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di sper si ons ‘3939167&%% particularly, to1l- ~ bariumti %gﬁg{ség%m}o :

di spersions in non-aqueous nedia. 5 The high dielectric

constant of bariumtitanate-based materials nmake them suitable for

mul tilayer ceram c capacitors, commonly referred to as "M.C s." MC s
caenpri se alternating |ayers of dielectric and electrica
conductor materials. ExanpB&RIOM MIANATEDISPERSIONS di sclosed in U. S
Pat ent Nos. 3,612,963 and 4, 435,738. Palladium silver, palladiumsilver
al.l oys, copper, and ni ckel are common electrical conductor materials used

in MLC s. The 10 di e URBSE Qre usual |l y prepared
froma high solids dISpeI’SI art as a "slip." Such
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| ayers are coated Wi th conductor naterials |n attern and are then

st acked 15wltilayer gerpisFapasiters. cammeatygetsrrediors FMAG nG MEGisicompfisegr een cerani c
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cubes, which are heated gani c ma
bi nder andiselpseddp yeﬁnpafamd\JQShbﬁIZ,%hdd 14;43&[731{ d?allbdmmpsalvbr phlmhuni-sxh&rl um

titanat t t
| nat ooy coBBh Al Rickbfire common eec Tk BafA BTy B VAL, e
Si ni@r i ngdiekowielgeriiofan ML irynsuaﬂy bi¢pared frbif arh?glgseh@s‘dlwn,mmm&ﬁ& C and

1500[err] C. Duki tering increased ceram'c dielectric density

i s achi ev&i23& sg‘pr eé‘l?ptShPﬁ"Yl?‘ Yf°8§’iPE$F pomgered barium ntaeaiﬁbasenmqr@hm@fa t he
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ceramic grain size in an M.C dielectric |ayer
exanpl e, Bpdeby esting orspating with a slip aIet(b‘leE to prhadeaf‘gem”zlwenbf ¢el'£emor| gl naI

Phe. o1 e ootelebfte” Brec R4 conflbifh condllod ikl Tod SRR S rs B 2p et ns
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dielectric [ayer 0. be
Stack3 hre dlced in C-smecl cub hlcﬂ areaheated to burn off organic materials such as

binder and dispersant and then fired to sinter the particles of barium titanate-based material to
form a capacitor structure with laminated, dense ceramic dielectric and conductor layers.
Sintering temperatures are typically in the range of about 1000°C and 1500°C. During

20 sintering increased ceramic dielectric density is achieved as a result of the fusion and
consolidation of the particles to form grains. Even with the use of grain growth inhibitors,
ceramic grain size in an MLC dielectric layer is tybically larger, for example, by a factor of 3
to 5, than the size of the original primary particles. Moreover, not all porosity is removed
during the sintering process. Typically, between about 2% and 10% porosity remains in MLC

25 dielectric layers. These pores, or hole defects, in the dielectric layer, tend to be larger in larger
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SUMMARY OF THE INVENTION_

In one aspect, the invention provides a slurry, dispersion, or slip including barium
titanate-based particles dispersed in a non-aqueous medium. The particles include a coating
comprising a metal oxide, metal hydrous oxide, metal hydroxide or organic acid salt of a

25 metal other than barium or titanium, wherein at least 90 percent of the particles have a particle
size of less than 0.9 micrometer when dispersed by high shear mixing.

As used herein the term “barium titanate-based” refers to barium titanate, barium
titanate having another metal oxide coating, and other oxides based on barium and titanate
having the general structure ABO;, where A represents one or more divalent metals such as

30 barium, calcium, lead, strontium, magnesium and zinc, and B represents one or more

tetravalent metals such as titanium, tin, zirconium and hafnium.



-3 - I n anot her aspect, this invention provides a nethod
of formng a slurry, dispersion, or slip. The nethod includes the
step of dispersing bariumtitanate-based particles in a non

aqueous nmediWePI718 gh shear mi xing until 90 percent of thé’caﬁ‘}s?gq?lges have
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metal hydroxi de or. I um or
titanicum Tt ?ﬂ?ﬁ}fb tﬂwﬂr&?}%&? %e%l afi kit gfarﬂetgf&@érﬁgﬁﬁ%gu%lgﬁggﬁ?dmdl
with a non- aquem&nmwasﬁact Ancinvkntipe provides imﬂicblmeﬂxbﬂaﬂﬁimrngasluny, based
particles in a non-aqueous nedi um by hi gh shear nf1

BRI EF DESCRiimeraian. o shin-E hoppstadarsludss forming a shurry o befibg, titgnate-pased pasielesdn 5y ¢
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mll 30 _m nut &3 ({1 a] )

hor i Zg(ﬁt al  PAERTS agk sixl? (%garm%gl othe? ané’?‘”%“ﬁ 81' tltgrqgin. THe %etﬂyd)ﬂn@%égﬁhglzg and 2B
are graphs gplacing wqheajsmeaiuaewuh 8 hon-bqticowsmeatiura,unti ispersing ddiiom titanate- 20
the bariumtitanate particles of the pqg}?q i nvention, after high shear

m xing for peresPiFigsin a non-aqueous mediuok by ighshesf eXMg i xi ng for 30 mi nutes.

G her novel features and aspects of the invention will becone apparent from
t he foll owi ng detail ed description of the i nventi on when
considered in conjunction BRIEEDESCRIPTION OF 7 aXINGS figures, and from

the chaims.  25rGg 14,18, apd 1Care V aphs of the m%%hﬁ?;%?@&ﬁﬁoﬁfm&ﬁ'f

| NVE ON I NV ntlonls Irected to slurries
di sper si ons of the batiur titandte banclamﬁth& pmszdntemventmn, after hlhhsm pmlng firds
di spersed in.a nonza cl.es

t
| east minutes, pRer Bgyg?ngfwgn?ﬁa?‘ﬁq\‘?f‘ % g@énﬁﬂl)‘ﬁlé c’ggiute 8"6}’8 Ioa#%ri&gl ﬁg a
netal oxi deaddiBdril mhaY Rlahokdii& media mill for 45 minutes; and

FIGS. 2A, and 2B are graphs of the particle size distribution of another embodiment of

20 the barium titanate particles of the present invention, after high shear mixing for 10 minutes,
and after high shear mixing for 30 minutes.
Other novel features and aspects of the invention will become apparent from the
following detailed description of the invention when considered in conjunction with the

accompanying figures, and from the claims.

25 DETAILE RIPTIO THE INVENTI
The present invention is directed to slurries, dispersions, or slips of barium titanate-
based particles dispersed in a non-aqueous medium. The particles include a coating on at least
a portion of the particle surface. The coating comprising a metal oxide, metal hydrous oxide,
metal hydroxide, or organic acid salt of a metal other than barium or titanium, or mixtures
30 thereof. The coated particles have a particle size less than 0.9 micrometer when dispersed by

high shear mixing.



metal hydroxide, or organic acid salt of a nmetal other than barium or
titanium or m xtures 30 thereof. The coated particles have a particle
size less than 0.9 m croneter when dispersed by hi gh shear m xi ng.
-4 - WO 99/ 7189 The bariumtitanate-based particles amperfissaps bl e,
wi t hout the need ball mlling, _4.1into subnmicron dispersions in
non- aqueous medi a that are advant ageous in the manufacture of
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[err]m 25 . ynderstood that the Bitfinbifahdidbised ﬁitﬁélesﬁ@&dnﬁ?ﬁébr@bgspaﬁﬁb}es@fwaﬂymgn
forms ot her than£r|mry particles, for exanpl e as a Eegat
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particl es. SE(M:P@&' EEMré}'Eﬁblg}%e BM:&S&HaWQameWWﬂ&smﬁoss ¥1h; more

di stribution anon
preferably, less than 0.4 pm; and more preferably, the particles have a primary particle size of

less than 0.3 um; most preferably, the particles have a primary particle size of less than 0.2
pm.

