board part
17b Outside top board part
17¢ Upper outside top board part
5 17d Airway
18 Post-classification composite particle
19 Cyclone
19a Inlet pipe
19b Quter casing
10 19¢ Conical portion
19d Coarse particles recovery chamber
19¢ Inner tube
20 Recovery unit
20a Recovery chamber
15 20b Bag filter
20c Tube
22 Plasma gas supply source
24 Thermal plasma flame
26 Tube
20 28 Gas-supplying apparatus
28a Gas-ejecting hole
28b Gas-gjecting hole
28c Compressor
28d Gas supply source

25 28e Tube



166 Casing 170 Dispersion unit 15172 Outer tube 174 Powder dispersing chamber 176 Rotating
brush 178 Gas supply port 180 Gas passage 20182 Conveyor tube 78 CLAIMS 1.Black composite
particles represented by the composition formula: TirzzOy.zX (wherein X is a metal atom; x is a number
greater than 0 and less than 2; y is a 5number not less than 0 and less than 2; and z is a number
greater than 0 and less than 10). 2. The black composite particles according to claim 1, wherein the
oxygen content of said black composite particles is not more than 10% by mass. 3. The black
composite particles according to claim 1 or 2, wherein said X is at 10least one selected from copper,

silver, gold, pIafgweb%(g’%st‘%ﬁ%%&g%¥§§Eéy§%§éﬁ%ea%§tp§fse metals. 4. The black composite

particles according to claim 3; wherein sai he black composite particles according to
any one of claifagl dahiywaerein the content of silver in said black composite particles is not less than
5% by mass and

142 Storage tank

144 Pre-mixed composite particle material
5 146 Stirring shaft
148 Stirring blade
150a, 150b Oil seal
152a, 152b Bearing
154a, 154b Motor
10 160 Screw feeder
162 Screw
164 Shaft
166 Casing
170 Dispersion unit
i5 172 Quter tube
174 Powder dispersing chamber
176 Rotating brush
178 Gas supply port
180 Gas passage

20 182 Conveyor tube



15no0t more than 50% by mass, based on the total mass of the black composite particles. 6. The black
composite particles according to any one of claims Ito 5, wherein the specific surface area measured
by BET method is not less than 5 m2/g and not moreéhan 100 m2/g. 7. The black composite particles
according to any one of claims Ito 6, wherein 20said black composite particles are produced through
the step of mixing and condensing Ti and X in a vapor state. 8. The black composite particles
according to claim 7, wherein said black composite particles are produced by subjecting Ti powder and
X metal powder to thermal plasma using a nitrogen-containing gas as plasma gas. 259.A black resin
composition comprising at least a light shielding 39ERY esin, 79 and a solvent, wherein the
composition contains at least the black composite particles according to any one of claims 1 to 8 as
the light shielding agemhok b GRIGafillEESesEalRPBIPRNSAPSSIbAlASkMalriX formed by
applying the black resin composition according to claim 9 on a substrate and patterning the Ssubstrate.
11. A liquid crybilkéispd&y comprising the color filter substrate according to claim 10.

{wherein X is a metal atom; x is a number greater than 0 and less than 2; yis a

5 number not less than 0 and less than 2; and z is a number greater than 0 and less than
10).
2. The black composite particles according to claim 1, wherein the oxygen

content of said black composite particles is not more than 10% by mass.

3. The black composite particles according to claim 1 or 2, wherein said X is at
10 least one selected from copper, silver, gold, platinum and tin, and alloys of two or

more of these metals.

4. The black composite particles according to claim 3, wherein said X is silver.

5. The black composite particles according to any one of claims 1 to 4, wherein

the content of silver in said black composite particles is not less than 5% by mass and
15 not more than 50% by mass, based on the total mass of the black composite particles.

6. The black composite particles according to any one of claims 1 to 5, wherein

the specific surface area measured by BET method is not less than 5 m*/g and not

more than 100 m?/g.

7. The black composite particles according to any one of claims 1 to 6, wherein
20 said black composite particles are produced through the step of mixing and

condensing Ti and X in a vapor state.

8. The black composite particles according to claim 7, wherein said black

composite particles are produced by subjecting Ti powder and X metal powder to

thermal plasma using a nitrogen-containing gas as plasma gas.

25 9. A black resin composition comprising at least a light shielding agent, a resin,



79

and a solvent, wherein the composition contains at least the black composite particles
according to any one of claims 1 to 8 as the light shielding agent.

10. A color filter substrate comprising a resin black matrix formed by applying
the black resin composition according to claim 9 on a substrate and patterning the
substrate.

11. A liquid crystal display comprising the color filter substrate according to

claim 10,