25 The barium titanate-based particles may exist in forms other than primary particles, for
example as aggregates of primary particles, and/or agglomerates of aggregates of primary
particles. SEM and TEM are not effective in distinguishing the size distribution among
primary particles, aggregates of primary particles, and agglomerates of aggregates of primary
particles. Particle size distribution analysis, for example by light scattering techniques, is a

30 preferred method for characterizing the particle size of the barium titanate-based particles,
provided that the preparation for analysis does not include treatment that would change the

distribution of aggregated or agglomerated particles, such as by deagglomeration due to



primary particles, aggregates of primary particles, and aggl onerates of
aggregates of primary particles. Particle size distribution
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Except where the context is clear that a metal oxide only is meant, as used herein the

25 term “metal oxide” is used to describe coatings of metal oxides, metal hydroxides, hydrous
metal oxides, and organic acid salts of a metal. Such organic acid salt can be converted to an
oxide or hydroxide, for example by thermal decomposition that occurs during heating for
ceramic binder burnout and/or ceramic sintering.

As used herein the term “high shear mixing” means mixing in a liquid medium that

30 imparts sufficient energy to separate agglomerates of the coated particles into smaller particles

without the impact of a solid agent such as rods, cylinders, or hard spherical media, such as

zirconia spheres. Hard media is used in certain high shear mixing equipment where small



metal oxides, and organic acid salts of a netal. Such organic acid salt can
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where x, X, x”, v, v, and y” are each> 0,and (x + x’ +x")is< l,and (y + y’ + y”)'is <L In
many cases, the barium titanate-based material will be disposed with a perovskite crystal
structure, and it is preferred that the barium titanate material have a perovskite structure.

25 While hydrothermally-produced, barium titanate particles are conventionally dried into
powders, the particles form into relatively strongly-agglomerated particles that are not
effectively deagglomerated by simple high shear mixing. Dispersions made from such dry,

- agglomerated, barium titanate-based particles, which have a submicron primary particle size
require a substantially long duration of impact milling to provide particles in the micron

30 range, and longer more intense milling for submicron particles. In contrast, agglomerated

metal oxide-coated. barium titanate-based particles having a submicron primary particle size
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preparing uniform particles.

After the perovskite structure is imparted to barium titanate particles by thermal
25 treatment of a slurry, the particles are preferably washed to remove unreacted metal species
such as barium ions. Washing can be effected with ammoniated de-ionized water at pH 10 to
prevent barium from dissolving from the particles. The wash water can be removed by
filtration or decanting from settled particles. The number of wash cycles will be determined
by the purity desired in the aqueous phase, such as to provide a shurry with a low ionic
30 strength having a conductivity less than 5 milliSiemens, preferably less than 1 milliSiemens.

Four to five washing cycles has been found to be adequate to reduce the ion content of the



particles can be prepared by adding barium hydroxide relatively quickly to

a slurry maintained at a relatively high tenperature, for exanple
about 95[err]C. Good agitation is inportant for preparing uniform
particles.  wooos7189 After the perovskite structure picsruusppnsdoed to

bariumtitanate particles by thermal 25 _g_ treatment of a slurry, the
particles are preferably washed to remove unreacted netal species
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orma single |ayer honpgenous coatin dﬁ
separately aapplgseaqdematnagsloftke@e more soluble mietaisras i fapi opptihg0vermpgacadydr ous

oxi de, _phydroxi de. or a aci | ayers,

net al s lg r e FEROSIRS ’98?}%6}#55”5131 %B F}ﬁaﬁ@e T egsﬁ%o‘g%frﬁﬁgsﬁsg%ﬂ “‘?“ oxi de
coati ngs t endariin,fd PRIy provides particlth ith @ bhriunk-and iiphionsfree crmtmgsaOoatmgs but
resol ubilization. Therefore, it is often referiaﬁd to oxi de

coatings of Paéskes intandedster erparaic Rapagitos applicafion Sypicallx haveg ‘B\?Eﬁ‘esﬂ??setggb ily 15
deposi ted ”?gn Org%rfﬂs dlahéfek Efgrhié‘ﬁanr?élg%hbﬁlﬁsm FOARRAL, AdSRefBably Hot Asre

sol ubi l'i zati and readi |y provides particles with a
bari um and thandetween § nmend ddbhmilgsk. Coat i ngs of part icles intended

for cer m Cc capac pl i catipon typi.cal hayv t hi
per cenl2 of the di Qtﬁ"g{“leqrgaﬁ’f”l" a@&#‘ﬁ@ﬁ 189%%%{:(55 ﬁg@gwé ﬁ%{)nﬁflﬁalts |éﬁpand
preferably n@hve®Io® solubility. ExamBREoRENEEhiSacidBaktRbatihgs Arenichil salts of oxalic

acid (for example, niobium oxalate), citric acid, tartaric acid and palmitic acid. Itis believed

that the organic acid salt will be converted to a metal oxide during binder burnout. The
selection of metal is made on the basis of enhancement imparted to the processing or

25 properties of MLC’s. The metal in coatings is typically selected from among bismuth,
lithium, magnesium, calcium, strontium, scandium, zirconium, hafnium, vanadium, niobium,
tantalum, tungsten, manganese, cobalt, nickel, zinc, boron, silicon, antimony, tin, yttrium,
lanthanum, lead, and the Lanthanide elements. Preferably, the barium titanate particles have a
barium- and titanium-free metal oxide coating. When ceramic capacitors with X7R dielectric

30 properties are desired, it is useful to provide the barium titanate particles with dopants such as
niobium oxide, tantalum oxide, or neodymium oxide, in combination with nickel oxide, or

cobalt oxide. When it is desired to provide ceramic capacitors that are sintered at relatively
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proper |y coat@uicentrate the slurry, for example by removing water such as by filtration, to at least 40

wt% solids; preferably, at least 50 wt% so]ids; more preferably, at least 55 wt% solids; and
25 even more preferably, in the range of at least about 60 or 75 wt% solids. A dispersing agent
and binder can be added to concentrated slurry to provide a slip or a stable dispersion of the
barium titanate-based particles.
As noted above, after the barium titanate based particles have been coated, the aqueous
phase can be replaced with a non-aqueous phase. The aqueous phase may be replaced with an
30 organic liquid phase by solvent exchange or distillation. In the solvent exchange process a
filtration device can be used. In a preferred embodiment, the filtration device is a Funda™

filter that includes flat trays. lined with an ultra-filtration membrane, which arc mounted on a



particle, the pH of an aqueous conponent are preferably maintained in the
range of 9 to 11. Slurries of metal oxide-coated, barium
titanate-based particles are conveniently produced at a 20 relatively
| ow | evel of wolobsgase for exanple |ess than 30 wt % bari um ti GeRais6s R
particles. A hi gher | evel s of SO|IdS Is typically pre erre for

t he production of I\/LCs Thus, in the casi where a slurry of this

et o= b Bl TSRS R B PR EE! 4% i ™

filtration, teented stagdpipe. 4fhce the filtration opérificiab bélfplets, tBE ﬁl"téi‘léh%ls §un!o®eotithed0
wt % sol i ds; nore preferabl ?’f at | east 55 wt % solids; and even nore
O,

preferably, %% w&cgﬁg@&a ﬂ@a&’*daswetdrmh@pg%vwwshﬂ negtprogessing step.

di spersing aglﬁ!?iﬁltmnon membrAfAbrib Rruifizdy &Et@ﬁggﬁkﬂﬁ’cr tﬂé§ ?écffd slurry to
provide_a slip or a stable dispersion of th anat e- based
particl &s.  hydrothermal barium titapae.not ed above, af ter t he barl um titanate based
particl es have be ase can he replaced with
a non- aqueous phag{e1 ope %ﬁéﬁgheu%)@%g §'§ prggess frsp éanpgseW%'?%a%%u‘i‘g“gﬁm of"
organic i quﬂ)emphasaﬂatbpamolles/thheﬁnbrathe OWad:r Estreﬁ)bw&tiltlﬂ'ﬂug}i the tilbafi@tiorent
exchange proces I.Itration device can be used, In a preferred

enbodi nent , ﬁ‘"let AL ’Bﬂ“&gg’f’@@@? TEMpYRdejat anyqrous water-misciplejorganic;splyent,
i ncl udes fl akudhraa)‘r&tl{wdm@lllek‘&ohb(MEK}lbxttB&eﬁé (dbdcAbddHRIVA R SrftFbRucedhes thedtifer

mount ed_on a

10- 10 device. clhig water-miseihlespiyent is addad and remonred: franythg filtendeviceDmgghithd
filter, and | n ta i e the
filtr at on Oggﬁaglﬁ%ﬁﬁﬁgﬁ(@%ﬂn%ﬁg e;xrﬂ til th]g v\ia er Fonte(iugef’ é\%hasrgxu n{}%?%tg g}tergﬁﬁg
trays using demeasestogalksifedvalge. The veamerihds béeh eemaled fromthofilg cakevgingahd 0 t he
next proceSS| n{ filtration ane terial |is
utilized due“ft %r'f‘?}gﬁg §dyems @r%%erb%"hbg’l 381V§1“z‘§th5? a&a%gb Erough o tha stes dnsplyble

bari um tit anadieent is added and removed througdhth@@R&hRrkGdh mit@ﬁ‘al %M@é‘ﬂm Wgn of
procesi%fl rst. i nvol V@Epurrp ng an_ aqueous_slurry barium

titanal® par fhecYate-splubls spivento p desiredsalne eThe\hat"@n tlFaélatP dsthenspun pffdhgyh t he

ul trafiltrat ;Rasi an
anhydr ous wat er - rgag o %thn?)l?g{aaﬁ I'C @gogpél fnfbf a e ik 1; o@ﬁoXﬁdtb%io& the EREFUEGLe.

met hyl et hyl e ket on©ngentharium titanatecanters the snxmg; ek behtedpelowshe filter debieepal | nt o

the filter e,sol.vent is added an ved
fromthe fil fi ?er%?nﬂs@g&t%ﬁpggﬁﬁe%l&tﬁewmems are m‘xe‘EJT“ft'rlé PWP$°£F?‘E§§FWH’§J? Béap

mat eri al unt Desitdaatsysatiess sanit@Mluiina [ daf bd added i al1biv gt @orftéﬂttise&esﬁéi‘f( € he
decreaz(fs to.a desired value. Once water has been renoved fromthe filter
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t hen spun off th
P separa arafion tank. In operation, the aqueous barium titanate slurry is pumped into the

distillation tank, and the desired organic solvent is added. If the desired organic solvent is not
25 miscible in water, a small amount of a water-miscible solvent, such as a high molecular
weight alcohol can be added. The components are then mixed to an emulsion and heated.
The distillation process is preferably used with high molecular weight solvents, which have a
higher boiling point than water. The heating of the mixture selectively drives off water,
leaving the barium titanate dispersed in the organic media. The phase separation tank, located
30 downstream of a condenser unit, separates the water from any solvent, which would also be
removed during the distillation. The solvent is then pumped back into the distillation vessel.

and water is pumped to waste. A vacuum could also be used with the phase separation tank to
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At least in the case of non-aqueous wet cake, the particles in the cake will remain
weakly-agglomerated for a relatively long time as long as the cake is maintained with a liquid
25 content of at least 15 wt%; more preferably, as long as the cake is maintained with a liquid
content of at least 20 wt%; and more preferably, as long as the cake is maintained with a
liquid content of at least 25 wt%.
Preferably the wet cake is encapsulated in a moisture barrier to inhibit loss of water
content that could promote formation of strongly agglomerated particles which are not readily
30 deagglomerated. Such moisture barrier, such as polyethylene bags or polyethylene-coated
fiber drums, can provide an extended shelf life of at least one day or more; preferably, an

extended shelf life of at least 3 days; more preferably, an extended shelf life of at least 30



based particles and liquid. A non-aqueous wet cake can be in a solid state
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agent can be reduced on use of the dispersion, such as by dilution or interaction with

additives, to cause the viscosity to rise to an undesirably high level. Thus, for many
applications it is desirable to employ a “viscosity minimizing amount” of dispersing agent.

25 A preferred dispersing agent for use in colloidal dispersions intended for capacitor
applications and for such testing has been found to be an ammoniated polyacrylic acid having
a number average molecular weight of about 8000. For instance, 0.75 wt% of such
ammoniated polyacrylic acid (as a 40 wt% aqueous solution) has been found to be useful for
transforming wet cake into a liquid dispersion. The incorporation of dispersing agent can be

30 done by convenient means such as mechanically blending dispersant into the wet cake. When
high shear mixing is employed, excess dispersing agent is consumed by new particle surface

area exposed by deagglomeration. Thus, it may be convenient to add dispersing agent
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available, for example, from Silverson Machine Inc. (East Longmeadow, MA). Other

25 apparatus useful for providing the deagglomerated dispersions include what is known as
supermills, colloid mills, and cavitation mills. Supermills have a media-filled milling
chamber with high speed rotating discs on a central shaft, and are commercially available, for
example, from Premier Mill (Reading, PA). Colloid mills have a grinding gap between
extended surfaces of a high speed rotor and a fixed stator, and are also commercially

30 available, for example, from Premier Mill. In cavitation mills, which are commercially
available, for example, from Arde Barinco Inc. (Norwood, NJ), fluid is pumped through a

series of rapidly opening and closing chambers that rapidly compress and decompress the
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The coated. barium titanate-based particles prepared by hydrothermal processes are
25 substantially spherical, and equiaxed in appearance. Such particles remain substantially
spherical even after size reduction by high shear mixing. Occasionally, substantially spherical
particles may be twinned. The occurrence of twinned particles is desirably rare. The use of
spherical particles. as compared to non-spherical milled powders, provides powders
characterized with exceptionally high surface area, having a BET surface area of at least about
30 4 m%/g; preferably. the spherical particles have a BET surface area of at least about 8 m?/g,
more preferably. the spherical particles have a BET surface area of at least about 12 m?/p.

Submicron. coated, barium titanate particles are suspendable with a wide variety of
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include, for example, phosphate ester, glycol trioleate, ethoxylate, 2-amino-2-methyl-1-
propanol, tall oil hyroxyethylimidazoline, oleic hydroxyethylimidazoline, fatty acids such as
25 glycerol trioleate, lanolin fatty acids, poly(vinyl butyral), sodium bis(tridecyl) sulfosuccinate,
diisobutyl sodium sulfosuccinate, sodium diocty! sulfosuccinate, ethoxylated alkylguanidine
amine, sodium dihexylsulfosuccinate, sodium diisobutylsulfosuccinate, benzenesulfonic acid,
oil soluble sulfonates, alky! ether of poly(ethylene glycol), oleic acid ethylene oxide adduct,
sorbitan trioleate, steric acid amide ethylene oxide adduct, alkylaryl polyether alcohols, ethy!
30 ether of poly(ethylene glycol), ethyl phenyl glycol, polyoxyethylene acetate, polyoxyethylene
ester, and the like. Preferred dispersing agents for organic solvent suspensions and slips

include menhadden oil, corn oil, polyethyleneimine, and ammoniated polyacrylic acid.
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25 to 40 parts of organic solvent,

25 2 to 5 parts of dispersing agnet,
5 to 20 parts of polymeric binder, and
0 to 15 parts of plasticizer.

The dispersion of the barium titanate-based particles in various non-aqueous solvents
can be promoted with the application of various coatings, such as coupling agents, to the
30 surface of the particles. The wide range of available silane coupling agents in particular

provides a means to tailor the particle surface to the carrier vehicle of choice. Coating of the
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the and the silicon atom. X is a hydrolyzable group, typically, alkoxy, acyloxy, amine, or 17-

chlorine. The most common alkox groups are methoxy and ethoxy, which give methanol and
20 ethanol as byproducts during coupling reactions. Since chlorosilanes generate hydrogen
chloride as a byproduct during coupling reactions, they are generally utilized less than
alkoxysilanes. R is a nonhydrolyzable organic radial that possesses a functionality that
enables the coupling agent to bond with organic resins and polymers. Most of the widely used
organosilanes have one organic substituent. In most cases the silane is subjected to hydrolysis
25 prior to the surface treatment. Following hydrolysis, a reactive silanol group is formed, which
can condense with other silanol groups, for example, those on the surface of siliceous fillers,
to form siloxane linkages. Stable condensation products are also formed with other oxides
such as those of aluminum, zirconium, tin, titanium, and nickel. Less stable bonds are formed
with oxides of boron, iron, and carbon. Alkali metal oxides and carbonates do not form stable
30 bonds with Si-O-.
Water for hydrolysis may come from several sources. It may be added, it may be

present on the substrate surface, or it may come from the atmosphere. Reaction of these



hydrot hermal |y derived bariumtitanate-based particles with a sil ane
coupling agent could be useful not only for dried powders, but also
particles remaining in solution. Although silane coupl i ng agents
can be appliedvdodriwe surface of the powders with or w t houtpcghébdp@eset Ne
coupling agent preferably would be appliedi8&fter drying of the particles to

aidintheir 5 di spersion in the carrier vehicle. Mreover, drying of
t he powders psibwesdewolvas famsieps demonstratedrhetovawitis airinsthosy bydmipzableieglosp. a
conplete coating is achieved by attenpting to disperse the treated

powder in water. Uncoated or partially coated powders will partially or

fully disperse Initially, HyBroWsis®Ff thc\thied Ik X lobiys dtiaehe® tb silddohoduts Wi | | f 1 oat
on top of the water even with agitation. Particles can be
coated in one carrier \P@f*ﬁ%ﬂ@s‘bgﬁth&&@%é’ﬁMﬁ% to another carrier 10
vehi cl e via solvent exchange processing (as described above), or
distillation processing. Al t hough sil ane coupling agents can be
applied to the surfaCendehsatibetoudigomers fdllefver e or after a sol vent
exchange, it is preferred to_apply the coating after the solvent exchange
processi%g. : Si | ane &uptin agents can be attached to a particle
surface to aid dispersion inja desined carrier vehicle, and to
help in passivating the particle surface. 15 The gener al
formul a of an oRBEHOH) anBO- F-0-Si-Q-3i-Of BB two cl asses of functionality.
The X group is involved in tr]e rEactli on with the inorganic substrate. The
bond between X and t'he Ssili'con atomin coupling agents is replaced
by a bond between the i norgapHc OfubGHTr at e and the silicon atom X
is a hydrolyzable group, typically, alkoxy, acyloxy, amne, or

chlori nt®  The3nost Theigemers BJEY‘E:fP%ﬁH&n‘&W@Q@tH@W%WSW%y, whi ch give
nmet hanol and 20 et hanol as byproducts during coupling reactions.
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al koxysilanes. R is a nonhydrollydabl e organic radial that possesses a
functionality that en‘%{%f> %t he coupl i ngragemt to bond with organic
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At the interface. there is usually only one bond from each silicon of the organosilane to the



- 18- silanes invol ves four steps denonstrated below with a

tri met hoxy hydrol yzabl e X group. 1. Initially, hydrolysis of
the three Ii roups attached to silicon occurs. PCT/US99/13980
RSi (%)[err‘?gbﬁ?ﬁf%rr]o - RS (093 + 3pcH 2. ondensation to

oligoners follows: 5 R R

[err] subsﬁa&%ﬁhﬁ%e tw&'@maﬁmgq 12hol Q’oﬁbs Qe?'pi%s&)‘f'gﬂler bﬂnded to other

I I I e ol1gonmers then
hydr ogen bcuodplvngtalgeﬂshlgometpms of mtftee fombst r at e [ er r] 4.

e 00O Rt s L L AR G B LD}
) methods known to the skilled artisan. See, for example, J.C. Williams at page 173-197 of
5 Ceramic Fabrication Processes, Volume 9 of Treatise on Materials Science and Technology,
Academic Press (1976), and U.S. Patent Nos. 3,717,487 and 4,640,905, both of which are
incorporated herein by reference.
Moreover, there exists a varicty of techniques for converting stips into thin films.
green layers and fired ceramics. It is believed that the dispersions of this invention will find

10 application, with minor modification, for example selection of preferred suspension medium
and binder, dilution to a desired fluid viscosity, etc., in the various ceramic processes for
making dielectric layers for MLC’s. Slips can be formed into films by spraying, layering onto
a moving sheet from a waterfall or die (such as a doctor blade) and other methods used in the
MLC industry. When sufficient non-aqueous liquid is removed from the film, a cohesive,

15 solid “green” film is provided which can be coated in a registered pattern on one or both sides
with a conductor material or conductive material precursor, such as ink containing fine
particles of palladium, silver, nickel or alloys of palladium and silver. Such conductive inks
can contain fine particles of the metal and ceramic. Sheets of green film are typically stacked,
for example up to 250 layers or more, and diced into MLC-sized cubes which are fired to burn

20 out polymeric binder and dispersant and sintered to form a dense multilayer capacitor
structure with fine grain structure dielectric layers. Conductive metal applied to the ends can
connect the alternating conductive interlayers forming the MLC.

The unique particle size properties of barium titanate-based particles of this invention
are expected to allow the production of novel MLC’s having ultrathin layers of dielectric

25 ceramic having submicron grains. Such dielectric materials should facilitate significant
increases in volumetric capacitance. Moreover, it is expected that MLC’s will have
unexpectedly high breakdown voltage. The absence of large, for example greater than 1 um,
particles should allow for the commercial production at high yields, for example greater than
98 %, of MLC’s comprising multiple, for example greater than 40, dielectric layers. The

30 particles of this invention are expected to be preferably used to produce MLC'’s having a
dielectric ceramic layer with a maximum grain size is 0.9 pm or less; more preferably, the

maximum grain size is less than 0.8 um; most preferably, the grain size is 0.7 um or less.



At the interface. there is usually only one bond fromeach silicon of the
organosil ane to the

-19- substrate surface. The two renmi ning silanol groups are
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doct or bl ade) and ot her_ nmethods, used in t i ndustry. Wen
suf fi ci ent non aaeweg!drngqreﬂnehﬂlsc X%&MQ& th«’rmqlrrélsrd qorwakaﬂ&%welzs

sol i d ypgree g‘cbéed’&rﬁl‘{ bxtagt o‘f’ﬂioﬁiﬁnﬁ@&aﬁ?%&@%ﬁ‘i’n&n@mﬁﬂ qQk fvefifed pattern
on one or bot a ¢onductor materra conducti ve

mat eri al pr empabslﬁy,,fosqmmpkslmmingebbdm H0AC,fai preferred metal ox@amatmﬂ @ ajso
pal | adi um silver
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ceram c. Shagifontterd) ﬂeqranfcrels Prefdrsbly MVt 6 plimdry PaAiele@ike less than 0.3 micRimettg P! €
up to 250 layers qor nore nd di ced mtg I\/Lc?g?zed cubes whi ch are fired to

burn 20 mosh prefesaly, inthq r@ngﬁ of @drto ARdnieromplerss Anniferm, negrain sige,der f orm a
dense gul ti | 3%Ghie $3PHGh b8 micrometers, in ultrathin dielectric layers provides superior dielectric

strength in excess of 100 volts per micrometer and low dissipation factor. These properties

provide increased reliability for high capacitance, high voltage ceramic capacitors. The ability
to provide thin dielectric layers has allowed the production of capacitors having 5 to 10 times
the capacitance for a standard case size. Such MLC’s preferably comprise a monolithic

20 ceramic body, for example, of metal oxide-doped barium titanate, two groups of interdigitated
electrodes buried in said body and extending respectively to opposites ends of said body, and
two conductive terminations contacting said two groups respectively at said opposite ends.
MLC’s with X7R characteristics have a temperature coefficient of capacitance over a
temperature range of -55°C to 125°C which does not vary by more than + 15% from the

25 capacitance at 25°C. In a preferred aspect of this invention the ceramic in an X7R MLC has a
grain size of less than 0.3 micrometers and comprises 93 to 98 weight percent of the barium
titanate-based ceramic and 2 to 7 weight percent of other metal oxides.

The following examples are not intended as setting forth limitations to the scope of

this invention.

30 E LE1

To determine the effectiveness of dispersing barium titanate-based particles in a non-



structure with fine grain structure dielectric |ayers. Conductive netal
applied to the ends can connect the alternating conductive
interlayers {@ydsjsi@ot he M.C. The uni que papgtpksngdsse
properties of bariumtitanate-based parthgles of this invention
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25 The above experimental results illustrate that the dried hydrothermally derived X7R
powder may be dispersed in a 80 toluene/20 ethanol solvent mixture, using a phosphate ester
dispersant. This demonstrates the ability to create a sturry with particles possessing a ratio
(Dgo/D)) of less than 3 from hydrothermally derived X7R powder in a non-aqueous solvent
with the selection of an appropriate dispersant. It is believed that alternative solvents (such as,

30 for example, those disclosed above), with an appropriate dispersant, may be used to create

slurries with particles possessing a ratio (Dg/D ) of less than 3.



the capacitance for a standard case size. Such MLC s preferably conprise a
nmonol i thic 20 ceram c body, for exanple, of netal oxide-doped barium
titanate, two groups of interdigitated el ectrodes buried in said
body and ext ewdigg7mgspectively to opposites ends of said begyyussdleso

two conductive term nations contacting saadl two groups respectively at said
opposite ends. M.C s with X7R characteristics have a tenperature
coefficient of capa®uiieeesolvShdidate that an X7R foﬁﬂﬂ%&h&ﬂr&héﬁ&ﬂ? d&ﬁved%é:ﬁﬁﬁr] C
to 125[err] C whi ch does not vary by nore than [erf] 15% fromthe 2

capaci t ance tHgnaiswetenkq may Werﬂf&dﬁﬁ@feéw% a%pewawoqswpbremtrw&mamlmmth

m Cromot or s AT C SRR Rae e (OB SHFS R S B pacif SR itk Feacvely

tit anat e- bastwinglpraggiomemted particles thatwre gdtteffpﬂwebrrd_eagglomﬁrdtted bywlagmkheamhnkmg
:srggpl;ol):c ow riglsgégcwgde%? Ol'lx 81%;{natlgegpdegat9£ bgnel}rrg {itrilgate-ggstegl pé.rltlc es, w 1c rf'gvet ao the

FXAMPTE |  submicron primary particld 6iz€l iggirdi asabithiftiaBy foRf Hird@aLS media Silsma6si ng
bari umtltanate based particles in a non-

=21 - provide;pazi Eﬁsmmsv'érmcmnﬁwoﬂl@rmheyewé thay thg heating ussd fer drying
articles af | anol
Col Ut on it oy By (FRPRERRHed under a bigh I hplratie bV ielofb
fornul at ed Hinge. maydotentially effeetiacoatinganithmbarinmaitaate-hestd pasticls. Snompetemtiahg 72
vei ghtygper cgp %%}ﬁlglek’fgas ﬁ:nﬁdgq‘or‘@%rﬂ% tﬁ’ rxégpf%l\gy%%éﬁﬁﬁgcogmg?ayerabetvzvgeg[ err]C

in a rotatlng

Twenty (20) gmwluis:v}ﬁéh dobld beeaneldiPie Rt fovepathie ntlottypdélinglve &;midgwfdﬂsrdom%
bari um titanat p rticles re. then mxed with 6 pounds 041.8

grans) of a BT figmiome fjtanate-based partiglgs.vent mi xture to form a
slurry. The slurry was then m xed with a DI SPERSATOR] err] high
shear m xer (Premier MII1) for 45 m nutes while adding 0.8 pounds (363.2

grans) of a 10 RHODAFAC RS-410 phBXAMRBIE 2ster di spersant
Rh Poul Th t f th | t ant
Slurry (Sampie 1TOABERERE e s lybliss of gipering it A ased patifee b ton °"

bel ow1and araguéduk Eﬂbérﬁ,ﬂﬁdroth&nﬁdl@deﬂi%d low fire X7R particles were 5iit§ediédib koM@t t hen
m xed maPRﬁTI\/IERT horlzgqr‘l’t?gl media ml| for 50 m nut es (Premer
MI1). The [F3F1angs erogsssdolinwed by dispersian withephosphate peterdispersants Tbg Sanpl e 2)

was then 154 drotHEﬁﬁﬁW&gvccﬁBQ K 7R Parikles w@fe@mﬁ&?yﬁﬁ%@eﬂ’ ﬁé WteAPaL are

|IIustrated|n FI G urry was then mxed in the
PREM ER hor idispiaced bm&@ wluene/20 gthanobselvedthnixtuseal

One kilogram (1 kg) of an X7R formulated hydrothermally derived barium titanate
20 wet cake, containing 72 weight percent solids and 28 weight percent water, was slurried with
one kilogram (1 kg) of ethanol. The slurry was then placed in a2 Buchner funnel containing an
ultrafiltration membrane that was then used as the filter medium. The ethanol filtered through
the foﬁned wet cake, and cracks that formed were mechanically eliminated. Once the first
filtration neared completion, one kilogram (1 kg) of ethanol was poured over and filtered
25 through the wet cake. This step was repeated once the second filtration neared completion.
After the ethanol filtration was completed, one kilogram (1 kg) of toluene was added
and filtered through the wet cake. The wet cake was then allowed to dry to a solids loading of
75 weight percent. '
The resultant wet cake (859.3 grams) was then mixed with a DISPERSATOR™ high
30 shear mixer (Premier Mill) with 26.81 grams of a RHODAFAC RS-410™ phosphate ester

dispersant (Rhone-Poulenc). The high shear mixer was allowed to mix the wet cake for a



15 mnutes (45 mnutes total). The particle size distribution of the

resultant slurry (Sanple 3) was then neasured, and the results are
present ed be are illustrated in FIG |1C The ' lids
| oadi ng was h'g)%/?‘&gned to be 78 weight percent. 20 PC]I/&;?A”%)
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exanpl e, those di scl osed above), W|th an appropriate dispersant, nmay be
used 10 create The abpve experithénitd} fesithd illugtdielthat s61Fe @RARASE My Be Al kPreplace
(D[err]/D [err]) of less than 3.

- 22 . aqueous solvents with Abm-hmmglts solvents,d Eddsired, ifolldiwed by therasidition oRZR
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particles, I'C (ff?u%tve aqgﬁ)&wLE&g’gu l?oﬁﬂﬁeﬁpﬁﬁﬁi}%&ﬁ e SI zZe rthf? red
a subst ant i af less thawBofrain hpdrothernadly ﬂaﬁie& XVR gowder ih@ non-aqueous solpem(/ﬁ'aiﬁ

parti esmthesbmcronra it .is pelieved hat th ting
used ?%r dr $RIHgt exchange) with o gelgition o5 %bappwnefﬁétfp%tﬁmw Ftachlgveﬁéw&@md

under a hi 9EhUs@dﬁPﬁrp?&d&sﬁthlﬂgﬁ@t’izohﬁ[‘ﬂedﬁ@ﬁhl@@teﬁéndmg onother factdrdBich A8the batch
potentially effect coating on the bariumtitanate-based particle. Such

potential 16ize). It lmlgabqlwe 4t eliernativa solvenss (spadvas clonenample, theseitlisgjossd a
hyd
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| ayer from saeptaldé ratibe(aDiym tit anat e- based particles.

20 In addition to the foregoing, the solvent exchange process avoids the potential negative
effects on the coating layer on the barium titanate-based particle from drying the wet cake,
particularly under a high temperature and/or a long period of time.

EXAMPLE3
To determine the effectiveness of the use of silane coupling agents to promote the
25 dispersion of barium titanate-based particles in a non-aqueous solvent, a hydrothermally
derived X7R powder was coated using methyltrimethoxysilane as the coupling agent.
The methyltrimethoxysilane provides a hydrophobic coating, and was placed on the
surface of the X7R formulated hydrothermally derived BaTiO; particles as follows:

1. 95 ml of cthanol was mixed with 5 ml of deionized water, The pH of the solution was



EXAMPLE 2 To determine the effectiveness of dispersing
bariumtitanate-based particles in a non- 15 aqueous sol vent,
hydrot hermal |y derived low fire X7R particles were subjected to a sol vent

exchange pr oc‘vﬁé %I | oned by dispersion with a phosphate epgtgisidsqer sant .
The ydrothermal 'y derived | ow fjsre X7R particles were initially
in water. The water was di spl aceé by a 80 tol uene/ 20 et hanol

sol vent m xtur g jjasted to u%ing() t%&%&gﬁw#ﬁnek(g)grd%s ) ¥as dded fohaul at ed

hydr ot her mal | y“deri ve NCan ke, containin 72
wei ght per cent acidifiedighamotiwaer smhxtrghiancbﬂmé or Smainstes tapllovwshydroly seofithe

one kilogram (1 kg) of ethanol. The slurry was then placed in a Buchner
funnel cont ai niigF BEhoxy groups. i+ rafj | trati on menbrane that was then used
as the filtey K?ﬂlf&mulaTéaesdeﬁwalcaﬂ (70 Rt ?dﬂéeﬂﬂﬂihds) was diluted With 250mbefi wet
cake, and cracks that fornmed were nechanically elimnated. Once the first
filtrabion nea¢tb@obmqﬁml$ﬁ¢dat8ﬂ%0wmﬁegiamqt& kg) of ethanol was poured
over and filte ]ﬁ@i‘o‘i’y ent QREAided tpnce
t he second f3|tI{r t%%’ﬁl/ﬁ%tglﬁe ngox}&gmgﬂ zea-mée%@&m%g ter the ethanol
filtration wasthe@nwyebmﬁmngn@wfomgaaahydroﬂhgjnabpamdpmd@mﬁ@cfere%P

and filtered thro ’efgh J}&% vvet cake. The wet cake was then allowed to dry to
a solids |oadi ?f§° 75 wei ght percent. The

resul tant wef g¢akKesiiBRSslgmpwaidjoweaso dindm fon uedumtds FenovBeSRERIATORTbE I |
hi gh 30 shear m xer (Premer M1l]) Wlthﬁr? gﬁﬁr@g a]ﬁ-ODA%ﬁ‘
RSA10[ ¥ r] phosqgﬂé?mteme@tlérwas then placed i agyaeyrn, dryingOYER &t 890 fi13) houssda Iy

shear m xer wa %ﬁﬂto mXx the wet cake for a
-23 - ﬁr}%h%? of 10 minutes (Sanple 4), and a period of 30 minutes

(Sanple 5). The particle size di stributions were then neasured,

and the results %i?uti%lrm ?&Q%ﬁfb uqvi(egg%ﬁﬁ% ﬂLLtHgoﬁ?ets@lgediiHaveryviscﬁs FIG 2A

and FIG 2B.
Derr] suspensioPhsdn dodlifdatibn. The resultant dried fowded Wk resteliuging Slsmkl/rﬂohﬂ tim r
0.869

ghggf—l— M xer on wajerdgdetermine wgqhq@41)'dropl510b1q_cogggg was succegsf&l?y aﬁ?‘achel\é to the smgtgce
15 of the powder. The powder was ground gently in a mortar and pestle and then sprinkled on
top of water contained in a beaker. The particles floated on the surface of water initially, but
when agitated some of the particles went into the solution. Therefore, when the X7R
formulated wet cake was initially diluted with ethanol only partial coating of the surface was
achieved. This partial coating is likely a result of the high viscosity that resulted when the
20 X7R wet cake was diluted initially with ethanol. The high viscosity resulted in coating of

agglomerates which tended to break down when mixed in the sink/float test.

EXAMPLE 4
To determine the effectiveness of the use of silane coupling agents to promote the
dispersion of barium titanate-based particles in a non-aqueous solvent, a hydrothermally
25 derived X7R powder was coated using methyltrimethoxysilane as the coupling agent.
The methyltrimethoxysilane provides a hydrophobic coating, and was placed on the
surface of the X7R formulated hydrothermally derived BaTiO, particles as follows:

1. 95 m! of methano! was mixed with 5 ml of deionized water. The pH of the solution was

adjusted to 4 using 0.1M HNO;. Methyltrimethoxysilane (5 grams) was added to the



The above experinmental results illustrate that sol vent exchange may be used
to repl ace aqueous solvents with non-aqueous solvents, if desired,
foll owed by the addition of an 10 appropriate dispersant_to _achieve an
acceptabl e r XX ¥ err]/Derr]). The solvent exchange prod&JgUS99/13980

provi des di spersions having much nar r onef> particle size distributions with
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coat ed using net i j gv j 05Ny :
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(5 grans) was added to t aci dified ethanol/water solution and

stirrdd for dgring sgitation.t Trereforewiihioy thed{ ARsformulsted wet caky was initially diluted withj apl e
met hoxy gr o iq‘ge}?an\?vla goraPlFte %Oaéi%éngf tﬁg %ﬁf&%ﬁmﬁﬂ&%m& gﬁﬁg x@ﬁ%%h&@é wet

per cent sol ute
cake with methanol resulted in a well dispersed slurry with low viscosity. This enable

complete coating of the particles when the hydrolyzed silane coupling agent solution was
added.

20 Those skilled in the art would readily appreciate that all parameters listed herein are
meant to be exemplary and that actual parameters will depend upon specific application for
which the methods and apparatuses of the invention are used. It is, therefore, to be understood
that the foregoing embodiments are presented by way of example only and that, within the
scope of the appended claims and equivalents thereto, the invention may be practiced

25 otherwise than as specifically described.

What is claimed is:



5 et hanol and enulsified at 7000 rpmfor 1 m nute. 3. The
et hanol /wat er solution containing the hydrolyzed silane coupling agent was

added to the slurry containing X7R formul ated hydr ot her mal
particles andwanaslesishi ed for 30 seconds at 7000 gRbsoo/13980

4. The resulting slurry was allowed to aijgdry for 24 hours to renove
excess carrier. The 10 resultant material was then placed in a
vacuum dryi ng oven at 800C for 12 hourscramMgl |y dry the

powder . ' Dilution of the X7R fornul ated wet cake with
ethanol resulted in a very viscous suspensi on upon enul sification.

The resultant dri ﬁdj\}vﬁfépﬁgdﬁsp‘g@&y&? glgrﬁ%gﬁﬁsﬂg g?llnﬁﬁ ﬂ%g.tk-%gged?grzﬂﬂs dispersed inon

wat er to determ ne I'c C ng was succ y attached
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T eaker B ie o] Ty AR ie oF OEAC axid peltal agretgiatieT then ppsu oy BEpTIRS

when agi t at eqhg/efieat Rhstio0 Perait bf GiEFartididithaléy Parkidl€ sis@biksWun AP RibREy When
the X7R formul ated wet cake was initially diluted with ethanol

only parti al wherndispegsed by high shaar mixire. was achi eved. This parti al
coating is likely a result of the high viscosity that resulted when the 20
X7R wet cake was diluted initially with ethanol. The high viscosity

resul ted in coatihgTiefslurry, dispersioragrglip oftlaiely whiareixhsaidpatidadesthavda parkicld cim
when m xed in. the. sink/flqgat_fest.

EXAMPLE- 4 10 distribution ec‘lem’em”évﬁ)e?lﬁ?sﬁ}éa“t%e ef fectiveness of the use of

silane coupling agents to pronote the di spersion of barium
titanate-based particles in a non-aqueous. solvent, a hydrothermally 25
derived X7R powde} Theshuovadispprsien erglinef ¢lgim L.iwhereirosaidsnartigles haxe ¢ partielgsigei ng
agent . gl e : hy  tqed xysi |l ane provi des a hydrophobic
coati ng, anddlvﬁglsbu%?na%egﬁggﬁoFﬁ%’wmlgsqﬁ&mgurface of the X7R fornul ated
hydrot hermal |y derived BaTi O3 particles as follows: 1. 95 m of

th I ' ith 5 nd of deianized water. .Th .of .th l.ut i
2 ot od 115 4" us ot SPnReR iRt s oF THEY Doy S & aE PO died
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to the distribution decile ratio of Dyy/D, less than 2.5.

5. The slurry, dispersion or slip of claim 1, wherein at least 90 percent of said
particles have a particle size less than 0.8 micrometer when said particles are dispersed by

20 high shear mixing.

6. The slurry, dispersion or slip of claim 1, wherein at least 90 percent of said
particles have a particle size less than 0.7 micrometer when said particles are dispersed by
high shear mixing.

25

7. The slurry, dispersion or slip of claim 1, wherein at least 90 percent of said

particles have a particle size less than 0.6 micrometer when said particles are dispersed by

high shear mixing.

30 8. The slurry, dispersion or slip of claim 1, wherein at least 90 percent of said

particles have a particle size less than 0.5 micrometer when said particles are dispersed by

L

high shear mixing.



acidified nethanoll water solution and stirred for 5 mnutes to all ow

hydrol ysis of the three l'i abl e nethoxy groups. 2. X7R
formul at ed Bghidelg et cake (70 wei ght percent solids) was ot h 250
m of met hanol and emul sifi,ed at 7000 rpmfoquclr?rﬁsE%{a\ﬂﬁ

3. The net hanol /wat er sol uti on cont ai nifg 't he hydrol yzed sil ane coupli ng

agent was added | yer nt.ai /R f ted
hydr ot her mal- I9t F@?%mﬁ%tﬁicfpgrrsrﬁ) gi TP %’ XB}?erexnaﬁeasg96<percgr§ gu at 7000
rpm pamc{bs hdVear paativld dizerless sHan 10(dymiskoineter wbier ehid particles ate dishérsedddy hour s
to renove j})l.(gcjgsgs carrier. The resultant material was then

pl aced in FIME™ ng oven at 80[err]C for 12 hours to fully 10

dry t’he powder. The resultant dried powder was tested
using a sink/float test on water to determ ne whet her a

hydr ophobfc coatlPnEheerrys dispersion on slip of elpise havherain atieast 90 pesesat of saiche povvder
Th |
S p(ral nkl ed cP {%ng{e ax%?m% Sg%rrli?sal ne? ymic%n?etwhtcg Ea@gg’g&gg%‘a‘gg %g?di I"cl es

fl oated on lﬁglﬁhsarmixamg of water and remai ned on the surface even 1 5
during agitation. Therefore, when the X7R fornul ated wet cake was initially
diluted with nmet hanol , conpl ete coating of the surface was

achi eved. Dl ut 'l@nTﬂé sare d%ﬁ&s%ﬁ)ﬁmﬁlp%? @Qm‘l‘ﬁ:ompnsmg at leaSE30Gwhbtit PefiBitiog N Ol
resulted in a well dispersed slurry with |ow viscosity. This enable

conpl et e 1@ cadipagiclss. t he particles when the hydrol yzed silane coupling agent

sol uti on was added. 20 Those skilled in the art

woul d readily appreciate that all paraneters listed herein are

meant to be exenpl Thysiang dtsbabxoﬁsimlofplarnaneéxgﬁr&mg dt leastegueid %ﬁt@@i&erﬁﬁﬁm fic
application for whi ch the nmethods and apparatuses of the invention

are used. |Spidjparticleerefore, to be under st ood that the foregoing
enbodi ments are presented by way of exanple only and that, within the
scope of the appended clains and equivalents thereto, the invention may be
practiceds25 13. The sterysidispersibmor ship of plain 1 coraprisinghs deasti ZSewkight percent of

Wiat is ol el i,

14, The slumry, dispersion or slip of claim 1 further comprising a dispersant.

20 15. The slurry, dispersion or slip of claim 1, wherein said particles include a coupling

agent coating on the surface of said particles.

16. The slurry, dispersion or slip of claim 15, wherein the coupling agent comprises
an organosilane,
25
17. The slurry, dispersion or slip of claim 1 further comprising between 3 and 20
weight percent of a binder composition comprising a dissolved or suspended, film-forming,

polymer.

30 18. The slurry, dispersion or slip of claim 1, wherein substantially all of said particles

N A

are equiaxed or spherical.



CLAI M5 1. Aslurry, dispersion or slip conprising barium
titanate-based particles dispersed in a non-aqueous nedium said
particles having a coating conprising a netal oxide, netal 5 hydrous

oxi de, netal Wwodyermsde or organic acid salt of a netal othepcitiagdeagi um or
titani um wherein at | east 90 percentogf said particles have a particle
size of less than 0.9 m croneter when di spersed by hi gh shear m xi ng.

2. The slurry, dil9pEheii@y, Aispérsiof ofSlip®f alai 1, whatedi iidipheadles #@rticl es have a
particle size 10 distribution decile ratio of Dlerr]/Derr] |less than 4.

3. The sl ur riydrothesmallyspraduced. sl ip of claim 1, wherein said particles have a
particle size distribution decile ratio of Derr]/Derr] less than 3.

15 . 4. The slurry, dispersion or slip of claiml, wherein said
particles have a2fpafhe stirey,slispersion orksliptof claint 1,0vheckire sdidecaating covefs a major
Derr]/Derr]less than 2.5, . 5. The slurry, dispersion or slip
of claim1;} fﬁleéf‘rf%‘i?é’gfheé’ﬁmﬁlff'cent of said particles have a
particle size less than 0.8 mcroneter when said particles are dispersed by
20 hi gh shear m xing. 6. The slurry, dispersion or slip of
claim 1, whereinZ2ht glrheabxrrygdjsm@iqamtslimf cigamnd, wherginseid epatingicomprisgs pideast cl e

size less than O L CI tgr when sai.d Al are di sed . hi gh
shear m xi ng(?neé%e tof sélh<ild mmﬁ’?.gmfﬁeco%ﬁ's&flg 5&‘%?‘@%3%‘%@%#’&5‘1%{“@3? claim1,
wherei n at |sefiudGcpdivat Birconiung daftium, viddiung hipbiulg mtdumaotgstthe Size | ess
than 0.6 m croneter when said particl g?,s ar e, di spersed by hi gh ahear
mxing.  'gomanganese, cobalt, nigiel. Aty baron, glicpp pRYBORY HHO.gHFEmlantbpnpinlepd, Qfdar 6 1
at | east 90 PRkt eRhesal d particles have a particle size less than 0.5
m cronmeter when said particles are dispersed by hi gh shear m xi ng.

22. The slurry, dispersion or slip of claim 1, wherein the non-aqueous medium
comprises an organic solvent.
15
23. The slurry, dispersion or slip of claim 22, wherein the non-aqueous medium

comprises a mixture of organic solvent and water.

24. The slurry, dispersion or slip of claim 22, wherein the organic solvent is selected
20 from the group consisting of benzene, methy! ethyl ketone, acetone, xylene, methanol,
ethanol, propanol, 1,1,1-trichloroethane, tetrachloroethylene, amyl acetate, 2,2,4-triethyl
pentanediol-1,3-monoisobutyrate, toluene, methylene chloride, turpentine, ethyl alcohol,
bromochloromethane, butanol, diacetone, methyl isobutyl ketone, cyclohexanone, rhethyl
alcohol, n-propyl alcohol, isopropy! alcohol, n-butyl alcohol, n-octyl alcohol, benzyl alcohol,
25 glycerol, ethylene glycol, benzaldehide, propionic acid, n-octanoic acid, ethylacetate,

butylbutyrate, n-hexane, and mixtures thereof.
25. The slurry, dispersion or slip of claim 24, wherein the organic solvent is ethanol.

30 26. The slurry. dispersion or slip of claim 1, wherein the non-aqueous medium

[

comprises a mixture of more than one organic solvent.
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9. The slurry, dispersion or slip of claim1, wherein at
percent of said particles have a particle size less than 0.4

er WaghesAlss! Particles are dispersed by hi gh shear m xi ng.
slurry,9 ?%%ersion or slip of claiml, wherein at | YS9 B ¢
particles have a particle si 28%tess than 0.3 micrometer when

ticl I spersed b [ shear m xjng,. . . 11.

d: gpgfsi ﬁﬂ’:e.ssgwp‘%mer ‘P"a‘?’r?pl’ %E‘awm Whereuy sajddnixturesis selestedhfromer
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5| ukatgne/ 347 eshylsleoholo70% megtybethy) ketome/30% st lsolind, 5906 nethyketd vie
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conpri ses ethyl alcohol, and mixtures thereof.

28. The slurry, dispersion or slip of claim 27, wherein the non-aqueous medium is
10 80% toluene/20% ethanol.

29. A method of forming a slurry, dis'i;ersion or slip comprising;:
forming a slurry of barium titanate-based particles in an aqueous medium by a
hydrothermal process;
15 forming a coating on said particles comprising a metal oxide, metal hydrous oxide,
metal hydroxide or organic acid salt of a metal other than barium or titanium;
replacing the aqueous medium with a non-aqueous medium; and

dispersing said particles in the non-aqueous medium by high shear mixing.

20 30. The method of claim 29, wherein said particles are dispersed in the non-aqueous
medium by high shear mixing until 90 percent of said particles have a particle size of less than

0.9 micrometer.

31. The method of claim 29, wherein replacing the aqueous medium with a non-

25 aqueous medium comprises a solvent exchange process.

32. The method of claim 31, wherein the solvent exchange process comprises:
filtering the slurry of barium titanate-based particles in the aqueous medium; and
introducing the filtered particles into a non-aqueous medium.

30
33. The method of claim 29, wherein replacing the aqueous medium with a non-

m

aqueous medium comprises a distillation process.
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an organosilane. 25 17. The slurry, dispersion or slip of claim
1 further conprising between 3 and 20 wei ght percent of a binder
conposition conprising a dissolved or suspended, filmform ng, pol ymer.
30 18vo%iens urry, dispersion or slip of claiml, wisihgdebii3ose
substantially all of said particles arg-equi axed or spherical.

- 28 - 19. The slurry, dispersion or slip of claiml1, wherein
sai d particles aBd. The mplipdofadaimed3| whereiocheakistillation process comprigd: The slurry,

di spersion or slip,of ,claim1, wherein sai,d coati.ng covers maj or .5
portion of the 538413%81‘3@“'?%0%?4;‘8? é"st.?‘e slurry of bari m“?‘ft.e'bPFFg pé’f‘if'ffﬁ,m the
di spersi on Qiquéduk Be@funShd M 1, wherein said coating conprises at |east
one netal selected fromthe group consisting of bisnmuth, Iithium
magnesi um cal ci gkgporating thegaggoysmediemndi um zi rconi um hafni um vanadi um
ni obi um tantalum tungsten, 10 manganese, cobalt, nickel, zinc, boron,
silicon, antinony, tin, yttrium |anthanum |ead, or a Lant hani de
el ement . 35. Thedethddef it 29y furttHérpmpssingapplyingl 4 uplingldgaitito the Wher ei n
t he non-aqueOL#s gdi, m .. conprises an organic_solvyent. 15 . 23.
The slurry, SHIRSS §41§ﬁar8?le-°s4ﬁepr acing HeRIPUS RdRDWithaonIgReoRs MEBE: nedi um
conprises a mxture of organic solvent and water.
36. The method of claim 29, further comprising applying a coupling agent to the
10 surface of said particles after forming a coating on said particles and prior to replacing the

aqueous medium with a non-aqueous medium.

37. The method of claims 35 or 36, wherein the coupling agent comprises
organosilane.
15
38. A method of forming a slurry, dispersion, or slip comprising:
dispersing barium titanate-based particles in a non-aqueous medium by high shear
mixing until 90 percent of said particles have a particle size of less than 0.9 micrometer, said
particles having a coating comprising a metal oxide, metal hydrous oxide, metal hydroxide or

20 organic acid salt of a metal other than barium or titanium.
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24. The slurry, dispersion or slip of claim?22, wherein the organic sol vent
is selected 20 fromthe group consisting of benzene, nethyl ethyl ketone,

acet one, xylene, nethanol, et hanol, propanol, 1,1, 1-trichloroethane,
tetrachl oro lspige, anyl acet ate 2,2,4-triethyl PCT/US99/13980

pent anedi ol - 1, 3- nonoi sobut yr at e, épﬁ met hyl ene chl oride, turpentine,
et hyl alcohol bronnchloronetha butanol di acet one, nethyl isobutyl

ket one, cyclohexanone, met hyl al cohol, n- propyl al cohol , i sopropyl
al cohol, n-butyl alcohol, n-octyl alcohol, benzyl al cohol, 25 glycerol,
et hyl ene gl ycol, benzal dehi de, propionic acid, n-octanoic acid,

et hyl acet at g, butyl butyrate, n-hexane, and m xtures thereof.
25. " The sl uP® di spersion or slip of claim 24, wherei e org ¢ sol vent
i.s et hanol . 30 26. The slurry dispersion or g g1,
wherei n the p&h-aqueous nedi um conprises a m xt il ég one
organic solgg- M 2 -29
- e l . e?ein sai d
mxture is the group consi $f /i
trichloreth al cohol , 1 | %E@bethyl
al cohol, 70% rthyl et hyl Rl 44 gb t
ket one/ 41 % etmyl al cohol, 50% net hyl o ' q)ol 80%
t ol uene/ 20% -ethanol 80% t ol uene/ 2690 BHT | | ng/ 30%
et hyl al coh®l0, v 5P B e oot @& ohol / 30%
methyl ethyl R&one, WD@&nethyl‘@thyl ketdﬂ@/GO@b 10@thyl aIcHRBI and
m xtures thereof. PJJ%E di spersion or slip of claim
27, wherein the non-aqueous msdl um FS'G 'ﬁg/o t ol uene/ 20% et hanol .
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29. A nethod of formng a slurry, dispersion or slip conprising:

formng a slurry of bariumtitanate-based particles in an aqueous nedi um by
a hydr ot hermal process; 1 5 form ng a coating on said particles
conpri sing a wepus?189xi de, netal hydrous oxi de, met al hydPORUSES/10980
organic acid salt of a netal other than bariumor titanium

replacing the aqueous nediumw th a nprt gqueous nedi um and

di spersing said particles in the non-aqueous nedi um by hi gh shear m xi ng.

20 30. The nethod of claim 29, wherein said particles are di spersed
in the non-aqueous medi um by hi gh shear m xing until 90 percent of said
particles have a particle size of |ess than 0.9 mcroneter.

31. The nethod of claim 29, wherein replacing the agueous nediumw th a
non- 25 aqueous nedi um conprises a sol vent exchange process.

32. The nethodi®@gclaim3 1, wherein the-sol vent exchange process §gl00
conpri ses: : fllterlng the slfry of bariumtitanate-basedf
particles in the # introducing the fil feBed
particles into % i j 30 33. The net hod OE glam
29, wherein repE‘i ng t he aqueaoul fiumw th a non- aqueous nei &m
conprises a di sgj il at i 5 -

- 30 - s 3 aim 33, wherein the distill &t Bon
process conpri se - e non-aqueous nediumto the sEurry
of bariumtitanat 3 l aqueous nedium and g §
evaporating the agueous nedi 35. The nethod of cl & %h 29,
further conpri 9.008 ! 0.0
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FIG. 2A

ol

L

(=
<1

/ 10

—~ o |

Frequency %
Cumulative % undersize

00 F o TrTTg T 1 1 LR NLERY | H L) LI | ' ) .'.II.'EOQO
0.02 0.1 1.0 10.0 100 1020

Particle size/ sm

FIG. 2B

.SUBSTITUTE SHEET (RULE 26)



surface of said par¥icles after replacing the aqueous nediumw th a
non- agueous nedi um 36. The nethod of claim 29,8

conpri sing applyi a coupl ent to the 1 0 surface of -:;'-“!;-,‘vg;c es
after formng b&ﬁgtl ng on é’é‘%d“ UL FROPER PRHNZBTN 0 1 epl aX$#¥g t he

agueous ﬁﬁ%\zﬁg‘gfﬂ&@ APpRRNTASN ?Qb'ﬁlsHEH UNBER THE PATENT coopﬁlenaiﬂelﬁER‘rQ
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di spef si 6§43 ¥6A3n3 V4B MG bhsed pa#ﬂl gé)‘?temqm 'glﬁql %SHa?eOU%HEdn! %99!29 hj ggr

sh-ear m xing until 90 percent bf a\/p a nar e

| ess ﬂngnat%nmA l{xﬂﬂ}!ﬁ ber S dpcrlus99‘?l§58§ ﬁl; &xghhoﬁb&& 3 GRALT, 'l% KRRR' Séé‘%g

—

rretal rous oxi de, neta I 8% IOAECH) N, 24, mme,ms,msatrl

Tune 1999 ( GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR,
of. a n@mwermmmmh bar i uthlos 1989 G169 M Ko, L LK LR LS LT LU, 1, M Mo MK o

MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, 8G, SI, SK,

(30) Priority Data: SL, TJ, T™M, TR, TT, UA, UG, UZ, N, YU, ZA, ZW,
60/090,408 23 June 1998 (23.06.98) uUs ARIPO patent (GH, GM, KE, LS MW, 8D, SL, SZ, UG
60/096,668 14 August 1998 (14.08.98) us ZW), Eurasian patent (AM, AZ, B , KG, KZ, MD, RU, TJ,

TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI,

: FR, GB, GR, [E, IT, LU, MC, NL, PT, SE), OAPI patent
(71) Applicant: CABOT CORPORATION [US/US); 75 State (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE,
Street, Boston, MA 02109-1806 (US). SN, TD, TG).

(72) Inventors: MILLER, David, V.; 5787 Fresh Meadow Drive,
Macungie, PA 18062 (US). VENIGALLA, Sridhar; 5354 | Published
Princeton Road, Macungie, PA 18062 (US). CLANCY, With international search report.
Donald, J.; 1296 Vale Circle, Pottstown, PA 19464 (US).

(74) Agent: LANDO, Michelle, B.; Cabot Corporation, 157 Concord
Road, P.O. Box 7001, Billerica, MA 01821-7001 (US).

(54) Titlee BARIUM TITANATE DISPERSIONS
(57) Abstract

The invention provides slurries, dispersions, or shps of barium tlta.nate—based particles in a non—aqueous medium and methods of
their production. The particles have a coating comprising a metal oxide, metal hydrous oxide, metal hydroxide or organic acid salt of a
metal other than barium or titanium. At least 90 percent of the particles have a particle size less than 0.9 micrometer when the coated
particles are dispersed by high shear mixing.




